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Others have identified objectives in the form of questions. For exam-
ple, can an agency that supports research also effectively regulate that
research? Is the focus of attention on this issue accurate—the narrow
view is concern about accidents—the longer range view deals with
guestion of the potential impact of crossing species barriers? Is it
hecessary at this time to continue using £. cofi? How much effort
should be devoted to making available alternative and more acceptable

. test organisms? Shouldn’t the potential risks of genetic engineering :

be postponed by delaying research in this field until the ethical an
social problems of more immediately available biomedical application
of other techniques in genetics are resolved. The list of questions is
almost endless and includes critical legal issues associated with patent
policies for discoveries in this field of research. This is an area under
special study at this time by the Director of NIH.

Since the momentum of research on DNA recombinant molecules is
increasing, it now appears that the basic science policy actions to be
taken are those which will provide the most appropriate solution to
these questions and similar objectives. The interface between legisla-
tion and research will determine which direction these actions will
take.
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PLASMID pSC101 is shadowad with plui llediam and cn-
larged 230,000 diameters in an clectron micrograph made by the an-
thor, A plasmid is a molecule of DNA that exists apart from the
h inab 1i on its own, often carry.
ing the gencs for same supplementary aclivity such-as resistance to
ontibiotica, This plasmid, a small ne made by shearing a larger
plasmid native to the bacterium Escherickia coli, is a ciceular, or

2.

end

losedJoog, molecule of DNA about three micrometers in cicenm-
ference that tutries the genetic information for replicating ftself in’ |
E. coli‘and for conferring resistance 1o the antibiotic tetracycline.
Tt was the “vehicle® for the first gene-manipulation experiments by
the author and his colleagues, Foreign DNA wus spliced to it and
the plasmid +as introduced into E.'coli, wheré it replicated and ex-
pressed hath its own and the foreign DNA's genetic information,
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THE MANIPULATION OF GENES - - '

Techniques for cleaving DINA and splicing it into a carrier molecule

make it possible to transfer genetic information from ene organism

to an unrelated one. There the DNA replicates and expresses itself

ythology isfiill of hybrid crea-
M tures such as the Sphinx, the
Minotaur and the Chimera, but
the real world is not; it is populated by
organizms that have been shaped not by
the union of characteristies derived from
very dissimilar organisms but by evolu-
tion within species that retain thelr basie
identity generation after generation. This
is because there are natural barriers that
normally prevent the exchange of genet-
ie information between unrelated orga-
nisms, The barriers are still poorly un-
derstood, but they are of fandamental
bislogical importance.
. The basic unit of biclogical related-
ness is the species, and in organisms that
reproduce sexually species are defined
by the ability of their members to breed
with onc another. Speeies arc deter-
mined and defined by the genes they
carry, so that in organisms that repro-
duce asexually the concept of species de-
pends on nature’s ability to prévent the
biologically significant exchange of ge-
netiec material-the nucleic acid DNA—
between unrelated groups.

- The persistence of genetic uniquenicss
is perhaps most rémarkable in simple
organisms such as bacteria. Even when
they oceupy the same habitat most bac-
terial species de not exchange genetic in-
formation. Even rather similar species of
bacteria do nat ordinarily exchange the
genes on their chremosemes, the strue-
tares thiat carry ‘most of their genetic
information. There are exceptions, how-
ever. There are bits of DNA, called plns-
mids, that exist apart from the chromo-

somes in some bacteria, Sometimes a”

plasmid ¢an pick up 4 short segment of
DNA from the chromosoms of its own
cell and transfer it to the cell-of & relat-
od bagterial species, and sometimes the
plasmid and the segment of chromosomal
DNA ean become integrated into the
chromesome of the recipient cell. This

by Stanley IN. Coben

transfer of - genes between species by
extrachromosomal elements has surely
played some rele in baoterial evolution,
but apparently it has not been wide-
spread in nature. Otherwise the char-
acteristics of the common bacterfal spe-
cies would not have remained so largely
intact over the huge number of bacterial
generations that have existed during the
era of moadern hacteriology.

"In 1973 Annis C.'Y. Chang and I at
the Stanford University School of Medi-
cine and Hetbert W. Boyer and Robert
B. Helling at the University of Californin
School of Medicine st San Francisco
reported the construclion in a test tnbe
of bislogically functional DNA role-
oules that combined genetic information
from two dillerent sources, We made the
molecules by splicing together segments
of two different plasmids found in the
colon bacillus Escherickia coli and then
inserting the composite DNA into . coli
cells, where it replicated’itself and ex-
pressed the genctic infermation of both
prrent plasmids. Soon afterward we in-
troduced plasmid genes from an unre-
laited bacterinl species, Staphilococens
aureus, inta E. coli, where they too ex-
pressed the biclogical properiies they
had displayed in their original host; then,

applying the same procedures with John
F. Morraw of Stanford and Howard M. -

Goodnian in San Franelscd, we vere
able to insert'into E. coli some genes
from an animal: the toad Xenopiis leevis.

We called our’composite melecules
DNA chimeras because they were con-
ceptually similar to the mythological
Chirera (a creature with the head of a
tioni, the body of a goat and the tail afa
serpent) ind were the molscular cotmter-
parts of hybrid plant chimeras produced
by agricultural grafting. The procedure
we deseribed has sineo been used and
extended by workers in several labora-
torjes. Tt lwas been called plasmid en-

gineering, because it utilizes plasmids to
introduce the foraign genes, and molecu-
lar cloning, because it provides a way to
propagate & clong, or line of genetically
alike organisms, all containing identical
composite BNA molocules. Beesuse of
the method’s potential for creating a
wide variety of novel genetic combina-
tions in microorganisms it is also known
a8 genetic engineering and genctic ma-
nipulation. The proceduré actualy con-
sists of several distinct hiochemical and
biologieal manipulations that were made
possible by a series of independent dis-
coveries made in rapid suecession in the
late 1960°s and early 1970's. There are
four essential clements: a method of
breaking and joining DNA molectles de-
rived from different sources; a saitable
gene carrier that can replicate both itself
and 2 foreign DNA segment linked to it;
a means of introducing the coraposite
DNA molecule, or chimera, into a fune-
tional bacterial cell, and -a method of
selecting from a large population of cells
« clone of recipient cells that Fas ac-
quircd the molecular chimera,

In 1987 DNA ligases—enzymes that can

repair breaks in DNA and under cer-
tain conditions can join logethsr the
loose ends of DNA strands—weze dis-
covered almost simultanecusly o five
laboratories. A DNA strand is a chain of
nuclectides, each consisting of a deoxy-
ribose sugar ring, a phosphate groap dnd
one of four organic bases: adenine, thy-
mine, gnanine and cytosine. The sugars
and phosphates form the backbone of
the strand, from which the bases pro-
ject. The individual nucleotide huilding
blocks are connected by phesphadiester
bonds between the carbon atom &t posi-
tion No, 3 on one sugar and the carbon
atom at position No, 5 on the adjacent
sugar. Double-strand DNA, the form
found in most organisms, consists of two

2
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l NICKED ONA

—
DNA LIGASE

REPAIRED DNA l

DNA LIGASE is an enzyme that repairs “nicks,” or breaks in one strand of a double-strand
molecule of DNA (Zop). A strand of DNA is a chain of nucleotides (borrom), sach conaisl-
ing of o decxyribose sugur und a phosphate group and one of four organic bases: adenine
(A}, thymine (T), gusnine (G) ond cyrosine (C}. The sugars and phosphates constitute the
backbone of the steand, and paired bases, linked by hydrogen bonds (broken black lines),
conneet two strands. The ligase catulyzes synthesiz of 2 bond at the site of the break {Groken
colored line) between the phosphate of one nncleotide and the sugor of the next nueleatide.

chains of nucleotides linked by hydrogen
bonds between their. projecting bases,
‘The bases are complementary: adenine
{4} is always opposite thymine (T}, and
guaning {G} is always opposite eytosine
{C), The function of the ligase is to repair
“nicks,” or breaks in single DINA:strands,

by David Jackson, Robert Symens and

- Paul Berg. Eailier work by others had

shown that the ends of the DNA mole-
cules of certiin bacterial viruses can be
joined by base-pairing between comple-
mentary sequences of nucleotides that
are paturally present on sinpgle-strand

by synthesizing a phospl bond
between edjeiningt nucleotides [see il
lustration abooe].

In 1970 a group working in the labo-
ratory of H. Gobind Khorana, who was
then at the University of Wisconsin,
found that the ligase produced by the
bacterial vires T4 could sometimes cata-
Iyze the end-to-erd linkage of complete-
Iy separated double-strand DNA. seg-
ments. The reaction required that the
ends of two segments be able to find
cach other; such positioning of two DNA
molecules was a matter of chance, and
so the reaction was inefficient. It was
clear that efficient joining of DNA mole-
cules required a mechanism for holding
the two DNA ends tnguﬂlzr so that the
ligase could act.

An ingenious way of accomplishing
this was developed and tested indepen-
dently in two laboratories at Stanford:
by Peter Lobban and A. Dale Kaiser and

4.

projecting from the, ends of
thuse molecules: A's pair with s, G's
pair with £’s and the molecules are held
together by hydrogen bonds thet form
between the pairs. The. principle of link-
ing DNA molecules. by means of the
single-strand projections- had been ex-
ploited in Khorana's Inboratocy for join-
ing shert synthetic sequences of nucleo-
tides into Jonger sey, .onts of DNA,

The Stanford groups knew too thatan,
enzyme, terminal trunsferase, would cat-
alyze the stepwise.addition, specifically
at what are called the 3 ends of single
strands of DNA, of a serles of identical
nucleotides, If the enzyme worked also
with double-strand DNA, then a block of
identical nucleotides could be added to
one population of DNA molecules snd a
Llock of the complementary nucleatides
could be'added to another population
from ancther scurce, Molecules of the
two populations could then be annealed

by hydrogen bonding and sealed togeth-
er by DNA ligase. The method was po-
tentfally capable of joining any two spe-
cies of PNA, While Lobban and Kaiser
tested the terminal-transferase procedurc

“with the DNA of the bacterial virus P22,

Jackson, Symons and Berg applied the
proceduce to link the DNA of the animal
virus §V40 to bacterfal-virus DNA.

The -8V40 and bacterial-virus DNA
molecules Berg's group worked with are
closed loops, and the loops had first to
be cleaved te provide lincar molecales
with free ends for further processing
and Jinkage [see illustration on opposits
pagel. {As it happened, the particular
enzyme chosen to cleave the loops was
the Eco RI endonuclease, which was
later to be nsed.in a different procedure
for making the first biologieally fune~
tional gene combinations. At the tine,
however, the enzyme’s special property.
of producing complementary single-
strand ends all by itself had not yet been
discovered.)

The cleaved lincar molecules. were
treated with an enzyme, produced by the
bacterial virus lambda, called an exonu-
clease because it operates by cutting o
nucleotides at the end of a DNA mole-
cule. The lambda exonuclease chowed
back the 5 ends of DNA molecules and
thus left projecting single-strand ends
that liad 3 termini to which the blocks
of complementary muelsotides could be
added. The next step was to add, with
the help of terminal transferase, a block
of A’s at the ¥ end of cne of the two .
DNA species to. be linked and a block of
T's at the 3’ ends of the other species.
The species were wixed together, Frag-
ments having complementacy blocks at.
their ends could find each other, line up
and hecome annealed by hydregen bond-
ing, thus forming combined molecules.
To Al the gaps at the 5’ ends of the orig-
inal segments the investigators supplied
nuclentides and two more enzymes: exo-
nuclense 111 and DNA polymerase. Fi-
nally the nicks in the molecules werg
sezled with DNA ligase.

The method of making cohesive ter-

mini for joining DNA molegules in;
the first suecessful genetic-manipulation
experiments. was conceptually and op-
erationally different from the teiminal-
wansferase procedure. It was also much
simpler. It depended on the ability of
one of & group of enzymes called restrie-
tion end 1 to.make compl
tary-ended fragments duxing the cleav-
age of DNA at a site within the mole-
cule, instead of requiring the addition of
new blocks of complementary nucleo-
tides to DNA termini.
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Virnses grown on certain strains of E.
coll were known to be restricted in their
ability o grow subsequently on other
strains.: Investigations had shown that
this restriction was due to bacterial en-
zymes that recognize speclfic sites on
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DNA, (To protect its own DNA the bac-
teria] cell makes a modification enzyme
that adds methyl groups to nucleatides
constituting the recognition sites for the
restriction endopuclease, making them
vesistant to cleavage.) Restriction endo-

are widespread in microorganisms; genes
for making them were found on. viral -
chromosomes and  extrachrom>somal
plasmid DNA as well as on mary bac-
terdal chvomosomes. During the carly
19705 the nuckeotide sequences at the

a “foreign” viral DNA -and cleave that

nucleases {and modification methylases)

oleavage sites recognized by several re-
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TERBHNAL TBANSI'ERASE ‘pracedure fur joining DNA mole-

cules fnvalves a number of n!n[\!. each d on a diffe en-

‘nel transferase. Ono DINA speeles is supplied with adennsitie 1ri

zyme, Hf one of the molecules ta be joined is & <lased loop, it must
first be ¢leaved. The Tinear molecules are treated with lambda exo-
nuclense, oo enzyme thit cuts nnelealides off the 5' end of DNA
strands {the end with o phosphate group on the No.'S carbonl}.
Then speeific nucleotides axe added tothe 3 end (the énd with an

hasph {ATP), the other with thymidine triphasphete (TTP), 50
that £ nuclectides are added to one species and complementary T
nucleotides to the other, When the two species ars mixed, the eom-
pleméntary hases pair up, annealing the rolecnles, Nueleozides and
the enzymes DNA polymerase and exonuclease [IT are added to £11

" gops and DNA ligase is added to zeel the DNA heckbonee. The re-
OH group ¢n the No. 3 carbon) by the action of the enzyme termi. - -

sult is a double moleculs composed of two separate DNA sepmonts.
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striction endonucleases were identified. -

In every iostance, it developed, the

cleavage was at or near an axis of rota-’

tipnal symmetry: & palindrome Where the

nucleotide base sequences read the same -
on both strands in. the 5-to-3” direction”

[see illustration below].

In some instances the breaks in the
DNA strands made by restriction en-
zymes were opposite each other. One
particular endonuclease, however, the
Ece RI enzyme isolated by Robert N,
Yoshimori in Boyer's laboratory in San
Francisco, had a property that was of
special interest, Unlike the other nu-
cleases kmown at the time, this enzyme
introduced breaks in the twa DNA

strands that were. separated by severdl .

nucleotides. Because of the symmetrical,
palindromic arrangement of the nucleo-
tides in the region of cleavage this sepa-

ration of the cleavage points on theltwo |

strands yielded DNA, termini with pro-
jecting complementary ‘micleotide se-
quences: “sticky” mortise-and-tenon ter-

AXIS OF ROTATIONAL SYMMETRY

—_—
8 ABLE WAS | EAE 1 5AW ELBA
—

\LCLEA\MGE BY Eco Al

G“ATrc

< TTAA

RESTRICTION ENDONUCLEASES claave
DNA ot sites where complementary nucleo-
Hdes are arranged in rototional symmetry: a
palindreme, tomparable Lo a werd galin-
drome (a). The endonuclesse Eca RI has

the additiomal propecty ol eleaving comples

mentary strands of DINA. ot sites {colored
arratos) four nucleotides apart, Such cleavs

oge (B) yields DPNA fragments with cample-
mentary, overlapping single-strand ends. As .
a result the end of any DNA fragment pro-

duved by Eco RI cleavage ean anneal with
any other fragment produced by the cnzyme.

&

mini, The Eco Rl enzyme thus produced
in one step DNA-molecules. that were
functionally equivalent to the cohesive-
end melecules produced by the compli-
cated terminal-transferase procedure. -
The experiments that led to- the dis-
covery-of the capabilities of Ece RI were
reported independently and simulta-
neously in November, 1972, by Janet
Mertz and Ronald W. Davis of Stanford

and by another Stanford investigator, -
Vittorio Sgaramella. Sgavamella -fourd -

that molecules of the bacterial virus P22
could be cleaved with Eco R and would
then link up end to end to form DNA
segments equal in length to two or mere
viral-DNA. molecules. Mertz and Davis

observed that closedleop SV40:BNA .

molecules cleaved by Ece RI would re-
form themselves into cireular molecules
by hydrogen bonding and could be
sealed with DNA ligase; the reconsti-
tuted molecules were infectious in ani-
mal cells growing in tissue cultuire. Boyer
and bis colleagues analyzed the nucleo-
Hde sequences at the DNA termini pro-
dueed by Eco RI, and their evidehde
confirmed the complementary nature of
the termini, which accounted for their
cohesive activity.

s Tate 1072, then," several methods ©

-were available by which one could

‘join double-strand melecules of DNA.
That was a major step ju the develop- -
méntofa system for manipulating genes. .

More was necessary, howeyer, Most seg-

. ments of DNA do not have an inherent

Gapacity for self-replication; in order to
reproduce themselves in a biclogical sys-
tem. they need to"be integrated: into

DNA molecules that can replicate in the™"

particular system, Even a DNA seginent
that can replicate in its original host was

not likely to have the specific genetic .
sngnals required for-replication in a dif<’
ferent environment. Tf foreign DNA Was

to be propagated in bacteria, as had long
been proposed in speculative scenarios
of genstic engineering, a suitable vehicle,
or cautier, was requited. A composite
DNA folecule consisting of the vehicle

and the desired foreign DNA would have’

o he introduced into a population of

finctiona! host bacteria. Fimally, it -
would be neces.sdry to select, or identify, -’

those’ cells. in the- acterial population
that took up the DNA chimeras, In 1872
it still seemed possible that the genetic
information on totally foreign DNA mol-
tcules might produce an aberrant situa-

tion thit would prevent the propagation

of liybrid molecules in a new host,

Molecular biologists had focused for;
wmany years an viruses and their rela-.
- tions with bacteria, and so it was natu-

ral that bacterial viruses were thought

of as the most likely vehicles for genetic .-
manipulation. For some time there had-

been speculation- and discussion about

using viruses,.such as lambda, that oc- -

casionally acquire bits. of the E. col

chromosome. by natural recombination -

mechanisas for cloning DNA from for-
eign seurces, It wag not a virus, howsver,
but a plasmid that: fiest served as a ve-

-hicle for introducing foreign genes into

a bacterium and that provided a mecha-
nism for the replication and selection of
the foreign DNA,

A ubiquitous' geoup of plasmids that

confer on their host bacteria the abilicy
-to tesist a number of antibiotics had been

studied: intensively for more than a dec-

“ade. Antibictic-resistant E. coli isolated

in many parts of the world, for example,
were found te contain plasmids, desig-
nated & factors (for “resistance”), carry-
ing the genetic information for products

" that in one way or another could inter-

fere with the action of specific antibiotics
[see- “Infectious Drug . Resistance,” by

“Tsutomu Wiitanabe; SCiENTIFIC AbEsi- -

AN, December, 1987), Double-strand
civeular molecules of R-factor DNA had

" been separated from bacteral chroma-

somal DNA by centrifugation in density

* gradients and had been characterized by

biochemical and physical technigues

- [see “The Molecule of Infectious Drug

Resistance,” by Royston C, Clowes;
SCENTIFIC AMERICAN, April, 1973].

In 1970 Morton Mande! and A. Higa
of the University of Hawaii School of
Medicine had discovered that oeatment
of E. coli with calcium salts enabled the
bacteria to take up viral INA. At Stan-

ford, Chang and 1, with Leslie Hsu,

found that if we made the cell mem-
branes of E. coli permeable by treating
them with caleium chloride, purified R-
factor DNA could be introduced into
them [see iilustration on opposite page].
The R-factor DNA is taken up in this
transformation process by only about one

bacterial cell in a million, but those few

cells can be selected because they live

. and multiply in the presence of the anti-

biotics to which the R factor confers re-
sistance, whereas other cells die. Each
transformed cell givesrise to a clone that
contains exact replicas of the parent plas-
mid DNA molecules, and so we reasoned
that plasmids might serve as vehicles for

propagating oew genetic mfmmatxun in

aline of E: coli cells,
In an’ effort to exploré the genetic

and mulecular praperties of various re--

gions of the R-factor DNA we had ‘be-

gun, to take plasmids spart by shear.”
ing their DNA mechanically. and then .
transforming E. goli with the rcs,uitmg 3
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fragments, Scor afterward we begen to TETRACYCLINE-RESISTANT CELL
cleave the plasmids with the Ece RI en-
zyme, which had been shown to produce O\ TETRACYOLNE RESISTANOE

multiple site-specific breaks in several

viruses. It might therefors be counted on

to cleave all molecules of & bacterial  cyromosome
plasmid in the same way, so that any -

particular species of DNA would yield a

specific set of cleavage fragments, and .-

do so reproducibly, The fragments éotild’

then be scparated and identified accord-

ing to the different rates at which they 5 G
would migrate through a gel under the  o7aL CELL /°0n
influence of an electric current. %o 00

©° & o - CESIUM CHLORIDE AND
oOn ; ETH\DIUM BROMIDE

cO0

PLASMID

i, BNA EXTRACTION

When-the,DNA termini pwd\jcéd by

Eto B endonucleass were found 1o’
be cohesive, Chang and I, in collabora-

L tion with Boyer and Helling in San
Francisco, proceeded to search for a
plasmid that the enzyme would cleave
without affecting the plasmid’s ability to
teplicate or o confer antibiotic resisi- S s

. ‘ance. We hoped that if such a plasmid ;

? could be found, we could insert & seg- @80%__?&0""050”“
ment of foreign DNA at the Eee Rl g‘LHDCSUE&H AS :
cleavage site, and that jt might be Pos- £ ASMID DNA — P PSP GEF
sible to propagate the foreign DNA in ;
E. coli,

In our collection at Stanford there was
a small plasmid, pSC101, that had been FRACTIONATION i/
isolated following the mechanical shear- o
ing of a large plasmid bearing genes for
multiple antibiotic resistance. It was less S TETRACYCLINE-
" than a twelfth asJong as the parent plas- o R SENSITIVE CELL
mid, but it did retain the genetic infor-
mation for its replication in E. coli and
for conferring resistance to one antibiotic,
tetragycline. Wheén wesubjected pSC101
DNA to cleavage by Eco RI and ana-
lyzed the products by gel clectrophoresis, i
“we found that the enzyme had cut the & s CALC"-'M CHLORIDE
plasmid molecule in only one place, pro-
ducing a single. lincar fragment, We

were able to join the ends of that frag- FIT \
ment again: by hydrogen bonding and re- o ":oe 8| ——— 5" KO PEHM-ABLE CELL

J[ CENTRIFUGATION

cHromMosomal | Q0
DNA

seal them with DNA ligase, and when FLASMID DNA'
we introduced the reconstituted circular B

DNA molecules into I. coli by trans- .. L
formation, they were biologically fune-
ticnal plasmids: they replicated and con-

ferred tetracycline resistance. .
The next step was to see if a fragment Tl VT TETRACYCLINE- [ CHEOMOSOME
of foreign DNA could be inserted at the RESISTANCE

- cleavage site without interfering with . _)_:PLASM,I_D
replication or expression of tetracycline : o : :
resistance and thus destroying the plas-  © . “JRANSFORMED, TETRACYGLINE-RESISTANT CELL
mid’s ability to Serve as a cloning ve- - : B R ’ R
hicle. We mixed the DNA of another E.
coli plasmid, which carried resistance

&

PLASMID DNA con he introdueed into a bacterial cell by the procedare called transformos
e N X tion. Plasmids enrcying genes For resistance to the antibiotic tetracyeline (top Igft) arc sep-
:?S c‘?‘;;gg’i"‘;;:‘:;‘i’;‘:@gﬂ:‘:g:;rg rated from hacserie] chromosomal DNA, Becase differential binding of ethidiam bromide

" - ) by tho two DNA species makes the circular plasmid DNA denser than the chromosomal

DNA to cleavage'by Ieo Rland then to pN the plaemids form & distinet hand on centrifugation in a cesium chloride gradient

ligation, transformed E. coli witlr the re- - and can be sepavated (bottom left). The plasmid DNA it mixed with hzczerial.cells that are

. sulting DNA and-found that some of the * not resistant to terracycline and that have heen made permeable by treatment with a calofum
transformed bacteria were indeed resist- - - sl The IBNA enters the ¢ells, replicates there and makes the colls resistant ta tetracycline.

7
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TETRACYCLINE

pSC101 PLASMID

CLEAVAGE SITE

RESISTANCE

GLEAVAGE BY
ENDONUCLEASE

TTAA

ANNI EALING

GLEAVAGE SITES !

AATT
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’ FOREIGN DNA

2 )

GLEAVAGE BY
ENDONUGLEASE

AATT LAATT

TTAA

_PLASMID CHIMERA

\l’ TRANSFORMATION

o]

PLASMID ——o
O

f L / REPLICATION

CELLS

FOREIGN DNA is spliced inte the pSC10} plasmid and introduced
with the plasmid into the bacterinm Escherickia coff. Tho plasmid
is cleaved by the endonmclease Eco RI ay a singla eite that does not |

DAUGHTER

GHROMOSOME -

TRANSFOAMED CELL

16,600 nucleotide paits on & revdom basis (zop right), Fragments of

. eleaved foreign DNA are annealed to the plasmid DNA by hydro.
.gen honding of the complementary base pairs, and the new com.

posite molecules are sealed by DNA. ligase. The DNA chimeras,

interfere with the plasmid’s genes for repli oc-for resi -
ized by

each isting of the eniire plagmid and o forcign DNA jragment,

10-teracycline (fop Ioft). The nucleolid
Eeo RI is present alse in-other DNA, so that a foreign DNA exe
posed to-ihe endonuclesse is cleaved abont once in-every 4,000 to - .

8

ore introduced inta E. ¢6li by iransformation, and the foreign DNA
is replicated by virtue of thie replicalion-Innctions of the plasmid.
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ant to both tetracycline and kanamyein,
The plasmids isolated from such trans-
formants contained the entire pSC102
DNA segment and zalso a second DNA
fragment that carried the information
for kanamyein resistance, although it
lacked replication functions of its own.
The results meant that the pSC101 could
serve as a cloning vehicle for introduc-

ing at least & nenreplicating segment of .

a related DNA into K, coli. And the pro-
cedure was oxtracrdinarily simple,
Could genes from other species be in-
troduced into E. coli plasmids, however?
There might bo genetic signals on for-
eign DNA that would prevent its propa-
gation or expression in E. coll. We de-
cided to try te combine DNA from a

plasmid of another bacterium, the pI258

plasmid of Staphylaceceus aureus, with
our original E. coli plasmid. The staph-
ylococeal plasmid hed alcady been
studied in several lahorateries; we had
found that it was cleaved into four DNA
fragments hy Eco Bl Since pi258 was
not native to E. coli or to related hac-

terla, it could not on its own propagate .

in an E, coli host, And it was known fo
carry a gene for resistance to still another
antibictic, penicillin, that would serve as
& marker for selecting any transformed
clones. (Penicillin resistance, like com-

bined resistance to tetracycline and kan- -

amycin, was already widespreardl ameng
E. goli strains in nature, That was impor-
tant; if genes from a bacterial species
that eaunot normelly cxchange genetic
information with the colon bacillus were
to be introduced into it, it was essential

that they carry only antihiotic-resistance ..

traits that were already prevalent in B,
eoli, Otherwise we would be extending
the species’ antibiotic-resistance capabil-
ities.)

Chang and 1 repeated the experiment
that had been successful with two kinds
of E. coli plaseids, but this time we did
it with a mixture of the E. colfs. pSC-

101 and’ the staphylococcal pI258: we =

cleaved the mixed plasmids with Eeo RI
endonuclease, treated them with ligase

and then transformed E. coli. Next we .

isolated transformed bacteria that ex-
pressed the penicillin resistance coded
for by the 5. sureus plasmid &s well as
the tetracycline resistarice of tlie E. coli
plasmid. These -doubly resistant cells
were found to contain a new DNA spe-
cies that had the molecular characteris-
ties of the staphylocoecal plasmid DNA

as well as the characteristics of pSC101, -

The replication and expression in E.
coli of genes derived from an organism
ordinarily quite umable: to exchange
genes with E. goli represented a breach
in the barrigrs that normally separate
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biological species. The bulk of the ge-

netic information expressed in the trans-
formed bacteria defined it as E, coli, but
the transformed cells also carried repli-
cating DNA molecules that had molecu-
lar and biolegical characteristics derived
from an unrelated species, 5. aurcus,
The fact that the foreign genes were on
a plasmid meant that they would be easy
to isolate and purify in lavge quantities
for farther study. Moreover, there was
a possibility that one might introduce
genes jnéo the easy-fo-grow E. coli that
specity a wide variety of metabolic or
synthesizing functions (such as photo-
synthesis or antibictic production) and
that are indigenous to other biclogicsl
classes, Potentially the pSC101 plasmid
and the molecular-cloning procedure
could serve to introduce DNA molecules
Irom complex higher organisms into bac-
terial hosts, making if pessible to apply
relatively simple bacterial genetic and
biochemical techniques to the stady of
animal-cell genes. B

Cuuld anirnal-cell geues in fact be intro-
duced into bacteria, and would they
replicate there? Boyer, Chang, Helling
and I, together with Morrow aud Good-
man, immediately undertook to find out.
We picked certain genes that had been
well studied and characterized and were
available, purified, in quantity; the genes
that code for a precursor of the ribasomes
{the structure on which proteins are syn-
thesized) in the toad Xenopus leevis. The
genes had properties that would enable
us to identify them if we succeeded in
getting them to propagate in bacteria.
The toad DNA was suitable for another
reason: although we would be construct-
ing a novel biclogical combination con-
taining genes from both animal cells and
bacteria, we and others expected that no
hazard would result from transplanting
the highly purified ribosomal genes of a
toad. | B . .
Unlike the forcign DNA’s of our ear-

lier experiments, the toad genes did not -

éxpress traits (such as antibiotio regist-
ance) that could help us to select bac-
teria carrying plasmid chimems. The
tetracycline - resistance conferred * by
p5C101 would make it possible to salect
transformed clones, however, and we
could then proceed to examine the DNA
isolated from such clones to see if any
clones contained a foreign DNA having
the molecular propetties of toad ribo-
somal DNA, The endonuclease-gener-
ated fragments of toad rihosomal DNA
have characteristic sizes and base com-
positions; DNA from the transformed

cells could be tested for those charac- -

teristics, The -genes propagated in bac-

teria could also be tested for nucleotide-
sequence homology with DNA isolated
dirgctly from the toad,

When we did the experiment and ana-
lyzed the resulting transformed cells, we
found that the animal-cell gznes were in-
deed reproducing themseves in gen-
eration after generation of bacteria by
means of the plasmid’s repkication fune-
tions. In addition, the nmeleatide se-
quences of the tcad DNA were heing
transcribed into an RNA product in the
bacterial cells, . X

Within a very few monchs after the
first DNA-cloning experiments the pro-
cedure was being used in 2 number of
laboratories to clone hactezial and ani-
mal-cell DNA from = variely of sources,
Soon bwo plasmids other than pSC101
were discovered that have 2 single Eco
Al cleavage site at a locatisn that does
not interfere with essential genes. One

. of these plasmids is present in many

copies in the bacterial ccll, making it
possible to “amplify,” or meltiply many .’
times, any DNA fragments linked to it.
Investigators at the University of Edin-
burgh and at Stanford went on to de-
velop mutants of the virus lambda
{which ordivarily infects E. coli) that
made the viras too an effective cloning
vehiole. Other restriction erdonucleases
were discovered that also mako cohesive
termini but that cleave DNA at different
sites from the Eco RI enzynes, so that
chromosomes can now be taken apart
and put together in varicus ways.

The investigative possibil:ties of DNA
cloning are already being axplored in-
tensively. Some workers have isolated
from complex chromosomes certain re-
gions that are implicated in particular
functions such as replicatior.. Others arc
making plasmids to order with specific
properties that should darify aspects
of extrachromosomal-DNA biology that
have leen hard to study. The organiza-
tion of complex chromosomes, such as
those of the fruit fly Drosophila, is being
studied by cloning the aninal genes in
bacteria. Within the past Jew months
methods have heén developed for sclec-
tively doning specific genes of higher
organisms throngh the use of radioac-
tively labeled BNA probes instead of
purifying the genes to be studied before
introducing them ‘inta bactegia, one can
transform bactetia with a hezerogeneous
population of animal-céll DNA and then

" isolafe those genes that produce a par-

ticular spacies of RNA. It s clso possible
to isolate groups of gones 1hat are ex-
pressed concurrently at a parsicolar stage
in the animal's development,

The potentizl seems to be 2ven broad-
er, Gene manipulatibn opers the pros-
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pect of constructing bacterfal cells,
which can be grown ¢asily and ivexpen-
sively, that will synthesize a variety of
biologically produced substances such'as
antibiotics and hormores, or enzymes
that can’ convert sunlight directly into
food substances or usable energy. Per-
haps it even provides an experimental
basis for introducing new genetic infor-
maztion inte plant or animal cells,

It has been clear from the beginming of

experimentation in molecular cloning
that the construction of some kinds of
novel gene combinations may have a po-
tential fur biclogieal hazard, and the sci-
entific comnunity has moved quickly to
make certain -that research in” genetic
manipulation would' not endanger the
public. For a time after our initial experi-
ments the p8C101 plasmid was the only
vehicle known to be suitable for cloning
foreign DNA in E, eoli, and our col-
leagues asked for supplies with which to
pursue studies we knew were of major
scientific and ‘medical importance, In-
vestigators normally facilitate the free
sxchange of bacteria and other experi-

mental strains they have isolated or de- -

veloped; but Chang and 1 were con-
cerned that manipulation of certain
genes could give rise to novel organisms
whaose infectious properties and ecclogi-
cal effects could net be predicted, In
agreeing to- provide the plasmid we
therefore asked for assurance that our
colleagues would neitker intreduce tu-
mor viruses into bacteria nor create anti-
biotic-resistance combinations that were
not already preseat in nature; we also

asked the recipients not to send the plas-
mid on to other laboratories, so that we

could keep track of its distribution.
When still sther cloning vehicles were

PLA_SMID DNA

TOAD ONA
FRAGMENT, NO), 1

oAb ona B
MENT. NO.:3..- B

GEL ELECTROPHORESIS democnstrates the presence of toad
DNA in chimerie plosmide, Fragmenta of DNA migrate through a
gel at difforent rates under the influence of an electric current, de-
pending on their size. Linear molecules of plasmid DNA {right)
and the eleavage producs of toad rihosomal DNA (left} therefore
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discovered, it became apparent that 2
more feneral mechanism for ensuring ex-
perimental safety in gene-manipulation
research was advisable, The groundwork
for such control had been established
earlier: the Mational Academy of Sci-
ences had been urged to consider the
“possibility that potentially bichazardous
consequences might result from wide-
spread or injudicious use” of these tech-
niques and had asked Paul Berg to form
an advisory committee that would con-
sider the issue, Berg too had been con-
cerned about the potential hazards of
certain kinds of experimentation for
some years, and had himself decided to
abandon plans to try to intreduce genes
from the tumor virus SV40 inte bacteria
because of the possible danger if the ex-
periment were successful

Berg brought together a number of in-
vestigators, including some “who were
then directly involved in molecular clon-
ing, in the spring of 1874. In a report
released in July and in a letter to leading
professional journals the members of
the committee expressed their “cencern
about the possible unfortunate conse-
quences of indiscriminate application”
of the techniques and formally asked all
investigators ta join them in voluntarily
deferring two types of experiments
{which had, as a matter of fact, heen
avoided by informal consensus wp until
that time), Experiments of Type 1 in-
volved the construction of novel orga-
nisms contnining combinations of toxin-
producing capabilities or of ‘=ntibiotic-
resistance genes not found in wature.
Type 2 experiments involved the intro-
duction of DNA from tumor viruses or
other animal viruses into bacteria; the
committee noted that “swch recombinant
malecules might be more easily dissemi-

LEAVED PLASMID CHIMERAS

nated to bacterial populaticns in humans

and other species, and might thus in-

crease the mmdunce of cancer or other
diseases,”

The Academy committee was con-
cerned largely because of our inability
fo assess the hazards of certain experi-
ments accurately before the experiments
were undertakén, Guidelines for safety
had long been evailable in other areas of
potentially hazardous research, such as
studies involving known disease-cavsing
bacteria and viruses, radionctive isotopes
or toxde chemienls, Because of the new-

ness of the microbial gene-manipulation:

methods, no such guidelines had yet

been developed for work in this area,-

however; there was the possibility that .

potentially hazardous experiments might

proceed before appropriate guidelines -

could be considered and implemented:

We recognized that most work with the

new methods did net and would not in-
volve experiments of a hazardous nature
but we zecommended the deferral of

“Type L aud Type II experiments until the

harards were more carefully assessed,
until it was determined whether or not
the work could be undertaken safely and
until adequate safety precautions were
available. The committee also proposed
that an international meeting be Leld

carly in 1975 to consldcr the matter more

fully.

Such a meeting was held in Febroary &

at the-Asilomar Conference Center near -

Pacific Grove, Calif, It breught together
86 American biclogists and 53 investiga-
tors from 18 other cowitries; who spent

three and a ba¥f days reviewing progress ’
in'the field of molecular cloning and for-

mulating guidelines that would allow
most types of new hereditary character-
istics ta be mtreduced into bacteria and

" have characterislic sizes and migrale charpereristie distances in a
-given time. The bands of DN A, visualized by a fluorescent dye, are
photographed in ultraviolet. All five chimeric plasmids {center) -
contain a plasmid DNA melecule; in nddition each chimerz.io-

" ¢ludes one or more fragments characteristic of ariginal 16ad DNA.

MOLECULAR WEIGHT
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viruses safely. Invited nonsclentists from

the fields of law and ethiés participated
in the discussions and decisions at Asilo-
mar, along with representatives of agen-
cies that provide Federal funds for sci-
entific research; the meetings were open
to the press and were fully reported, The
issues were complex and there were wide
differences of opinion on many of them,
but there was consensus on three major
points. First, the newly. developed clon-
ing methods offex the prespect of deal-
ing with a wide variety of important sci-
entific and medical problems as well as
other problems that trouble society, such
as environmental pollution and food and
encrgy shortages. Second, the accidental

dissemination of certain novel biological -

combinations may present varying de-
grees of potential risk.. The construction
of such combinations should proceed
only under a graded series of precau-
tions, principally biclogical and physical

barriers, adequate to prevent the esdape .

of any hazardous crganisms; the extént
of the actual risk should be explored b
experiments conducted under strict con-
tainment conditions. Third, some experi-
ments are potentially too hazardous to
be carried out for the present, even with
the most careful contzinment, Future re-
search and experience may show that
many of the potential hazards considered
at the meeting are less serfous and less
probable than we now suspect, Never-
theless, it was agreed that standards of
protoction shonld be high at the hegin-
ning and that they can be modified later
if the assessment of risk changes.

Physical containment barriers have
long been used in the U.8, space-explo-
Tation program to minimize the possibil-
ity of contamination of the earth by ex-
traterrestrial microbes. Containment pro-
cedures are also emploved routinely to
protect laboratory workers and the pub-
lic from hazards associated with radio-
active isotopes and toxic chemicals and
in work with diseass-causing bacteria
and viruses, The Asilomar meeting for-
mulated the additional concept of bio-
logical barriers, which involve fastidious
claning vehicles that are able to propa-
gate only in specialized hosts and equal-
ly fastidions bacterial strains that are
unable to live except under stringent
laboratory conditions.

In the past the scientific community
has commonly policed its own actions in-
formally, responding to ethical concerns
with self-imposex restraint. Usually, but
not always, society at large has also con-
sidered the public well-being in deter-
mining how knowledge obtained by
basic scientific research should be ap-
plied. Extensive public scrutiny and

89

REGION OF

HOMOLOGY

TOAD DNA

PLASMID DNA LACKING
TOAD DNA

" PLASMID CHIMERA DNA. ~

.HETERDDUPLEX ANALYSIS identifies regions of 2 lond DNA (bchL] that have been in-
-" corporated in a chimeric plismid DNA molecule, DNA ssolated from toad epgs and the

DNA of the chimera ars denatured, that is, each n_:nlural double-stread molecule is aplit into
two single strands of DNA, by alkali treatment. The foad and the chimeric DNA’s are mixed
1ogether, and any complementary saquences ave allowed to find each other, The toad DINA
ineorpornted in the ¢hi has leotid thet are y! ¥ 10 Beq|

* in the DNA taken directly from the :mlmnl sgurce, Those homelogons sequences anmeal

open discussion by scientists and non-
scientists of the possible risks and bene-
fits of 2 particular line of basic research
has been rare, however, when (as in this

“case) the hazards in question are ouly
. potential and,-for some experiments,
. even hypathetical. As this article is be-

ing written it is still too early to know

‘o farm hetetoduplex donblestrand DNA that can be idemified in electran micrographs.

lie discussions p stinted by scientists
working in genetic manipulation will be,,
One can hope that the forthright ap-
proach and the rigorous standards that
have been adopted for research in'the
cloning of recombinant DNA molecules

. will promote a sharper focus on other
“issues relevant to public and environ-

mental safety.

'what the long-range outcome of the pub-

TOAD DNA

PLASMID
CHIMERA
DNA

PRESENCE OF TQAD DNA in two seperate chimerie plusmid melecules is demonsteated
by an electron miccograph made by John F. Morrow at the Stanford University Sehool of
Meditine. As is indicated in the drawing (bottom), there are DNA strands from two plas-
mids and 2 strand of toad DNA, The mierograph shows thickened regions of DNA where
nucleotide sequences are homolopous ‘and two single sirands have been annealed. The
toad DINA in the chimeras codes for ribosomes, and the space between the two hetero-
duplex regions is compatible with the spacing of multiple rihosomal genes in toad DNA.
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I. INTRODUCTION AND GENERAL CONCLUSIONS

This meeting was organized to review seientific progress in
research on recombinant DINA melecules and to discuss
appropriate ways to deal with the potential biohazards of this
work, Impressive sclentific achicvements have already been
made in this field and these techniques have a remarkable
potentinl for furthering our understanding of fund, tal
biochemical processes in pro- and eukaryotic cells. The use of
recombinant DNA methodology promises to revelutionize the
praetice of molecular biology, Although there has as yet been
no practical application of the new technigues, there is every
reason to believe that they will have significant praetical
utility in tha futare.

Of particular concern o the participants &t the meeting
was the issue of whether the pause in certain aspects of
research in this area, called for by the Commitiee an Re-
combinant IDNA Molecules of the National Academy of
Sciences, U.8.A. in the letter published in July, 1974%*
should end; and, if so, how the selentific work could be under-
taken with minimal risks to workers in laboratories, to the
public at large, and to the animal and plant species sharing
our ecosystems,

The new techniques, which permit combination of genetie
information from very different organisms, place us in an
area of biology with many unknowns. Even in the present,
more limited eonduet of reseerch in this field, the evaluation
of potential bichazards hes proved to be extremely difficult.
1t is this ignorance that has compelled us to conelude that it
would be wise to exereise considerable caution in performing
this research. Nevertheless, the participants at tho Conference
agreed that mest of the work on construetion of recombinant
DNA melecyles should proceed provided that appropriate
safeguards, principally biclogiezl and physical barriers ade-

* Summary statement of the report submitted to the Assembly of
Lifa Sciences of the National Academy of Sciences and approved
by its Executive Committes on 20 May 1975. -

Requests for reprints should be addressed to: Division of Medical
Belences, Assembly of Life Seiences, National Academy of
Sciences, 2101 Constitution Avenue, N.W., Washington, D.Cl
20418,

*+* Report of C ittee on R bi DNA Molecul
“'Potentia! Biohazards of Recombinant DNA Molecules,” Proc.
Nat. Acad. Sci, USA 71, 2393-2594, 1674,

General Hospital, Boston, Mass,; and || Herd, Nucleic Aeid. - -

sk .Nat:onnl Cancer Inamum Nmons! Imm.utes of Health Botheada, '\Ea.ryland

quate to contain the newly ereated organisms, are employed
Moreover, the standards of protection should be greater at *
the beginning mid modified as improvements in the method-
slogy oceur and assessments of the risks change. Furthermore,.
it was agreed that there are certain experiments in which the
potential risks erc of such a serious nature that they ought
not to be done with presently svailable containment facilities.
In the longer term, serious problems may arise in the large .

seale application of this methodology in industry, medicine,

and agriculture. Lut it was also reeognized that future re-
search and experience ey show that rivany of the potential
biohazards are less EEI’IOUS nnd,’ur leas prubab]e than we now
uspucb : .
1L l’RlNClPL]’S GUIDING THE RFCOMMFNDATIONS
AND CONCLUSIONS :

Althoug]] our assessmentis of the risks uwolved wlm ench nl' .
the various lines of researeh on recombmant DNA molesules |
mey differ, few, if any, believe that this ‘methodology is free |
from any risk. Reasonable principles for dealing with these -
potentizl risks are: (z) that eontainment be made an essential .
consideration in the experimental design and, (£7) that the °
effectiveness of the contzinmend shouid match, as closcly as
possible, the estimated risk. Consequently, whatever sealc of
rigks is agreed upon, there should be a commensurate seale of
contsinment. Estimating the risks will be difficuit and in-
tuitive at first but this will improve as we soquire additionsl
knowledge; at each slage we shall have to mateh the potential
risk with an appropriate level of containment. Experiments
requiring large seale cperations would seem to he riskier than
equivalent experiments done on & small scale and, therefore,
require mere stringent containment procedures, The use of
cloning vehicles or vectors (plasmids, phages) and bacterial
hosts with a restricted eapacity to multiply outside of the
laboratory would reduce the potentiel biohazard of a par-
ticular experiment. Thus, the ways in which potential bio-
hazards and different Jevels of containment are matehed may
vary from time io time, particularly ss the containment
teshnology is improved, The means for essessing and balarc-
ing risks with appropriate levels of containment will need to
be reexamined from time to time. Hopefully, through both
formal gnd informal channels of information within and be-
tween the nations of the world, the way in which potential
bichazards and levels of containment are matched would be
congistent,

Reproduced from the Proceedings of the National Academy of sciences, v. 72, June 1975,
by permission of the publisher, the National Academy of Sciences.
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Containment of potentially bichazardous agents oan be
achieved in several ways. The most significent contribution to
limiting the spread of the recombinant DNAs is the use of
bislogical barriers. These batriers are of two types: (i) fas-
tidious bacterizl hosts unable to survive in naturel enviren-
ments, and (i7) nontransmissible and equally fastidious vec-
tors (plasmils, bacteriophages, or other viruses) able to
grow only in specified hosts. Physieal containment, ex-
emplified by the use of suitable hoods, or where applicable,
limited aceess or negative pressure laboratories, provides an
additional facter of safety. Particularly important is strict
adherence to good microbtological practices which, to & large
measure can limit the escape of organisms from the experi-
mental situation, and thereby inecrease -the safety of the
operation. Conseguently, education and training of all per-
sonmel involved in the experiments is essential to the effec.
tiveness of all containment measures. In practice, these
different mesns of containment will complement: one another
and documented substantial improvements in the ability to
restrict the growth of bacterial hosts and vectors could permit
modifications of the complementaty physical containment
requirements. .

Stringent physical containment and rigorous laboratory
procedures can reduce but not eliminate the possibility of
spreading potentially hazardous agents. Therefore, investi-
gators relying npen “dissrmed™ hosts and veetors for addi-
tiona! safety must rigorously test the effectiveness of these
agents before accepting their valiity as biological barriers,

1IE. RECOMMENDATIONS FOR MATCHING TYPES OF

CONTAINMENT WITH TYPES QF EXPERIMENTS
No classification of experiments as to risk and ng set of con-
tainment procedures can anticipate all sltuations, Given our
present uncertainties about the hazards, the parameters
proposed here are broadly conceived and meant to provide
provisional guidelines for investigators and agencies con-
cerned with research on recombinant DNAs, However, each
investigator bears & responsibility for determining whether,
in his particuler case, special eircumstances warrent a higher
level of containment than is suggested here,

A. Types of conlammcnt

1. Ainimat Risk. This type of confainment is intended for
experiments in which the -bichazards may be =ccurately
nssessed nud are expedted to be minimal Such contminment’
tan be achieved by following the operating procedures recom-
mended for clinical microbjologieal Iaboratories, Essential
features of such facilities are no drinking, eating, or Smoking
in the laboratory, wearing laboratory eoats in the work ares,
the use of cottan-plugged pipettes or preferably h 1
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use of biolopical safety cebinets for procedures likely to
produce seroscls (e.g., blending and sonication). Though
existing vecturs may be used in conjunction with low risk
procedures, safer vectors and hosts should be adopted as Lhay
beceme available.. .

8. Moderate Rmk. Buch containment fasilities are irtended
for experiments in which there is's probability of generating
an agent with e significant petentinl 6r pathegenicity or
ecological disruption. The principle features of this level of
containment, in addition to those of the twe prececing classes,
are that transfer operations should be carried cut in biologicel
safety cabinets (e.z., laminar flow hoods), gloves should he
worn during the handling of infectious materials, vacuum
lines must be pmte::ted by filters, and negative predsuro -
should be maintained in the liinited access lehoratcries.
Moreover, experiments posing a moderste risk must be done
only with vectors'and hosts that have an appreciab_y impaired
capaeity to multiply outside of the laboratory,

4. High Risk. This level of conteinment iz intended for
experiments in which the potential for ecological disruption or
pathogenicity of the modified organism could be severe and
thereby pose a sericus bichazard to laboratory personmel or
the publie. The maln features of this type of facility, which
was designed to contain highly infectious mierobiological
agents, are its isolation from other areas by z:r locks; a
negative pressure enviromment, & requirement for clothing
changes and showers for entering personnzl, and laboratoties
fitted with treatment systems to inactivaté or remove big-
logical agents that may be contaminants in' exhaust air and
Aquid and solid wastes. All persons eecupying these areas
shoukl wear protective laboratory clothing and shewer at
each exit from the containment facility. The handling of
agents should be confined to biologica! =afety cabinets in
which the exhaust air is incinerated or passed through Hepa
filters. High risk conteinment ineludes, in addition to the
physical and procedural features deseribed sbove, the use of
rigorously tested veetors antd hosts whose growth can be -
confined to the laboratory,

B. Types of experiments

Aceurnte estimates of the risks associsted with different -
types of experiments are difficult to obtain becaue of our
ignorence of the probebility that the antleipated] dangers
will manifest themselves. Nevertheless, experiments involving
the construction and propagation of Tecombinant DNA
molectzles using DNAs from (i) prokaryotes, bactertophages,
andl other plasmids, (#) animal viruses, and (i#) exkaryotes
have been charzoterized as minimal, low, moderate &nd high
rigks to gukle investigators in their choice of the appropriate

pipetting devices, nnd prompt disinfection of cuntammated
materials.

2. Low Risk. This level of containment is appropriam for
experitnents which generate novel biotypes but where the
avnilable information indiestes that the recombinent DA
eannot alter appreciably the ecological behavior of the re-
cipient species, i poificantly its pathegenicity, or
prevent. effective treatment of any resultm.g infections. The
key features of this containment {in addition to the minimal
procedures mentioned above) are a prohibition on mouth
pipetting, secess limited to laboratory personzel, and the

teinment, These designations should be viewed as interim
nssignments which will need to be revised upward or down-
ward in the light of future expérience.

‘The recornbinant DNA molecules therneelves, a5 distinet
from eells carrying them, may be infeetious to bacteria or
higher organisms. DNA preparations from these experiments,
particularly in lerge quantities, should be chemdeslly in-
activated before disposal.

1. Prokarysies, Barleriophages, end Beclorial Plosmids.
Where the construction of recombinant DNA molecules and
their propagation involves prokaryotic agents that ave known
to exchange genetic information naturally, the experiments

fe6]



Proc. Not. Acad. Sei. USA 78 (1875) .

can be performed in minimal risk contsinment Incilities,
Where such experiments pose a potential hazard, more
stringent containment may be warranted, ©

Evperiments involving the creation zud propagation of
recombinant DNA molecules from DNAs of species that
ordinarily do net eschenge genetic information, geénernte
novel biotypes. Because such experiments may pose bio-
hazerds greater than those associated with the original organ-
iums, they should be performed at least, in low risk contain-
ment facilities. If the experiments involve eiiler pathogenic
organisms or genetic determinants, that moy incresse the
pathogenicity of the recipient species, or if the transferred
I3NA ean confer upon the recipient orgonisms new metabokic
activities not native to these speeies and thereby modify its
relationship with the coviromment, then mocerate or h:gh
risk containment should be used.

Experiments extending the rauge of resistance of cstablished
human pathogens to therapeutically usefu! antitiotics or lis-
infectants should be undertaken only. under moderate or high
risk containment, depending upen the virulence of the
organism involved,

2. Anvmal Viruses. Experiments involving linkage of -virnl
genomes or genome segments o prokaryotic vestors and their
propagation i prokaryotic cells should be pariormed only
with vector-host systems having demonstrably restricted
growth capabilities outside the laboratory and with moderate
rigke containment facilities, Rigorously purified and character-
ized segments of non-pneagenic viral genomes or of the de-
mopstrably hon-transforming regions of oncogenic viral DNAs
can be attached 2o presently existing vestors and propagated
in moderate risk. containment facilities; as safer vegtor-host
systerns become nvailable such experiments may be performed
in low rigk facilities. .

Experiments designed to introduce or propagate DNA from
non-¥iral or other low risk agents:in animal cells should wse
only low risk animal DNAs as vectors {e.g., viral; mitochon-

drial) and manipulations showld be confined to moclerabe risk -

containment facilities.

8. Bukarystes, The risks associated with joining random
fragments of eukaryote DNA to prokaryotie DNA vectors
and the propagation of these recombinant DNAs in pro-
karyotie hosts are the most diffieult to assess. . -

A priori, the DNA from warm-blooded vertebrates is more
likely to contain cryptic viral genomes potentislly pathogenic
for man than is the DNA from other eukaryotes. Conse-
quently, attempts to clone segments of DMA from such
animal and particularly primate genomes shoul: be performed
omly with vector-host systems having demonstrably - re-
strieted growth capabilities outside the labortory and in a
moderate risk gontainment izeility. Until cloned segments of
warm-blooded vertebrate DNA are completely characterized,
they should continue to be maintained in the most restricted
vectar-host system in moderate risk containment laboratories;
when such cloned segments are characterized, they may be
propagated as supgested above for purified segments of
virus genomes,

Cnless the organism makes » product known to be danger-
ous (e.p., toxin, virus), recombinant IXNAs from cold-blooded
vertebrates and o}l other lower eukaryotes can be constructed
and propagated with the safest vector-host system availuble
in low nsk cnnt.ammant faclln.lcs
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Purificd DXA from any source that performs known fune-
tions and ean be judgad to be nonetoxie, may be <loned with

currently nvailable veetors in low risk containment fucilities.

(Toxie hiere includles potentinlly oncogenic products or sub-
stanees that might perturl nommal metabolism if produced
in o animal or plant by n résident microorpanism.}

4. Experiments fo be Deferred. There ave feasible experi-

ments which present such serious dangers that their perform-

ance should not be wwdertaken nb this time with the ewrrently
avuilable vector-host: systems -anl the presently svuilable
containment capability. These inelude the ecloning of re-

combinant 1IN As derived.from lighly ‘pathogenic organisms -

{i.e., Class LI, TV, and V ctiologic agents ns classified by the

United Btates Department of Health, Eduention and Welfare); -

DNA containing toxin penes, and: large seale experiments

{more than 10 liters of eulture) using recombinant PNAs that -

are able to make products pot(-m.mlly harmful to man,
animals, or pluits, -

lV._ll_!\r'[l'Ll-IMl TION .
In many countries steps are already being taken by natienat

bodies to formulate codes of prnetice for the conduct of ex- -+

periments with known or potential biolnzavd.tt,it Until

thesc are established, we urge indiviclual seientists to use the-

proposals in this dorument as » guide. In addition, there nre
some recommendations which couk! be immedintely
directly implementail by the sclentific community.

A Development of sufer veetors and hosts

Animportant and encouraging accomplishment of the meeting
was the realization that
have a restricted eap: to multiply outside the laboratory
can be construeted penetically, and that the wse of these
organisms could enhance the safety of recombinant TXNA

experiments by many orders of m%mtu(le Lapcnmmt:. )

along these lines are presently in progress and v the near

future, varidnts of A bacteriophuge, non-transivkwibie plas-

wids, aud speclal strains of Kscherivhio cofi will becomne
availnble. All of these vectors coulil reduce the potantial bio-
fnzards by very large factors anid improve the methodology as
well, Other vector—host systems, particularly modified strairs
of Baciflus sublilis und their relevant bacteriophapes and
plasmids, may also be useful for particular purposes. Quite
possibly safe nnd suitabls vectors may be found for cukaryotic
hosts sueh ns yeast and readily cultured plant and animal
cells. There is likely. te be a eontinueus development in this
ares and the participants at the meeting agreed that improved

veetor-host systems which reduce the biochazards of recom- ..

binant DINA research will be made freely nvnlablc to all
interested investigators. .

B. Lulmrnmn procedllr&\

it is the clear mspunkll)dm of the prm(‘lpﬂ.l m\mugmcr to’

inform the staff of the lnboratory of the potentinl hazards of

t1 Advisory Board for the Research Cou
Working Party on the Experimental Manipulation of the Genetie
Cemposition of Micro-Organiims. Presented to Porlisment by

the Beeretary of Siate for Iiducation and Svience by Commangd |

5. London: Her Majesty's Sta-

of Her Majesly, Janiiary 1
tionery Oilice, 1973, 23pp.

+1 Notional Institates of Health Recombinont DNA \[oleculo .

Program Adv;mry Cumm:ttee

gecind boeteria amil veetors which

, Iepart of the
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such experiments before they are initiated. Free and apen
diseussion is necessary so that each individual participating in
the experiment fully understands the nature of the experiment
and any risk that might be involved. All workers must be
properly trained in the containment procedures thet are de-
signed to control the hazard, including emetgency actions in
the event of a hazard. It is also recommended that appropriate
heslth suryeillonce of all personnel, ineluding serological
monitering, be conducted periodieally.

C. Education and reassessmient

Research in this area will develop very guickly and the
methods will be applied to maty different biclogical probleras.
At any given time it is impossible to foresee the entire range
of all potential experiments and make judgments on them.
‘Therefore, it is essential to undertake a continuing resssess~
ment of the problems in the Yight of new seientific knowledge.
This could be achieved by a series of annual workshops and
meetings, some of which sheuld be at the international level.
There should also be courses fo irain individuals in the
relevant methods sinee it is kely that the work will be taken
up by laboratories which msy not have had extensive ex-
perience in this arca. High priority sheuld also be given to
vesearch that could improve and evaluate the conteinment
effectiveness of new and existing veotor-hest systems.

¥, NEW KNOWLEDGE,
This doeument represents our first nesessment of the potential
bichazards in the light of current knowledge, However, little
is known ahout the survival of laboratory strains of bacteria
and bacteriophages in different ecological niches in the outside
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world, Even less is known about whether recombinant DNA
molecules will enhance or depress the survival of their vectors
and hosts in nature, These questions are fundamental to the
testing of any new organism that may be constructed. Re-
search in this ares needs to be undertaken and should be given
high priority. In general, however, molecular biologists who
may construet DINA recombinant molecules do not undertake
these experiments and it will be necessery to facilitate col-
laborative researeh between them and groups skilled in the
study of bacterial infeetion or ecologicel microbiclogy. Work
should also be undertaken which would enable us to monitor
the escape or dissemination of elening vehicles and their hosts.

Nothing is known about the potential infectivity in higher
organisms of phages or bacteria containing segments of
cukaryotic DNA and very little about the infeetivity of the
DNA molecules themselves. Genetie transformation of bae-
terin does oceur in animals, suggesting that recombinant
DNA molecules can retain their bislogical potency in this
environment. There are many questions in this area, the
angwers o which are essential for our assessment of the bio-

Tiazards of experiments with recombinant DNA molecules.

It will be necessary to ensure that this work will be planned
and carried out; and it will he particularly important to have
this information before large seale applications of the use of
recombinant DNA molecules is attempted.

The work of thc committee wha assisted by the Nationnl
Academy of Seiences-Nationnl Research Council Staff: Artemis
P. Simopoulos (Exceutive Seerctary) and Elena Q. Nightingale
{Resident Fellow), Division of Medieal Sclences, Assembly of
Life Beiences, and supported by the National Institutes of
Health (Contract NQL-0D-5.2103) and the National Seicnee
Foundstion {Grant GBMAB75-05293),
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APPENDIX B
THE SECRETARY of HealTH, EDUCATION, AND. WELFARE,
S L . <. Washington, D.C..
CHARTER i oo

RECOMBINANT DNA MOLECULK PROGRAM ADVISORY COMMITTEE

In accordance with Seetion 301 of the Public: Health Service Act (42 U.S.C.
241}, the Secretary of Health, Education, and Welfare is directed to conduct
research, investigations, experiments, demonstrationg, and studies relating to

‘the causes, dlagnosis, treatment, control and prevention of physical diseases and

impairments of man. In cafrying out this mandate, exploration of the genetics
of microbial agents and of animal cells by use of the technology of study of DNA

- (deoxyribonucleic acid) recombinants offers tremendous promise of uncovering

basic aspects of health and disease, and is appropriate for support by the Na-
tional Institutes of Health. However, the use of this technology has various
possible -hazards bécause new types of organisins, somé potentially pathogenie,

ean be introduced into the environment if there are no effective controls. The

technology is also capable of producing microbial organisms which -ean be useful
or harmful to agriculture or industry, and thus secondarily affect human health.
The goal of the Committee is t6 investigate the current state of knowledge and
technology regarding DNA recombinants, their Survival in°nature, and -trans-
ferdbility to other organizms;'to rééommend programs of research to assess the
possibility of spread of specific DNA recombinants and the possible hazards to
public health and to the environmént; and to recommmend guidelines on the basis
of the research results. This Comiittee is a technical cominittee, established to

look at a specific problem. ) ) - :

Authdrity T T S - o
42 TU.S.C. 217a. Thiz Committee is established in'accordance with, and is
governed -by, the provisions of Public Law -92-468, which szets forth standards

.for the formation and use of:advisory committees, - s .

Function. . . . . . - L

The Recombinant DNA Moleeute Program Advisory Committee shall advise
the Secretary, Health, Education, and Welfare, the Assistant Secretary for
Health, Depariment of Health, Education, and Welfare, and the Director, Na-

-tional Institutes of: Health, concerning a program for the evaluation of potential

biological and ecological hazards of DNA recombinants of various types, for de-

veloping procedures which -will minimize the spread of such molecules within

human and other populations, and for devising guidelines to be folloWed_bs: in-
vestigators working with potentially hazardous recombinants. The Committee
may recommend special workshops for exploration of particualr problems.

- Ritructure S .

The Committee shall conslst of twelve members, including the Chairman. Mem-
bers shall be selected by the Secretary, or his designee, from authorities knowl-
edgeable in the fields of molecular biology, virology, genetics and microbiology.

Members shall be invited to serve for overlapping 4-year terms; terms of more
than two years are contingent upon the renewal of the Committee by appropriate

action prior to its termination.

Management and staff services shall he provided by the Division of Research

" Grants, Office of the Associate Director for Scientific Review, who shall designate

an Executive Secretary.

]

~ Meetings shall be held approximatel& four times ,ayeaf_ at the call of the

‘Chiairman, with the advance apnroval of a government official who also 'a_pp'xzoves

the agenda;: A governiment official ispresent at all meetings. ; .
(101)
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Meetings shall be open to the publie except as determined otherwise by the
Secretary ; notice of all meetings shall be given to the public,

Meetings shall be conducted, and records of the proceedings kept, as required
by applicable laws and Departmental regulations,
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Stetten, DeWitt, Jr., MD Ph.D., Deputy Director for Scrence Office of the
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‘Members

Adelberg, Hdward A., Ph D, , Professor, . Department of Human Genetms, School
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Hogness, David 8., Ph.D., Professor, Department of Blochemlstry, Stanford
University, Stanford, Calrforma .

Kutter, Elizabeth M Ph.D., Member of the Facnlty, m Blophysu:s, The Ever-

green. State College, Olympm Washmgton .
.. Littlefield, John ‘W., M.D., Professor & Chairman,. Department of Pediatrics,
Children’s . Medlcal & Surgmal Center,. Johns Hopking Hospital, Baltimore,
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Redford, Emmette 8., Ph. D,, LL, D., Ashbel Smith Professor of Government
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Setlow, Jane K., Ph.D., Biplogist, Brookhaven Natmnal Laboratory, Upton,
Long Island, New York.
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DEPARTMENT OF HEALTH,
EDUCATION, AND WELFARE
National Institutes of Health
RECOMBINANT DNA RESEARCH
Guldelines

©On Wednesday, Jume 23, 1976, lhe Di-
rector, Natlonal Institutes of Health,
with the congurrence of the Secretary of
Health, Edueation, and Welfare, and the
Assistant Secretary for Health, lssued
guldellnes that will govern the conduct
of NIE supported researeh on recombi-
nant DNA molecules. The NIH is also
undertaking an environmental impact
assessment of these guldelines for re-
eombinant DNA research In accordance
with the Nalional Environmentzl Policy
Act of 1989,

The NIH Guidelines establish carefully
controlled conditions for the conduct of
oxperiments Involving the preductlon of
such molecules and thelr ingertion into
organisms sueh as  bacteria. These
Guideld raplace the ri ifna!
contained in the 1075 Summary Stcte-
smeni of the Asilomar Conference on Re-
combluant DNA Moiccules. The latter
would have permited research under less
strict conditlons than the NIH Guide-
Tines,

The chronology leading to the present
Guidellnes is described in detail in the
NIH Director's decislon document that
follows. In summary, scicntists engaged
in this research called, jn 1974, for a
moralotium on certain kinds of cxberi-
ments untl]l an iuternotlonal mesting
could be convened to colsider the poten-
tial hazards of recombinant DNA niole-
cules. They glso calied upon the NIH to
establish a committee to provide advice
on recombinant DNA {echnologzy.

“The Internstional meellng was held at
the Asllomar Conference Center, Prcific
Girave, Californls, In February 1975. The
consensus of this meeting was that cer-
tain experiments should not be done at
the present time, but that most of the
work o construction of recombinant
DA molecules should proceed with ap-
propriate physical and biologleal bar-
riers. The Asllomar Conference report
also made Interim assipnments of the
potential risks assoclated with different
types of experiments. The NTH then as-
suned responsibllity for trangiating the
uroedly based Asilomar recommenda-
tions inte detelled puidelines for re-
search,

The declsion by the NIH Director on
these Guldelines was reached after ex-
tensive sclentific and public alving of the
Lssues during the sixteen months which
have clapsed since the Asllomar Confer-
ence, The issuies were discussed at pub-
e meetings of the Recombinant DNA
Molecule Program Advisory Commlttee
(Recombidant Advisory Commlttee) and
the Advisory Commilttee to the NIH Di-
reclor. The Recombinant Advisery Com-
mittee extensively debated three differ-
ent versions of the Guidelines during
this peried.

The Advisory Committee to the NIH
Director, augmented with consultants
representing taw, ethics, consumer af-
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fairs and the environment, was asked to
advise &5 to whether the proposed Guide-
lnes balenced responsibilty fo protect
the public with the potentlal bernefits
through the pursult of new knowledge.
The many different poiits of view ex-
pressed at this meetlng were tuken into
consideration in the decision,

The NIH recognizes a special cbligation
to disseminate informatlon on these
guidelines as widely as possible. Aecord-
ingly, the Guidelines will be sent to all
of the approximately 25,000 NIH granteds
and contractovs. Mejor profcssional so-
cleties which represent sclentists work-
ing in this area will also be asked to en~
dorse the Guidelines. The Guidelines will
be sent to medical and scientific jour-
nals ond editor: of thesé journals will
he asked to reguest that investlgators
include's deseiiption of the physical and
biological containment procedures used
in any recombinant research they report
on, International heglth and sclentifie
orgenizations will alse receive coples of
the guidelines for their review.

Filing of an -environmental impact
statement will provide opportunity for
the sclentific community, Federal, Stabe
and local agencies and the general public
to address the votential benefits and haz-
ards of this research avea. In order for
there to be further cpperiunity for pub~
lic coemment and conslderation, these
guldelines are being offered for general
comment in the FEperau Recrstza. It
must be elearly understood by the 1eader
that the material that follows s not
propesed rulewaking in the technleal
sense, but is a dovument on which early
pubgc comment and participation is in-
vited.

Please add@ress any comments on these
draft Dotlcies and procedures to the Di-
rector, National Institutes of Health,
8090 Rockville Pike, Bethesda, Mavyland
20014. AlL comments should be received
by November 1. 1918,

Addiglonal coples of this notice are
available from the Acting Divector, Offlce
of Recombinant DNA Actlvitles, National
Institute of Cieneral Medleal Sciences,
Nalional Instltutes of Health, 8006 Rock-
ville Pike, Bethesda, Maryland 20014,

Donatp &, FPREDAICKSON,
Director,
NIH Notignel Institutes of Health.

JuNE 25, 1976.

DecIston o THE DIRECTOR, NATIONAL I~
STITUTES OF HEALTH To RELEASE GUIDE-
LINES ¥FoR RESEARCE ON RECOMBINANT
DNA MOLECULES

Jure 23, 1976.
INTRODUCTION

1. General Pollcy Considerations.

A. Stience Policy.

B. Imnplementation Within the NIH.

c. .'(mplumenbntlon Beyond the Purview
of NIH

D. Envirommental Pollcy.

I Mothods of Contalument .(See. Guide-
fines Iy,

I, Prehlbited Exparlmonu {Ste Guide-
itnes 1IL, A},

LV. Permissiole Exporlments: &. toll K-12
Host-Veotor Systems (See Guidalines IIT, A,
).

V. Clossiflentlon of Experimonts Using the
£ Ogh K-12 Gontolnment Systems (See

. Guidelines IT1, B, 2).

VI, Classification of Experiments Uslng
Containmont Systemy Other then E. Goll K~
12 (See Guidelings II1, B, 4) .

Vii. Roles bpnd Responsiblilties {See
Guideiines IV).

INTRODUCTICN

~Today, with the concurrence of the
Secretary of Henlth, Fducatlen, and Wel-
fare and the Asslstant Secrctary fov
Health, I am releasing guidelines thnt
wiil govern the conduct of NIM-sun-
rorted research on recombingnt DNA
melegules (molecules resulting from the
recombination In cell-free systems of
segments of depxyribonuclele acld, the
material that determines the heredltary
charaeteristics of all known cellsy . These
guldelines eslablish carefully controlled
conditions for the conduct of egperiments
nvolving the insertion of such recom-
hinant genes Into organisms, such as bac-
terla. The chronclegy leading to the pres-
ent glidelines and the declsion to release
them are outlined in this Introduction,

In nddilion to developing these guide-
lnes, NIH hes undertaken an environ-
mental impact assessment of these guide-
lines for recombinant DNA research in
accordance with the Natlonal Environ-
mental Policy Act of 1963 {NEPA). The
guidelines are being released prior to
completion of this assessment, They wi'l
replace the current Asilomar guidelines,
discussed helow, which'in many instances
allow resesrch to proceed under less
strict conditions, Because the NTH gulde-
Hoes will afford a greater degree of scru-
tiny and protection, they. nre belng re-
leased tud:w. and wiil be effectlve while
the envir al impact t s
under way, k3

Recombinant DNA research brings fo
the fore certain problems in assessing
the potential impact of Basic.science on

s08iety as & whole, including the manner.

of providing publie particlpetlon in those
asessmients. The fleld of research involved
is a rapldly moving one. at the leading
edge of biclogical seience. The experi-
Inents are extremely technical and com-
Dblex. Molecular blolegists active in. this
resegrch have means of keeping in-
formed, but even they may fail to keep
sbreast of the newest. developments. 1t
s not surmising thet scientists In other
fields and the general public have dIffi-
cuity In understanding advanees in re-
combinant DINA research, . ¥et public
awarsness and undersianding of this line
of investigation s vital. -~ -

It was the sclentists engaged in recom-
binant DNA research: who called for a
moratorium on certaln kinds of experi-
ments in order to assess the risks and de-
vise approvriste guidelinés. The capa-
billty to perform DNA recombinations,
and the potential hazards, had become
apparent at the Gordon Reseerch Con-
ference on Nucleie Acids In July 1873,
Those in atlendance voted to send an
oben letter to Dr, FPhilip Handler, Presl-
dent of the Natlonal Academy of Sei-
ences, and to Dr. John R. Hogness, Presi-
dent of the Institute of Medicine, NAS.
The letter, appearing In Science 181, 1114,
(1973), suggested “that the Academies
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mids?. These, In turn, can be used as vee~
tors to introduce the foreign genes into
bacterja or inte cells of plants or animals
in test tubes, Thus E.bauu_nuwwu the
genes may lmpart their hereditafy prop-
erties to new hosts. These cells can be
isolated and cloned—that is, bred into
a Eenetlcally homogeneous eulture, In
general, there are two potential uses for
the clones so preduced: ms a tool for
studying the transferred genes, and as
a new useful agent, say for the produc-
tion of a scarce hormone.’ :

Recombinant DNA | research offers
great promise, particularly for improy-
ing the understanding end possibly the
treatment of varlous diseases. There is
also 2 potentlal risk—that microorga~
nisms with transplanted genes may prove
hazardous to man cr other forms of lfe.
Thus special provisions sre necessary for
thelr contaifiment, .

AN commentators acknowledged the
exemplary responsibiltty of the sclentlfic
community In deallng publicly with the
putential risks In DNA recombinant
research and i calling for a self-imposed
moratorium -on certain experiments in
order to nssess potentlal hazards and
devise apprepriate guidelines. Most com-
mentators agreed that the process lead-
ing to the formulation of the proposed.
guldelines was B most responsthle and
responsive one, Suggestlons by the com-
mentators on broad policy conslderations
are presented below. They relate to the
selence policy nspeots of the guidelines,
the implementation of the guidelines for
NIH grantees and contractors, and the
scepe and impact of the guldelines na-
tlonally and internatlonally.

A, Sclence uoz@..an:ﬂam_.nzuzu

Commentators were divided on how
best to steer 8 course between stifling
research

and allowing 4 to continue with sufi-

clent controls. Bevernl emphasized that
the public must have assurance that the
contrals afford adequate protection
against potentlal hazards, In the, views
of these commentators, the burden: is on
the seientific communlty to show. that
the danger. is minimal and that the
benefits are substantial and far out-
welgh the risks.

Opinien differed on Whether the pro-
posed guldelines wete an appropriate
response to the poteniial benefits and
hazards. Several found the guidelines {0
50 eXaggerate safety procedures that in-
quiry would be unnecessarlly retarded,
while others -found the
welghted toward premoting research.
The issne wos how o strike a reason-
able balance—in fact, a proper policy
I'hias"—between concerns to “go slow"
and those to progress rapldly.

‘There was strong dlsagreement aboub
the nature and level of the possible
hazards of recombinant DNA research.
Severa]l commentators belleved that the
hazards posed were unique: In - thefr.
view, the oceurrence of an accldent or’
the escape of a vector could initlale an
irreversible process, with a potential for
cresting problems many tlmes - greater

guidelines.

NOTICES

gengtic recombinations that aceur spon-
tanecusly in nature. These commenta-~
tors stress the moral cpligation on the
part of the sclentific 835:::« “to do
No harm,

Other commentators, however, found
the . puidelines to be adequate to the
hazards posed. In their vlew, the guide- -
lnes struck an appropriate balance so
that research could proceed cautiously.
Still other commentaters found the
zuidelines too onercys and restrictive in
light of the potential benefits of this re-
search for medlcine, agriculture, and in-
dustry, Bome felt that the guidelines are
Perhaps more siringent than necessary
Blven the available cvidence on the lke-
hihood of hazards, but supported them as
a compromise that would best serve the
sclentific community and the publie st
large, Many commentators urged that
the guidelines be adopted as soon as Dos-
sible to afford more specific direction to
this research area.

I understand and appreciate the con-
cerns of those who urge that this re.
senrch proceed because of the benefits
and of those who urge cavtion becalse
of potentlal hezards, The guldelines is-
sued today allow the research to go for-
ward in a monner responsive and ap-
propriate to hazards that may be real-
iZed in the future.

The object of these guidelines 5 to
ensure that experimental DNA recom-
bination will have ng i1l effects on these
engeged In the work, on the general pub-
le, or on the ¢nvironment. The essence
of thelr construction is subdivision of
potentinl experiments by class, decislon
as to which experiments should he per-
mitted at present, angd assignment to
these of certath procedures for contain-
ment of recombinant organlstms.

Containment 1§ defined as physical
and biological, Physical containment in-
volves the isolation of the research by
Procedures which have evelved over
meny years ¢f egperlence in uwuo;aoﬂmu

in
contal t—the first 7 nouewEa
ment level—Is that used in most routine
bacteriology laboratories. P2 and P3 af-
ford Increasing Isolation of the re-
sgarch. from. the environment P4 rep-
resents the most.eXtreme meaiyres Used
for centaining vlrulent pathogens, and
‘permits no ecscape of contaminated alr,
wastes, or untreated materiads. Biolopi-
eal contalnment is the use of vectors or

“hosts that are crippled by mutation so

that the recombinant DNA is incapable
of surviving under natural condltlons,

‘The experiments now permltted under
the guidelines invelve no known addi-
tional nazard to the workers or the en-
vironment beyond the relatively low risk
known to be associated with the source
materlals. The pdditional hazards are
speculative and therefore not quantifi-
able, In a real sense they are considershly
less certaln than pre-the beneflls now
clearly derivable from the E.&onr& Te~
search.

For example, the ability 8 produce,
through "molecular cloning,” -relativaly
large amouvpts of pure DNA from the

heve a profound effect In many aress
of biolozy. N other procedure. not even
chemical synthesis, can provide pure
material corresponding to  barticular
genes. DNA “probes,” prepared from the
clones will yleld precise evidence on the
presence or absence, the organleation,
and the expression of genes, _= SmEn.n
and disease.

Potential medical advances were o:T
lined by sclentists active in this research
area who were present at ihe meeting of -
the Direcler’s Advisory” Committee, Of-

enormous Importance, for example, is
the opportunity te explore the maifunc-
tioning of cells in complleated dlseases.

Our abllity to understand s varleiy of,

heredifary defects may he significantly
enhanced, with amelioration of thelr ex-
pression a real possibility. There Is the
potential to elucldate mechanisms I cer-
tein cancers, particulariy
might be caused by viruses,
Iostead of nere propagation of forelgn
DNA, the expression of the genes of one.
organism by -the cell machinery of an-
other may alter the new host and open
opportunities for manipulating the hig-
logical propertles of cells. In certain
prokaryotes (organisms with & poorly de-
veloped nucleus, like bacterta), this ex-
change of genelic Informatlon oecurs In
nature. Such exchange explains, for in-
stanee, an important mechanism for the

rchanging and spreading of resistance to
lal effects

in bacteria,
of this meehanlsm might be the produc-
tion of medically Important compounda
for the treatment and control of disease.
Examples frequently clted &re the pro-
dugtion of insulin, growth hormone,
specific antibodles, nod clotting: factors
absent in victims.ef hemophiiia.

Aside from the petential medical bene-
fits, a whole host of other applicatlons in
science and technology have been en-
visloned. -Examples are the large-scale
production of enzymes for industrial use
and the development of bacterla {hat
could ingest and destroy oil spills In the
sea. Potential benefits In agriculture In-
clude the enhancement, of nltrogen fixa-
tlon In certaln plants, permitting in-
creased food production.

While the projected resenrch offers the
possibility of meny benefits, it must pro-~
ceed only with assurance that petential
hazards can be controlled or prevented.
Some commentators are concerned that
nature may maintain a barrier to the ex-
change of DNA between prokaryotes and
gukaryotes (hlgher organlsms, with a
well-formed nuecleus) —a barrler that can
now be erossed by experimentalists. They

)

further argue that expresaton of the for-.

elgn DNA may slter the host it unpre-
dictable and undesirable ways. Conceiv-
able harm could result if the aitered host
hes a competitive advantage that weuld

foster its survival in some niche within

the ecosystem, Other commentators be-
Lieve that the tndless experlmefits i, re-
combinetlon of DNA which nature hes

ted since the ing of life on

the earth, ard-which have accounhted In ..

part for the evolution of specles, have

-most likely iavolved oxnsﬂ_wm of DNA

than those arising from the of
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mittee under the ansplees of the Phar-
mmaceutical Manufactirers Association
will ke formed te review the guldelines
for potential application to the drug in-
dustry, Further meetings will be sched-
wled with pther groups that have an ac-
tive interest in recombinant. DNA re-
search,

Tt is my hope that the gnldelings will

bk volunterily adopted and honored by -

all who support or conduct such researaly
throughout the United States, and that
at least very similar guidelines will ob-
tain throughout the rest of the world.
INYH places thie highest prierity on efforts
to inform and to work with international
organizations, such as the World
Health Organization rnd the Interna.
lonal Council of Scteniific Unions, with
& view to achieving a consensus on safety
stendards in this most lmpnrtant Te-
séarch area.

Thera has been considerable interna-
tional cooperation and actlvity in the
post, and I expect it to continue in the
future, The aforementioned Ashby He-

' port, presented to Parlament In Jan-
uary 1975, descrlbes the advances in
knowledge and possible henefits to so-
elety of the experiments Invelving re-
combinant DNA molecules, and attempts
to assess the hazards in these techiniques,
The Asilémar meeting also had s num-
ber international representatives, as
mentloned previously. The Europcan
Molecular Biology Organization (EMEQ)
has been involved-in consldering gulde-
lines for recombinant DNA research.
‘They hieve closely followed the activities
of NIH, dnd will thus be encouraged, I
believe, to monitor thelr research with
augmented cooperation and coordinn-
tlon. For example, EMBO recently an-
nounced plans for a voluntary reglstry of
recombinant DNA research in Europe.
Following this EMBO Inttiative, NIH
shall similarly maintein a voluniary
reglstry of Investigetors and institu-
tong engaged In such -reseerch in the
Uniied States. Plans for establishing this
reglstry are under way.

L. E: tal poliey ations

A number of commentators urged NIH
to consider preparing en environmental
impaet statement on recombinant DNA
research activity, They evoked the pos-
sibillty that organisms containing re-
comblrant DNA molecules might escape
and affect the environment in poten-
tinlly harmful ways,

I am in full agreement that the poten-
tlaliy harmful effects of this research on
the env t should be A5
discussed throughput this paper, the
puidelines are premised on physical and
biologlcal containment io prevent the
release or propagalion of DINA recom-
binants outside ihe leboratory, Delfb-
erate release of organisms inte the en~
vironment is prohibited, In my view, the
stipulated physical and blologlcal con-
talnment ensures that this resenrch will
proceed with a high degree of safety and
precaution. But ¥ recognize the legiti-
mate concern of those urging thet an en-
vironmental Impact assessment he done,
In view of this concern and ensuing pub-

' search, “and:

NOTICES

lle debate, T hove reviewed the appro-
priateness of suych &n £ssessment and
have directed that one be undertaken,
‘The purpose of this assessment will be
to review the environmentsl effects, i
any, of research that may be conducted

under- the guidellnes. The assessment’

wiil ‘pravide further opportunity for alt
concerned to address the polential bene-
fits and hazards of this most lmportant
research actlvity, Tiexpect a draft of the
environmental impeet statement, should
be completed by September 1 for com-
ment by the sclentifie community, Fed-
cral and State agencies, and the gen-
&ral publia.

It should-be noted that the develop-
ment of the guldellnes was In larfe part
tantamount to conducting an’ environ-
mental Impact assessment. For example,
the cbjectives of recombmaunt DNA re-
‘alternate approaches’ to
reach those objectlves, have been con-
sidered. The potential hazards and risks
have been’ analyzed. Alternative ap-
proaches have been -thoroughly con-
sidered, to maxzlnize safety and mini-
mize patential risk. And on elaborate re-
view structure hes been created tfo
achleve these safely objectives. From a
public policy viewpolnt, however, the
environmental impact assessment will be
yet another revlew that. wilt provide
further opportunlty for the public to
participate and comment on the condu::t
of this research.

1L METRODS OF CONTAINMERT

Comments on the containment pro-
visions of the proposed guidelines were
directed to the definltlon of both phys-
Ieal and biological containment and to
the safety and effectlveness of. the Pre-
seribed levels. Several commentators
found the concept of physicel contain-
ment imprecise and toc subiect to the
possibility for wman error, Others ques-
tioned the concept of biological contain-
ment In terms of lis safety and purported
effectlveness In averting potentlal haz-
ards, 'The commentators were divided on

which tmebhod of containment would *

provide the most effective and safe sya-
tem to avoid-hazards, Several suggested
that each of the physlcal contelnment
levels be more fully explained.

W. Emmett Barkley, Ph.D., Direc-
tor of the Office of HResearch Safety,
Natlonal Cancer. Institute, was asked to
review the seclion on physical contain-
ment in Hght of these coyments, Dr.
Barkley convened & special committee
of safety and health experts, who met
to consider not only this section of tho
guldelines but also the section on the

tai! and explanation. Although different
n detail, the four levels of containment
approximate those. given by the Center
for Disease Control for human etiologic
agents and by the Natlonal Cancer In-
stitute for pneogenle viruses. For each of -
the proposed levels, optlonal ltems have
heen exeluded, and only those liems
deemed absolutely necessary for safety
ere presented, Necessary facllitles, prac-
tlees, ané equipment are specified. To
give further guldance to investigators
and thelr institutions, a supplement to
the guldelines explains more fully safely
practices appropriaté fo ‘recombinant
DNA resesrch. And a new section has
been added o ensure that shipment of
recombinant DNA rmaterlals conforts,
where appropriate, to the standards, pre-
seribed by the LS. Public Health Service,
the Department of Transportation, and
the Civil Aeronautics Board...

-_The section on physieal containment -
15 carefully designed to offer & construc-,
tlve approach to meeting potential haz-
ards for recombinant experiments at all
levels of presumed risk, Certaln commen-
tators had suggesied that the flvst level
of physieal containment (P1) be merged
with the second level (P2). This sugges-
tion, however, would tend to apply overly
stringent. standards for some. experi--
ments and might result In a lowering of
standards necessary at the second level
I beleve the level of control must be con-
sistent with a reasonable estimate of the
hezard; and the section en physical con-
tainment docs provide this consistency.
Accordingly, the first ond second levels
of physlcal containment remaln as sepa-
rate sections In the guidelnes,

Because of the neture and operation o!
Taclllties required for experiments to be
done at the fourth level of contalnment
(P4}, a provision has beeil inciuded that
the NIH shall revlew such facilities prior
to funding them for recomblnant DNA
studies. The situatlon merits the spegial
nttention of experts who have maximum
familiarity with the strucfure, operation,
and_potential problems of B+ fstalla—.
tions, Several commeniators advoeated
that NTH arrange for shering of P4 fa-
cilities, both in the NIH intramural pro-
gram and In instiutions supported
through NTH awatds. In respotse to
these suggestlons, we are currently re-
viewing our facilitfes, including those ak
the Frederick Cancer Research Center
(Fort Detrick), to determine how such
8 program cat best be devised. Tt Is most
important that P4 facilltles he mede
available to investlgators, It should be
roted that incidents of infection by even
the most. hlghly infectious and detger-

roles and of
and thefr institulions, The committes
thoroughly reviewed the sectlon on phys-
ical t and
number of changes. The Recomblnant
Advleory Committee, meeting 'on AprH
1-2, 1876, reviewed the recommendations
of the Bark]ey group. These are incorpo~
rated, with editorial revislons, fu the Anal
versign of the guidelines.

The present sectler: on physical con~
talnment i3 direclly responsive to those
commentators who asked for greater da-

are extremely infreguent
at Pé fnn!llt!es and therefore the poten=
tisl for hazard In certsin complex ex-
perinents in recombinant DNA research
3 conslderably reduced,

nt, PROHIPITEN EXPERIMENTS

1. Practicelly alt commentators sup=
ported the present prohibition of certain’
experiments. There were suggestions for
a clearer defliltion of the prohibition of
certaln experiments whers Inereased

antiblotie res[gbanca may result, And it
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" was urged by some that the prohibition

be broadened to Include experiments that
result In resistance to any antiblotic, ir-
respective of Its use In medlcino or agri-
culture, Conglderation of such a sugges-
tion must take inio account thot antl-
biotle resistance ocours naturally among
bacteria, and that resistance 15 a valu-
oble - marker In the study of microblal
penetics In general, and reconibinants
in particular.

Tu: view of these concerns, however, the
Recombinent Advisory Commitice was
asked to reconsider carefully ihe prohi-
bitlon and related sections. concerving
antibiotle reststance. The commitiee
noted that the prohibitlon relating to
drug resistance. was intended te ban
those experiments that could compro-
mise drug use in- conlrolling disease
agents In veterinary as well as human
medlieine end this is now clearly stated.

In the draft guldelines there were two
statements concemning resistance “to
drugs which related to experiments with
E. coll. The statements appeared to allow
experiments that would exteid the range
of resistance of this backerium to thera-
peutically useful drugs ang disinfectants,
ond thus seemed to be in confliet with
the general prohibition on such research,
‘Thers ars numercus reports in the selen-
tific literature indicating that E. eoli can
acquire reslstance to all antfblotics
known ta act agalnst it. Since E, colf ac-
quires resistelice naturally, the prohibi-
tlon directed against Increasing resist-
onee does nob apply, The amblruous
statements have bech deleted from the
present guidelines. On the other hend,
Tew language has been inserted in the
sectlon dealing with other prokarvote
species to sel containment levels for per-
mitted experiments,?

2, The Recombinant Advisory Com-
nittee was also esked to clarify whether
the prohibition of use of DNA derived
from pathogenle organisms (those classi-
fied as 3, 4, and § by the Center for
Disease Cantrol, USPHS) plso ingluded
the DNA from any host infected with
these organisms. The committes ex-
plainad that this prohibitlen did extend
to experiments with cells known to be s
Infected. To avold misunderstanding, the
prohlbition as now wordeéd Includes such
cells, In addition, the prohibitions have
been extended to include moderate-risk
oneogenic viruses; as defined by the Na-
Honal Cancer Institute, and cells known
to be infected with them.

3. Twa oiher lssues relating to the sec-
tion on prohibited experimonts were
raised by Roy Curtlss IIT, Ph.D., Profes-
sor, Department of Mlcrebiclogy, Unl-
versity of Alabama School of Medicine,
Birmingham, who 15 2 member of the Re-
combinant Advisory Commities, Dr,
Curtlss neted that, for the class of expe-
riments prohiblted on the basis of pros
duction of highly toxie substances, only

3 Speclfieally, cxporiments that would ox-
tend resistanco fo therapoulieally usefyl
drugs must use P4 physlenl containment
Plus b host-vector comparshle to EKI, or
F3 contalnment plus g host-vector compn-
Table to ER2.
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substances from micro-organlsins were
tited &s examples. He suggested that
other examplés be Included, such as ven-
oms Irom Insects ang snakes, The com-
mittee approved the suggestion and I
coneur, -

In the proposed guldelines, release of
organ! containing ret inant DINA
molecules into the environment was pro-
hiblted uniess a series of controlled tests
had been done to lerve no reasonable
doubt of safety, Dr. Curtiss felt that the
guldelines should provide greater spec-
ificity for testing and should Include
some form of review prior to release of
the erganism. I have decided that the
guldelines should, for the present, pro-
hibit &ny delfberate release of crganisms
confnining. recombinant DNA into the
environment. With the present limited
state of knowledge, It seems hlghly un-
likely that there will be in the near
future, any recombinant organism that is
universally accepted as belng beneflelnl
1o Introduce into the environment. When
the sclentific evidence becomes avatlable
that the pelentlal benefits of recom-
binant organisms, particularly for agri-
culture, are about to be reallzed, then
the guidelines can be altered to meet the
needs for release. It is most important
that the potentinl environmestal impact
of the release be consldered.

TV. PERMISSIBLE EXPERIMENTS? E. COLIK~12
- HOST-VECTOR §¥STEMS

The continued use of E. ¢oli a5 a host
has drewn considerable comment, in
cluding some suggestions that Its use he
prohfbited presently or within a specified
time Nmit. It should be stressed that the
use of E. cofd as detrlled In the guidelines
s limited to E, cofi K-12, 8 straln that
hes been carried In the lahoratory for
decades and does ngt invelve the use of
any strain of E. coll that 13 freshly lso-
lated from a natural source. E. coli K-13
does not wsually colonlze the mormal

kowel, even when glven in large doses, -

and exhiblis little if any multiplication
while passing threughk the allmentary
canal. For years it has been the subject
of morc intense investigation than any
other single organism, end kKnowiedges of
1ts genetic makeup and recombinant he-
havier exceeds greatly that pertaining to
any other crdandsm. I believe that be-
canse of this experience, E. coti K-12 will
provide a host-vector system that is safer
than other candidate mieroerganisms,

NTH recognizes the importance of sup-
porting the development of alternative
host-vector systems (such as B, subtilis,
which has no ecological niche in man)
and will encourage such development, T4
should be noted, however, that for each
new host-vector system. the same ques-
tlons of risk from altered properties at-
tendant upon the presence of recom-
binant genes will apply as epply to £. coli,
NIH does not belfeve.it wise to set a
tima limlt on replacement of E. colf sys-
tems by other orpanisms.

There wore speclfic .suggestions: con-
cerning the three levels of biolegleal con-
tainment prescribed for use of E, coli
K-12 host-vectors. Some commentators
requested r more detnlied explanation of
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the adequacy of protection for Ibora-
tory personnel with the first level of con-
tainment (EK1).! Sections of ¢he gulde-
lines dealing with physlcal containment
and Toles and rosponsibllities now zpecily
the need for safety practices and acci-
dent plans.

For the second level of containment
(EK2}, it 15 required that a oloned DNA
Iragment be contained In & hest-veetor
system thet has no greater than a 10
wprobability of survival In & nonpsrmis-
slye or naturel envirenment. It wos sug-
mested that the selection of this level of «
bicloglen! contalnment and the appro-
vriate tests for verifieation be more fully
explained in the guldelines. The commit-
tee, in responding to a request fer fur-
ther examinetion of this point; reviewed
at conslderable lengbh the testing for on
EK2 system and recommended certafn -
mddifications.” We have occepted the
commlttee’'s new language that betser ex--
plaing testing of survival of o genetic:
marker carried cn the vector, preferably
on an inserted NDA Iragment.

Possible tests to determine the lavel of
hiologleal containment afforded by these
altered host-vector systems are outlined
in {his section. Beenuse this is such o new
aréa of sclentifie research and develop-
ment, however, it is Inappropriate to
standavdize such tesllng at the present
time. Standards will gradusally be set as
nwore experience with BK2 host-vector
systems Is acquired. The committee, for
example, during its Apri 1976 meetings
gave Its first approvel to an EK2 host-
vector system. What is necessary is that
hiew and more effective tests be devised
by investizators, end this effort i3 very
likely to occur under the present zuide-
lines. For example, one task recomlzed
by the commitice i3 to clarify how sur
vival of the organism and the rloned
DNA should be defined in tevrmis of tem-
perature, medium, and other varinbles.

It is alse very important to note here
that Lhe stringent requirements zet by
the conunittes for EK2 Blological con-
tamment jeopardize considerably the
capacity of such cotippled organiams to
survive and replicate even under permis-
sive Inhoratory condltiens. More expori-
ence will he regquired determine
whethier EX2 containment will permit
sone lines of important research to be
Tollowed.

Several commentolbors supgested that
methods nnd procedures to confizm an

*'The ER1 system presenlly consists of a
battery of differgnt vectora and of 3. coi
H-12 mutants, all of which aford & consid-
erabla degreo of blologleal contelnment, The
diversity of vecters el of host mutants in
this battery has permltted a wide raage of
important selenttilc questions to be atkoked.
Fol exnmple, Lhe nrailabliity of diiferens vec-
tors wlth cleavape sites for diffevent rastric-
tlon endonuslenses have increased the king
of DNA segmants fhat can be cloned, By con-
trast, the fimt EK2 host-vector systors ara
ORIy now being consldercd by the Fncomn
blnout Advisery Committee. While MIH Is
supperting tha develepment of more EEK2
host-vector ayatenis, it I8 not expected that a,
TPattery equlvalent to that avallable for the
EKI system will pe certified by the Recom-
binant Advisory Committee In tho near
fhture, . .
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EK system at the third level of contaln-

ment {EK3) be mora fully explained. Tha
Recombinent Advisory Committee was
asied bo conslder this suggestion. Moer
the c 12
dectined to define the procedures more
fully ab this time, because development of
an EK3 system s still far encugh in the
future not to-warrant speclfic testing
procedures. Further, it is not clear what
tests are best suited. The langusee,
therefore, remains general, The commit-
tee, however, Is aware of the concerns for
a more completely defined system of test-
ing, and has considered the possibility of
organizing a symposium for purposes of
designating tests. In my view, more fully

developed protocols for t&mtmg EX3 sys-'

tems are

NOTICES

When prokaryot,e donors not known to
exchange DNA with E. coli in native are
used, however, there 12 a greater poteatial
for new -genetlc combinations: be
formed and be expressed. Therefore, it
is required that experimentis invelving
prokaryotic DNA from e donor that iy
net known o exchange DNA with E, coli
in nature be carrled out Bt 8 higher level
of contginment. Recombination using
prokaryotle DNA from an organism
known to be highly pathogenie s pro-
hibited.

There are only limited data nvailgble
concerning the expression of DNA from

-higher forms of iife {eukarvotes) in E.

coll (or any other prekaryole). There-
fare, the contalnment prescriptions for

it is
that guidellnes here be more fully de-
veloped belere the committee proceeds to
certify such a system. In this regard the
NIH Is prepaved through the National
Institute of Allergy and Infectious Dis-
enses to support eontracts to accomplish
this task. We will seek the advice and gs-
sistance of the commiitec to define the
scope of necessary work, -

These guldelines also include a state-
ment thet fer the tlme belng no EK2 or
EK32 host-vector system will be consid-
ered bona fide until the Recombinant
Advisory Commitiee has certified it, I
share the concern of the commentators

that new host-vector systems require the -

highest quallty of scientific review and
serutiny. At this early stage of develop-
ment, it Is most important that the com-~
mitiee provide that serutlny. FPurther, I
belleve that untll more experience has
Been galned, the comumitiee should en-
courage and the NIH support research
that will independently confirm and aug-
ment the date pn which certification of
EK2 host-vecter systems are based,

V. CLASSIFICATION OF EXPERIMERTS USING
THE E. COLI K~12 CONTAINMENT SYSTEMS

The guldellnes assign different levels

of contalnment for experiments int which.

DNA from different sources is to be In-
troduced Into an E. colf K~12 host-vector
system. The varlation is based on both
focts and assumptions. There pre some
prokaryotes (bacterla) which constantly
exchenge -DNA with E. eofi, Here It is
sasumed that experimental conditions
beyond those obtalned in eareful. routlne
micr 18k are

ous, heesuse any exchange expurl.menls
have undoubtediy been nerformed al-
ready In nature.

In every Instance of artificial recom-
blnation, conslderation must be glven to
the possibility that forelgn DINA may be
translated Into proteln {(expressed), and
alze to the possibility that normally re-
pressed genes of the host may he ex-
pressed and thus change, undesirably,
the characterlstics of the cell, Ii ls as-
sumed that the more simllar the DNAs
of donor and host, the greater the prob-
sbility of expresslon of forelgn DNA, or
of possible derepresslon of host genes.
In those cases where the donor exe~
changes DNA with E. coli In naturE. it fs
unlikely that recombinatk

eukeryotlc DNA
ints prokaryotes are based on risks hay-
ing quite uncertain probabilities.

Om the sssumptlen that & prokaryote
host might translate eukaryotic DNA, 1t
is further presumed that the product of

“that forelgn gene would be most harmful

to man if it were an enzyme, hormone, or

* other protein thet was similar (homol-

ogous) to preteins already produced by
or active In men, An example is a bac-
terlum that could produce insulin. Such
a "rogue’ bacterlum could be of benefit
if contained, a nulsance or posaibly dan-
gerous if capable of surviving in nature.

is 15 cne reason that the higher the
phylogenetic order of the eukaryots, the
higher the recommended containment, at
l1east until the efficlency of expression of
DNA from higher eukaryotes in pro-
karyotes.can be determined.

There 15 a second, more conerete rea-
son for scaling containment upward as
the cuksryote host begomes simlillar to
man. This §s the concern that viruses
zapable of propagabing in human tissue,
and possibly causing diseases, can con-
taminate DNA, repilcate in prokearyote
hosts and infsct the experimentalist,
Such risks are greatest when total DNA
from donor tlssue I used In “shotgun™
recombinant experlments; it diminishes -
to much lower levels when pure cloned
DNA is used.

The commentators were clearly divided
on the classification of contalnment.
criteria for different kinds of recombin-
ant DNAs. Many commenteiors con-

of animal and plant-DNA In these ex-.-

perlments.

In my view, the classificatlon for the

use of DNA from primates, other mam-- .

mais, snd birds is appropriate to the po-
tentlal hazards that might Be posed. The
physlcel and biological containment
levels are very strict. For example, bio=
logical contalnment levels are at EKZ
or EK3, and will effectively preclude ex~
perimentation until useiul EK2 and EK3
systetns are avellable, EK2 systems are

still In the initial stages of development, -

and the first system was only certifled at
the most recent meetlng of the Recom-~
binent Advisory Cemmittee. An EK3
host-vector system has yet to be tested,
and its certification s far enough b the
future to place & moratortum on’ those

requirlng logical con-
tainment at an EK3 level; The physical
gontalnment levels of P3 or P4 themselvey
afford 8 very high degree of protection.
I am satisfled that the guidelines dem-
onstrate the caution and prudence that

must govern the conduct of experiments

in this category,

he guldelines allow reduced contain-
ment levels for primate DNA when it s
derived frem embryonic tissue or germ-
iine cells. This Is based on evidence that
embryonic materlal is less likely to con-
tain viruses than s tissue from the adult,
Ohviously, ihie embryonie tlssue must be

free of adult tlssue, and the present

guidelines so Indicate.

I have alsa carefully consldered the
speoial concerns arlsing from the use of
DNA from cold-blooded vertebrates and
other cold-blocded animals, because sev-
eral commentators questioned the basls
of lower physleal and blologica! contain-
ment levels Tor DNA Irom these specles.
The Hecombinant Adviscry Committee
has debated thls extensively, and they
werg asked to do so onee again in April?
The commitice has now recommended
high contalnment levels (P3+EXK2) when
the DNA s from & cold-blooded verte-

‘brate known to produce o pofent toxin.

Thet recoramendation is included i the
present. guidelines, Where no toxin i3 ia~
volved the committee supperted lower

'A'commmeo wnemiber, David 8. Hogness,
Ph, b of

sldered the guldellnes foo and
rigld. Others viewed the guidellnes In
certaln Instances as too permissive, And
still others endorsed the guldelines es
sensibla and reasonable, affording the
public an enormous degree of protection
from the speculative risks. Several sug-
gestions were made for the speeifie
classes of experiments, and they follow:
1. Comment on the use of DNA from
animels and plants in recombinent ex-
periments varied widely, Some com-
mentators suggested banning the use of
DNA trom primates, other mamzals, and
birds. Others suggested that higher levels
of contammment be used for &1l such ex-
periments, Stil cthers believed that the
guldelines were toe strich for experl-
ments of this class, I have carefully re-
viewed the iss\xes talsed by the com-
tators and the of the com- -

will create vew genetle mmb!m.tlons‘
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bry, Californla, sub-
mitted a statement In support of Tower con-
tatnment levels based on surrent sclentific

evidence. That ovidence [5 based on cortaln, .

_difforencea botween cold- and watin-blooded
vertel

‘Drates. One of he criteria used Tor the ..

evaluation of the relative risk that might he
encountered with different levels of shotgun
experknient s the degreo of seqiones homol-
ogy between the DNA of the glven specles
ond that of humang, This crlterlen is uszed
te the that of
DA Irom the glven species might be lotes
prated Into the human genomo by recombi-
natlen; the greater the homology. the greater
the likelthood of integratlon. Studles of st~
guence Lomologles Indicate that there 11 a
considerable degree of homology: hetwesn
human DNA ood DNA from other primates,
much lesa homology bebweon primates and
other mammals, ond evén lower but deteci-
able homology between birde and primates

By contrast, no aignificant homologles be- .

tween ccld-blooded vertebratea a.nd. primates
have been detected,

7, 1976




contalnment levels. The guidelines spec~ -
ify PA+ERK2 levels for such work. There -
wag' gonslderable discussion concerning -

the rdvisability of recommending lower
contajument (P2+EK1L) when the DNA
ls isolated from embryonie tlssue or
eerm~line cells from ¢old-blooded verte-
brates. Those supporting lower centain-
ment levels srgued that the justification
for P24 K3 weas the possibility that cold-
blooded verbebrates may carry viruses
and that the distingtion between adult
and germ=cell tissue s real. Others ar-
gued thet, contrary to the sliuntion with
primate DNA, viruses ere not a central
problem with celd-blooded vertehrates
oand . therefore no distinction should be
made on the basis of tissue origin, Fi-
nally, the committee recommended, on 2
divided vote (8 to 4}, to adopt P2+EKL
when the cold-blooded vertebrate DNA
Is 1solated from embryonje tlasue or
germ-line cells. Gpon reviewing these
conslderations, I have decided to retain
the conteinment levels for embryonlc or
germ-line DA from cold-blocded verte-
E‘abes L5 rccommcnded by the commit-
€.

In Aprll the commitiee alse reviewed,
al our request, the classification of ex-
perlnents. where DNA Is derived from
other gold-bleoded animals or lower eu-
karyoles, Several commentators, for ex-
ample, had been concerned abaut. the Fact
that Insects are known to carry egents
pathogenis to man. In the conimitiee re-
view, it was noted that viruses carrled by
Insects and known to transmit disense to
ran arg’RNA rather then DNA viruses
and do not reproduce via DNA copled
from RNA. In order, however, to make
the intent clearer, the guidelines have
heen: rewritten for experiments of this
class, Naw language Is inserted to ensure
that siriet contalnment levels are em-
ployed when the DNA comes from known
pathogens or specles known f0 carry
them, Further, io reduce the potential
harards, we have also included in the
guldelines the regulrement thet eny in-
Eect must be grown under labarstory con=
ditions for at least 10 generations prier
to iEs nse g8 a DNA source.

2. As alluded to above, certaln come
mentators expressed concern that when
E. coll b the host of
DNA from prokaryotes with which DNA
is not usually exchanged, there 15 hazard
of aliered host

121

NOTICES

been rigorously characterized and shown'
to be free of harmiul genes, Several oome
mentators inquired how the characteri-
zation was o be performed and the free-
dom from harmiul genes demonstrated.
Although the commitiee acknowledges
that these terms ntre unaveidably vague,
they do clte appropriate sclentific meth-
ods to meke relevant’ determinations.
Again, this is a rapidly changing area and
more ¢larity and precision can he ex-
pected with experience. Raduced con-
taimment reguirements for. this class:of
experiment are warranted beesuse of the
purified nature of clones. Further, the
granting ageney must apnrove the clone
before containment condltlons can be re-
duaed, thus providing an ndd:t.ional ele-
ment of review.

4., Angther comment was related 1o the
nse of DNA from organelles {intravellu.
lar, elements that contain speclal grouns
of genes for pertlcular celi furnctions),
Concern was expressed about the poten-
tinl contamination of purified crganelle
DNA with DNA from viruses because of
the gimilarlty of their structures.. The
commitbee agrees, and the guidelines now
specily a requirement, thet the organ-
elles be isolated prior to extracting DNA,
as a-further means of reducing the haz-
ard of viral contamination.

3. Bome commentators were troubled
ahout -the lowering of ceniainment. for
that class of experlments involving re-
combinations with cell DNA segmenis
purified by chemical or physical methods,
They asked that procedures for deter-
raining the state of pirificetion be more
Iully detailed and that the Recombinent
Advisory Cemimibtee certify the purity.
There sre, however, appropriste tech~
nlques, such as gel electrophorests, with
which a purity of 0f percent by tass can
be achieved snd ascertained. There is-no
way for the committee to certifly these
results beyond repesting the experiments
themselves, These technlques are well
documented and descrlbed In the litera-
ture. T do not helieve 1% s hacessary or
fenstble for the committee to review each
procedura for purification of DNA.

6. Comments were mnade concerning
the use of DNA derived frocy animal vi-
risss. It was urged that contalnment lev-
els for this class of experiment be in.
creased. On the basis of my review, I find
ihe contalnment eonditions appropriate
10 the putentin.l hazard posed, As defined

from {ranslation of the DNA into fune-
tloning protelns. The committee was
asked to review tha guldelines gnd take
into aceount this potentinl hazard, They
agreed that the contalument levels
should be Incressed for this calegory of
experiment, from P2+EEL to elther
P2-+-EX2 or PA4+EKL That r

fu the are to be
done a5 very siriet levels of contalnment
and these can be lowered only when the
cloned DNA- recombinants have been
shown to be free of possibly hermful
genes by sultable bicchemlics: ond bio-
logical tests. This also pertaing fo DNA
that 1= copled from RNA viruses, In no

dation Is included In the present guile-
llnes

ts were made Ing that
l:la.ss of experiments in which the recem-~
bingnt 1284, regardless of source, has
been cloned. A clone 13 & population of
cells derived from g single cell and there-
fore all the cells are présumed to be gen-
etically Jdentical. As outlined in the pro-
posed guidelines, clomes eculd he used at
lower containment levels if they had

are the more lenient,
end In most instences they are more
stringent than conditions obtalning in-
mmylaburabories where such virises are
studled in non-DN.
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of niimad viruses as vectors. Of special
coneern ‘to mény commentators was the
use of the simien (mobnkey) virus 40
{hereatfer “SV40"), Some suggested =
complete ban on the use of ihis virns;
others urged its retention as a vector.
£V40 is not known to produce any disense
in'man, although 1t can be grown in hu-
men cells and on very rare occasions has
heen lsolated from humans, Mary hu-
mans have recelved SV40 virus inndvert-
ently in vaccines prepared from virus
grown n monkey kldney-cell cultyres.
An intensive search has been made and
15 continuing for evidence thai BV40
might cause cancer or be otherwlse bath-
ogenic for man. At present, it is my view
that the extensive knowledge we bave of
§V40 virus provides us with sufficlent so-
Dhistication to ensure iis safo han-
dling under the conditlons develoxred for
its use In the guldelines.

I believe work with 8Vd0 should con-
tinue under the cost erreful condlilons,
hut I do recognlze and apprecinle the
coneerns expressed over its possible
harmful effects in humans. In lizht of
these concerns, T asked the Recomdinant
Advisory Committee to review th:s seec-
tlon of the guidelines, The committee
reconsidered the contaihment conditions
for this ¢class of experiments and judged

- them appropriate to meet the potentia)

hagards.*

This elass of experiments will proceed
under the most careful and str ngent
conditions. Work with 8V40 virus »ill be
done at the maximum level of physleal
containment (P4). The extreordinary

‘precautions required In a P4 facby less-

enr the llcelihood of a potential hazard
from thlis work. Only defective Sv40
virus will be used as vector; thet is, tHe
BV40 virus partleles that carry the for-
€ien DNA cannot multiply by themselves,
‘When o number of strict conditlons are
met, this werk will be permitied to go on
&t ‘the third level of contaloment (P3),
which In itself requires care and preci-
slon, It should be noted that SV4C vivus
and its DNA ¢an be efficiently disinlected
by Clorox snd eutoclaving, These are
customary procedures for disinfecting
glasswara atid other items used in 8V40
animail-cell work.

Some comamentators suggested thnt
the cor t eriterls for
using polyoma virus ns the vector he
strengthened, There is no evldencs that
polyoma infects humeans or replicates to

- any. stgnificant extent in human cells, 1t

hU]ﬂS promise as a VEG"»O!‘, as lS miora fully
in dlx to these

guidelines,

2. 8evoral commentaturs found the
guidelines inadequeate regarding e<perl-
ments with plant host-vector systems.
Because NIH shared these concemns, a
proup with extensive expetlence with
plants was appointed to review this sece
tion. The group mel concurrently with

iments, .
V1. OLASSIFICATION OF EXPERIMENTS USING
CONTAINMENT SYSIEMS OTHER THAN E.
COLL ¥—173 .
1. No Issue with regard to these guide~
Nnes ralsed more comment than the use
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* One member dlssented from this peaition,
During the dlsousston, additlonnl lamguage
was recommended {and adopted) to smsure
that the defeatlva SV4d-virus/holper-vlrma
systam, with its inssrted non:8V40 DNA eop-
ment, doas not replicate In human sella with
slgnificantly moore efficienoy than doos SV40,

7, 1816
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the Recombinant Advl C

A it i
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for advising his

in April 19768 and made several modificas=
tions. Fhe suggested revislons were se-
ceptable to the full committee, nnd we
have included them in the guidelines,

The medificatlons nre responsive to
the stated of the cor

program and support stafl as to the na-~
ture and assessment of the regl and po-
tential blohrzards, He must explain and
provide for any adylsed or reguested pre-

committees be requived {0 determine the
contalnment condlilons t0 he imposed for
& glven project (which the draft gulde-
lines speciflcally noted was not thelr re-
sponslhmty) The Recombinant Advisory

¥ medical policies,

A description of greenhouse facilitles is
given, and physical contalnment condi-
tions have been modifted to take into
oecount operatlons with whole plants, On
the whole, the-respective portions of the
ewldelines relating to plonts. are more
Iully explained and the intent is elerifled,
I have slse accepted the recommenda-
tlon: of the subcommittee to lower tha
biologieal contalnment jevel from FE2 to
EX1 for experiments In which the DNA
from plants 1s used in conjunction with
the E. colf K-12 host-vector system,
thereby setbing containment In this in-
stance at the same level required for ex=
periments with lower-eukaryole DNA.

YIL ROLES AND RESPONSIBILITIES

t. Most conumeniators had suggestions .

for the section on the roles snd responsi-
bilities of investigators, their logal lnsti-
tutions, and NIH. Commentators gen-
erally urged cpenness, candor, and

puble participation in the process, em-.

¢ shared responsibilily and ac-
countabillty- from the local to the na-
tlona! level. We reviewed that sectlon of
the guidelines in lght of these comments
and have asked the Recombinant Ad-
visory Commitice to review certaln
1s5ues.
1t 15 clear that much of the success of
the guldelines wil le in the wisdom with
which they are implemented. B of

OT serum Further, an appen-
dix to the guldelines includes detailed
explanetions for deallng with accidents,
as well as instruetiong tor the training of
staft In safety and accident procedures.

In response to suggestions for epl-
demiological monitoring, the guidelines
now require the prineipal Investigator to
report certaln categories of accidents, in
writing, to appropriste officlals, WIH is
investigating procedures for long-term
surveillance of workers enguged in re-
combinant DNA research. .

2. A number of comments on the role
and responsibilities of the institutional
biochazards committee were received.
Comments were directed to the structure
of the committee, the scope of its respon-
sibility, and the methods for pperation.
Comiients on structure Included sugges-
tions that the committes have a broadiy
based representation, especially in terms
of health and safety experiise. Some
others suggested NIH require certain
clesses of representation. In response to
these suggestions, the guidelines now
recommend membership from a dlversity,
of disciplines relevant to recombinant
DINA melecule fechnology, blological
safety, and engineering, :

For hroader reprasentation beyond the
Immediate sclentific expertise, the guide-
lines how recotiinend that local commit-
tees shﬁlﬂd Podiess, or have available, the

the importance of this sectlon, espectally
in terme of safety programs and plans,
wa have carefully welghed the

acceptabllity of t.helr ﬁnﬂmgs in f.erms
n! applicable laws, reg‘u]atlons, st.a,ndards

and suggestions made in this vegard, NTH
has & special responsibility to take a
leading role in ensuring that sefety pro-
grams are part of all recombinant DNA
research, Dr. Barkley and & specially
convened committee were asked o pro-
vide greater detail for safety, eccident,
and tralning plans for this section of the
guidelines. Based on their recommenda-
tlens, the sectlon has been extensively
Tewritfen to clarlfy the respective re-
spongibliities of the principal Investlga-
tor, the institution Cincluding the instl-
blchazards , the NTH

inital review group {study sectlon). the
NIH Recombinant DNA Moleculs Pro-
gram Advisory Committee, and NIH stafl.
‘This section has a definitive adminis-
trallve framework for -assuring that
safety Is an essential and integrated com-

pohent of involving ant
DNA molecules. 'I"he guldellnes require
I te , and

evaluste containment snd safety prec-
tlees and procedures. Before ressarch s
done, the Investigator must have safety
and accident plans in place and tralning
exercises for the staff well under way.
Some commentators suggested that
the mvesugator he required to obtaln jn-
form: ent of
prior to thelr participation. H.a.ther thm

and
health end environmentel sonsiderations,
The names of and relevant background
information on the commities members
wlll be reported to

In response to sugmtluns that deei-
slons of the committee be made publlcl'y
available, the gul now

to this sugges-
Lum They u.rged NIH not to Include these
conditions as local requlrements, armi-
ing among clher things thal review by
the NIH studly sections would provide the
necessary sciutiny at the national level
opnd assure uniformity of standards in
sppllcation of the guidelines. I do not
belleve that NIH should require the local
inslitulion to have its biohazards corme
mittee assess what containment condi-~
tions ave required for 2 given project. On
the other hand, the guldellnes should nok
prohibit the local institutlon from hav-
ing its blohezards comnmilttee perform
thia function. Accordingly, I'have deleted
the prohibltion that appeared in the pro-
posed guidelines,

Angther suggestion wos that the local-

committee ensure thes research s cerrled
cut in accordance with standarde and
procedures under the Cecupational Safe-
ty end Health Act (OSKEA}. This is an
area of Importance to the locel nstliu-
tlons under Federal and State law, but
need not e Included s a reguirement in.
the guidelines. NIH will maintain Uaison
with the Oecupational Salety and Health

Adminlstration (Depariment of Labor) .

to-ensure maximum Federal cooperation
in this venture.

T would also encoumge all maut.uuons,
as d by several o
rgview thelr Insurance compensation pro-
grams, to determine whether their lab-

oratory personnel, in the research area, .

ere covered for injuries.
3. The commentators approved of hav-
ing the WIH study sectiona responsible

for making an independent evaluation of

the classiflieatlon of the proposed. re-
search under ihe guldelines, along with
the customary judgment of the scientific
nerit of each grant applleation, This ad-
ditional element of review will ensure

thet minutes of the meetings should be
kept and made avallable for public ine

apea N

Commentators genemily approved of
the responsibillty glven to the insiitu-~
tionel blohazards committee to serve as
a sotree of advice and reference to the
Investigator on sclentiﬂc and salety ques-
tions. It was &

careful jon to potential hazards In
ihe research activity, The study sections
will also scrutinize the proposed snfe=

guards. Blological aafely expertise shall’

ke avallable to the study section for con-
sultatlon and guldance in this regard.

4, Several commentators made sugges-
tlens concerning the structure, function,

and seope or responsibility of the NIH .

committee's responslbliiw be brcadened

Adv‘Isory C'ommlt.bee

in the

on  possible

evaluation of sa.fety standards and pro-

. teslures, In respanse to these su;

mer,hanisms for declsion making in-
cluded ong thet there be a sci-

the guidelines.now indlcate that the In-
stitutional viohazards committes has the
responsiblity to cerfify, and recertlly
annually, to NIH that the facilitles, pro-
cedures, practices, training, and exper-
tise of invelved personne] have heen re-
viewed and approved. The Recombinant
Advisory Commities suggested that ex-
rmiuation might be unnecessary for P1
Tacilitles, but we belfeve that alt facilittes
should ba reviewed to emphasize the lm-
pormnce of satety programs.

rely explicltly on an informed
document, the guldelines now mpke the

FEDERAL REGISTER, VOL. 41,

ted that the
auldel.lnes should etipulate that the local

entific and technicel commitiee and & -

general edvisory public policy cominittes.
It was also suggested that the scieniific
committee inelude sclentists who arg not
actively ongaged in recombinany re-
search, and that the public policy com-
mittee have a broad sclentlfic snd pui-
e representation.

I have carefully reviewed these come-
ments and suggestions. In response, tha

following structure hos been devised. The |

Recombinant Advisors Committes shall
serve o5 the sclentifig and technical com-

mittee, Tts membarship shall continue to. .

NO. 131—WEONESDAY, ULY 7. 1974

DNA Molecule Progrant |
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and blologleal b to the dl ina-

NOTICES

appropriste for experlments

tlon of the potentially hazardoys agentis.
(1) The level of eantalnment provided
by these barriers !s.to match the esti-
mated potentlal harzard for each of the
different classes of recombinants, For
‘projects in a given class, this Jevel is to
be highest &t initlatlon and modified
subsequently only if there is & substan-
tiated change In ihe nssessed risk or in
the applled methodolegy. (iv) The guide-
lines will be subjected to peviedic review
{at least annually} and modifled to re-
flect Improvements in our knowledge of
the potentlal bichazards and of the avail-
able safeguards,

In constructing these guidelines it has
been necessary to define boundary con-
ditions for the different levels of physleal
and biological containment and for the
ciasses of experiments to whicl: they ap-
ply. We recognize that these definitlons
do not take into account existing and
anticlpated speclal procedures and infor-
mation that will allow particular experl-
ments te be carried out under different
conditions than indicated here. withoub
sacrifice of safety, Indeed, we urge thet
individual Investlgators devise simple
and moere effective containment proce-
dures and that study sectlons pive con-
sideration to such procedures which may
allow change in the conbainment levels
recommended here.

that all p

with different recombinants can be es-
tablished by applylng different combina-
tlons of thé physical and blologleal bar-
riers to & censtant use of the stondard
practices, We consider these categories of
contalnment separately here in order
that such combinatlons can be convenl-
ently expressed in the guidelines for re-
search on the different kinds of recom-
binant DNA (Sectlen ITD),

A, Stapdard praciices. and training.
The first princlple of ¢ontainment is 8

striet adherence to good mierobiclogical’

practices (4-13). Consequently, all per-
sonnel directly or indirectly Involved in
experiments on recombinant DNAS must
recelve adequate instruction. This should
nelude ak least training in aspectic tech-
nigues end instruction in the biolegy, of
the organisms used in the experlments
s6 that the potential blohazords can be
understood and sppreciated.

Any research egroup worklng with
a2gents with a known or potentlal blo-
hazard shenid have an emergenty plan
which describes the procedures to be
followed if an aceldent contaminates per-
sonnel or environment. The principal n-
vestigator must ensure that everyone in
the laboratory Is familiar with both the
potential hazards of the work and the
emergency plan, If a research group ls
working with o wn pathogen for

Itls
dealing with recombinant DNA work in-
ciude & description of the physical and
biclogical contalnment procedures prac-
ticed, to ald and forewarn others who
might conslder repeating the work,

I, CONTATNMENT

Eifectlve biologleal safety programs
have been operative 1n a varlety of labo=
ratorles for many years. Considerablo fn-
Tormation therefore already exists for the
design of physical contalnment facilitioy
and the selectlon of laboratory proce-
dures =pplicable to organisms carrying
recombinant DNAs . (4-17}. The existing
programs rely upon mechanisms that, for
convenlence, ¢an be divided into two
categories: (i} a set of stnndard prae-
tices that are generally used in micro=
blologlcal laboratorles, and (i) speclal
procedures, equipment, and lshoratory
installations that provide physienl bar-
rlers which ave applied in varying degrees
according to the est!mated blohazard.

Experlments on recombinant DNAs by
thelr very nature lend themselves to &
third containment mechanism-namely,
tha appHeation of highly specific blologl~
cal barrlers, In fact, natural barrlers do
exist which elther lmit the Infectivity of
& vector or vehicle. (plasmid, hacterko-
phage or virus) to speciflc hosts, or its
dissemination and survival in the eavl-
ronment. The veetors that provide the
menns for replication of the recombl-
nant DNAs and/or the host cells in which
they replicate can be genetlcally deslgned
t0 decrease by many orders of magni~
tude the probabllity of dissemination of
recombinant DNAS outside the Isbora-
tory.

As these three means of contalnm nt
are . complementary, different levels .of
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which an vaceine is avallable, all
workers should be immunized. Serologi-
cal monitoring, Wwhere appropriate,
should be provided.

B. Physical containment levels. A va-

riety of combinations (levels) of special’

practices, equipinent, and Iaboratory in-
stallations that provide additional physt~
cal barriers can be formed, For example,
31 combinations are lUsted in “Labore~
tory Salfety at the Center for Disease
Control" (4); four levels are assoclated
with the *“Classification of Etlologle
Agents on the Basts ¢f Hazard” (5), four
levels were recommended in the ~“Bum-
mary Statement of the Asllomar Con-
ference on Recombinant DNA Molecules™
(3); gnd the Notlonel Cencer Institute
uses three levels for research on om:o-
genic virgses (6). We e

headlugs, It should be sinphasized that
the - descriptlons and assignments of
physleal containment detalled below are
based an existing approaches to contain- .
‘ment of harardous organisms,

We anticlpate, and indeed already
know of, procedures (14) which enhance
physics] containment capeblilty in novel
ways. For ‘example, minlafurization of
sereeninng, handling, snd analyiiesl pro-
cedures provides substantial contalnment
of a ziven host-vector system. Thus, such
procedures should reduce the need for
the standard types of physieal contain-
nient, and such innovetlions wil be con-
sldered by the Recombinant DNA Mole-
cule Frogram Advisory Committee, . .

‘The speclol practices, equipment. nnd
facility instailations indicated for each,
level of physical contaibment are re-.
quired for the safety of Iaboratory work-
ers, other persons, and for the protection
of the environment, Optionsl items have
been excluded: only those items deemed
absolutely necessary for safety are nre-
sented. Thus, the llsted requirements
present bagle safety criterla for each
level of physical containment. Other
microbliclogical practices and taboratory
techniques which promote safety are to
be encouraged. Additlonsl Information
giving further guldance on physieal con-
tainment is provided in & supplement to
the guldelines (Appendix D).

P1 Level (Minimal). A lsbofatory
sultable for experiments involving re-,
combinant DNA molecules requiring
physieal containment at the P1 level |s
o laboratory that possesses no special
engineering design features. It is'a labo-,
ratory commonly used for microorga-
nilsms of ne or minimal blohazard under
ordinary cotditions of handling, Work in.

Inboratory is generally cenducted on
open bench tops. Speclal confainment
equipment s neither required nor gen-
erally ‘avallable in thls laboratory, The
loboratory is not separated from the gen-

-eral traffic patterns of the building. Pub-

He access s permitied.

The control of bichazards at the P1
level Is provided by standard miecroblo-.
Iog‘ical proctices of which the followlng

these aro en'eld to, and not a subsutute
for, good technique, Personnel must be
cnmpetent. in the effective use of oll
equipment needed for the required con-
tainment level as described below. We
define only four levels of physleal con-
tainment here, both beeanse the accuracy
with which one can presently assess the
blohazards that may result from racom-
binant DNAs does not werrant a more
detalled classification, end becanse addi-
tional Sexibiiity can ke obtained by com-
binnaticn of the physlcal with the blologl-
cal barrlers. Though different in detalf,
these four levels (P1<P2<P3<P4) ap-
proximate those given for human etio-
loglc agents by the Center for Disease
Control (1.¢., classes 1 through 4; ref. 5),
in the Asflomer summary statement {Le.,
minime!, low, moderate, and High; ref,
32, sl by the Natlonal Cancer Institute
for oncogende viruses (Le, low, moderate,

high! ref. 6, as Is Indiented by the
P-number or ndfective In the Iollowing

i ) Laboratery doors
shuuld. be kept closéd while experiments
are in progress. (1f) Work surfaces should
be decontaminnied dafly and following:
spllls of recombinant DNA . materials,
(iil> Llquid. wastes econtaining recem-
binant DNA materlals should be decon-
tariinated before disposal. (Iv) Selid,
wastes confaminated with recombinant
DNA materials should - be decontsmi-
nated or packoged In a dursble -leak=
proof container before remoyval from the
laboratory. (v) Although pipetting by
mouth is pexmitted, it i3 preferable that
mechanical pipetilng devices be used.
‘When plpetting by - mouth, cotton-
plugged pipetfes shall be emploved,
{v) Eating, drinking, smoking, and stor«
ege of food In-the working area should
be discournged. (vil} Facilitles to wash
hands sheuld be available, {vii} An in=
sect and rodend control program should
be provided. {ix} The use of laboratory
gowns, coats, or unﬂomslsﬁlscremma.rr
with the lnbomtory supervisor.

7, 1976
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(1) Monolithic walls, floads, and celilngs
in which all penetratlons such ae for air
ducts, electricel condults, and wutility
pipes are sealed 10 assure the physical
Lsciation of the-work area and to facllt-
tete and space
nation; (I.i) alr locks through which sup-
pies and materials can bo brought sa.tels"
into the facllity; (Hi? cohtigous cloth-
ing change and shower rooma through
which personnel enter inte and exit trom
the faclitty; {iv) double-doer autoclaves
1o sterflize and safely removeé wastes and
other materials from the fcility; () a
bjowaste treatment system to sterilize
lguid efluents i facility drelns are in-
stalléd; (vl) a separate ventilatlon cys-
tem which maintains negative afr pres-
mures gnd directlonat air flew within the
Tacllliy; and (Vi) a treatment system to
decontaminate exhaust air before it i3
dispersed to the atmosphere. A central
vacuum utiity system is not encouraged;
it one Iz installed, gach branch line lead-
ing to & leboratery shall be protected by
a nigh eficiency particulate air filter.
The followipg practices shall apply te
ail experiments requiring P4 level physl-
eal contelnment: (9 The undversal blo~
hezard sgn 13 required on all factity
arcess doors and £11 interlor doors to in-
dividusl laboratory rooms where oxperi-
ments are conducted, Only persons whose
entry into the feeility of Individuat labo~
tatory reoms is required on the basls-of
Program or support needs shall he au~

thorlzed to enter. Such persons shall be .

advised of the potential biohazards and
instrueted as to the eppropriate azfe-
guards to ensure thelr safety ‘before
entry. Such persons shall comply with
the instrictions and all other posted en-
try and exit procedures. nder no con-
dition ghall children under 15 years of
age be allowed entry. (1) Personne! shall
enter into and exit from the fecility
only through the clothing change and
shower rooms, Persennet shall shower &t
each exit trom the facility, The air locks
shmll' not be used for personnel entry or
oxlt excepd fOr ernergencies. (i) Btledt
clething ehall be removed in the cuter
faeitity alde of the clothing change sreh
and kept .there. Complete Irhoratory
"clothing including undergatments, pants
and shirts or jumpsuits, shoes, heed
cover, and gloves chall he provided and
used by all persons who enter ihto the
facility, Upon exit, this clothing shall he
stored in Jockers provided for this pur-
poso or disearded into collection hampers
before personnel enter into the shower
aren. (iv) Supples and materlals to be
taken into the facility shall be placed in
on entry air lock. After the outer door
(opeiing to the corridor outside of fa-
¢llity) has heen secured, personnel oc-
cupying the facility ghall retrleve the
cupplies and materials by ning the
‘interior air lock door’ 'nm; donr ahal.‘l he
secured piter supplies and mai

brought into the facilliey. (v Dobm o
laboratory rooms within the faeility shall
be kept clo;e)d while experiments aye In

Exp

NOTICES
removal fmm thess cabinets shau be
able sealed container, whlch iz then Te-

moved Trom the wst,em through a. cheml-
& snated tank,.

paragraph (c) of 4% OFR 72.25. Addl.’
i.!unal Informetion on packing and ship-
ping 15 given In a supplement to the
zul.de]ln& tAppendix D, part X} .

after the entire: aystem has heen
decontaminated.

{vil) No materlply shall be remaoved
from the facility unfess they have been
steriiized or decontaminatel in n manner
{0 prevent the release of agents requiring
PY physicel conteinment, ATl wastes and

other materlals and equipment not dam-~

aged by high temperautre or steam shell
e sterilized in the double-door autoclave.
Blological materials to be removed from
the racllity shall be transferred to 4 non-
Dreakable sealed contalner which s then
removed from “the facllity through a
r.hemlcal dwontamlnu.uon tank or a

for gas rild m
Cther materiels which may pe

t levels, Blo-
logicu.l barriers are specific to each host-
vector system. Hence the criteria tor this -
mechanism of contalnment cannoi be
generalized to the same. extent as for
physical containment. This iz partieu-
larly irue at the Dresent time when cur
experlence with ex{sting host-vector sys-
tems and our predictive knowledge about
projected systems ave sparse. The ¢lag~
slfication of experimentis with recombi=
nant DNAs' that is necessary fer the
censtruction-of the experlmeneal guide-
lines (Section IO can’be accomplished
with least confusion If we use the host-
vector system es the primary element
nmd. the source of the inserted DNA a3’

by temperature or steam shofl be sterl-
Lized hy gaseous or vapor methods in an
&ir jock or champer deslgned for this
purpose, (vil) Eating, drinking, smok-
ing, and storage of food are not per-
mitted in the facllity., Foot-operated
water fountaing located In the facility
corrldors are permitted. Separate po-
table water piping shall be provided for
these water fountalns. Ux) Fecllities to
wash hands shell be avallable within the
faeflity. Persons shall wash hands after
experiments, (x} An insect and rodent
control progeam shall be pravided. (21
Anjmala and plants not réleted to the

periment shall not be pefmitted In the

cflity. (xdl) If a central vacuum system
15 provided, ench vacuum outlet shall be
protected hy a flter and liquld trap in
additlon to the branch line HEPA filter
mentloned shove. (xiil) Use of the hypo-
dermic needle and eyringe shell be
avolded whent alternate methods are

in the ¢lassifica-
th)n It is lherernre convetdent to specify
the naiure of the blologleal containment
under host.vector héadings sucl: s those
given below for Escherickia colt K-13,

Uf. EXPERIMENTAL GUIDELINES

A genera] rule that, though obvious,
deserves statement 13 that the level of
conta nt required for pny experiment
on DNA recomblnants shall never be less
than that required for the most hagard-
mgl component used to construct and

e the retombinasnt DNA (ie., vecter,,
hoat, and inserted DNA). In most ceses
the level of contalnment will be greatet,
particularly when the recombinant DNA
is fortmed from specles that ordinarily
do not genetic inf
‘Handling the purlfied DNA will generslly
require less siringent precautions then
will propagoting the DNA. However, the
DNA §tself should be handled wat least
ns carefully as one would handle the most

aval . (xlv) It exper) ts of lesser
bioha.zard potential are to be conducted
in the facility concurrently with experi=
ments requiring P4 level contoinment,
they shall be confined ih Class I or Class

I Biologlcal Bafety Csbinets * or lsolated -
-by other physical contalnment equip-

ment. Work sutfaces of Biolglenl Satety
Cabinets * aucl uthet equ.'-pment shall he
the

tion of the experimental notivity com-
tained within them, Mechanical pipet~
ting devices shall e used, All other prac-
tices listed above wit.h tha exception of
{vl) shall apply.

C. Skipmeni. To prutect product, per-

sonmel, pnd the environment, all recom-

pinant DHVA meterial will be shipped in
contalners thet meet the requirements
by the U.8. Public Health Service

issued
(Sectlpn 72.25 of Part T2, Title 42, Code "

of Federal Regulations), 'Department of
Transportatlon (Section 173.387() of
Part 173, Title 48, Code of Federal Ee!-
ulations) and the Clvll A

the DNAS used to make I
The above rule by itself effectively pre--
cludes certain experiments—natnely,

those In which cne of the components

is.in Class 6 of the “Classifieation of
Etiologle Agents on the Basls of Haz-
ard" {6, as these are extinded from the
United Btates by lew and USDA admin-

istrative polley. There are additional ex-

pariments which mey engender such serl~

ous blohazards that they sre not to be

perfofined at this time. These &re con-~

sldered prier to presentation of the con-.
tainment guidelines: for, permissible’
experiments. .

A. Experimenis that are not to be per-
formed. We recognlse thet it can be
argued that certain of the recombinents |
placed in this category could he ade-
quately contaimed at this time. Nonethe-
less, our estimates of the possible Hangera
that ey ensue If that containment fails
are of such a magnitude that we conslder
1t the wisest policy 10 st lenst defer

on these PNA3

Bosrd (CAD. No, 82, Official Alr 'I‘mBS-
port Restricted Articles Tarift No, D)
for shipmant of etlologle agents, Eabal-

e

ing r ifled in these Fed-

4 Tevel b
ghall be confingd to Class TTT Blolagical
Halety Cablnebs‘ All materials, hefore

B2 footnotes at and of artiole,

eral and tariffs will apply to_
&1l vinble recombinant DNA materlals in.
which any portlon of the materisl Is
derlved from an etiologle agent listed In

untll there 15 morg informetion to nceu-
rately assess that danger and to allow
the construction of more effective biologl-
cal barriers, In this respect, these galde-
lines are more stringent than thess ini-
1ially recommended (1),

‘The following experiments are not to
be initiated ak the present tlme: ) Clon~
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when en infectious -\ containing cloned
DINA {nfects & A-genisitive cell In nature,
and r bines with o bdol

prophage, Although x-sehsitive E. coll
strains seem to be rare, o significant frac-
tion de carry lambdold proph 3

NOTICES

ehl' and rfp mutations in K. colf K-12
results in no detectable survivors in feces
of rats following feeding by stomach tube
of 1o cells in milk and similarly leads to

{sms. Since a commdn route of escape -
of plasmid-host systems in the labore-
SQ might be by aceldental ingestion, it
d that the same types of ex-

noavumﬂm Jygis of celis suspended i hroth
lack!ng diam acld.

243 and thus this route of eseape sholld
he consliered, .

While not exact, the. estlmates for
containment efforded by using these
host-vectors are st lenst as accurale as
those for physical containment, and are
sufficient to indleate that currently
employed plasmid and » vector systems
provide a moderate level of hlological
containment. Other nonconjugative plas-
mids and bagterlopheges that, in asse-
clatlon with E. eoli E-12 can be estimated
to provide the same approximate level of
maderate containment are Included In
the EKL class,

EH2 host-vectors, These are #ogémn-

B, coli K-12strains with Athy A and deoC
(drg) mutations underge thymineless
death in growth medium lacking thymine
and glve a 10"-fold redueed survival dur-
iug passage through the rat. intestine
compared to wild-type iyt E. coli K-12.
(However, the AfhyA mutation alone or
in combination with o deoB(drm} muta-
tlon-only reduces in wivo survival by 8
factor of 10°; Other host mutations, as
vel-untested, that might further reduce
srvlval of the plasmid-host system or
reduce plosmid transmission nre: the
combination polA(TS) recA(TS) athyd
which might interfere with ColE1 repli-
cation and lead to DNA degradation-ay

tor systems that have been
constructed and shawn to provide a s_w:
level of Blological contdinment ps Gemon-
strated by data from sultable tests per-
tormed in the laboratory. e genetic
modifications of the E. ¢codl X-12 host
and/or the plasmld or phage vector
shoyld not permit survival of a genctic
marker carrled on the vactor, préferably
& marker within an {nserted DNA frag-
ment, in other then speciolly deslpned
and carefully regulated Iaboratory en-
vironments at a {reduency greater than
10~. This measure of blological contaln-
ment has been selected because it 18 a
measurable entity. Indeed, by testing the
contributions of preexisting and newly
introduced genetic properties of vectors
and hosts, indlyidually or in varleus com-
binations, 16 should be possible to estl~
mate with considerable presision, that
the specially desfgned host-veckor system,
can provide & margin of blological con-
tainment in excess of that required. For
the time being, no host-vector system will
be considered to be a bona fide K2 host-

hedy ¢ rres; Co that
Teduce the ability of conjugative plasmids
1o enter the plasmid-hest complex and
thus should reduce mobllization of the
cloned DNA to other strains; and muta-
tlons that confer resistancé to known
iransducing phages, Mutations can slso
be introduced Into ihe plasmid to cause
it to be dependerit ot a specifle host, to
meke 1ts replication thermosensitive
and/or to endow it with & killer capa~
bility such that all cells ¢other than its
host) into which it S_w_..e be transferred
wiil not survive. -

Io the gonstruction of EE2 plasmid-
host systems 1t s important to use the
most atable muiatlons avallable, prefer-
ably deletions. Obviously, the presence of
all mutations contributing to higher de-
grees of blologleal containment must he
verifled periodically by appropriate tests.
In testing the level of blelegical contain-
ment afforded by a proposed EX2 plas-

nn&gmﬂ_m .Dm condueted in suitable ani-
mal-mnodel systems. In addition to these
tests on survival of the veotor andsor a
cloned DNA fragment, it would be useful "~
to defermine the surylval of the host
strain under nongrowth conditions such
a5 in water and as s function of drving
time after a culture has been spliled on
alab Bench.

For EK2 host-vector systems In which
the vector 15 & phage, no more than one
in 10* phage particles should be able to -
um_.ras_ns ltself and/or & cloned DNA .

under non- e Londl-
.uobu designed to represent the natural
environment .either :(a} as a prophage
‘or plasmid in the laboratory host used for
phoge propagation or (b by surviving
in natura) environments and bronster-
ring itsel and/or & cloned DNA frap-
ment to a host (or 1bs resldent lambold
prophage). with properties common io
those In the natural environnent,

In terms ©f potential EK2 r-host sys-
tems, the following types of genetic modl-
fication should reduce survival of clened
DNA. The examples given are jor tjus-
trative purposes and should not be con-
stried to excompuss gll pussibilities. The .
probability of establishing A lysogeny in

e Normal laboratory host should be re-
ddced by remavel of the phage ait site,
the Int function, the repressor genels)
and adding virulence-enhancing muta-
tions. The frequency of plasmid forma-~
tibn, although normally already less than
107, could be turther reduced by defects.
in the pe-@ reglon, including mulations .
such as pir-s, crolTH), ¢I7, ric, O{TH),
PITS), and nin, 39.349.. chloroforit

mid-host system, 1t is important to de-
slgn velevant tests to evaluate the sur-
vival of 55 vector and/or & cloned DNA

vegtor system until 1t &s go certified by the
NIH Recombinant DNA Molecule Pro-
gram Advisory Committee.

f t under LA that are pos-
slble in nature and that are also most
advantageous for its perpetuation. For

le, oite might conduct = triparental

For EK2 host-vector in which
the vector Is & plasmld, nomore than one,
in 10" host ¢els should be able %o per-
petuate the vector and/or a cloned DNA
fragment under non-permissive condi-
tlons deslgned to represent the natural
environmeént éither by survival of the
original host or as a consequence of
transmisston of the vector and/or s
cloned DNA fragment by transf

mating with & brimery donor possessing
-8 derepressed F-type or I-lype cenjugn-
tive plasmlid, the safer hosi with abiok«

«atd, dapD8, Agal-chl?, rfb, Athy4, deol,

trp and hstS mutations and o Eﬁ.:—n
vector carrying an easlly detectghle
merker such as for ampiciliin resistance
or an inserted gene such as irp, and a
secondary reciplent that is B’ hsdS trp

transductlon or conjugation to a u_ama
with properties common to those in the
natural environment,

In terms of potentla] EE2 plasmid-host
systems, the follewing tynes of genetlc
modificafions should reduce survival of
cloned DNA. Tke examples glven are for
{liusirative purposes and stould nof be
construed t0 encompass &l possibilities.
The of the
plasmids ColEl-frp and um:: in an
E. coli uhluu me—.m_b

e, isslve for ine recombinant
plasmid) , Such matings would be con-
ducted in o mediura Jacking dipminepi~
melle acid and thymine snd survivey
of the Ap or irp* maetker in any of the

three streins Tollowed ns & function of

time. Survival of thé “vector andsor a
cloned marker by transduction could nlsp
be evaluated by Introducing a known
generalized iransducing phage inte the
system, Slinflar experlments should also
be done using a secondary recipient that

- and B&Snwﬂg {had¥) reauits in ahout
10°-folgd ieduction in to re-

Is res e for the plasinid vector ns
well 85 with primary denors possessing

sirietion-proficient reciplents, The conm-

binatien of the depl§, Ablof-2s5d, agal-

d conjugative plasmids with in-
group properties like those
eommoniy found if enteric microorgan-

used routinely following cell:
Iysiz would reduce the number of surviv-
ing cells, including possible lysogens or
plasmid carrlers, by more than 145 The
host may also be modlfied by delebion
of the host aatt slte-and Inelusion of one
or more of the mutatlons described above
for plasmikl-host systems to further re~
duce the chance of formatfon and sur-
<Mm: of any lysogen or plasmid carrler
©
The survival of mnabﬂun Phage and the
chance of encountering & sensliive host
in nature are very low, ns dlscussed for
EK1systems. The Infectlvity of the phage
particles could be further reduced hy In-
troducing ‘mutations {e.g. suppressed
ambers) which weuld make the phage
particles extremely unstable except un-
der special laboretory conditions {eg.,
high concentrations of saits or pubres-
cine). Another means would be to make-
the phage itself 8 two-component system,
by eliminating the. tall genes and re-
producing the phage es ads packed -
with DNA; when necessary and under
speclally controlled conditions, these
heads could be made infective by adding
tall preparations. An wddittonn! safety
facter, in this regimen is the extreme
Lnstability of the heads, unless they are
stored In 1gmM putrescine, a condition
easy to obtain in the leboratory but not.
in .nature. The .propegation. of the es=
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caping phage In nahire could further be
blocked by adding various conditional
mutations which would permlt growth
only under special laboratory conditions
or in & speclal permissive laboratory host
with suppresser or gro-type (mop, nab,
rpeB) muiations. An additional safety
feature would be the use of on rm-
thsdS) laboratory host, which. produces
phage with wnmodified DNA which
should be restricted in r'm- bacleria that
are probably Drevalent in nature. The
likeltheod of yecombination between the
% vector and lambdoid prophages which
are present in some £, coli strains might
be reduced by elimination of the Red
function and the presence of the recom-
binstlon-reducing Gam functipn fa-
gether with mutetions contributing to
ihe high lethelity of the x phege. How-
ever, thess second-order precgutions
might not be relevant if the stability and
infectivity of the escaping A particles are
reduced by speclal mutations or by pro-
Pagating the highly unstable heads,
Despite multiple mufations in the
phage vectors and laboratory hosts, the
¥ield of phage particles under sulteble
lahoratory cotditions should "be high
(10%-10™  partieles/tnl). This permits
phage propagation In relatively small
volumes and <or an 1

129

NOTICES

in the distribution of these safer vectors
and hosts.

EE3Z host-vectors. These are EK2 sys-
tems for which the specified contalnment
shown by Iaboratory tests has been inde-
pendently confirmed by appropriate tests
in animsals, includlng humans or pri-
mates, and In other relevant environs
ments In order to Drovide additional
data to validate the levels of contain-
ment afforded by the EK2 host-vector
systems. Eveluation of the ellects of in-
dividual or combinations of mutations
contributing to the bivlogical contain-
ment should be perforined as & means to
confitm the degree of safety provided
and to further advance the technology
of devcloping even safer vectors snd
hosis. For the time being, ne host-vector
system will be considered to be & bona
fide EK3 host-vector system, unill it is
s¢ certified by the NIH Recombinant
DNA Molecule Program Advisory Com-
mittee.

2. Classification of experintents using
the E. coli K-12 contelnment systems. In
the {cllowlng classiication of contain-
ment criterla for different kinds of re-
combinant DNAs, the stated levels of
physical and blological contlalnment are

imums. Higher levels of hiologleal
contal (EK3 > EK2 > EKI1} are

salety Teature.

‘The phenatypes nird genetic stabilitiés
of the mutations and chromosome alter~
atlons included in these a-host systems
indicate that containment well in excess
of the required 10-* or lower survival fre-
quency for the A vector with or without a
cloned DNA fregment should be attained.
Qbvleusly the bresence of all mutations
contributing to this high degree of bi-
ologieal contalnment must be verified
peripdically by appropriate tests. Labora-
tory teats should be performed with the
beeterial hoest to measire all possible
Toutes of escape such as the frequency of
Ivscgen formation, the frequency of
plasmid formatlon and the survival of
the lysogen or carrier hacterium. Sim-
ilarly, the potential for perpetustion of
a eloned DNA fragment carried by in-
fectious phage particles can be tested by
cholienging typleal wild-type E. colf
siralns or a A-semsitive nonpermissive
Iaboratory K-12 straln, especially one
Ivsegenle for a Jambdoid phage,

In view of the fact that accurate ass
sessment of the probabllitics for escape
of infections A-gtown on r~ m- Su+ hosts
15 dependent upon the frequencies of r-,
Bu*, end Aa-sensltive sirains in nature,
investlzators need to screen E. col
streins for these properties, These data
wil also be useful In predicting fre-
quencles of successiul escape of plasmid
cloning vectors harbored {n - m- Su*
strains,

‘When any Investigator’ has obtained
data on the level of contelntnent pro-
vided by a propesed EK2 system, these
chould be reported as rapidly as possible
1o permit general awareness and pvalus-
dioh of the safety features of the new
system. Investigators are alse encouraged
1o make such hew safer cloning systems
generally gvollable to other “sclentisis.
NIH will take appropriate steps to afd

Bee footnotes bt £nd of article.

to be used 1f they are available ond are
equaily appropriate for the purpeses of
the experiment.

(@) Shotgun Erperiments, These ex-
periments jnvolve the produclion of re-
combinant DNAs between the yector and
the total DNA or (preferably) any par-
tially purified fraction thercof from the
specified cellular source.

(1) Eukaryotic DNA recombingnis-—--
Primates. P3 physleal containment - an
EKS host-vecior, or P4 physical contaln-
ment -+ an EK2 host-vector, except for
DNA from uncontaminated embryenic
tissue or primary tissue cultures there-
from, and germ-line cells for which P3
physical contginment 4+ en EKZ host-
vector can be used, The basis for the
lower eéstimated hazard in the case of
DNA from the latter tissues (1f freed of
adult tissue) Is thelr relatlve freedom
fl:am horigontally acguired adventitious
virusoes.

Other mommals. P3 physical contain-
ment - an EX2 host-vector,

Birds, P2 physical containment 4- an
EE2 host-vector,

Cold-blooded vertebroles. P2 physical
containment + an EK2 host-vector ex-~
eept for embryonic or germ-line DNA
which require P2 physicel contalnment
- &0 EK1 host-vector. If the eukaryote
is known to produce a potent toxin, the
contalnment shall be increased to P3 4+
EE2.

Other cold-blooded animals and lower
euknryotes. This large class of eukaryotes
1g divided Into the following two groups:

{1) Bpeclés thet are known to produce
a pobent toxin or are known pathogens
ti.e, an agent lisled In Class 2 of ref. 5 or
4 plant pathogen) or sre known to carry
sush pathogemlc egenis must use P2
physical contalnment -+ an ER? host-
vector. Any specfes that hes a demon-
strated capaclty for carrying partienlor
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pathogenle. agents is included in this
group unless It has heen -showh that
those organlsins used as the source of
DINA do not contain these agents: in this
case they may be placed In the second
group.

(2) The remainder of the specles n
this class can use P2 4- EK1. However,
any insect in: this group should have been
grown under lahoratory conditiors for at
least 10 generations prior to its use as &
sourge of DXNA.

Piants, P2 physical containment + an
EK! host-vector, If the plant carries a
known palthogenic agent or makes a
product known to be dengercus to any
speeies, the containment must be raised
to P3 physleal containment -+ an EKZ
host-vector.

(i) Prokaryotic DNA recombinanis—
Prokaryotes that exchange genetle in-
Formalion with F. coli’ The Tevel of
physical conteinment 35 directly deter-
mined by the rule of the most dangerous
component_(see intreduction to Bection
TIT}, Thus P1 condltions can be used for
DNAs from those bacteria in Class 1 of
ref. B ("Agents of ne or minimal hazerd
++4") which naturslly exchange genes
with F. ¢oli; and P2 conditions should
be us¢d for such bacterla If they fall in
Class 2 of ref. 5 (“Agents of ordinary po-
tential hazard * * *."), or are plant
pathogens or symblonts. EKL host-vec-
tors can be used for ol experiments re-
quiring only P! physieal containment;
in fact, experiments in this category can
be performed with E. coli K-12 vectors
exhibiting n lesser containment (e.s.,
conjueative plasmida) than EE1 veclots.
Experiments with DNA from species re-
quiring P2 physical containment which
are of low pathogenicity (for example,
enteropathogenic Escherichia col, Saol-
monelle typhbmurium, and KHlebsicllo
preumonice) can use EK1 host-vectors,
but those of moderate pathogenicity (for
example, Salmonella typhi, Shigella dys-
enterige type I, end Vibrio cholerac)
must use FE2 host-vectors” A spscific
example of an experlment with a plant
pathogen requiring P2 vhysieal contein-
ment 4 &n EK2 host-vector would be
cloning the tuinor gene of Agrobaciérium
tumefaciens, K a

DProkaryotes that do not excharge ge-
fietic informalion with E., col. The mint.
mum containment conditions for this
class consist of P2 physlenl contalnment
-+ an ER2 host-vector or P3 physical
containment 4 an EK1 host-vestor, andg
apply when the visk that the recombi-
nant DNAs will increase the pathogente-
ity or ecological potential of the host Is
Judged to be minimal. Experiments with
DNAs from pathogenlc specles {(Class 2
ref, 5 -plus plant pathogens) must use
3 + EE2,

il Chargeterized clones of DNA
recombinants dertved Jrom sholgin ex-
periments, When a ¢loned DNA recom-
binant has been rigerpusly character-
ized * and there is sufficlent evidence that
1% 15 free of harmful genes,® then experl-
ments involving this recombinant DNA
can be earried-out under P1 + EK1 con-
ditions ¥ the inserted DNA 18 Irom a
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specles that exchanges genes with &, col,
and unger P2 4 FKI1 conditions if not.

(&) Purified cellulor DNAS otker Hhan
plasmids, bocterfophages, and other
viruses. The formation of DNA recoitl.
binants from ¢elular DNAs that have
been enrlched £ by physical and chemical
techniques (ie, not by clonlng) &nd
which are free S harmful genes can be
carrled out under lower contzinment
conditjons than used for the correspond-
ing mscwwzb mxumiz—ms« In general, the

can be d one step
in physlcal containment (Pi-PJ—+PI-
P1) while maintaining the blological con-
toinment specified for the shotgun ex-
periment, or one step in blological con-
.tainment (EK3-EK2->EKL) while main-
taining the specified physical contain-
ment-—provided that the new conditlon
13 not less than thet specified above for
charaeterized clones from shoteun ex-
periments (Section (g)—ilh),

ey Plasmids, basteriophages, and
other piruses. Recombinants formed be~
tween EK-{ype vectors and other plasmid
or virus DMAs heve in common the
potential for acting as double vectors
hecause of the replieation functions in
these DNAs. The containment conditlons
glven below apply only to propzgalion
of the DNA recombinents In E, coll K-12
hosts, They do not apply to other hosts
where they mey be able o replicate as
a result of functions: provided by the
DNA inserted into the BK vectors. These
are considered under other host-vector
syelems,

(1} Animal viruses. P4-EK2 or Mmeu
shall be used o isolate DNA recombin-
ants that include «ll or pori of the
genonie of an animal virus. This recom-
-mendation epples not only fo experl-
ments of the “shotgun” type but also
to those involving partially character-
ized subgenomic segments of viral DNAg
(fer example, the genome of defective
viruses, DNA fragments isolated after
treatment of viral genomes with restric-
tlon enzymes, ete}, When cloned recorn-
blnants have been shown by sultable bio-
chemical and blologleal tests to be fres of
‘harmful reglons, they can be handled in
P34 EK2 conditions. In the case of DNa
viruses, harmless reglons include the late
reglon of the genome; In the cese of DNA
coples of RNA vyiruses, they might in-
clude the gemes coding for capsid pro.
teins or envelope protelns,

(i) Plent viryses. P34+ EK1 or P2+EK2
conditions shall he used to form DNA re-
combinants that include all or part of
the genome of & plait virus.

dil) Fukergotic organelle DNAs. The
contalnment conditions glven below ap=
ply only ﬂ&mn ‘the organelle DNA haz
been purified* from isolated organelles,
Mitochondriel DNA from primates;
P3+EK1 or P2LEK2, Mitochondrial or
chloroplast DNA from other eukaryotes:
P24+EKL  Otherwise, the condibions
given inder shotgun experlments apply.

vy Prokaryotic plagmid end phdge
DN As—Plasmids and phege from hosls
that exchange geneiic information 1with
E. coli, Experiments with DNA recom-
hinants formed from plasmids or phage
gonomes that have net been odwuwnoo?

Jee tootnotes at end of article.

NOTICES

fzed with regard to presence of harm-
ful genes or are known to contribute
slgnificantly to the pathogenieity of their
normal hosts must use the contalnment
conditions specified for shoteun experl-
ments with DNAs from the respective
host. If the DNA recomblnonts are
formed from plasmids or phage that are
known not to contatn harmful genes, or

from purified * end characterized plasmid

or phage DNA segments known net to
comtain harmful genes, the experiments
can be performed with PI physiesl con-
tainment -+ an EK1 host-vector,

Plasmids and phage from hosts thot
do not exchange genatic (nformetion with
E. coli. The rules for shotgun experi-
ments with DNA from the bost apply lo
their plasmlds or phages. The minimum
coittainment conditions for this category
(P24-EK2, or P34+EKD) ¢an be used for
plasmié and phage, or for purified * and
characterized segments of plasmid znd
phage DNAs, when the risk that the re-
combinant DNAs will Increase the patho-
genicity or ecological pofential of the
host 15 judged to be minlmal,

Zoen —Where applicable, nUZbﬂ ie.,
o tary DNAs) 4 in
#itro from cellular or viral RNAs are in-
cluded within ench of the above classi-
fleatlons, For example, cDNAs formed
from eellular RNAs that are ot purifled
and characterized are included under (a),
shotgun experiments; cDPNAs formed
from purified and charscterized RNAg
are Included under (b?; cDNAs formed
from viral RNAs are Included under (¢);}
elc.

3; Experiments with olher h..:.f&.w.ozn
host-vectors. Other prokaryolic host-
vector systems are at ihe speculatlve,
planning, or developmental stage, and

nmgam upon the preponderant habifat of

.the host-vector. For example, i the un-

modified hest-vector propagates mostly
in, on, or around higher plants, but not
y in 1-blooded animals,
modification should be deslgried to reduce
the probability thot the host-vector can
escepe to and propagate in, on, or arcund
such plants, or transmit recombinant
DNA to other bacterlal hosts that ara
able to oceupy these ecologleal niches,
and it 13 these lower probabilitles which
must be zonfirmed. The following prin-
eiples ate to be followed in using the coni-
tainment criterin glven for experiments
with E. coli B-1Z host-vectors as & gulde
for other prokeryotlc systems. Experi-
ments with DNA from prokaryotes (and
thelr plasinids or viruses» are classified
according to whether the _unawmﬁu.oom in
questlon genetic 1
with the host-vecior or not, and the con-
tainment conditions given for these two
classeés with E. eolf K12 host-vectors ap-
plled. Experiments with recomblnants be-
tween plasm!d or phage vectors and DNA
that extends the range of reslstance of
the reciplent specles to therapeutically
useful drugs must use P3 physleal con-
taloment 4 a host-vector comparable to
EK1 or P2 physica] containment -+ n
host-Yector comparable to EK2, Transfer
of recombinant DNA to plant pathogens
can be made safer by using nonreverting,
doubly phic, non g
variants, Experlments using s plant
pathogen that affects an element of the
local fara will require more stringent
containment than if carrled out in aveas
where the host plant Is not common.’
Experiments with DNAs from eukar-
yotes {and their plasmids dr viruses) can
also noﬂcﬂ. thae n-._.«mim. for the correa

tly <o mot - detalled
treatment here at this time. However, the
containment criteria for different types
of DNA recompinants formed with E. cot!
K-12 host-vectors can, with the aid of
some genéral principles given here, setve
a3 a gulde for contalnment conditions
‘with other host-vectors when appropriate
adjustment 15 made for thelr different
habltats and characteristica, The newly
developed host-vector systems should of-
fer some distinet advabtage ©ver the
E, coil K-11 host-vectors—tor Instance,
thermophllle organisms or other host-
vectors whose mglor habitats do not in-
clude humans and/or economically Im-
portant animals and piants. In genéral,
the strain of eny prokeryotle species used
as the host s to conform to the definition
of Clags ? etiologle agents gtven in ref. 5
. ‘Agents of no or minimal hazard,

'), and the plasmid or phage vec=
tor should not make the host more haz.
ardous. Appendix A gives a detailed dis-
cussion of the B, subtills system, the most
promising aliernative {o date.

Ab the Initial stage, the host-vector
must exhibit at lezst o moderate level of
biologicel contafmment comperable io
EK1 gysiems, and should be capable of
modification to obtain high Ievels of con-
talament compareble to EXK2 and EK3.
'The type of conflimation test(s) required

to move & host-vector from an EE2-type.

classificatlon to an EK3-type will clearly

ts with E, coli K-12
vectors if the major habitats of the glven
host-vector overlap those of E. colf, 1f
the host-vector has a malor habitat that
does Net overlap those of E, coli (e.g.,
100t noduies in plants) , then the contain.
ment condltlons for some eukaryotle re-
combinant DNAs need to be Inereased
(for Instance, higher plants and thely vir-
uses In the preceding example}, while
others can be reduced,

4, Experiments with eukaryollc host-
vectors—{g) Animal host-vector sys-
tems. Because host cell Hnes generally
have little If any capaclty for propaga-

.tion outside the laboratory, the primary

focus for containment is the vector, al-
though cells should alse be derived Trom
eultures expected o be of minimel haz-
ard. Glven geod microbiologleal prac-
tices, the most likely mode escape of
recombinant DNAs from a physloally
contained lshoratory is carriage by -
mans; thus vectors shiould be chesen that
heve Httle or no abillty to repicate in
human cells, To be used as a vector In a
ewkcaryotle nost, a DNA molecule needs
.me display all of the following proper-

es

{1) 1t shell ngt consist of the whola
genome of any agent that is infectious
for humans or that replicates to & slgnif-
icant extent 5 human cells in tlssue
cultuze,

2 Its ».E._nﬁanwu snatomy shouid dm
known—that s, there should be s ¢lear
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tainment specified above (P4>P3-»Fi+
PL). S - :
() Funpal or similar [ower eukaryotic
host-vecior The ¢ 13

NOTICES

‘Activities new information bearing on
the guidelines, such aa technical infor-
matlon relating to hazards and new

criterla for experiments cn recombinany
DNAs using these host-vectors most
closely resemble these for prokaryotes,
rather than those for the preceding
euktaryotes, In that the host eells usually
exhibit a capacity for dissemination out-
side the laboratory that is simtlar to that
for bacterin. We therefore consider that
the containment guldelines given for ex=
periments with E, coli K-12 and other
prokaryote host-vectors (Sections IIEB-1
oand -2, respectively) provide adequate
direction for experiments with these
Jower eukaryobic hos-vectors. Thiz is
partlewlarly true &5 ihis time since the
development’ of these host-vectors is
presently In the speculatlve stage.

|1V, ROLES AND RESPONSIBILITIES

Safety In.Tesenrch lovelving recombl-
nant DNA molectiles depends upon how
the research team applies these guide-
lines. Motivation and critieal judgment
are pecessary, -in addition to speciflc
safety knowledge, to ensure protectlon
of persounel, the public, and the envi-
ronment, .

‘The guidelines given here are to help
the principal investigator determine the
nature of the saleguards that should be
implemented. These guldelines wil:-be

in some ts b all

ex ts with L
nent DNAs cannot now be antleipated.
Therefore, they cannot substlbute for the
Investigator's owh knowledgeable and
diseriminating evaluation, Whenever this
evajuation calls for an increase in con~
tainment over that indicated in the
guldelines, the Investigater has a respon-
sibility to institute such an increase. In
contrast, the conlalnment conditions
ealled for in tho guidelines should nok
be decreased without review and approval
&t the institutional and NTH levels.

Tae following roles and responsibilities
define an adminlstrative framework in
which safety is an essentinl and Inte-
prated function of research involving
recombinant DNA molecules.

A. Principal Investigator, Tha prinel-
pal investigotor has the primary respon-
siblity for: (1) Determining the real and
potential blohazards of the propesed re-

search, (i detormining the appropriate.

level of biologlcal and physleal eontain-
ment, (i1} selecting the microbiclogical
Practices and laboratory technigues for
handling recombinant DNA materials,
(¥} preparing nrocedures for dealing
with eceldental spills and overt person-

safety proced or innovations, (ix)
appliying for approval from the NTH Re-
cembinant DNA Molecule Program Ad-
visory Comunittee for lorge scale experi-
ments with recombinsnt DNAs known
to make harmiul produsts (e, more
than 10 llters of culture), and (x} apply-
ing to NIH for npproval to lower fon-
tainment levels when & cloned DNA re-
combinant derived from a shotgun-ex-
hgs been rig

ized and there 15 sufiicient evidence that
it 13 free of harmful genes. .

Before work 15 begun, the princlpal inn
vestigator 13 responsible for: (1} Moking
avallable to program and supporl stafl
coples of those portions of the approved
grant applieation that describe the big-
hazards and the precautions to be taken,
(i) "advising the program end support
siaf of the nature and assessment of the
real and potential blohazards, (HD in-
structing and training this staffl in the
practlces and techiniques required to en-
sure safely, and in the pracedures for
deallng with accidentally crested blo-
hazards, and (lv) informing the staff of
the reasens and provislons for any ad-
vised or requested precautionary medical
practices, vacelnatlons, or serum collec-
tion. .

During the conduct of the research, the
principal Investigator Is responsible for:

institetion on policies, -(1}- create and’
maintain a central reference flle and li-
brary of catalogs, books, articles, news-
letters, and other’ communications ns o
source of £dvice and reference regarding,
for example, the avadabillty and quality
of the safety equipment, the availability
and level of biologlesl containment for
various host-vector systems, sultable
trainlng of parsonnel and data on the
potentlal biohazards associated with cer-~
tain recombinant DNas, (0 develop's.
safety and operatlonis manual for any
P4 facility muointained by the institu-
tlon and used in support of recombinant
DNA reseavch, (iv) certify to the NIH on
applicatlons for research support and
annually thereafter, that facilitles, pro-
cedures, and practices and the training
and expertise of the personnel involved
have been reviewed and approved by the
institutionel bichazards commlittee,
The bichazards committes must be suf-
flejenily qualified through the experlence
and expertise of ils membership and the
diverslty of its membership to ensure re-
spect for 113 advice and counsel. Its mem-~
bership should inciude individuals from
the Institutlon or comsultants, selected
s6 as to provide a diversity of disclpiines’
relevant to recombinant DNA techinology,
blologicsl safety, and engineering. In ad-
dition to possessing the professlonal com-
petence necessory to assess and review
specific activities and facilltles, the com-
mittee should possess or have avallable
the

1) Supervising the safety noe
of the staff to ensure that the reauired
safety practices and technigues are em-
ployed, (1) investlgating and reporting
in writing te the NIH Oifice of Recom-
binant DNA Activitles and the instiu-
tlonal bichazerds commlttee any serious
ot extended fllness. of 8 worker or any
accident thet results in (aj incoulatlon
of recombinent DNA ‘materials through
cutaneous penetration, (b} Ingestion of
recombinant DNA materials, () proba-
bie inhalation of recombinant DNA mate-
tinls following gross aerosolization, or (d)
any incldent catsing serious expostre to’
personnel or danger of environmental
gontemination, dil) investlgnting -and
reporting In writing to the NI Office of
Recombinant DNA Activities and the in-
stitutlonal blohagards cemmittee any
problems pertalning to operation and im-
plementation of bilological and physical
containment safety practices and pra-
cedures, or equipment or facllity failure,
¢iv) correcting work errors and condl~
tons that mey result in the release of
tecomblnant DNA materials, and )
ensuring the integrity of the physieal
eoT t (e.g,, blologleal safety cab-

nel contamination, {v) ining the
appljeabllity of varlous- precautionary
Eiedical s o et
ing, and immunization, when avallable,
(vl) securing approval of the proposed
research prior {o Wnitiation of work, (vif)
submitting informatlen on purported
EK2 and EK3 systems to the NIH Re-
combinant DNA Molecule Program Ad.
visory Committee end moking the strains
avaflable to cm_ﬁ”_. (viih) reperilng to

inets) and the blological confainment
(e.g., genotyplc and phenotyple charac-
teristics, purity, ete.).

B. Institution, Since in almost all cases,
NIE grants are made te institutions
rather than to Individuals, all the respon-
sibilitles of the principsl Investigator
listed above are the responsibilities of the
institution under the grant, fulfilled on
its behalt by the principal Investigator.
In nddition, the s Soq

Em ,
wnngmaoﬂnnﬁ.gosu.ﬁauﬂﬂ
“fee footnotes at end of articlé " -

ble for establishing an institutionsl ble-

- hagards committes? tor (1) Advise the

to 1t, the to

acceptablilty of its Andings In terms of
applicable laws, regulations, standards of
practices, community attltudes, and

-health and environmental considerations.

Minutes of the meetings should be kept
and made gvailable for publlc inspection,
The institution s responsible for report--
ing-names of and relevant backgroumd
information en the members of its bio=
hazards committee to the NIH.

©. NIH Iniligl Review Groups (Study
Sections). The NIH Study Bectlons, In
eddition to reviewing the sclentific merit
of each grent spplication Invelving re-
combinant DNA melecules, are responsi=-
ple for; ) Making ar Independent
evaluation of the real and potential bio-
hazards of the proposed research on the
basis of these guidelines, (i) determin-
ing whether the proposed physical con-~
tpinent safeguards certifled by the in=
stituilonal bjohazards comnittee are ap-
propriate for control of these blohazards,
{iii} determining whether the proposed
biologleal containment safeguards are
appropriate, (iv) referring to the NIH
Recomblnant DNA Molecule Program
Advisory Committee or the NIH Office of
Recomblnant DNA Activities those prob-
lems portalning to assessment of blohaz-
ards or safeguard determination that-
cannot be resolved by the Study Sectlops.

The membership of the Study Ssctlons
will be selected in the usual manner. Bla-
logical safety expertise, however, will be
avallable’to the Study Sections for con-
sultatlon and guldance, -

D. NIH Recombinant DNA Molecule
Program Advisory Commitiee. The Re-
comhinant DNA Molecule Program Ad-
visory Ci ttee advised the
TPepartment of Health, Education, and
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(20) Wilson, . A, and . . Young. Un-
Plublistied data.
{30) Wiison, G, A., R, Roborts, and K. B,
Toung. Unpublished date,
(31) Wilon, G. 4. and P, E, Young. Re-
sirietion and modification n baclil. Jn D.
fed.y 1678, 1n

press.
ArPEnplX B.—FoLvoma axn SV40 Ymus

Polyoma yirus 13 o virus of mico, and fnfec-
tlon of wlld movee populations is &' common
event, for the yirus has olfton beon lLiolated
irom o high proportlon of healthly adult
8nimals, both wild and leboratory bred, of
many colonles (Gross, L., Froc, Soc. Bxp. Bisl,
#8,:362-868, 1955 Rowe, W. P, Bact, Rev. 25
18-31, 1981). A3 for ns la known the virus
almost never casuses & diseass in theso
animals, However, when larga quantitios of
tho -vlrus ara Inoculnted into Newborn or
auckling mice or hamsters, a varlety of solid
tumors” s induced {Gross, L., Oncogenla
Virusss, - Secon. Bditlon, mn_.muEun Presa,
NT).

‘Polyoma virus grows Iyilcally in mousa
eolly 11 tlssue culture. Thus mouse gells in
culturs are probably transformed only by
vlris particles that contatn certein kindsg of
defective genomes. Cells of othor radent spa-
cles, however, con be transformed by palyoms
wirus particles that contaln complets ge-
nomes (Folk, W., J, Virol, f1, 424431, 1073).
‘The ¥lrus does not repliente to 3 algnificant
extent 1n human cells in tlssug culture
(Eddy, B. E. Virol. Monogr. 7, 1-114, 1949;
Pollack, R. E. Sol
ond Green, H., J.
1971} . The resistanco of the cel
& consequence of the fatlure of the virus to
absorb or uncoat. However even wWhen naked
viral DNA Iz introduced into the cells only
an abortive cysle of Toplteation onsues; carly
viral protelns are oade, there is inductton of
<ollular DNA synthesls, but no expression of
1ate ¥iral proteins 13 detectable (Gruen, R.,
Grassmann, M. and Grassmann, A, Virology.
58, 200203, 19M),

There 18 no ovidence that pelyoma virus
can Infect humans (Hertley. J., Euebner, R,
Porker, J. and Rowe, W. P:, unpublished
data). This no antibedies to the virus have
boan detected in people Uving in buildings
that are infested with virus-infected mice,
nor In leborstory sorkers who have been ex-

' poted to the virus for s number of Fenrs,

At most, a smnll segment of polyoms virus

DNA shows weak homology with & portion of

ths late reglon of SV40 DNA {Fergusom, J.

nnd Dayls,. R. W. J. Bal. Blol., 94, 136-150,
1076),. However, tere appears to bo'no BOTO-,
e interactlon botween the two viruses and
there I no Immunologtcal cross-reaction bos
tween the gene products of the two viruses.
SV40 causes perslstent but apparently
harmlesy intectlons of the kidnoys of wir~
tuelly ol adult thesus monkeya (Helung, G.
., Bact. Reva. 32, 1806-205, 1088}, 1t causes

Ly

NOTICES

Shahk, K. Rublbstein, L. @. Frezozisl, T. J.
ond Conley, F. K, New England J. Mod. 285,
386200, 16472} wsn apparently from a tumaor
of 0 porspn With metastatic melanamea (Sorl-
ane, F. Shelburne, 0. E. and Gokeen,” M.,
Nature, 247, 421424, 1074). In gther sindles
& non-structural anfigen chpracterlstic of
papovevirnses, T antlgen, has been datected
In the nuclol of gelly sultvred from 2 menin~
glomas, while another BV&0-zpecific antlgen,
U antigen, has been found In the cells of &
third tlmor of the samg type (Welss, A, F.,
Portman, R, Fishor, H.. Simon, J. and Za0g,
K. D., Proc. Net. Acad. Scl. USA 72, 608-513,
1875). Furthermore new papovaviruses have
been lsoleitd from the bralns of patients
with PML (JC viyus—Fadgett, B. L., Walker,
D. L, zuRhein, G. M., Eckroade, R. I. and
Dessel, B. I, Lancet-Z, 1357-1260, 1971}, from
the urine 6f o prilent carrying o renal allo-
graft (DX virus—Gardner; §, D, Field, A. M.,
Colemtn, B, V. snd Hulmg, B, Loncst 1, 1253
1367, 1871 and from & reticulwm coll sar-
comn and the Uripe of patlonta with the seXe
lnkod recessive disorder. Wiscobi-Aldrich
syndrome {Takemoto, X. K. Rabson, A, §,
Mullarkoy, M. F., Blacse, B. L. Garon. C. F,
snd Nelson, D. J,, Nat. Cabcer Inet., 53, 1206~
1207, 1974). All of these viruses which are
distributed widely throughout humnzn popu-
latlons share Antigenie and biological prop-
orties with SV40; tho virus perticles are
identtesl in slzg and’ archltecturd (Madeley,
¢. R, In Virus Morphology, Churchill-Liv-
ingstons, London, 134-135, 1872); tho mon.
struetural intracellular T antigen, which ap-
Pars to Be coded by the A gene of SV40 cresa
renctt extensively with antigens found in
cells Lutected or transformed by BK or JC
viruses; both JG or BX virnses Induce tumora
in nowborn hemiotévs (Walter, . L., Padgntt,
B. L. zuRheln, B, M., Albert, A. E. ahd Marsh,
Bclence 182, 874-676, 1073; Shah, K. V.,
, R, W. and Strandberg, J., J. Not, Can-
t. 54, 045850, 1976); BX virue causcs
transtormation of hamstéer cells fn culture
(Major, E. D., and DiMnyorcs, G, Pros.. Nat,
Acad. Sci, US, 7, $210-2212, 1873; Portolant,
M., Barbentl, A, Brodsno, G and LaPincs,
M. .u Wirol. 15, nualmw 1975) and Ia abla [
noBEoﬁosw the growth of certaln temperas
ture-sensitive mutants of SV40 (Mason, I, H.
and Takemoto, K. K. swhmitted rof pt
tlon),- *

FURTHEIR WORE

At present, s Dotontial sukaryotic vector
«f cholce 18 polyoms virug. Aud while avall.
able Informntion indicates that it Tulfiils il
the necessary criterla, we recommend that
the followlpg subjects be further Investl.
pated:

I, The ot
of uman cells to the virus.

2. The extant of hemology betwenn polyoma
vlrus DNA and the DNAS of hnmnn papova-

. virses,

8. The ablllly of human papovavireses to

tumons when uﬂhﬂﬂ«a into newborn
{Glrards, A, J., Sweet, B. E, Slotnick, V. B.
atd H.E.EQBHE: M. R., Proc. Soc. Wxﬂ Btol.
Med., 195, 430427, unn»v and {ransforms colly
of severnl mammallan spectes {including hus
mon). 8V40 iz able to Infect human since
antibodies ta the virus are found In s small
proportion of the human population (Shah,
K. V., overditan, M. K, and O2eT, M, L, Am,
J. Epld, 53, 201-298, 1970) and serlim conver-
&long have been noted ln imeny laboratory
pérsoMel whe have been exposed to the virg
(Horvath, L. B, Actd’ uﬁ_nnou_on Acta’ 3el.
Hung. 12, n.uulmcn 1985}, -

Tsclations of BV4C have been reported from
humans, twice from patlents suffering from
the rars & dieease,
multifecal teukoencephalopathy (Weiner, L.,
Herndon, R., Warayon, ©. Johlson, R. T.,

nomes.

Report of b working group conslsting of;

Dy, Bornard Fields, Harvards University Schoni
ot Medicing; r, Thomas ¥, Kelly, Jr., Johna
Hopkins Unlversity. School of Medleino: Dr,
Andrew Lewls, Natlonal instltute of AHergy
and Infeetlous Diseases: DF. Maleolm MATtis,

National Instltuts of Allergy snd Infectious -

Disonses; DT, Robert Mariln, Natlonal In-
stltute of Arthrlila, Metabollam, and Digeste
tlve Dlseases! Dr. Elmer Ffoforkorn, Dart.

mouth Medleal Schoc); Dr. Wallace P. Rowe, -

polyoma virus ge.-

APPEHPIN O —SUMMARY OF THE WORKSHOP
ON THR® DESION ANP TESITNG OF SAFER
PROKARYOTIC  VEMIGIZS " anp  BACTZAun
Hoats For Nsﬂb:;nﬂ oN m«unan_ﬁzg U?P
MorEcuLEs

TONEY FINES I, La JOLLA, GALIFOLEIA

The development of tochnlques for tas ©
cloning of DNA from both: prokaryetic and
oukRryotic organlsms In baoterls hoa -had
great impact on research’ in biology and

and -goctal
benefits. The hiohazards tnvolved In the uso
of this technology Iln many instanges. are
very dificulf to assess. For thia reason codes
of practlee ave belug formulated in the
United States and othor counlrles for the
conduct of those oxperlments that present
a potentle]l blohazard, One of the require«
ments for conducting certaln ¢lOnlng ex-
perimonts s the use of safer vector (bsts
terlophage or plasmid) -host systems, le. -
vector-baclerium  systems that ~have -res .
stricted capacity to s\Wrvive outslde of cobs
trolled conditlans in the laboratory. ADa.
proximately sixty sclontlste from the United
States and sovoral foreign ecolntrles partizis .
pated in & workshop on the Deafgn and Tést=
ing of Sator Prokaryolle Vehiolés and Pacs
terial Hoals for Research on Récombliant -
DNA Molecules at La Jolla, Calfornla, on L
ta 3 Decembaor, 1676, The workshop waa spare
sored by tho Research Resources Braoch of
the Natlohal Institute of Allergy and Fo-
fectlous Disensos, Tho purposes of the meeb--
ing were tho exchange of fecent data on tne -
development of safer prokaryotic hoat-vector
systems, doslsing methods of testlng the
level of containment provided by these ys-
tems and oxplortbg the varlous directiona
that future research should take in the con-
structlon of safer baaterin) _mwmen_ﬁ. for tha
cloning of forelgn DNA.

‘Tho firab sesslon of the s.onwmwﬁu chalred
by W. Szybalakl (University of Wisconsin},
waa devoted to bacteriophage veators. Bzybal-
skl outlined tho Maln safety features of the
two-compenent, phage-tmcterlal system, in
which the host bacterla offer the epfoty Ten-
tura of not careylny the cloned DNA, and the
phege veetors cannol be propagated in the
absence of an appropriate host, There ard
two primary escapa rovies for tho clones of
forelgn DNA cartled by the phage qun»nn.
48] of a stabla
plasmi¢ In tho laboratory host used nnn
phege propagatlon, and subsequent eacape
f this eelf replicating lyeogen or carries
system, and {2 escape of the phage vector
which carrles the clonod DNA and its sub=
sequent productlva cncountor With o sult=
oble host ln the natural enslronment. The
genersl consensus wes that to ensire safety,
both routes should bo blocked by appropri=
ate genetle modifications, For phage . routs
{1) con be blocked by Phage mutations that
1; fere with Ivsogenization- {ati-, int-, I-,
cllI-, vir) and plasmid fortnation (N*, q:am..
U5, ris, 017, Ots, erols), and by mutations on,
the Escherichia colf hoat that affect bhrse
processes (atiB-; dnoAta) and host survival,
Route (3), [which 1s of low probabilllty sluce
% phages do nob survive well in natural enyi-
ronmenta (no icl phege wag recovered afer
ingestlon of 10108 particles}, are killed by
deslecotion, and have a low cliniica to éd=
counter s naturally sensiflve hoat] cen be
blocked further by the followlng phagh
modifications: (a) mutations which resulf
In extrems - Instabliity of the Infectious
phige particles under All conditions gther
than thase specially dealgned for phaga pro-

Natlonal Institute of Allergy and I
Diseases; Dr. Anron Shatkin, Roche Tniti-
tute of Mclecular Blology; De. Maxine Singer,
Watlonal Cameer Institute. Rapporteur: Dr,
Jos Bambrook, Cold Spring Harbor Labora~
tory, -

in the ¥ {6, high con=
centratlona of putreseine or some other com-
pound), or (&) emplo¥ing phage veciors in
which the toll genes a» deleted ond which
permit propagation of enly thn DNA-packed
heads; ' ondy - under laboratory conditlons
eguid such hends be mads transtently Infagm -
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E. acH E-13 diy ___o.e appoar to offor a slgnifi-

inants nnvﬁn_uowoﬂ_ﬂ?w 1% wna emphasized by
Orskov, Frater and Faltow that E. coll K-13
straina carrying recombinant DNA moleculos
aould afill not pe efoctive genetic donora in
tivo and etill. posed & slgnifcent problem re-
quiring control. E. {ieldreich {US. Enviton-
mental Protection Agetoy, Ginellinat!, Ohlo}
discussed the -possitle ouicomes of the ro-
lepse of . coll containing recombinant DNA
moleolea into the aquatic anyironment and
concluded thot total rellance cannot ke

E.ES on sewags tredtmaont aud the natural.

capaclty of watdrs
1o Mimit potential hazards. Whild these are
roallstic barriers to the dimsemination of F.
oo} and astoolated fecal orgonisms vig the
-w—oon route, they are not infallible hecauss
o op~
eratlonsl practices and system Ea!ﬁpnﬁ.
Ploally, M. Btarr Unlversity of Califernin,
Davis) deseribed the numercus gensra. of
Erom-hegative bacterln found noturplly oo-
‘owring ln the soll and on planta, Ha stated
that moat of thesa organisme do not appear
1o be 4 reasonabla _.H»B.E—E.c S £, colf 112
ng & hoat for

138

NOTICES

foid and 10%.fold in

stran tjters in foces. Straines with Affiyd mu-
tatlons algo exhibitod thyminelezs death In
¥ vitro tests. Since atrains with the dapD¥
allole can revert to Dep+ mtraina were con-
gtructed with both the dapDas and AbioH-
asd mutetions. Thesp siraing Nave not been
obeerved to revert to Dapt bub can survive
pasaage through the rat intestine and in
growth medla lacking diamincplmelic aold
but contalning NaCl and 0.5% usable darbon
sources, Thia survival was due to the produc-
tion of the mucopolysnecharide, colante acld,
which permjts many of the colls to grow and
survive ps spheroplasts. A Agei-chi’ muta-
tlon (also deletea hait, bic and nuvrE genes)
wad introduced which blocks colenio acid
bloaynthesis snd leads to no dotectable sur-
vivors in media Jacking dlaminapimellc acid
or followlng passage through the rat in-
testine, ‘The dapD8 AbloH-asd Agal-chilr
straing pre more readily lysed, nnwuunaﬂu— Bt

D. Ci

E, En_u._wvaen Cenirltugd,

P, Blendera, Ultrasonla UE:SQ:-SE. Ool=
loid Mille, Ball Mille, Jet Mille, Grind ory, Mor=
tar and Festle,

0. Miscellaneouy Procautions & Recommen.
datlona,

IV. Personal Hyglene Hablta, & Proctices,

V. Care & Use of Laborntory .’hgn

A. Care & Handling,

B, Oages Housing Infested bB_.BBu

Q, Goneral Guidellnes that Apply to Anls
mal Room Maintenanca.

D. Keeropsy Rules for Infected Anlmals,

VI, Decontamination & Dlspasal:

A, Intreduction.

H. Decotitamination Methods,

i, Laboratory Spilla,

U Eune:

E:u:_ In Common qme In Laboratory Operas
tlons,

higher and are

fective In metings with donora poesesalng
confugative plasmida in the P, W and © in-
colnpntibility Eroupg but Cont as reciplents
for F, L and T group plesmids when com-
pared to the dapt galt paTent straln, Straina

Indeed, Btarr pointed out 5::. sloce sugh
Bonera B Erwinia, Rhizobinm nnd Agrobgs-
terlym nre known ta ooE:m!u with E, eolf,

with enda wery nlap observed to
axhiblt Incredsed E.w:mnu_.d_.wr_a: n_.ne..ian
clea, o

m.. ....o__mou..qconﬁnos Umoqaﬂgs?
nents, . B

G. Vepors ond Gasea,

H._Residual Actlon of Decontaminanta,

1 .maonasm Chemical ﬁ_o_%mw«wﬂﬁgs tor

Table H_.
VIL ::ﬁowsu_sw

ﬂcub_.n_(o ﬁog. alleles Into stralns “ta HHSW

the-polential
DNA molecule jneludes a w_.mponn spectrum
of micrcorgenisms than just enteric speotes.

The fourth session of the workshop,
‘thairad by K. Curtiss I (Univeraity of Ala-
Bbame), was concerned with the constructlon
of safer bacterial hosts for DNA cloning.
‘The goals In construoting safer host etraing
enurderated at the .wum—u:_un of the seazlon
that
would: (a) preciude nanEH.EE in normal
ecologleal nishes; (b} preclude call wall higs
synilosla except in Epecially doflned modial
‘{0) couse degradation of genetle luforma~
tioh tn normal ecoleglesd nlches; (4) ¢ause
oolors to bo hoat-dependent: (o) minimiuve
“trangmiselon of recombinant DNA to other
-n_.w_bn in normal uuo_om»nwp niches; :UUWH

iz of ColEl cloning veotore et ele-
vated temperatures nnd to couse DNA deg-
radstion at elevated temperatures In the
presence of recd and AthyA alleles often da
not have the same propecties in the con-
atructed strains as in the atralna n which
the mliele wna originally Induced. Many mu-
tationy couslng B Con- phenctype have heen
jnvestigated, cub meny of these revert.or do
not exhibit a Con- phenotype in matings

A Ir

B, Flocr Gare.

O, Dry 8weesping,

D. Yacuum Clesnlug.

H. Salectlon of a Cleaning Solution,

¥. Wet Mopping—Two-Bucket Mathod, .

G, Alternative Floor Clesnlng Method for
Animal Care Areas and Aneas with Monollthie
Floors.

VIII. Olean-Up of Blohszardous Spllis!
tohrzardous Epill In & Blologica? Safety

with donors conjugative

of the groups

found in onteri¢ mlcroorganlsma, Boma Con-
exhibit 1o bile

Spil Outside a Blological
mu_ae. Cabinet.
¢, Radioactive Biohazard Hplll Outside o

galts; thus, thy mutant described by Bukharl
may also exhibit & Con- p! . All of the

Safety Cebinet.
Un A Secondary Resarvolr and Flltratfon

stroing constructed by the nE.n_.ma Eroup ara
Bull and most have

for Vacuum Systers.
= mvowpm_:w and Bhipping;

BO—EE... ressarch; Bun () permit monlior-
1n

mnoqp of the progress In developlng safer
Boatd hag been achioved with K. coll K-13, al-
though P. Toung dlescribed a A, subiliiy
eiraln with a doletion for sporulation genes
which reafily undergoea aubclyels. The
etraln alic has defecta in genes for puring

ferring & D-planing roquirement con be in-
troduced to tavse oell wall blosynthesls to be
defective, This sireln may ba defective In
transformation, however, &and therefora
might be useful only with a phage vector
which hes yot to e developed and/or dia-
covered.

A I Bukhari (Cold Spring Harbor Lubora-
tory) described the ues of the dupds muta-
tion ln B, coll K-12 to block cell wall bloayn-

alons or hoth and mod-
ifieation, Thue, sutficlent (nformation {s now
known to constrisct n usphle safer E. colf K-
12 host, Curtles and collaborptors are nOW

introducing the Athyd and dnra mutations

into their' dapD8 Ablo-asd Agal-chlr-usrB
har faldr (for p2e in monltoring) Sut A7
<807 straln to pecowpllah thia objective.
The final ssssion nvolved o gonoral discus-
slon of some of the mafor polnts ralsed pre-
viously in tha workshop, There was genernl
sgreement at this sesslon that hoth plaamid-
host and phage-host systema have been, do=
veloped that should meet the criteris of an
EK2 spstora epecified by the Nattonal In-
atitutes of Heslth guldellnes for resoarch on
recombinant DNA molecul es, Additlomal teat-
ing Is required t¢ confirm the EE2 propeértion
of these nvailable systorss, but 1t la an<
that these vootor-host systema will

theats and anottier ting mutation
which cauaes senaltivity to bile salis and de-
tergents. The dapD¥ sllele 1a the most atable
dag point mutation known, although 1t doss
revert at freguonclea of 1071 to 10-% The myu-
tation conferring bile salta sensitivity was obs
talaed after Mu-1 infection of an Hfr strain
and, tho

ugeful proverties of ease of DNA. frolation
and inablity to survive in the

meet theso teats,

Dr. Donald R. Helinski, Universlty of Call-
fornia, Bun DHoga.

Dr. Btanloy Falkew, Unlversity of Woshing-
ton.

Dr, Roy Curtlss IEL Talverslty of Alabams.

Dr. Waclaw Bzybaisk], University of Wiscon=
aln.

tract, Talght be dus to Mu ingertion which
would cotapromies ita use for safo sirain
congtruction.

Curtlas reportedt oo the work ‘parformed by
him and his coworkers in ecnatructing and
tosting numerous strains with different mu-
tationd, Burvival of straina in piug wea teated
by feeding rats 104 cells in milk by stomach
ube. Apur mutations did not reduse sirsdn
tters In focem wherens Athyd; Avhyd drm;
and Atkyd dra mutetions gave 102-fold, 1=

oN uwumé ecz..mwuﬁuzq
1. Biological Safety Gabinets,
Table I,

INFORMATION.

u m_ﬁweuuw of Recomblnsnt DNA Mae
torlals.

Q. Labeling of Packapes Da:«.:u_nw Fecom=
binant DNA Materials,

Table T

‘Table TV.

XI. Trainlug Alde, Materials and Courseas

A, Siide-Tupe Chssettes,

B. Pilma,

Q. Courses,

XIT, Quiline of p Safety and Operaticn
Mnnusl for a P4 Facllity.

References.

I. BIOLOGICAL SATETY CABINETS

Biologieal Bafaty Cabinets suitable for cons
Bnlog op PNA
molecules are describad .couns. .

1. Clges I A ventflated cabinet for per-
fonnel protection only, with an unreciten.
lated Inward fiow of air away from tho op-
erator, The exhaust alr from this cobinet -
may he filtered through a high-sfclency or
Tugheemciency particulats alr (HEPA) filter
before belng dlscharged to ths outalda at-
moaphere. This cabinet is suftable for re-
search work with the Center for THseqss Con-
tro! (ODC) elasses of etlologic agents 1, 2 and,
3 where no product protestion 12 roquited,
Thil cabinet may bs used In threc Oporhr
tignal modea: (1) with an edght-inch high,
Tull-wldth opan front; () with an installed
tront ¢losure panel (Raving four, alght-inch
diameter openings) without gloves; and (i) '
with an inatalled {ront cloaure ponel

. Dniyersal Biohasard Waraing Symsbol,
AT, Lohoratory for Bloh
Control:
A Pipatilog.

B. Syringes & Needles,
¢, Opening Cutture Platea, Tubes, Botiles,
and Ampoulea,

with' arm length rubber gloves, See
._..nEa T for §=E§_on Toquitements, agent

unnEnnEuus
4. Clase I, A ventilated cablnet for per-
uoE:;. and produot protection having an
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Note: This should be done prior to sterlitaas
tiox before use, .

4, Use needle-locking (Luor-Lokd® fype) -

syringos only, nnd be suré that the ncedle is
locked securely into the barrel. A dispoasbls
syringe-necdlo. unit. (where the needle Ja pn
Integral part of the unit} s preferred.

5. Wear surgical or ather type rubber gioves
for all manlpulablons with needlea and
Byringes, - )
_ 6. Flll the syringe carefiily to minlmize dir
%ubbleg and frothing of the lnocuum.

. Expel oxcess atr, ligquid and bubbles from
B syrings vertically luto a cotton pledget
molatened, with the’ proper ar

14U

NOTICES

Filter papers Aited into the 1ida reduce, but
do not prevent, dlsperaal, I pintes are.ob-
viously wet they should be cpened in the
Biologleal Safety Cabinet (8), .

5. Less obvious 15 the releass of narosol
when serew-capped botiles oF plugged tubea
ara opencd, This happena when o flm of
infectod. liguld which moy collect heiween
the rlra’end the liner Is broken during re~
movslof the closurs (8). - : -

8. Dried, Infecte¢ culture msterlal may
alzo collect at or mear the-rim or neck of
culture tubes and mny be disporsed into the
alr when disturbed (18). Contalners of dry

into & small bottle of sterile cotton.

8. Do not Usé the syringe to expel force-
fully a stream o lafectious’ Aluld Inte an
©opon visl or tube for the purpose of MiXIng,
Mixing with s syringe is condoned ouly if
the $ip of the needla 1aheld below the surlfnce
of the fivid in tha tube. . B

£. I pyringes ars fillad from test tubes, take
cora not o contnminets the hub of the
necdte, aa this mey result in tramsfer of
infectlovs materlal.to the Angers. .

10. Whon temoving a eyringe and ncedle
from o rubher-stoppered bobtle, wrap ihe
needlo and atopper ln & cotton pledgot mols-
toned with the proper disinfectant, I{ there
s danger of tho disinfectent contaminating

n aterlle dry pledget
ey be nsed and discarded nt
dislntectant solution. .

11. Incculnte nnimale with ao hand “bes

hind” the needle toavold p

[ {ex., Class 3
Iungal agents In the spore phase of growth)

with a otherwise. the
Auld Wil apin off az an nerasol. {4, 10) .
6. Avold filling the tube to the polnt that

the rim, cap or cotton plug ever becomes wet

with culture {4, 10).- -

7. Serew cops, er capa. which fit over the
rim outsldo the contrifuge tube are saler than
Pplug-in closures. Gome Auid usmally collecta

between o plug-ln closure and the rim of the ;
dube, Bven screw-capped: bottles .mre not.

without risk, however; it the rim |5 solled
some fluid will eacape down the outside.of
the tnbe. Bcrew-capped bottles may jam in
the huckot, and removing them is hazgrdous.
Propping suoh bottles higher in the hucket
with additlonal rubber bufters ls mechani-
cally (3).

should be opened enly ina 1 Safety
Cabinet (8, 14), :

. When the neck of nn ampoule conlaln-
ing Ugwid 1 broken aftor nicking with a file,
the slapping actlon creates aorosols, The
follow!ing methads have been rocpmmended;

{1) After nlcking the ampoule with a file,
wrap the in tod

. Kitchen foll i8 often wsed 10 cad contrl-
I1ge tubes. This creates more riek than the
serew cap. Foil: cops often become deiached
in handling and centrifuging (8). N

9. The balancing of buckets 1s often mis-
maanged. Care must be talen to oneure that

sela of buckets and

cotton hofore treaking, Wear gloves (2).

(i1} The bottom of the ampoule should be
held in several layors of tiasuo paper to pro-
tect the hands, and a flle mark made at the
neck. A hot glase rod showlt bo carefu)ly ap-
plied to the mark. The glass wil! ¢rack, allow=
Ing oir to enter the dmpoule and equaiize the
pressures, After p few seconds the ampoule
showild he wrapped In a fow layers of iissue
and broken along the crack. Tho tisaues and
nmpoule neck can then be discarded Into dia-

12, Ba sure ths anbmal Is properly restralned
prlor to the tnoaulatlon, and be on the alert
for pny unexpected movements of the anls
mal, .

13. Before and alter Injection of 't animal,
swab the alte of Injection with n disinfestant,

14, Dlscard syringes Into o pan of disin-
tecthnt without removing the needle. Tho
&yringe Nrst may he Blled with disinfectant
by unimerslny the needle nnd alowly withe
drawlng the plunger, and finally removing

the plunger and placing it separately intd -

tho disinfectant. The £1ing ectlon oleatn
1he- needle and dilutea the. contenta of ithe
syringe, Autoclive yringes and needles In tho
pan of disinfectant. - - -

16, Use sopnrate pans of disinfectant for
dlsposaeble and nondlepssshle syringes and

needles to ellminate a sorting problem In.the

servico Ares.

18. Do not dlscard syringea and ncedles
Into pans containlng pipettes or other glass-
wara that must be gorted out from the
syringea and noedles.

G. Opening Culturc Plales, Tubes, Bothles,
and. Ampoules

1. Plates, fubes and bottles of fungl may
releaso BpOres in Jarge numbers when opened.
Buch cultures should bo manipulsted In o
Blological Safety. Cabinet (8, 15).

2, In the sbeencas of definite accidenta or
ohvlous aplilage, 1t 18 not certain that opan=
Ing of plates, tubes and bottlea  of other
mtcrocrganisms hos caused lnboritory infec-
tlen, However, it 1a probable that among the
highly infactive agents, sonie lnlections have
ocourred by this moeana and are represpnted
1n the B0% for which no known gct of neel-
dent 13 sacribable (3).

3, Water of syneresis in petrl dlzh cultures
1s ususlly infected nnd forms a flm betwoen
the rin: and 1id of the fnverted piate. Aerosols
ore disporeed when this Alm 15 broken by
opening the plata. Vanted plastic potrl dlahes
where tha Jfd touches the rim at oniy thres
polnts are less Nkely to offer this hazard
4, 10).

¢, The ¢ak may alse be mindmized by us-
tng properly dried plates, but even these
(when Incubated anacroblealty) are likely to
be wet after removal from an anneroblo far.

» abd the of .the ampoule
remoted with & syringe. If the ampouls con-
taine dried cultires, sbout 0.5 am? of broth
should be added alowly to avold blowlng dried
meterial out. The contents mpy then be
mixed without bupbling and withdrawn fnto
& culture tube (B},

(L) The rescarcher usoy an intense, but
tiny, gre-oxXygen Asine and Heats the tlp of
the herd glase ampolle untll the expanding
intefnal air pressure blows s bubhle. After
allowlog this t0 cool, ho breaks the bubble
while holing It in & lorge low temperature
flame; this immediately.incinerates any in-
foctious dust which may come from tha
smpoule when the giaas ia brokon (16). Pre-
1imiaary practice with a simulant ampoule of
the same type aclurlly in yee Is necessary to
develep 2 technigue that will not eavse ex-
ploslon of the pmpoule.

(Iv) A simple dovico has been recom-
mended convieting of a alesve of rubber tub-
ing lntc which the smpoule ls inseried bofora
1% s brokes (17, 1B}.

L. Cenrtrijuging

1. A safety cenirifuge cablnet or safely
centrlfuge cup (3, 7, 8, 14, 22) may be used
to honso or safeguprd all of 1n-

plastie Ineerts do net becoine mixed, If ihe”

eomponents are not inscribed with thelr
welghts by the manufactuver, colored staing
can he applied to avold cenfusion, When the
tubes are balanced. the buckets, trunnions
and {nserts should be Ineluded In tho pro-
cedure; ‘end cere mugt be taken to ensuro
that the centers of gravily of the Lubes are
equldistant from the axis of rotation. To
Hlustrate the Lmportance of this, two fdenti-
cal tubes contelolng 20 § of mercury and 2¢ g
of waler respeckively will halande perfectly on
the sceles; but thelr performaned in motlon
is totally different, leading to violent vibras
Won with oll 1ts attendant hagarda (5).

10. Fi}) and open centrifuge tubes or wruna

nlsu cups in a Blolegleal Satety Cahilnet (10},
E. iiyh-Speed Centrifuges {22)

1. In high-ppeed contrlfuges the bowl 18
conmected to o vacuum pump. ¥1 there I8 n
breskege or nceldental disperslon of infected
paritcles the, pump and the oil 1 i wlil e~
como contaminated. A high efficlency Aiter
ahould be placed botween the centrlfuge aud
the punp (8)-

: 2, High speed Totor heads are prohe fo
metal fatigus, and where there !s a chancoe
that they may bo used on mora thpn ona
machine each rotor should be necompeanled
by its own log book Ludicating the mumber
of houra run ot top or de-rated speeds, Fall~
ure to obsarve this precautlon cen result in

dangorons and exponsive disintegration, Fre-.

wquent - inspectlon, cleaning and drylng are

importent to ensurs sbaence of corrosion or

other traumata which may lead to creoplng
cracks, Rubber O-rligs and tube .closures
must bo examined for deterloratlon and be
kept with the maerlal recoms

fectlous substances. When bonch -iype.cen-
trifuges aro used In p Blologlenl Satety Cabl-
mnet, tha glove pauel should be in place with
tha glove porta covered. The cenirliugs opera-
tlon crestes alr ourrents that moy couss
Mwmom_wo of agent fromt nn open cablnet (2, 3,

2, In some allusilons, ln the absence of
O-Ting cop sealed trunnlen cups, apecimens
can be enclesed In sealed plastic bags kefore
centrifugation {l1a},

3. Pefors centrifuging,” inepect tubes for -

cracks, Inspect the Inslde of the trunnlon cup
ZIor vough walls caused by erosion or adhering
matter, and carefully remova hits of glass
from the rubber cushicn (4, 10).

4. A germicidal solution should be added
between the tube and trunnion cup io disin-
feot the materlals In case of acoldentlsl
brenkegs, This praoiice alfo provides an ox-
collent cushlon ngainat shocke that might
otherwiee brenk the tube {4, 10),

5, Avold decanting contrituge tubes. If you
st do 8o, afteryards wipe off the cuter rim

FEDERAL REGISTER, VOL. ‘41, NO. 121—WEDNESRAY,. JULY

mended by the makers. Where tubes of &if«
ferent materials aro pravided {e.g., cellulold,
polypropylens, stainless steel), caro muab be
taken thet the tube closures deslgned spe=-
clfically for the type of tube in use are em-
ployed. These eags are often similar in np-
pearance, but are prons to lenkage if ap-
plied to tubes of :the wrong materlal. When
properly designed tubea and rotors are well
maintalned and hondled, Jeaking should
never occur {B). . .

4. Cleaning and dislnfectlon of tubes, ro-
tors snd othor components requlres condgid-

erable care. Tt 18 unfortunate thut no aingle .

process 1a suitablo for all items, and the varls
ous ’ nust
To followed meticulously if fatigue, distor-
tlon and corroslon are t0 be avolded. This la
not tha placé to .catalogue recommendod
methods, but one Jess well apprecinted fact a
worthy of mention. Collulcid (calluloss i~
irnta) centrifuge tubes ars not only highly
Isfiayamable and prone ta shrinkage wita
age And dlstortfon on bolling, but can b=

7, 1976




‘9261 £

WA y0s 6f Sunmngar agejeq Aivssaseu
e Lvwm OmIsqY Pfsam ML GONTIA “A0HA
=3edng operadoadde oy yo wopemmas € sauihas
UORBUIIINA "GIOFHILY, "ROTOUAL ENOILYIND JO
esextd o013 FWIMD Snja TRUIOONA JO SISPENE
aq Sy xod|{B02 0] pMumTsTA U] FY
-463 °8) Pdyam0ad L1ogardwcd o wesw

AINT “AVOSINOIM—LEL 'ON ‘Lt 10A ¥2USIOW TvNI0N

“ 145 01} worremsous-jlor auasard Avu sjqr
"AT8Y PUD '050] 'gafe 9E0L ‘MINOUL W] ELw
puRl SudwR o qquy om dejras 0

* (18 ‘L8 “0O1} uopamead £109endsoa sennb
=2l MIOM BUJ Vst IoqundeRl 40 NEEur au
€ J0 57 91981 sjunbepy BT 0F 19jjuesse 5

-x2d 2q PIMOYS Jrasyf Bujdip-ozaal] Jo 55300ad
SIOtA 0L g nodun Pavnovls Jo Juwado se
loA &9 Ruiges ogy AMMP hodo fewn juyy
ue1soTdWE Sutpioss By} "Huliip-ezady 209)8
uRHON L1p qia paNY 0q pinous somedurs
‘a101960d foAsuayM JupTI PP FO 1850130

208} uaAmy

p3anfuj ouy e3ldn [oeom OATSAIU] RIA

dace 10U PINGHE Uomal WiM? 40 "uo|seigs
‘In2 Buprean ad Yedly v RM GUOAUY ‘a1
"UT38 0% IC TUOIIEHGISUIE IO Ve]yeodjsap. Ay

~uapAnoz Jusnes jo quod o0y 07 P2 Sy

90U 15001 99N 53] 3Tiq TG w0 1Y, AU
-0P 2q A9ut dip 20 Geva AU aisTE ¥ (A)

..n .w_ ¥ sy s

in Slonr o norgied
SUIIAL 4] 25nE0eq 'USHEUTUEMUOY DUACIRY
s13uatod 10 fEnjas Jo spuasad iy ur Aoy
-G8l AU} U} HQBIFIpUN 4 LBUL PIVeq ¥ G
©(LZ) 9900 DAY 00Mf S Jo
Suuswn, ylnoaey Jo Furdamons 14)J% {idun
DA 60, 048U PINGR BUN ‘REE UKIL0 J9TI0
16" Fo0d 0Audyn unold my LU0 Alqisshucad

oq iq tvars Buvy Jo wapsiaodd oy -Fupews
ed0jeq pus ‘AN alofen ‘NI £Ipgmioqul
Bupial auolsy ‘Burgior pajzoeozd paios Suy
~AGLUAT 3N I PIYSES 3q PINGTE SPuriT (NF) )
| . “ {53 0L
B4 313 J0 BUIGEEA junbapz seSwanoss|p
UIBA 4610 U JO DU POUERA 3 PINOYS
ADIRAL 34) 08 AU Jo aInjeu o) £ Py
-0il SLUAIRIUL §¥ 'AED sg; yneudnoigy (1)

AL U3 3% 439178 10 ‘8105) ©

/SUBISRINY “SIOY IMuw pazjudeoaqun 0 anp

‘easold Jo san andedp juesazd 90 of uopLu

T 03 S80I WAy Yo (404 107 jensnun

O BT 3% MOUR 393, “rda018 oAf1o9)01d Aupaot
rozJayru Appduiond vuop s pIMOUS Bru (1)
‘ux10390ad 14uesied 207 Sujyses Buvi 9T

*B¥aySw) 2]qUTINAT 9g’ pinogs

onssp BuiEueso “Alojwicqer eq; uj pasn ag
., 200 P[ROYE SFAIUIISRDRYY Y3010 [BudaR] "qT

“{42 "B} duos [epidLIed Yy pepa

-01d 0q PMOUS Sel3isou; JupgEva-pUBY /o08]

am Puv 'soiiddng £139119] ‘BOHENIQ
~U300] 'SI0ZBY £304810QT] SW} U pAIwed

40U U 1331 Jo Bulysni] puu FUTARUG ‘f
“ {3z “or "9}
SBIIT UBSI Ul Ao 9dox 0q [TM OBGOL puw
‘sedid ‘12790 ‘s1yienb EEUY 10 dz0iwic
=qul AW Wi PRypmsad 40U ST Bpyows g
- - . " (LE)
A10180001 24} Jo symvdnodd whwny Aq Hu
-HUHP 307 382 JO G2IN05 910F Gy 8q pinoys

TUGTNOL SuyguLm pojurado-3o0d T
T(0T 'g) Lioguzogm evd episinoe Lo powns
=000 PUY PRICYS A ||l woppdiunsues wewny

10) sodvsassq pus ‘wnd ‘Lpumo ‘poog 'L
. {puUpn T €191 Wik

ey pus

-002 'saufiepmd Jumole} 0qL '#IL 003 jjun
POZIER0OAUN yprzEY JO Satdwuxs WL 6101d
-e: g fmfug lomopudnade jo L1o3sTy puL
‘POZIUBONAIIN B pIe2¥y By OJOWA SUO[TRN
-UE Ut £42)8S Jo uriimam v sapja0ld “jUryaossa
90 £130I0I9%9 UOUK WOM HTHGTY slCIeY

J0/JUE IaMOUs ayy JolNy (M1 dn200
Wi3us30d 0 393[ans 3uy sesfordura waa "b1

i - “{LZ) Uohol
TPEI USION] PIOYE safoidura ayy ‘popravzd
Q1% SaMoUs DM gol dduvye uagm ‘S
“(4E 'or) 21arssod £ youw v svese u¥Ad oy
Ul LU0 pIsneq PInoys Linaqil [HUGANINSU]

ELeEY SJus &) DU 9SSl I0AIN
"BIUTE ¥ UF S[qisspoad By PuE ‘otyjoue uj
paluanessip Lo sg yuBjw £109mieqer auo uj
UdBPIQIOY 90 yHur wym ‘Arusnbasuon

. -Lroymzonyl Syvads awe
Luw o1 AQuodds by J0 MoTass Jejjeq ¥
Tz 1M uoRHagdmy “saoulsur awok uj

[0 ¥ U i 12 TEy

3O JUQYXd I9s8BT W O} PUWU ‘EPOIT
Su3 BupiIno Jo yeu ewr empwiupn o) uade
91 Aurivalg agojg qums PO{EOR-JUDIDG TSI
v op peddvis eq poge oinodine auT qen
-1900 £39J48 [20]50101E ¥ U pauado Ay shemE
PINCUS Solnodwin eanj[ns Patipcozodid ‘g
{16 '0r.'#) sRIB
-ZBIL A MI[4 0)TINEUAWNGD 3T PINOLE s
~STam #linoog ‘pomiee] Atwdord sq ppnoys
€a23511d39p 10 BIG4¥1681}01 Uf Palesa PIte3N
X3} JO smopesul 1Y "Aujuese sl Sup
A0 UO1001d Ato1eaideat pus saord Jagane
V5[] PRTENOLITOID PUG [W]I03T SNOFIRF
=y dujuisimes “oje ‘sagny ‘sonodwrn woxoq
Auy aaowsy. o} Lijvoipoled jno peuven pur
PRI 0q PINOYE W0JUIA[IIT PUY FIE3UI
207 AIp pue ‘uafonju pmbil ‘szesaidead T
. *{D1 ‘p} PUPTOWMIODIT
61 100419 ouogddosd 2hod ‘STING. 3T POD
204 'JUBJGOIUIEAIY U UTNITGS DIOUR SI0UVES
~ans ENORARINL 461 30 ‘1NONOU] 0A{joiuy

@ Dasn SWjuG AMAINM UL BTG J09EM 1T

. SuopTpUIN
.Egua.E.Eu.ne:auun._m.ﬂau:u:uun_ﬂ.u

{02} £10qwI004] Y} UT Id00 L
b1

98U} SIEA%E 4] 58 WOMWENH] ‘I)eU1ouciold
-1W otg Puw ‘aainis agzAETROINY By 'eing
-|Rus . oy dq
£[05DI5T A} Jo erums 9 PINOYE POOTY WHNA
FRIPULY 591301NICATL I3WG 20 THSIUILD ‘Bl
'PLOI? 1080107 6Y3 76 PUI[;189 MOIN 07 BINUW
UG 5[ 7 JOJ 3504 O JOPuelq U3 Jpanisd
‘1anod 19pURIa £4a)us oy Swpuado 01050R 6

N . _+{a) sonpoad ayz
O E)I0[0 EUITAT FZIM|MIT 0 pue aRawan
213 J0 judaexd o} Fujjoos wTaw

ls 01 Slasuanass Sleanar ! A 'BNOJAGE Brm Tun
? o Stey [ .n.umau.wmw:m—wﬁ TODUSMWICO2 J) 16 AU¥G A0] SUDSTAT SUL
to1q 1o m 3 bl

kel T
IconE BRUNod Jagie P 'SPIOm "suald
J0 FadINOS O[HYMIIPUN ox8 pmH Suv 1o glad
POE “wnpiehby e “siosop 1m0 ‘spuug CIT
*{47) eddttaosia 3day aq PIMOYY SadIN
QFILL, “L104uloqul ayz ) BUGTeq 40U op 019
“sestnd “TeljoIquIn sBoqaIzAa J0 S1dqQNa Wav3s
‘W] SJN00 ST (0N 0uD]] 1Yudwiad Of
. *{98 "5z}
EAFKI] OYIUDD Jvas OUA saeSoldue AFuepy
0} siospasdna Jo Siqisuodsas ayy 51 31 OIS
~vazoud Tngy opAod O} UAGm.0S[T. 2lE SHEUUL
eon; opmud i ‘eS80 ‘spletus eprs yIm
S95FU[E £39)98 ESOUUR s[EoMURYD 213RRNI 03
pesadna suosiod Aq Uiom ag jour jsnut fasue]
JIBLUCD 'UOSEYI S10} 1O “EUS] Sy} JAOWIdL
03 orqussodomy 300 Jp ‘MoWIR Aies 31 oNw
ML swsuda’ GRSU pade|dsTp S SO 1993
-uoD 301 40 Tnuied 1 943 sy ur TRMITO Ay
LT "RA00 @YY JO 20UNMS Gyl Fo PAuswa aq
soundo doeds siy) up paddel] SN WARD ST
+919;) 049 90} JO.A0ULME 1) UD Juasard (915
- i dus AUDL 9aTIon 3UY PUB EAVAL 10wy
~HCO Ay Tadmjoq eduds Ldujides ALz uojien
- ~oud afe eppaoad 3e% 0P $A5UM 10BIUOD '
: . . {01 'g)
®aupyonw o £add] aurce jo uowisdo Jupinp
PIUZUIL [YUOUDSI" Y 378 OS]U SOTOIEM S[IM
pue sugyg ‘Awugomu Sumacur o sy usdo
Jo 3ousward ay3 Ul snogaSuve a9 Jupgiew
_Bugddey~oacat pu¥ nuy Fwmoy-3ur ‘g
(g, 18O 29U} JO IBunsnipu [Enumy ssmiged
-aJ IBHITQUY A1 PATNE0 UCIIVUIMIVINGD TE[OU]
a0TYpDl Tl PUY 'Gausmp, (ued puy suluey
wesang oyuj  BuiBuiss, wouy ‘sayseids pinr
taog djuy g4 309301d 1M 0STE 19402 PRI ¥

satHaissod euy Bujonpot £q wlom AIojusoqul
AUL-30 Lyrenb 5y3 s wwo feyp ‘uIEe
SNOAQO 853 W O “eYuestp so fanfui Tes)
=giud parmbow Lruuenedasso jo uojusiard
Y} prosoy "ided sowt ul ‘parsenp v L)
-uiaqe] aug Ul sapiowad Juerddy vuosog

SIOLLOVES GAY 'SLOVIL “ANRIDSH TYNOSWIL ‘A1

- (0L ¥) Uopwaado ynopiseoy Slewoaixa
Ut wo U0l {aom pinoys ucsied oN g
181 JUOIASE Y
uB wmeyNAa 10 uyrm Jug opgserd © ur ysuy
o) ISCIOWO 07 2q PMOA uopnuwdad [ULAly
-IPRB UY "UIOJjeld J0%Eus 947 ©) DIUYEY
4131038 34 Blacys 0SayL "Pasn Iy PWMOUS
BHEE 55918 DoTiuam Sanany do apserd Jquanp
paddoe xo1eg "wayuys SuIsq SoujTIued IO
Jo ASEY jO aduywaug jerwaiod Jof Ajnauo
BSUIWEXS o PINOUS sauupee SUINOLS L
“(of ¥ Sams
21303 pacad AAly ME 370 JQ AANIND [AUN
ERCIIBITINGH i Pslpusy 0 JOUNGS 1IN
Yols 'S4009F IR0 PUN JUBIQUIDTE Fu3 10 5],
-118y 0UY JO SS1wIa “EIBIIA1NI0 SOHIIIUT JO
SMBNIY ATMME WEIGO ©) WMIY aumquraus
36 951 OW} Ul -postolaxg 29 SETAMI MO D

{07 %) s1ujnjuos Jooxd |

wqEor a0 swed gooad-jREer U pIRYNOUl puE
po210dsunn 8q PINGYS TIPIW PIIOS PA)BInzous
Ao 1o sareld ratad pOIVINGOU] QY ‘9

(01 “3) 19sges F9¥1d 3yl JO SEWMYIIG 10 WL
30 8592 uj Jopaod 6 PIME AU} UG WMINED

-212dNE DIInboT SIWNTROS STA0Y IPUelT '3
. (k) JoUNqED
AYafNS TvFoloid, 0 Uy pausdo 84 TSIV 4T j0q
RSN 2 U2 AepUsIq 10 19pulid W 20F JIns0[0
w0, W opseid dlqIkey palves-3wsd VL
T . . . *{@) swpuly
uuﬁcnﬁuuuﬁnwnu_ﬂ._uusmunuu.iunnn

. PINOM BU[BIUC) BaSO[ W Uy Sug apsurd § uy

pazjuaowor 51 (ML BW YL U] *(poviBum)
ASYIIWOIT URICAION ST AUNDU MAT ¥ °B
* (@) ssutd jo,1Eesadsip
ugadad 0y gef owelddoidiled 0 wire paizsod
a0 DINOUS foys 'podm JI eTuyuasq lenoa
-0d Jo attyeo (eTjuwW STOBIFT] itk o6
20 AMYMIEAPUT: DIU H[AGY IOPUSIY SERLD) ‘Y
*{g) Japuaiq aqy Jo dag
Y WAD IUROSUIEID Y3 PALAISIOW 19403
U s (0%n tenys dpjdumoad SjUSIOOd Snofoe)
-UL [UOPISEI PUB SOMAOP 093 OINIING B
{8} 1Uja9BL PHRIGIUT WL
052 03 1071 NO|JN[E ANIQ UL 30 JUTIES
GIIIEE UMM unx SenupmpRad ¥ uE 9D 959K
"no13B10d0 oy sopd oStAUN] 10 [HOY IPEOIR
313 Jo Weliay auy 9 Juavoq 1030 s joads
=U} 4004 100ad-eal B JO SIUAEQY AL} UL g
L *{8) 1moq auy Jo
wogied 2y 9 Sujdvnq Jog0d Gy weaf ofen s
Juasard ‘03 pouMisdp sPUG A13)WA G5 G
: . *(g)qamgsn. L1
-a185 [83180(mE ¢ uy duwewdinho Jujpund puy
wejdNISip-1te0 pud  Buppualg epvsedo 1
. DRAIEG ag PIhoys §Panorad
duisoljo am ‘sreawmEw snoposrul Jo B
~pUaLY 293 JuTap Zojwaade sMy 0F uDjeroad

0} ydnous 28529 21w 4eily Jooad
=3B3] S1QBIUIquou ‘palpREY L1983 U1 PaLCAT
PUY ‘PajuATO] ‘portodsusn) o1 S1ossaa’ ssELT

‘menpod apad Jo 2amg
~IsgnUBI eyl Uf pus swooy Juliessda puyd
~E0Y W wMuamounbel 4 weeq Aol sy NI
'BOLTUIRISIUOIOD 09 UED 49N} J0ACD PUSY JO
10T FOY O[QBHNE U redm phous Joy Joor
cyys emosmd C‘mopsojord jonpoxd. dog 4

62612

g snopgzazuy d arquls 3o
SN PINK JUBINIAL 19 48U GINSEH P
(g} dwnd 0yy o vaooIE WAGR
“10 * (Kiquaapaid) dn sauype ajquisep 5 dwnd
WNNAYA 23U} Woar v JUSNES T3 JO WO

W Jog T aeyp Junp 9es
+029% 2ATIopiEued FTORL S04SR SN 1Y
° B - D1EOd PUD DLW
'SLEPUID SN JRr S HRE S 91!
-10a " oFuOSBAIN’ 'SIAPUAIG o
. *(17) uoggualse (evads
m?a:rﬂ.:o:suﬁﬂ__:mnﬂnonsﬂum.ow.::

SR "I L3959 [IIFOICHE-¥ T BAIICT (g} 2A¥OHNY 1N 1. darsordxa Iy 58 DABY

- §1JILON

171




27930

nortmal cell cultures or with susceptible ani-

maly, especially tho normal mouse colony. .

(28).
_.w. Tho eutgeon's Wask of, gauze or Aller
paper i3 of Hbtle valus for Jersonal respira-
tory protectlon (20), It la designed to pro-
‘vent escapo of droplets from the nase or
mowth (28G). If blohozards demand respira-
10ry protoction, then nothlig but & Tull face
resplrator or ventilabed hood will aufllce, &
half-mask respirator doea not protect tho
eyes, which are an unevaluated avenud of In~
fection through the eonjunctiva and the
masclacrimal duat (5.8).

30, Nenspecifia contsinination by snviron«
mentsl organisms from humans, animals,
equipment, contalpers for speclimens or aup-
plies, snd outside nir is a complication that
miay affect or invelldate the resulis of an
experiment. The human sources of this con-
taminetion are evaluated is followa:

(1) Sneezing, coughlng and telking (234,
244}, Sneezing, variously reported to gen-
orote aa mony 32,000 or 1,000,000 droplets be-
low 100 mlcrens in diameter; coughlag, which
produces fewer and larger droplols; and
1alking, which has been reported o aversgs
gnly 25¢ droplsts when speaking 100 words,
shéw pgreat Alffsrencea between persons In
regard to the number of micrcorganisms
asrosollzed. As n genernl rule, it ma! e
that these actions by normal healthy per-
Bona may Play & less important role in frans-
misaion oF airbone infectlon to huomons or
experimental materiala than docs libersation
of microcrganiema from human skin.

(11) Dispersal of bacterls trom humsan skin,
There 18 & tromondous variation in the num-
ber of bacterla shed from the skin by &
olothed suptoct, For instance, In one atudy,
the number varfed from 4,000 ta 60,000 per
minute (23C). These bacteria were relessed
on skin seales which were of a elza that
eould petietrate the conrse fabric used for the
1nhoratory and surglenl elothing in the tast
(28D, Dispersal of skin bacteria was £overal
1imes greater from below the walst than from
upper parts of tha body (24D . Effective ra-
diictlon l& sccompllshed by use of ¢lodely-
woven of \mporvious clothing fltted tightly
at the neck, wrists, and pikles to prevent the
clothing from aciing as a bellowa thet dig~
portses alr CaYrying skin scales laden with
bacterlas (23B). Buth clothing
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NOTICES .

q.n..:_n._za_umno.,rauos._qc.—.n.._xu!:s
C (10,32-87) .

A, Cgre and Handling

1, Specip} attontlon must be wpqmu to the

humane tredtment of all laboratory anlinals
1 accordance with the Animal Welfare Act
of 1970. The implemsnting rules and regula-
tlons appenr in the Code of Federal Regula~
tions {(CFR) Title 8, Chapter 1, Bubchapter
A, parts 1, 2, 3, Recommended provisions and
practices that meet the requiroments of the
Act have been published Ry the Us. Public
Health Servica {32}.

2, Therp aro specific minimum require-
monts {33) comcerning -the caging, feedlng,
watering, nnd sanitetlon for dogs, oats,
gulnes plgsd, hamsters, rehbits, amd nen.
humpp primates, To meet these require-
ments, the animal room supervizor must
have & ¢copy of & CFR Chapter 1, Subchapter
A, Parts 1, 2, 3.

3. Eath. lsboratory should establish pro-
cedures to ensure the use of animsls that
arg {ree of digease prejudieial to the proposed
experlments and Ires from ecprriers ol .dig-
easo or vectors, euch ps ectoparasites, which
endanger other experimental anjmals or por-
sonnel (10}, -

B. Cuges Housing Infected Animals (10)

1. Careful handling procedures should be
employed to minimize the dizseminntlon of
dust from cage refuss and animnls,

2. Ceges should be sterilized by nutoclaw-
ing. Refuse, bowls and watering devices
should remaln in the cage durlng sterlliza-
tlon., . .

2. Al watering devices should be of the
“non-drip" type.

4., Cages should be examined ench morning

and 8t cach feedlng time so that dead anl-’

maly can bo romoved.

6. Hesvy gloves should be worn when feed-
ing, watering, handling, oF reraaving infected
animals. Bare hends should NEVER bo placed
in the cage to move any object thereln.

8, When anlmals are to he injected With
blohazerdous matesinl, the Anlmal taker

Raom Maintenance (10}

1. Doors to anlmal rooms should be keps”
closed &t all times except for necessary en-
trance and exit. .

2. Unauthorlzed persons should not be per-
mlited to enter anlmal rooms.

3. A container of disinfectent should be
kept In ench animal room for disinfecting
gloves nnd hends, and for general decontam-,
inatlon, even though ‘no infectlous animals
ars presont, Hands, floors, walls, and cage *
racks should be washed with an approved

at ther B
frequently as tha supervisor directs. .

4, Floor draing jn enlmal rooms, as well |
ps floor dralts “throughout the bullding
shonid Bo flooded with water or dlalnfectant
periodically v pravent backuep of sawer gasee.

5. Shevings or other  refuse on floora,
ehould Dot ba washed dows the floor draln
becauss such refuse clogs the sewer lines.

G, An insect snd redent ¢ontrol program
should be malntalned In 4ll Animal rooms
and In anlmai food storage Breas.

7. Speelal eare should be taken to prevent
llva animals, especlally mice, Iroin Snding, .
thelr way inte dlsposable trash.

B. Necropey Rules for Infectcd Antmals (103

1, Necropay of infected animals should be
carried put by trained personne] 1o Blologleal '
Safoty Cablaels with the hinged ginse panel
down, The gleve port panel with or witheut
attached gloves, and a respirator should be
‘used ot the discrotion of the supervlser,

2, Burgeons gowns should be worn over
laboratory clothing during necropsies,

3. Rubber gloves should %e worn whon
performing necropales.

4. The fur of the animal should be wetted
with n suitable dislnfectant. .

5, Smalt pnimala should be ploned down
oF fastensd on wood or mednl i g metal tray,

6. Upon compleidon of nceropsy, all po-
tentislly bicharardowa material should te
placed in sultable containers and sterilized
immedintely. B T

shoutd

. General Guidelines thal Apply fo Animal’

showuld wear protective gloves and the labora-
tory. workeys should Wenr surgeona gloves.
Animpls ghould be properly resizained to
avold aceldents that might result in dissem!-

18 o0 warm to work in. It wes found that a.
sigaifcant reduction In dlspersal of bacterla
coourred with. the wearlng of close-fitting
and clogely-wovén "underpants beneath the
ususl laboratory clothing {23D) . The purpose
of this anmmary ls to alert Inberatory per-
sonnel to the exlstence of this source of con-
tamination (9). .

(i) Prolific dispersal of bacterln ocours
from tnfected abreatons, small pustles, bolls,
‘and skin disease (238, 24B), Weshing the lo-
slons with germieidnl zoap will greatly de-
croage the mumber of orgeniems on the skin
and ‘disporsal into the al¥, Healthy nasal eats
riers who generste aerosolized staphylococs
el usually can be identifed by the presence
of heavy contamination of thelr Angers, face,
and halr (25E). This polut may be useful
tn Investigating the source of staphylococcal
contamination of cell lines.

{iv) Footwear. In moderato and high rgk
eltuations, shoes reserved for only Iaboratory
usa have been ded as n p

nating meaterial, sa well as (0
vent lnjury to the animat and to person-

L]

nel,

7. Anlmals exposed” to blohazardous aore-
50l Ehonlad ba housced iIn ventlinted cages, In
gas-tight esblnet systems, or in rooms de-
signed for protcction of personnel by use of
ventllated sulte. :

8. Anlmals inoculated by means other than
by aerosols should e housed 1o eqUIpmEnt
suitablo forthe level of risk lnvolved.

9, Infected animals to be transterred be-
tween buildings should be pleced in vemti-
lated cages of other 1 4

7. L Ta
placed in a horizonte! bath containing p suit-
nole distefectant,

8, The inalde of the Blgloglcal Safely Cab-
inets” and other potentlaly contamlnated
aurtaces should ba disinfected with o suli-
able gormicide, . o

®, Orossly contininated rtubber gloves
should bs cleaned In dislofectant befors ra-
movel from the nands, preparatory te stertl- - -
zation, . )

10. Dead animals should be placed in
proper leak-proot contalners, autoclaved and
properly tegged hefore helny pliced outslde
for removal and Ineineratlon.

V1. SECONTAMINATION AND DISPOSAL
7, 30, 3341 .

10. The overslze canino teath of large mom-
Keya present n particular blting hazard; thece

A
Avallabié date on the efency’ of various

are lmportant in the p
of neturall 4
monkey virua infectlons. Such tecth should
be blunted or surgleally removed by a veteri-
naren.

11, Presently availakle epidemicloglenl avl-
dence thet mey

and very

ngalnst teansporting spiilad infectious ngenta
outaide the labaratory. However, {n @xporir
mente during Which reduction of potential
contaralnation of experlmental materlals s
important, laboratory-only shoes can redice
the micrabial load brought into the labora-
tory each tay by streat shoes. Bhoes sre ef-
Hclent transporters. [n one study, there wera
4 to G50 times as many bacterla per squars
centimeter on the lnboratory foolwear as on
the fioot ltseiz (301,

be from
(typlcally chlmpanzees) to men, Newly Im-

for gic sgenta indlcate
that 1o major surprises will bo forthcoming-
regarding the susceptibility of organtems . -
ot DNA In
the absence of adeguate informatlon, tests to- .
determine the eficecy of candidate decon-
teminants ehould be conducled with the
speeific agont of interest, The goal of de-

ported anlmals may be nal
with thie dlsease, and persons In close con-
tact wlth auch animals may becomo infected,
Aftor six months residence in this country,

y infeated "

fon 13 net only the protection ol
porconnel and the environment from ex--
posure to infeotious sgents, bub also the

P tlon of of

pp! no longer
the disease, A record should be ]

by & varlsble, perslstent, and un-

for eich newly Ilmported animal. A slgn
should ke posted At rooms housing these ani-
mals to warn thet the animals are poten-
tially infectlous. - '

wanted of ‘Tale
addltionel faotor should be conmsidered in
selecting’ - decontsminstion materlale and
mgthods. | - R
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procedures found under apecinl headlngs,..

auch a8 decontamluation, disposal, and ani-
mal cere, are. 1 resllty, speclilo instructiona
for safely accomplishing otherwlsé routins
housckeeping chores. In these safaty sug-
gostions Yor resoarch on recombloant DNA
molecules, 14 Rad been. dleted 10 pddress
spocifically only. tasks of & janitorlal nature
under the subjoct of housekeeping.

The objectlves of honsekeeping i the blo-
loglcal Ipboratory aro to!

1. Provide an orderly Work avea conducive
to-the accomplishment of the restarch pro-
gram.

3. Provide work sreas devold of physleal
Hazords, 5
. 8 Provide a clean work area with back-
ground contamination ideally held to a zore
lavol hut more realistlcally. ta a loyel such
that extreordinary moasures In aterila tech-
niques are not required to maintaln integrity
of the biclogical systems belng researched.

4. Prevant the accumulation of materlals
from current nnd pust experiments that con-
stituts a hazard to laboratory personnel,

&. Prevent the croation of asrcsals of haz-
ardous’ materinls a8 & result of the house-
keeping precedures ueed.

Procadures developed {n the aren of house-,

keeping should he based on the highest level
of risk to which tho personnel and Integrity
of the experiments will be aubject. Buch an
appronch avolds the confusion of muitiple

and of Thoe
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... NoTICEs

EBlologieal Safety Cabinats .
Benoh Taps aud Qther Work Burtaces

Clenning Belution Disposal
Cages and Cage Racks
Dry Ico Chests
Deap Freoze Chests
Entry snd Bxlt Ways
Equipment Storage .
Floora
Glasswara
‘Qaneral Laboratory Equipment Cleanup
Hallways
Incubators
Tnstrumenta
Inzect nnd Rodend Contrel
Light Fixtures
Machanical Equipment Aresn
Mopz N
Plpes—Wall and Gelling Eung
Rofrigerators
Showers
Supply Eterago
TV Lampa
Vacunm Cleansra
Wasto Accumulotiong
Waste Water Disposal
Others
Housekeeping in the laboratory la one of
the avenues that leads to accomplishing the
research program safely. It s important that
tagks be assigned to personnel

Primary function, thed. of routine houso-
kooping procedures I to [prevent the ac-
cumulation of organlo debrls thal {1} may

who are koowledgeabls of the research pro-
gram ond spetlal hazards of the research

been autoclnved or glven further chemical
srestment, such as by the additlon of sodium,
hypoehlorite suficlent to provide a fAnal con-
esntratlon of 500 ppm chlorine, Moat housas
hold bleaches are marketed wlth m chlorine
contont of 5.25%. Thess In a final ditutlon
of 11100, yield 525 ppm of avallable chlorite.
After nllowing a contact tlme of 15 minutes,
these solutlons mny be flushed down By
avallable draln. Chiorine solutions m these
high may be tog far
Beneral to foorg and

In any event, iT solutlons are used in this
WwB¥, After tho contact time the ares should
ba rinsed with water, ) . .

C. Dry Stseeping

‘While 1t i3 recommended that dry sweeping
be¢ minlmized, this miay be the only methad
svollabla or practleable under certaln cle-
cumgtpnces. In auch cases, sweeping com-
pounds used with push hroems and Ary-dust
mop heads trented to suppress peroaolization
of dust should be used.

Sweeplng compounds avallable from the
wsual lanltorlal supply firme fall in thres
categorios: )

Wax-bagsed compounds used on vinyl floors
and waed floor cavérings.

QU-based compounds foy ¢onerets fioors,

Otl-based componnde w{th abrasives {such
a3 eand) to pchiow a dry ecouring actlon
‘whera much 501l 15 presont, )

Dry-dust nop heads can be purchesed a3
treateq dlapossble units or sa rousable,

hable hends that MUst be trentsd with

The

ERIOyE oF BY other moans to im-

to i8 the of house-

harbor microorganlams that are o p
threst to the Integrity of the blologioal sys-
tema’ under invostigatlon, (i) may enhance
the survlval of mlcroorganisms Inadvert-
ently released In experlmental procedures,

keeplog tasks to the research tenms on an
indlvidual brsis for their . Immediate work
areas and ¢n & cooperative bosis for arens
of common: usags, Simitarly, animal sare-

(1) msy retsrd on. of
onts, (fv) may be transfersbla from cne
ares to amcther on clothing and ehoes, (v)
may, Wih sufficent butldup, becoms s bio-
hazard as & consequenca of sccondary nero-

taker should he responsible for
housekeeping In snlmsl eave arees. The labo-
Tatory’ supervlsor must detormine the
frequency with which the individaal and
caoperative houspkeeping chores need be aga

zolization by and eir .
and (vl) moy cause alergenlc gensitization
of personnel, a.g., to anlmal Ganders,

Housekeoplng in anlmal cars units has
the samp primary funotion as that stated
for the lahoratory and ahould, in addition,
he as meticulouely earried out In quarantine
and conditloning avess as in ATeAd used to
houre expertmentally infected animals, No
other areas in the laboratory have the con-
stant potentlal for creatfon of slgnifcant
fuantities of contaminated organic. debrls
than do anlmal care facilitles,

In sl laborstorles, offorta to achieve total
decohiaminption snd to conduct & major
cleanud of the hiological complex are nor-
mally undertaken at telatlvely long time
intervale, Routine housokeeping must be
reliod on to provide a work ares free of afg-
nificant pources of background contamina-
tlon, The provision of such a work ares 18
not simply a metier of Indicating in a gen-
eral way what hes-to ba done, who will do
1t, and how ofton, The supervistr must vlow
ench task critically In terma of the poten-
#al blohazard involved, declde on o detalled

for its and pro-

He should provide schedules pad
perform frequent lospection to RSGUre OOMR-
pliance, This approach assures that research
work flow patterns will not ba interrupted by
an allen cleanup crew, dellcats laboratory
equipment will be handled only by those
most; knowledgeabla o its partlcular require-

Prove thelr dust-capturing proparty.
. Vacuim Cleaning

In the obsence of a HEPA filter on ihe
¢xhnust, the usuel web and dry industrlale
type vacuum cleaner ia & patent asrosol gon-~
erator. The BEPA-fiitersd exhaust uged In
conjuncilon with & well-Sgaled vacuum, wntt,
however, can negate thls factor becauss of 1ta
abllity to pass largs volumes of exhaust alr
while retalning particlos with n minlmum
efficlency of 93.97%., Wet and dry unlts in-
corporating A HEPA Hlter pn the exhzust .
are avalloble from a number of manufac-
turers,

‘There are no particular requirements wizh
respect, to the manner in which the dry

is

ments, and the location of bio~

other than to
that the 18 to ramove ell

logical preparations pnd equip-
ment used In thely preparation and appllea «
tion will be known,

B. Floor Care

Avoldazice of dry sweeping and dusting will
reduce the forination of nonspecific environ-

debrils and pertioulnte matter. The mann-
focturer's directlons adequately detsll the
frequency of bag changes, Alter changes,

and mechanleal adjustments. .
Dry matertal vaculm-collected durlng
theso floor-ck L]

DUt the nsture of the riav

Montal nerosols, Wel or vacuum
cleaning with a high.efiiclency particulata alr
(HEFA) filter on the exhaust 18 rocom-
mended, N

careful consideration must boe given to de-

. L2 probably greater to the experbment than

to the exporimenter. Xt 1s wise to effett bag
and - fllter changes and to clean out collec-
tion tanks In & menner that wiil avcid or

the of the

slgn ond quallty in the of cleaning
eguipment and materials and in thelr use
to prevent the substitution of one hazard for
nrather.

In the absenco of overt hazardous spills,
the cleaning process commonly wlil consist
of an Initisl ¥atuuming to remove mil gross

vide to laboratary ina
manner that minimizes the opportunity for
misunderstpnding.

Tha following checklist outlines a portion
of tho 1pms requiring eritical review hy the
1nboratory supervizor. It i3 not Intended to
bs complate but s presentsd Be an example

of the datafled manner in which housekeop~

»bm_pagd“o_om_ou_Egussaunnnimx
must; by viéwed. L

Adminlstration Areas

on
Animal Food Btornge.-
Anima! Bedding Storage -

matter and & folk p wet mop-
pling with a golution of chemicat decontami-
nant L3 on
the nnture of the surfaces to be 2leaned and
svallabllity of Hoor dralns, Tomoval of reald«
ual cleaning solutlons can be

yacuum cleaner,

A vacuvm machine that collects debria in
s Bag 1s to
that collect the major debria in o tank and
ol An eéXpoted primary fOiter. Even though
1t may serve as a primary filier, the dlspos
able bag must bo removed with caution. A
bellows affect may pump dust out of the beg
U ite intake opening la not sealed before
moving 1t to a plastic bag for transfer out
©f the area. In any event, the puter surface of
the disposable bag will probably hear somo

by & number of methods, Ameng these ara;
plekup with & partially dey mop, pickup with
i wet yacunm that has an ndequately filtered
exhaust, or removnl to o convenlont floor
drain by use of a floor squceges,

After eleaning up s splll of infected mp-
terlal, the restdual solution should not he
Qlecharged to & sanltary sewer until it has

dust whith plsa mey occur
on inner surfoces of the machine.

To nvold contaminating sxperimental ma-
terials, the emptying of vacuum collectlon
tanks and thanging of hags and filters are
best done away from the Immedlate Iabora-
tory aren, for oxample, In a amall area that
con ho ssally cleansd afterwards. The use -
of heavy rubber gloves 15 recommended when
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NOTICES

- 49, The dust pan and squesgee zhould be
uu_.ubnn_. in on Dﬂgwﬂuwf bag Pﬂn. auto-
claved

Contact of u.ocml—u_n itoms s.:.’ nen 2.—8: N

ciavable piastic bags should be avolded--
moparation of the plastic nfter psooﬁ.wq_un
can bo very difficult,

. .C. Badioactive Bichecard Spill” Oulside o

Eiological Safety Cabinet

T the event that & blohazardous spill also
involves a radlatlon hezard, the clean-up
procedure may hava to be modified, depend~
ing on an of tho risk
of  relstlve biclogleal and rediglogieal
hazard.
L

stances must bave the sorvicea of a desig-

nated ofeer
#or consultatlon. Lo ol
The following ndi g

e aube.

waite, Rodicactize and biohazard warning

ymboly should be nffixed to the waste cof-,

tainer. Ay @ generel rule, outoclaying nwoﬁnnw
ba aooided.
£. If autoclaving has keen appraved, ﬁuu

dust pan and squesges should ba placed in .

an mutoclavable bag and autoclaved -accord-
ing to standard directions. Contaet. of Te-
usable ftemns with plastle bags ghould be
avolded—separation of the plastie after auto-
claving ¢an be very diffeult. .

*4 final radipactive survey ahould be made
of the spill area, dust pen, o squeeges with

o Gelger counter, or a mear SHOUlE be taken..
and counted in 4 lquid scintilation counter. -

1%, A SECONDART. RESERVOIR AND FILTRATION
AFPALATDS FOR VACUUM SYSTEMA

© - ° The aspleation of 4lssue culture medis from
eultures and of supernatents from:

gestedl yorintions from the. blohazard. spill
procedure. (above) that should.be considered
when a radionctive hichazard spill cceurs
outside a Biologleal Safety. Cabinet.”

L HoMing your breath, leaye the room
immediately and close tho door.

2.-Warn others not to enter the contaml-
nated arsa.

3. Remove and- put lo a. contalner gon-

for * nu and

thorgughly wash hands and face.

4, Walt thirty-minutes {5 pllow dissipation
of gerosola crented hy the spill.

=Bejore clean-up procedures begin, o radla-
Hon protection ojicer should survey the spill
for ezternal radiciion hazard io determine
the refative degree of risk.

5.-Put. on a long-sleeva gown, mesk, and
ryhber gloves® betore reentering the room,
{Fox. & high risk agent, & Jumpsuit with tight-

. fittlng sleeves. and a respirator’ should bo

eonsidered).

8. Four . &, nunonrmn-_:w:« solution (6%
lodopher ¢r 6%  hypochlorita are recom-
mended) around-the spill and allow to flow
into the aplll. Papér towels soaked with the
decontaminant mey bo ustd to dover the
arep. To minimize aerosollzation, avold pour-

ing the decontaminant wo_ﬂn_oﬂ diveétly pnto -

the apill,
7. Let atand 20 minutes to allow adequate

. dlginfeatant contact time.

8, *In most cases, the aplil will invojve
1Y or 4H, which, present no external kazard,
Hgwpever, if more energetic beta or gamma
emitters are favolved, care must be iaken
to prebent hand and body rediatton ez~
poaurs, The vedigtion protection officer nust
meke Hils deter before the ok

centrifuged semples into collectlon vessels o
reservelra i85 n-common precedure !n many
Iaboratories. To prevent the aceidental con-
tatnination by ae¢rosols or Qulds of houss vats,
Wum systems or lnboratory pulips, socme In-

vestigators - have Installed aide arm flasks-

contalning cobtton, sulfuric neld or decontam-
inant between the reservoir and the yacuwm
Hne. Cotton 18 not completely efective as &

fAltering agent, sulfurlc ecld wil}, corrode -

pipes, and - decoiitaminants W lose thelr
ng. The in-

troduction of B cartridge-typo Alter that ia

insctlvating ablllty upon stand!

molsture resistant and has a rated capacly
to Temove parilcles 350 nm (0. .BG6uy or larger
in slze provides an effectlve barrler to virus
aeraeols.

The reservolr and A Bp=
peratus can be assembled from readily avall~
abla unita ns shown in Pigure 1. A length of
plastic tublng % Inch ID. X4 inch wall

+ - 15 attached at one end of the resoryolr and at

tho cther end to the lower arm of o filtfation.
and medin atorage sk, These flasks vary in
enpacity from 250 to 4000 ml, the cholce of
flask depending on availeble space and

- pmount of fuld thoat could be mccidentally
~'asplrated. A4 second tube of ihe same di--

menstons 15 attachod from the upper arm of

-+ tha finsk to the inlet port of the disposable

filter assembly. The third tube Is attached
from tho filter sseembly o o vacuum source.
The tubes are sscurely held to tha Alter hy
fitings supplled with the flter and the

. othsy wubing connectlons can ru gecaved by

worm delve itoso clamps,

Idenliy the flask sboudd bo placed higher
E_-n the reservolr of colleetlon vessel. It Guld
y. drawn into the finsk, the Hg-

* operetion c«ug:

If the officor
the blehszard-handling procedure may be-
gin: Using on zutoclavoble dust pan and
aqueegee, transfer all contaminaied mate-
rials {paper towels, glass, llquld, gloves, etc,)
nte a4 deep autoclave pan, Cover the pan with

aluminum fofl or other suitable ‘cover and -

to standaTd
*J{ the radiziton proteéciion oficer an_a_..
mines that radioactive vapors viay be released

and. thereby conteminate the eutoclive, the -

material musté st be m that

En con drali back into the nuum!o..w by

gravity if the connection at the vaouum Une
is broken, This prevents the loes of fluld
which the Investlgator needs to retaln.

Bhould the flask bo used ohly for the re- ~

covery end atorpge of waste fiulds, then the
additlon of a few grams 6f Dow Corning
Antlfoar A o the fask will reduce violent
foaming of fdulds.aspirated Into it, Such fu-
ids.can bo decomtaminnted by introducing
into tho & Buel 5%

. of an icdophor or other appropriate desois °

asse, sufictent decontawminent solution to.
immerse the conients should be odded to the
waste container. The cover should be deajed
with waterproof lape, and the. container
stated and handied for disposal as radivactive

.orsumguﬁun?,nn:au:aqm ummn mpww:n
and underiined. K

holding for 30 minutes and drpln-
ing as abova. .

If the filter becomes contamimated or re= -

quices changing, tha flter nnd fiask con ba

. safely removed by clamping the line batween

fiter-and vacuum source, The flter and flask

should be putpclaved befors tne flter 18 dis-

carded. A new filtor can then be _E«w._“_nn &
iho _ﬁquuG _ﬁagan.
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NOTICES

& SECONDARY RESERVOIR AND FILTRATION APPARATUS

1 Tubiog (%" Thr Y Vll}

2 Fiiraton o medio 1orogr
NJ Cot*605)

3 Disposctie ficer bysemibly | UUpor DFA, Poll Trielly
Micm Corparotion Unan, Mol Catalog Me. MBYZ00IURAL

joss (Bellcs , Vinelond

. K. PACKAGING AND SHIPPING
A. Intreduction .

Federal roguiatlons and carrier teriffs have
been promulgated to cnsure the safs trond-
port of hazardous blologleal materlals. The
NIH Guldellnes epecify shnt all DNA re-

terlald will be ond
shipped in contaivers that meet tha requlre-
ments of these reguintions anc carrlior tarifts.
In ndditlon whed any portion of tho regom-
binant DNA materlal la derived from an
stiologle ngent Lsted lu parsgraph (o) of 42
CFR 72.26 (which la included st the end of
thid ecctlon, page D-85) the labeling requlré-
ments i these regulations and cerrler tarlfls
aball apply.

¥. Packaging of Recombinant DNA Materiais

1. Volumg less thah 5O ml. .

Metericl shall be placed -in a securoly
Closed, watertight contalner [primary col»
tainer (tost tubo, vinl, ete,)] which shall bo
enclosed In a second, durable watortight con-
tolner (secondaty coniainer), Sovernl primary
oontalners moy be eficlosed I o slngle sec-
ondary contatner. U the total volume of &l
ths primary contalners so enclosed does Tot
oxcoed 5O ml, Thp space at the top. botloT.
and s1ded betwreen the primary and secondary
contalners ghell contaln sufficlent nod-
partlculate absorbent materlal to absorb the
entire contents of the primary container(s)
in ¢nse of breakage or leakage. Each set of

To
= ColtEction. Vestal

primary aad secondary containers shall then
be enclosed In an outer shipplng contnlner
constricted of cortugated flberboard, card-
board, wood, or other materlal of equivalent
strength,

Tf dry Ice 1s used ag & refrigerant, it must
be placed putsids the secondory centalner (8).

Deseriptions of this packeging methed sre
glven ln Table T, o

2. Volumes of B0 ml. or Greator,

Moterlal shall be placod In a sccurcly
closed, watertight contalner (primary con-
talner) which shell be enclosed in a second,
duroble watartight ‘container (secondary
container). Sloglo primnary containers shall
not contaln more than 500 ml, of material.
However, two or more Drimary containers
whose combined volumes do not exceed 600

,ml. may be placed in B Single socondary con-
I talner. The space st the top, bottom, and
sldes between the primary and secondary

contelners shall contaln sufielent non-pars
tienlate absorhent materisl to absorb the an-
tire contents of tha primary container(s) in
cnse 6f breaksge or leaknge. Each seb of prim-
ary ond ascondary contaluers shall then he

37

talner and the outer shipping contelner, Not
mgrp than elght socondary shipring cons
tainers mey be enclosed in a slnzle outer
anipplug contaluer. (Tio meximun ampunt
of materials which mey be encloged within
2 singlé outoer shipping contoiner showld not
exceed 2,000 ml.},

If dry icois used as a refrigernnd. it must
e placed-ouislde the secondary conzaiter(s).
IL dry Iee 1s used between the secondnry con-
talngt and the outer shipping contalner, the
shock Absorbent materiel enall be placed ot
that the secandary contalner does ek become
ioose inslde the ownter shipplng cortalner as
the dry ice subllmates.

Descriptlons of packages whick comply
with tho regulations of ihe Department of
‘rransportation {DOT) are glven !n Table IV,

. Labeling of Packages Containing Kecemn
binant DNA Materfals

1, Materials which do hot contaln any
portion of an etlologic agent listed In para-
graph (¢) of 42 CTR 72.25.

Materinl data forms, letters, and other i
farmatien 1dentirying or describing sho mate-
rial should be placed around the cutside of
the secondary cootalner. Place oaly the ad-

. dress 1abel on the outer shipping contulner,

DO NOT USE THE LABEL FOR ETTIOLOGIO
AGENTS/BIGMEDICAL MATERIAL. )

2. Materlolz which contain an¥ pertlon of
an etiologle agent Listed in paragtoph (o) of
42 QFR 72.26.

. .. Moterial date forms, letters, and other in-
. ‘formution ldentif¥ing or deserlbing dhe mate-
.-¥in) should be placed ntound the outsids of

. thg socondary container, In addition to the

address label, the label for Etiologly Agents/
Blomedical Materlal must bo sflliizd o the
cuter shipping container. Thiz lakel 15 de-
seribed 1n paragraph (c) (4) of 42 CFR 7225,

3. Moterinls which contaln any portlon of
a plant pest (plant pathogens) Whioh re 20
deAned by the Department of Agriculture
{USDA). X . i

Meterlsl dats forms, letters, and other
Informetion idontifying or descriing ths
matorial should bo placed around ‘the oui-
side of tho sccondary container. It addition
to the address label, the shipping labels fur-
nished by the USDA ag pert of the General,
Courtesy, or Bpeclal Fermits reeired for
reseirch with and shipment of suth agonts
shall bo afixed to the cuter shipplng con-
talner. L
Pp. Additional Shipping Reguiremenis and

Limitations jfor Recombinaté DNA
Materigly

1, Domestle Transportation.

Oivil Aeronnuties Boatd Rule No. 82 (Air
Transport Assoclation Rostricted Articles Tar~
1r 6-D) requires that a Shipper's Certificata,
depleted below, be, completed and afixed to
all which bear “the FTIOLOGI0

enclosed in on outer con-
structed of corrugated fberboard, cardbonrd,
wood, or othar materlal of equivelont
gtrongth, A Bhock absorbent matariel, in
voluma st least equal to thet of tho ebsorbent
matertal between the primars and secondary
containers, shall be placed at the top, bot-
tom, ond sides between the 'y con-

AGENT/BIOMEDICAL MATERIALS label ro-
quired under the provisions of the Interstate
Quarsntine regulntions [42 CFR Sectlon
72.85{¢} . Tho Certificats must be comploted
in duplicsts and affixed to the outer ship-
plog
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“Fhls s to ccitify thet the contents of this consicnmeat sre properly
abirping macih snd aze packed, marked und laheltcd gnd ars n prope

'NOTICES

descelbed By proper
dor cartlage Ly air
i wid

to sl carrler and

“#nd t0 the EATA Restzisted Articka Regulations'. This consignment 1y

thio the Mwitations '

rescsibed for PASSENGER AIRCRAFTICARGO ONLY Icross oub nonapplicablch.

Number af
. Packages

Specify Each Artlcle Separately
[Proper Shipplog Nomel

Nat Guantity

Classification por Prekage . L. . .

ET{OLOGIC AGENT, poa.

ETLO. AC.

Sulpper

_ Bhipments of yccombinant DNA Materials
éxceeding 50 mi in volume and contaiming
‘any partion of an etlologio ageat lsted In

Date

Tgmatire of Shippen

EmEwﬂ:w_sneaqﬁ.naﬁgnae_aws . .f.,
agent’ lMated 1n parsgraph (c) of 42 OFR E
72.26 must have one or mora of the follow-

Daragraph (e) of 48 CFR 72.26 aro
by DOT zegulatichd, to transport. by cergo
only plreraft. When the volume of & &ifigle
Primary contolier eXceeds the 50 ml limits-
Hor, this restrictlon biust be Indicated on
. tha Bhippar's Certifloate by crosslng out “Pas-
BeNger Alrcraft'’,

© - When dry ice 15 used as a refrigerant an
“ORA-Group A-DRY [OF LABEL" thould be

affized to the ouler abipping container. The -
emount of 4ry oo used and the dato packed

8hould bo deslgnated oh the label.
2, Interaational Transportation.
In additlon to the packeging snd labeling

ing B g on the country
of destination:

(1} Parcel Post Custatna Declaratlon (93
28448} tag,

(3} Parcel Post Customs Decliration (P8
2068-A) label,

(3} Iaternational Parcel Posb-~Instruc-
tions Given by Bender (FOD 2952) label,

(4) Dispatck note (POD 1072} tag.

(5) "Violet Label™, . 5
-/4d) Bhipper's Certificats specided in the
current Inbernatienal Air Transport Associa-
tion Tariff,

of the B ¥
olted,

country r ta are lated,

of
&Nt DNA materlals 1o %hich any portion of

:_. mooSwom.wSm..:nu_uS:
(USPO Publication b1),

TauLs SIL—Description of packeged for material i volume less thw 58 m

.. Vnme
it ter) Primery container Packing

dscoidary contalner

Poking Outor shinping cautalper ! -

torfal a¢ fop, bottom, and
sides thit will com
il corlfants of

et tobe, scrow ap or

18 morimm. .
c- Happet, 1pedt

S0orle. ..... One 20 by 150 mm test tuby
taped sopper or muitip

...« Plasthe sorew csp “botile or ...
Pyrex gless with ki rub-

bar sicppara

Dot Multipie watertight viala or .. .do
tubes; taped Stopperat

oo

Bealod Yinl(e) or emall glua Mompartionlatobaorbontms: Molal can 1.
T4 outslds
urw_“m . melal sgrew oap.

- Motal ean 2%4in diemoler by . do
G-in hig]
2lons gpraw cap.

SRR S

Jecaeee 1 08 moro Irotiouea U Nopa required, but with the
ST comg 308 by 400 ot dargar-

« v «-. Fiberpody; metal scraw enp,
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o oF HEALTH, , AND Wik
raRE; ProLic HeauTe: SERVICE; DINTER TOR

Disgise CONTROL; ATLANTA, OIEORGIA 50380;
TrzEpsonE: {404) 033-3317, Bxv. 3888

SITLT d2--PURLIC HEALTH; CHAPTER 1—PUDLIC
MEALTE EERVICE, DEPARTMENY OF MEALTH,
EDUCATION, AND WELFARE; SVBCHAPIFR, F—

] PaRT
72—INTERETATE QUARANTINE] SURPART C-
SHIEMENT OF CERTAIN THINGS

Sectlon 72.25 of Fart 72, Tille 42, Code of
Federal Regnlations, ls amended 10 read a9
follows:

$7225 Etiologic agents®

{a) Definitions. Ap used in this sectlon:

(1) An "atiologla agent” meand & viable
ricroorganism or 1ts toxln whichk causes, or
may onuse, human diseass,

(2) “diagnostic specimen” means any hu-
man or animnl material eluding, but not
limlted to, excreta, secreta, Blocd and ite
components, tissus, and tlssus fulds being
shipped for purposes of disgnosls,  °

(3) A “blologleal product” means s blo-
togical product prepared and manufoctured

s

NOTICES

BACTERIAL AGENTS

Acttnobarilius—all apeoles.

Arizona hinshawii—ol aerotypes.

Boclilus anthrools.

Bartanciic—all species.

Bordetella—ell species.

BorrcHa recurrentds, B. vincenti.

Bryocella-—all specles, . .

Clostridium  botulinum, CL chewvos, Gl
haemolytioum, G Astolylicum, CL noviH,
CL. agpticnm, CL retand.

Corynebacterium  diphtherice &, equi, C.

i Q. culosts, O,

pyngenes, €. renale-
0

B ) P
Erysipelothriz insidiose.
Escherfchia colt, a1l entoropathogenic sera-

types.
Franeisella (Pasteurella) fulasenais.
Haemophilus ducreys, H. {aflusnzae.
Herellen paginicola.
Hisbotella—all gpecies and il serotypes.
Leptospira interrogans—ell serotypea.
Listeria—all apeoles. . )
Mtma polymorpha.
Merazelia—all Bpecles.
Mycabacierium—all ‘species.

12 spocies,

in wlth the p of @ OFR
Part 10, Licensed Veterinary Biologleal Prod-
ucts, 41 CFR Part 79, Licensed Human Bio-
legical Products, %1 OFR 1303, New drups
for invcstigational use in humens, 8 OFR Part
108, Products for 1
Troatmont of Animals, or 3L CFR 130.3{a),
New drugs for investigational tys in animals,
and which, in accordanco with euch provi-
slona mey be shipped in Interstate traffe,
(b) Tronsportation; etioloople agent mini-
mum packaging requirewténts. No porson
may knowingly transport or cause 1o bo
transported in interstate trafic, directly or

Indirectly, any materinl, lncluding but not
lmited fo, disgnostic specimens wnd. biologl=
el products, or ¥y bes

Nelsserie gonorrhocee, N. méningitidie.

Pasteurellz—all spocies, .

Psgudomonas paeudomallel.

Salmonella—all spocied and BN seroiypes.

Shigella—all species and pll serotypes.

Sphoerophorus necropllorid.

Siaphylocorcus aureds,

Sirepiobocillus monidiformis,

Sireptococous pyogenes.

Tr T
pertenue.

Vibrio fetus, V. cotma, including blotype
i Tor, and V. parahamolylicus.

Yersenia (Pasteureila} peatis,

FUNGAL AGENTE

bl , ond T.

lloved by such person to coniain an etlologic
Agent unless such mnterial m packaged o
withstand leakage of contents, ehocks, pres«

Incident

i { apeoied,
Actinomyces speciea snd Arachnfa propis
oniea),
Blastomyess dermatiiidis,

sure ohanges, and other
to ordinary handilag lo teansportatlon. -
{0} Transportation; eticloglc agents sub-
Jeot to edditional requiremenis, No psrson
may knowingly transport OF ¢ause to be
transported in Interstato tvafle, directly or
indireatly, any materlal, o§rmu .Ewﬂ dleg-

tmanddla.

Crypiococalts neaformand,

Histoplasma copsulatum.

Parecocoidioides brasitfensis.

Viran, RICHETTSIAL, AND OHLAMYDlAL AGENTS

Adenoutruses—human—ai types.

noatlc and

contalning, or rensonably belleved by aweh
Person o conteln, one or more of tha fol-
lowing etlologic agents unless such materinl
1s packaged o accordance With the requirc-
ments speclfied in paragtaph (b} of this
sectlon, and unless, In sddltion, sush ma-
terlal Is packaged and ghipped in secordsnce
with the reqwirements speclficd in subpara-
grapha {1)-{§) of this paragraph:

1The requlrements of this section wro In
eddltion t0 and not in ey of any other pack-
aglug or other requirements for the trana-
portatlon of stiologio ngente ln Interatato
trafie prescribed by the Department of
Tragsportation and other agencles of the
Federal Govariiment, :

Coziella burnetif.

Corsackic A and B virtses—all types.

Cytomegaloviruses,

Denigue virus.

Echoviruscs—all types.

Encephelomyocarditis viris,

Hewmorrhagia fener egenty, including Crimeans
hemorrhogle jeves (Congo), Junin, snd
Mockupe viruses, nnd othore ne yoi un=
defined.

Hepatitts-associaied antigen.

Herpesvirza——all members.

Infeatious bronchitis-fike virus,

Influenzc viruses—all ¥¥PpoY

Lassa virus.

Lymphocytio charlomeningliia virus,

Marburg virus.

Meosles virus,

Mumnps virus,

Parainfitened viruses—all typea
Polfoviruses—all typos.
Poxuiruses—all membere,

v Lympho-

gronutoma group of agenta.

Rabiea virus—all stralns.

Regviruaes—ail typea.

Respiratory syneytial vires,

Rhinoviruses—all types,

Riekatista--all specics.

Bubglla virus,

Stnlagn viryses—all types,

Tick-borne encephalitls sirus complox, in.
cluding Russion spring-summer encepiia-
titds, Kyeserur forest disease, Qmak hemor-
thagic fever, and Cenirgl European en-
cephalitls virudes,

Vacetilo Mrus.

Varicella viras,

Varlola major and Variota minor niruges.

Vesleular stomaits tirizs.

Yetlow fever virua.

(1) Volume 7633 than §0 w1 Materlal
shall be placed in & seourely closed, watar-

. tight contalner (primary contalner (leat

tube, vial, ata.)) which shall ke enclosed In
& pecond, durable watertight container (soe~
ondary cantainer). Soveral primery contalns
ers may bo onglosed In a elngle secondary

. container, If the total yolume of all the pri=

mary containera o enclosed does not exceed
60 ml The space at the top, bottom, and
wides peétween the primary and secondary
contalnera shall comtaln suficlent nonpar-
tlewlate nbsorbent materlnl to ebeorb the
enilre contents of the primary contalner(s)
in cpse. of breakags or leakage. Each set of
primary and secondnry contalnera shall them
Bo enelosed In na guter shipping contalner
conelructed or corrugated fberboard, card-
‘board, wood, or ather materinl of equivalent
atrongth.

(2) Volume 50 ml. or greater, Packaging
of materlal in volumes of 54 ml, or niore
ghall include, in nddition, & zhock sheorbent
material, In volitme st least oqual to that of
the absorbent materlal between the prinory
png secondory containers ab the top, bottom,
nng sldes bebween the secondary contslner
snd the outer shipping container. Slugle

rimory containers shall not contaln more
than 600 m). of materia). However, two or
more primary containers whose comblned
volumes do not exceed 500 ml. may be placed
i o slogle, secondary contalner. Not more
than elght secondary shipping contalners
may be enciosed in a aingle outer rhipplog
conteiner. (The maximum smount of etlo-
loglc agont which may be enclozed within 8
slngle cuter shipplng conteiner shall w0t ex-
ceed 4,000 ml.}

{3) Dry ice. IT dry ice 13 used a5 a relrig-
erant, 1t must bo placed cutside the second-
Aty contalner{s}, If dry ice Ja nsed baktwesn
the secoudary containor and the outor shipe
ping container, the shoek absorbont matetlal
sholl DB 6o ploced that tho secoldary cone
‘tainer tices pot becomo locse Inside iko outel
ehipping containor as the dry ico sublimatos.

{4) Labels, The label for Etlologle Agentsy
Tlomedical Materipl, except for size and colar,
must ba shown?
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XI. TAALNING AT03, MATERIALS AND COURSES

A, SHde-Tape Cassettes

1, Assesament of Risk In the Qancer Virus
Lahoratory (810).

& Effective Use of The Laminar Flow Bi-
clogleal Sefety Cabinet (310).

3. Formaldehyde Decontamination of Lam-
inar Flow Biologieal Safety Cabinets (810),

4. Cert!ficatton of Class IT (Laminar Flow)
RBlological Safety Cabinots (813},

5. Hozard Contzol in the Anlmnl Labora-
“tory ($10).

¢, Bagle Principles of Contamination Con-
1re} (In preparation).

1. S&lection of & Biclogloal Safety Cabinet
{In preparation). These slide tnpe cassettes
are avallablo for purchase [rom the National
Audlovisuel Center. The price for éach is
given above afier the title. Send your order
prépald with a check or money order mada
payablo to National Archlves Trust Fand and
mall to: Sales Branch, National Audlovisual

1ape casEotie, stock number 171679, 18 avall .

while 2o #76 from the Natlonal Safety Coun-
. cif, 425 North Michigan Avenus, Chicago,
Tiinok §J611.

B. Fitmg .

1, Air Sampiing for Mleroblological Par-
ticulates, (M-926) .

2. MwBE.um ‘the rng_.wg_.w. Guines Pig
: {T2618-X).

3; m-:EEw the Laboratory Movse (T2617-
Xp.

4, Infectious Hazards of Bacterlologieal
Techolgues (M-342}.

5. Laboratory Deslgn for Microblologlesl
Safety (ME-1091),

6. Plastic solators; New Tools for Madleal
Research (M-508}.

7, Snfs Handiing o¢ Laboratory Anjmals
{M-456) ,

8, Surface Sampling for Microorganlams
{Hotlac Method) (M-92¢).

D, Burface Sampling for Microcorganisms
(Bwab Method) (M-925).

“These flima are avsllable on loan without
charge from; Medla Resources Branch, Na-
tional Medleal Audiovisuzl Center {(Annex),
Btation K, Atlants, Georgia 30324.

‘The same fAlms (exeopt 2 and 2) can be-

rented oF bought from: Natlonal Audlovis-
ual Center (GBA) (Rents! Branch)={Sales
Branch), Washington, D.C. 20409,

L, Courses

1. Blohazord and Injury Control in the

1 Laboratery, B by tho
‘Unlversity of Minnesots, School of Public
Health ahd tho Natlonml Cancer Insthiute,
Ofee of Research Safoty. Direct lnguirles to
D=, Donald Vesley, Univeraity of Minnesota,

Bchool of Publia Health, 1325 Mayo Memao--
5460,

ral
June A2-2¢, E.—m Los Angoles, CA; October
3628, 1976, Boaton, MA; Decoimbor 7-8, 1978,
Bathesds, MD.

2. Blohnzard Containmenti and Control for

Lo%

NOTICES

AL CUILINE OF A SAFEIT AND OFERATION

MANUEL FOR 4 P4 PACILITY -
A. Purpose .
B. Folicy
@, Responsibility and hcﬁrinn
1: Management.
2. Bupervisor. ;
3, Each Employee. '
4. Pocillty Safety Officer..
5. Bichazard Safety Cominittee,
D, Factlity Assignwent Procedures

E. Reporting of Mafor and Minor Acciderts’

and Injuries, Exposure to Toxic or In-
fectious Materinls, Unsafe Conditlons
and Property unﬂnum-. EE Rendering
Fivat-Aid
F. General Laboratory Safcty
:1. Firo, .
2 Bquipment.
3. Physical.
4. Chemical.
5. Radilogical.
G. Safety Procedures’ Associated with w.u.

{8) Colllns, C. H, Hartley, E, ., and Pils+

.worti, R. 1974, The prevention of laboratory-
. Boquired infecticn, Public Heslth Laboratory

Soryley Monograph Berles No. 6, Hor Majesty's
Stationery Office, London, :

{8) Anon 1968. Good Laboratory Practices
Manual. Nationsl Cancer Instizute, Bethesds,

ioMm, :
<" {10} U.8. Publlc Healih Servise. 1574, NIH
*. Blohazards Bafety Gulde. GPO Stock #1740

00383, Bupt. Documents, U.&, Government
Printing ~ Qittce, ﬂ.m.w’:._mﬂou.r v, 20462,
{23.85)

{11) Bawin, ¢. L, Lemp, J, F., and Bar-
belte, M. &, 1915 ‘Bichezards 5&98329« in
entrifugation. Appl. Micro-

QB Eo:._@ A. and Everall, P, H.. 1872,
Sate disposal of air discharged from centri-
foges. J. Clin. Path. 42,

{13) Hall, ¢. V. 1675. A biologlenl safsty
centrifuge, Hepdth Lab. Sei. 12:104-108.

{14} Roltman, M. and Wedum, A. G. 1066,

hazard Activiticy of the L

1. Personnel Practices.

2, Operational Practlces,
H. Medical Survelllance
1. Facifity Operaitany

1. Personnel Access Procedures.

2. Access Procedure for Fquipment Mate-
rials and Supplies..

3. Malntenance and Support,

4. Zone Classification,

5. Facllity Monitoring Procedures.

G. Housckeeping.
J. Others

1. F ik
ous Materlals. - -

2. Bmergency Progedures.

3. Insect and Rodent Control.

4. Orientation and Trajning,

Appendix D was uwou’#d. hy & Working
Group Consisting ofz

W, Emmiott Barkley (Chalrman), Natlonal
Cancer Institute, NIH.

Monuel 5. Barboelto, Natianal Cancer Insti-
tute, NIH.

Everett Hanel, Jr., m.—.mnmn_nw Cencer Research
Genter.

George 8, . Michaelsen, Schaol of Publie
Heplth, University of Minnesota.

Vinson B. Oﬁhne. Divlsien of Wmmnb_.ﬁy Bery-
tces, NIH:

Warren V. Moém: U_:m_cu of m.amm_:.n_. Serv+
izes, NTH,

John Richardson, Center for Disense Gonbrot.

James. F. Sulllvan, National Animal Disease
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L. INTRODUCTiON

This document provxdes a standard for évaluating the hazards

associated with various etiologic agents and ‘defines minimal

safety conditions for. their management without restricting or

hampering bona fide microbiological investigations. Human

etiologic agents are placed in four classes of increasing hazard. A -
fifth class, composed of animal agents excluded from the United-
States by law and United States Department of Agriculture

(USDA) administrative policy, is described on page 2. The de-

gree of hazard depends on the etiologic agent and the nature

and kind of study in which it is being used. Aerosol studies,

passage in animals, and infection of arthropod vectors markedly
increase the hazard, whereas strict adherence to in vitro experi-
ments decreases the hazard.

Other important factors must be considered When planning
experiments with etiologic agents, particularly with those in
Classes 3 and 4. These factors obviously vary from situation to

situation, and it would be impossible to list all of them.

Therefore, each investigator must use scientific judgment in

interpreting the classification. For example, the public health risk
accompanying animal infection or transmission experiments with
yellow fever in southeastern states where the mosquito vector of -
the disease is prevalent would make them highly inadvisable.
except under the most rigidly controlled conditions, although a
similar experiment in northern states, where natural vectors are
lacking, could be conducted with far less risk.

Another factor that must be considered is whether the agent to
be used naturally exists in the United States. This distinction is
especially important when planning work with disease agents in
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Classes 3 and 4 such as smallpox, which has been eradicated in
> this country. Experiments with such agents should be undertaken
only when valid scientific consideration requires the use of the
particular agents and no less hazardous agent can be substituted
for it. : : -
Anyone planning to‘work with etiologic agents should be aware
of the animal agents in Class 5 which are excluded from the
United States by law (virus of foot and mouth disease) and USDA
administrative policy (African horse sickness virus, African swine
fever virus, Besnoitia besnoiti, Borna disease virus, bovine infec-
tious petechial fever, camel pox virus, ephemeral fever virus,
fowl plague virus, goat pox virus, hog cholera virus, loupmg ill
virus, lumpy skin disease virus, Nairobi sheep disease virus, New-
castle disease virus (Asiatic strains), Mycoplasma mycoides (con-
tagious bovine pleuropneumonia), Mycoplasma agalactiae {con-
tagious agalactia of sheep), Rickettsia ruminatium (heart water)
Rift valley fever virus, rinderpest virus, sheep pox virus, swine
vesicular disease virus, Teschen disease virus, Trypenosoma vivax
(Nagana), Trypanosoma evansi, Theileria parva (East Coast fever),
Theileria annulata, Theileria lawrencel, Theileria bovis, Theileiia
hirci, vesicular exanthema virus, Wesselsbron' disease. virus, Zyo-
nema. farciminosum (pseudofarcy)). :

L. PRINCIPLES OF CLASSIFICATION

. Members from those offices of the Public Health Service (PHS)
and the USDA which have regulatory responsibility for
quarantine and interstate shipment of etiologic agents
participated in the development of the “Basis for Agent Classifi-
cations” which begins on page 3. Therefore, the principles
expressed in the *“Basis for Agent Classifications” are equally
applicable to human and animal pathogens, although the specific
list of agents, with the few exceptions noted, includes only
human pathogens.

The least hazardous agents are in Clasé'l', and those requiring the
greatest restrictions are in ‘Class 4. Since the number of relatively
or completely nonpathogenic agents is very large, listing all of
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them in Class 1 would be impractical. Therefore, all agents which
are not listed in Classes 2 through 4 belong in Class 1. Three
special viruses in Class 1 are listed because the PHS Ad Hoc
Committee on-the Safe Shipment and Handling of Etiologic
Agents considered them suitable for science experiments at a
junior level. Newly recogmzed agents wﬂl be class1f1ed in later
Cdltl()ﬂs '

Basus 'fdr:Ageh{ Classifications S

CLASS 1 :
Agents of no or m1mma! hazard under ordmary condmons
of handling.

CLASS 2 i

- Agents of ordinary potential hazard. This class includes
-agents which may produce disease of varying degrees. of severity
from accidental inoculation or injection or other means of
cutaneous penetration but which are contamed by ordinary
laboratory techniques.

CLASS 3

Agerits mvolvmg special hazard Or agents derived from
outside. the United States which require a federal permit for
1mportat1on unless they are specified for higher classification.
This class includes pathogens whlch requlre special conditions
for containment.

CLASS 4 : : :

Agents that require the most stringent conditions for the1r
containment because they are extremely hazardous to laboratory
personnel or may cause ‘serious epidemic disease. This class
includes Class 3 agents from outside the United States when they
‘are employed in, entomological experiments or when other
entomological experiments. are conducted in the same laboratory
area. .
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:CLASSS P e

Foreign animal pathogensthat are excluded from the Umted
States by law or whose entry is-testricted by USDA administra-
tive policy. (These agents are hsted on page 2 ) ’

Note: Federally hcensed vaccines contalmng hve bactena or
-viruses are not subject to these classifications. These classifica-:
tions are applicable, however, to cultures of the strains used for
vaccine production, or further passages of the vaccine strains.

IIL CLASSIFICATION OF AGENTS®2  ~
A. Classification of Bacterial Agents

CLASS 1
All bacterial agents not included in. higher classes
according to “Basis for Agent Classifications.”

CLASS 2
Actinobacillus — all species except A mallez wluch
" isin Class 3
Arizona hinshawii — all serotypes
Bacillus anthracis _
© Bordetella — all species
Borrelia recurrentis, B. vincenti
Clostridium botulinum,
Cl. chauvoei, C1. haemolyticum,
C1, histolyticum, CI1, novyi,
C1. septicum, C1. tetani
Corynebacterium diphtherige,
C. equi, C. haemolyticum,
- C. pseudotuberculosis,
C. pyogenes, C. renale
Diplococeus {Streptococcus) prieumonige

%. This classification does not include strictly animal pathogens. ‘
2. ‘A PHS permit is required to import any agent or to transfer w1th1n
the United States any agent 1rnported under permit. - Lo

4



Erysipelothrix insidiosa

Escherichia coli — all enteropathogemc serotypes‘ -

Haemophilus.ducreyi, . mﬂuenzae -

Herellea vaginicola : S

Klebsiella — all species and all serotypes

Leprospira mrerrogans = all serotypes

Listeria= all species, :

Mima polymorpha.:

Moraxella -~ -allb-species - S L

Mycobacterig — all species except those 11sted in
Class 3

Mycoplasma — all species except Mycoplasma
mycoides and Mycoplasma agalacnae
which are in Class 5 (page 2)

Neisseria gonorrhoege, N. meningitidis .

Pgsteurelln — all species except those listed inClass

3
Salmonella — all spec1es and all serotypes
Shigella’ = all species and all serotypeés
Sphaerophorus necrophorus
Staphylococcus aureus
Streptobacillus moniliformis
Streptococcus pyogenes

Treponema carateum, T. pallzdum and T. pertenue'" A

Vibrio fetus, V. comma, mcludmg blOtype El To poe
and V. pamhemolyrzcus g

CLASS 3
Actinobacillus mallei*®
Bartonella — all species ...~
Brucella - all species
Francisella tularensis :
Mycobacterium avium, M. -bovis, M ruberculoszs
Pasteurella multocida type B (“buffalo” and other
foreign virulent strains®)

" Pseudomonas pseudomallez*

Yersenia pestis -

+USDA permit also required for import or interstate transport. -

&
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B. Classification of Fungal Agents

All fungal “agents ot included in higlier classes
according to “Basis for Agent ClaSSlflcatIOIlS”

CLASS 2 " i

Actinomycetes (including Nocard:a spemes and .
Actinomyces species and Arachnia propzomca)

Blastomyces dermatitidis :

Cryptococeus neaformans |

Paracoceidioides brastliensis

CLASS 3
Coccidioides immitis
Histoplasma capsulatum
Histoplasma capsulatum var. duboisii

C. Classification of Parasitic Agents

CLASS 1
All parasitic agents not included in !11gher classes‘
according to “‘Basis for Agent Classification.™

.CLASS 2 .
Endamoeba histolytica
Leishmania sp.
Naegleria gruberi
Toxoplmma g{)ndu
Toxodcard canis
Trichinella spiralis
Tripanosome cruzi

CLASS 3
Schistosoma mausoni

D. Classification of Viral, Rickettsial, and Chlamydial
Agents ' B



CLASS 1
Class I includes all viral, rickettsial, and chlamydial
agents not, included in higher classes according
“*Basis. for Agent. Class:flcatlon Specifically
hsted are: -

Influenza virus AJPRE/34

Newcastle virus — strams hcensed for vaccme use m '
Us. ‘ i ’ '

Parainfluenza virus 3, SF4 Strain * -

(These viruses are included because the Committee
agreed that they are suitable for science experi-
ments at a junior level.)

CLASS 2 :

Adenoviruses -- human — all types

Cache Valley virus

Coxsackie A and B viruses

Cyromegaloviruses

Echoviruses — all types

Encephalomyocarditis virus (EMC)

Flanders virus '

Hart Park virus

Hepatitis-associated antigen material

Herpes viruses — except Herpesvirus sintige (Monkey
B virus) which is in Class 4

Corona viruses . L

Influenza viruses - all types except A/PR8/34,
which is in Class 1 |

Langat virus

Lympliogranuloma venercun agent

Meastes virus :

Mumps virus

Farainfluenza viruses — all types except Parain- '
tluenza virus 3, SF4 strain, which is in Class |

Polioviruses — all types, wild and attenuated

i
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Poxviruses — all types except Alastrim, Smallpox,
Monkey pox, an, Whitepox, which, . depending
on experiments, are !in Class 3 or Class 4
Rabies virus — all strains except Rabies street virus,
which should ' be classified in Class 3 when
inoculated into carnivores
Reoviruses — all types
Respiratory syncytial virus -
Rhuinoviruses — all types
Rubella virus .
. Simian viruses — all types except Herpesvzrus §imige
(Monkey B virus) and Marburg v:rus wh1ch are
in Class 4
Sindbis virus
Tensaw virus
Turlock virus
Vaccinia virus
Varicellg virus
Vole rickettsia
Yellow fever vzms 17D vaccme stram

CLASS 3°
Alastrim, - Smallpox, Monkev pox, and thtepox
when used in vitro
Arboviruses — all strains except 1 those in Class 2 and
4 {Arboviruses indigenous to the Umted States
are in Class 3, except those listed inClass 2.
West Nile and Semliki Forest viruses may be
classified. up or down, depending on the con-
~ ditions ‘of use and geographlcal 10cat10n of the - -
: 'laboratory) o
Dengue virus, when used for transm15s1on or ammal
moculatlon experiments
Lymphocytzc chorimeningitis virus (LCM)
Psittacosis-Ornithosis-Trachoma group of agents
Rabies street virus, when used in inoculations of
carnivores {See Class 2.)



Rickettsia — all species except Vole rickettsia when
“used for transmission or ammal moculatmn
expenments - :
Vesicular stomatitis virus* -
Yellow fever virus — wild, when used in vito -~

CLASS 4
Alastrim, Smallpox, Monkey pox, and Whitepox,
' _when used for transmlssmn or ammal 1nocu1a-"
tion experlments ‘
Hemorrhagic  fever agents, including C’r:‘iﬂean_
hemorrhagic fever (Congo), Junin, and
Machupo viruses, and others as yet undefmed
Herpesvirus simige (Monkey B virus) '
Lassa virus
Marburg virus
Tick-borne encephalitis virus complex, mcludmg
Russian spring-summér evicephalitis, Kyasanur
forest disease, Omsk hemorrhagic fever, and
Central European encephalitis viruses
Venezuelan equine encephalitis virus, epidemic. .
- strains, when used for tranSmlssmn or animal
inoculation experlments o -
Yellow fever Wirus — wild, when' used for trans-
n‘ussmn or ammal moculatlon experlments

v LEVEL. OF COMPETENCE AND PHYS!CAL

CONTAINMENT RECOMMENDED FOR EACH CLASS

The followmg recommendatl(ms deSCI'Ibe the level of competenoe

and physical containment suggested for workmg w;th agents of
each Class,

*USDA permit also required for import or interstate transport.

-9
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CLASS 1 S
_ Distribution to all users; no special competence or contam-
merit requ1red

CLASS 2 - : : ‘
Distribution to -laboratories ‘whose staffs have levels of
competency equal to or gre'ale'r' than' orié -would expect ‘in-a
college department of microbiology. Requests for agents in Class '
2 are placed on institutional letterhead. :

CLASS 3 i

Distribution to laboratnrles whose staffs have: levels of -
competency equal to or greater than one would expect in a
college department of microbiology. and who have had special
training in handling dangerous agents and are supervised by
competent scientists. For aerosol studies, passage in animals, and
infection of arthropod vectors, the laboratory should be located
in a geographical area in which the chance of accidental
establishment of the agent in a susceptible ecologic focus is
minimal. Requests for agents in Class 3 are signed by the
chairman of the department or the head of the laboratory or
research institute where the work w1ll be carrled out. Conditions
for containment include: Co

"1 A controlled access facility: suite or room separated

from the activities of individuals not engaged in handling

- Class -3 agents and from the general traffic pattem of the
rest of the building or iaboratory :

()

Negative air pressure is maintained at the site of work in
a preparation cubicle or under a hood. Air is recirculated
only after it has been adequately decontammated
through high efficiency filters.. :

“3. Animal experiments, including cage sterilization, refuse
handling, disposal of animals, etc., are conducted with a
level of precaution equivalent to conditions required for
laboratory experiments. '

4. Personnel at risk are immunized against agents for which
immune prophylaxis is available..

10



CLASS 4

Distribution to laboratories whose staffs have levels of
competency equal to or greater than one would expect in a
college department of microbiology and who have had special
training in handling dangerous pathogens and are supervised.by ...
competent scientists. For aerosol studies, passage in animals.and
infection. of arthropod vectors, the laboratory should be located
in a geographic area in which the risk of accidental establishment -
of the agent in a susceptible ecologic focus is minimal. Requests
for agents in Class 4 are signed by the director of the institute or
laboratory where the work is to be.carried out. Conditions for
containment include all those requ1red for Class 3 agents and the
following:. -

1. Work areas are in a facility which is in effect 2 separate i
' building, or they are separated from other work areas by
effective airlocks. =

2. If the work area is not in a separate bulldmg, the entire
area used for Class 4 agents has a separate air exhaust
~and negatwe pressure with respect to other areas of the
building. Exhaust air is decontaminated by filtration.
through high efflclency filters or by some other suitable .
process. Class 4 agenis are mampulated only in safety
cabinets equ1pped with absclute filters.

‘3. Access to work areas is restricted to mdmduals
immunized or otherwise _under specific control,

4. Protective clothing is worn, and it is decontaminated
before being removed from the laboratory area.

5. When an agent is used in entomological experiments, the
windows, walls, floor, ceiling, and airlock of the work

. area are insect-proof, and pure pyrethrum insecticide or

a suitable insect killing device is available in the airlock.

Y. GENERAL SAFETY .

The best way to maintain‘laboratory safety is to practice correct
and careful laboratory techniques, including effective decon-

11
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tamination and sterilization procedures, at all times. The labora-
tory’s isolation and containment requirements are to supplement,
not to supplant, good laboratory practice and sound scientific
judgment. However, ‘in ‘an ddequately isolated- and properly
equipped laboratory with correctly directed airflow, a scienti-
fically and technically competent irivestigator can confidently
work even with the most hazardous agents, provided the safety
cabinets are selected to meet the requirements of the work, Of
the several available cabinet types, the investigator should select
the one which meets requirements for the maximum risk he
expects to encounter. '

The Office of Biosafety of the Center for Disease Control,
1600 Clifton Road, N.E., Atlanta, Georgia 30333, is available for
consultation on the handling of etiologic agents.

YI. FEDERAL REGULATIONS COVERING
ETIOLOGIC AGENTS

Several Federal agencies have regulations which cover the impor-
tation, interstate shipment, and safe packaging of etiologic agents.
Even though the requirements of the agencies differ somewhat,
the same safety principles should apply to all shipments. The in-
vestigator who wishes to import etiologic agents from abroad or
to forward imported agents to other laboratories should be aware
of and observe the restrictions, thus avoiding delays, unpleasant

situations and embarrassment.

 The principal agencies concerned with-:the transportation of

etiologic agents are the USDA and the PHS. The following should
be consulted for current regulations and requirements:

1. For importation or interstate transportation of agents
which are animal pathogens:

Chief Staff Veterinarian

Organisms and Vectors

Veterinary Services, APHIS, USDA
Federal Building

Hyattsyille, Maryland 20782

12



2. For importation and interstate movement of agents that
L cause human d1sease e

Center for Dlsease Control
- Attn: Offlce of Biosafety
_ Atlanta Georgla 30333

*¥[n. the case of zoohotic: agents both the USDA and' the PHS should be
corsulted . e e . R
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DEPARTMENT OF HEALTH,
EDUCATION, AND WELFARE

National Institutes of Health

RECOMBINANT . DNA RESEARCH
GUIDELINES

Dratt Environmental impact Statement

On' Wednesday, June 23, 1076, the
Direcior of the Natlonal Institutes of
Health, with the conourrence of the See-
retary of Health, Equeation, and Welfare
and the Assi.sta‘nb Secretary for Health,
issued Guidelines that will govern the
conduct of NIH-supperted research on
recombinant DINA molecules.

The decision by the WIH Director to
release the Guldelines was reached after
extensive scientific and public airing of
the issues. The issues were discussed at
public meetings of the Recombinant DNA
Molecule Program Advisory Committee
(Recombinant Advisory Committes) and
the Advisory Commitiee to the NIH
Director,
Committee debated three different ver-
slons of the Guidellnes guring this period,
and made detailed recommendations to
the NTH Director on how this line of re-
search could proceed effectively with
maximurti protection of workers and the
environment against possiblé hazards,

The Advisory Committee to the NIH
Director, augmented with consultants
representing law, ethies, consumer af-
falrs, and the environment, was asked, to
advise on whether the propesed Guide-
lines balanced responsibility to proteet
the public with the potential benefits

through the pursuit of new knowledee, .
Thé many points 0f view expressed at an. -
.open meeting-of the Commitiee on Feb-.

rusry 9 axd 10, 1876, and in subsequent,

correspondence, were taken into -con~

slderation In the Director's decislon.

. A number of public commentators
‘urged NTH to consider preparing an en-
vironmentz]l impact statement on re-
combinant DNA research activity, They
evoked the possibility that organisms
containing recombinant DNA malecules
might escape and affect the environment
In potentially harmful ways. It should be
ncted that the development of the guide-
lineg was In large part tanfamount ta
condueting an environmental impact
assessment. For example, the objectives
of recombinant DNA research were con-
sidered and the potentinl hazards and
risks analyzed. Possible alternative ap-
proaches to the objectives were thor-
oughly explored, to maximize safety and
minimijze potential risks, And an elab-
orate review stiucture to ensure safety
has been created.

The Guidellnes ave premised on physi-
cal and biofogical gontainment to. pre-
vent the release or propagation of DNA
recombinanis outside the lahoratory.
Dellperate release of organisms into the
environment Is prohibited. The stipulated
physical and blological containment en-
sures that this research will proceed with
a high degree of safety and precaution.

With s view to prometing public un-
derstanding of its issuance of the Gunide=
lines, NIH conducted en environmental
impact sassessment and prepared the

The. Recombinant Advisory &
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present drafi envimnmental 1mpact

statoment in accordance with the Na- .

tional Environmental Polic.y Aci; ol.' 1069,
Netice of the avallabllity of this deciz-~
ment appesred In the FEDERAI.

2. Expected benefits of DNA recoms
hinent resel
2. Long-ratge implloations,
4. Possitle deliperate misuse.
V. Description or thu pmpoaed Betlon,
Vi D

of Beptember 2.

In ordér to.extend the opportunity for
piblic comment and cohsideration, the
present - draft . environmental impdct
statemrient is offered for general comment.

Please address any comments on this’

draf} statement to the Director, National
Institutes of Health, 9000 Rockville Pike,
Bethesda, Maryland 20014, A1l comments
should be submitted by October 18, 1976,

Additlonal coples of this draft are

avallavle from Dr, Rudolf. G. Wanner, |

Associgte Director for Environmenial

Health and Safety, Building 124, Room | }
4051, Naticnal Tnskitutes of EHealth, 8000-
Mﬂryland :

Rockvme Pl.ke,
20014,
Duted August 26, 19‘16.
DONALD S. FREDRICKSON,

Director,
National Institutes of Heatth.

DRAFT ENVIRONMENTAL IMPACT STATEMENT
GiFDELINES- FOR RESEARCH. INVOLVING RE-
. COMBINANT DNA MOLECULES =
NATIONAL INSTITUTES OF HEALTH
BETHESDA, MARYLAND
August 19, 1978
GUIMELINES FGR ReSEARCH INVOLVING
RECOMBINANT DNA MOLECULES
Naticnal Institutes of ‘Heslth, Public Hoalth
Bervice, DHEW, Rethesda, Meryland

Bethésda,

(XY ety . ~( )-Final Environmental:
Impact Statement.
Naine of detlon Lo '
' (X) Adminlstrative - .} Legisiative
Adtlon, T oL
Addittonat Fiformation

the o
sction, Including techrical 460HEOTS porti-
mny be

nent to this

2. Nos a-:mm.
B. NIH prohibitlon Df mndi'ng of all
with

DNA,
€, Devoloptient of different guldelines.
D. No gutdelines but NIE conslderation
of each proposed prolect on an in-
dividual basls before funding.
E. General Federal  regulation of -all
such research. . =
VIT. Environmental impact of the guidelines.
A. Impact of .issuance of NIH gulde-
lines; "¢
1. Impact tn the safety ©f labora-
tory -~personmel and on the

spread of- possibly hpzardous
agents’ hy
persorinel;
2 Tmpact un

infected.- m‘mrat.ory

tne envlrunmentn.l
Posstbly hazardous

N2

. 4. Becondary impacta..
B, -Impect of . experiments conducted
. . undor the gildelinea.
1, Fossible undesitable Impacts,
2, Beneficlal impacts of DNA recom-
blnant research..

i - APPENDICES

ng.

. Dacuments des::rlb!.ng the Imple-

mentation of the guidelines.
D. /Recomblnant DNA Research™ con-
taining *Declalon of the Director,
Natlonal Institutes of Health to
Relanse Guidelines for Research
. on Recomblnent DNA Molecules™
N ' and "Guidelines for Rescarch In-
volving Recombinant DNA Mole-
cules” as published In the Frozrar

REOISTER, PmII July'r 1378, -

I‘onxwom)
Renem: develnpments i1 - molecular
genetics, particularly in the lost 4 years,
open avenues fo science that were previ-,
ously ir ible;. In the “ binant

from;

Dy, Donald 8. P‘mdrlcbnn, Director, ‘Nae
tional Institutes of Health, B000 Rockyille
" Pike, Bethesda, Maryland 20014, Tele-
phone! (301) 496-2438.

A . ~

A copy of .the “Guldolines for Research

Invelving Recomblnant DNA Molecules” 1s
aftoched. (Appendix D)

I:OMMENI'H

The Depﬂrt-mant in issulng thls drnﬂ: 13

n the ureey of the

factual lnlﬂl‘matlun (lncludlng the absence

of relevant matorial) and projections con-

‘talped thereln. Comments shall be submitted
* by Qctober 18, 1078, the Ceuncll on Environ-

mental Quallty weekly notice in the FmaraL

‘RecisTER, Address comments. to. Pr, Doneld

8. Ftedrlckson.

cwnurs
I. Foreword.
IL. Authorlty.
T, Objective of the NTH Actier. R
IV, Background.
A. Desoription of the recombinant DNA
experimental process,
B. Events leading to the development
of guldelines.
¢, Descriptlon of Issues m!sed by res

R combinant DNA reséarch, P

1. Posslble hazardous sitiations.

DN experiments. - cunsldereﬂ here,
genes—deoxyribonucleic - acid (DNA)
molecules—{rom vyirtually any living
organism can be transferred to cells of ,
certain completely. unrelated organisms.
For example, the genes from one species
of bacteria have been' tramsferred to
bacteria of another gpecies. And: genes
from toads and from fruit flies have
been introduced into - the bacteritm
Eschertchia coli. 5

If the reciplent bacterium iy then
allowed to multiply, 1t wil propagale
these newly acallired genes as part of its
own genetic complement. It appears
Ekely that any kind of gene from any
kind of organism could ke Introduced
into E. coli and certain other organisms.

This abllity to join.iogether gemetic
materiai from two different sources and
to propagate these hybrid elements in
bacterlal and animal celis has resuited
in a profeund and gualtative change in
the field of genetics. Naw, for the first -
time, there Is a methodelogy for erassing
very large evolutionary b&undaries, ang
for moving genes between orgenisms that
are believed to have prevlously had listle
genetic contact
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‘The promise’ of - recombinant DNA
research for better understanding and
improved treatment of human disease is
great. There is also a possible Tisk thab
microorganisms with foreign genes might
cause disease or alter the environment
sheuld. they escape from the laboratory
and, infect human belngs, animals, or
plants, However, In the shsence of fur-
ther experimental data neither the bene-
fits mor the risks can be precisely ldentl-
fied or assessed.

On June 23, 1976, the Director of the
Netional Institutes of Health released
Guidelines governing the conduct of
NIH-supporied research on recombinant
DNA molecules (See Appendix D). Pro-
muigation of these Guidelines followed 2
vears of Intensive discussion and debate
within the sclentific community and NIE
itself, with public participation, comecern-
Ing the possible hazards of such research
and the best means for averting them, al-
thongh the possible hazards reémain
specwiative. The Guidelines prohibit cer-
taln ¥inds of recombinent DNA experls
ments and, for those experlments that
are berroitbed, they speeify safety pre-
cautions and condifions designed to pro-~
1ect the health of 1ahoratory workers, the

. general public, snd the environment

should the putative hazards prove real.
‘The Issuance of Guidelines establish-
ing conditlons and precautions with re-

spect to such experimenis 1s viewed by -

NI as a Federal action that may
elgnificantly. affect the quality of the
humsan environment, and NIH Director
Dr. Donald 8, Fredrickson ordered the
preparation of this statement pursuant
10 the Natlonal Environmentzl Policy
Act,

Although NEPA assumes that such
Federal acilons will not ke taken until
the NEPA procedures are completed, the

- Director of NIH concluded that the pub-

He¢ interest required immediate issuance
of the Guidelines, rather than deterral
for the months that would be reguired
for completion of the NEPA process, This
was because the escape of potentially
hazardeus organisms was more likely n
the absence of NIH action. Further,
prompt issuance of the Guidellnes was
believed necessary in order fo promote
thelr -acceptance by sclentists . in- the
Unlted States and abroad who do .not
come under the purview of NIE.

Issuance of and compliance with the

CGuldelines 15, in itself, ezpected to de-

cremse the chance of any detrimental

environmental Impact. However, since
there has been little actual experience to
date with recombinant DNA experiments,
the Indicated confidence in the Gulde-
lines rests essentlally upon the judpmens

of sclentists, Their confidence is based on

iwo premises. ¥irst, it 1s belleved that
the containment measures specified In
the Guidelines make the escape of poten.
tially harmiul recombinant organisms
into the environment kighly improbabls,
Second, it 1s believed that, ever ¥ an
experiment performed in accordanee
with the Guidelines does result in acel-
dental release of recombinant organisms,

- adverse effects will elther not occur or

not he serious.
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Tn the absence of an adequate base of
data derived frém either experlments or
experience, it must. be recognized ihat
future events may not conform to these
Judgments. There is some statistical
probability that recombinant organisms
will fing thelr wry into the environment
either from experiments .under NIH
auspices or from the activities of sthers.
It 1s not difficult to construet scenarios in
which injury could result. Alfhough the
possibility of sigpificant envirenmenial
consetuences is entirely speculative, the
chance of an event that could couse
severe injury, however low the probabil-
ity, must be treated as an environmentat
impeact, .

The NIH Guidelines, In addition 1o en-
suring the safety of NIH-supporied re-
searchers, the general public and the
environment, are serving as a model for
cther lahoratories througheut the world,
thereby promoting environmentsl pro-
tection -beyond that achievable through
other actions available fo the Federal
Clovernment, And the experiments them-
selves may be expected ultimately to lead
to an increase of knowledge and the ad-
vancement of medicine and other
sciences,

Although the action In. question—that
Is, Issusnce of the Guldelines—hns al-
ready been taken, the Director of NIH
Belleves that the NEPA review will fur-
ther enlighten the public-and focus ate
tention on the important issues involved,
in the interest of gaining the under-
standing ang views of the broadest pos-
sible segment of the Amerjcan people. ITn
Issuing the Guldelines, the NIH Director
pointed out that they will be subject to
continuous review and modification in
the lght of changing circumstances,
Constructive modification could resuit
from Information recewed durlng the
NEPA process,

II. ATTHORITY

'Fhe Federzl actien discussed in this
document is paken under the authority of
Title IITI of the Public Health Service
Act—~GCieneral Powers and Dutles of
Publlc Health Service; Part A—Re-
search and Investlgation; sections 301
and 307 (42 U.8.C. 241 and 2421}

III, OBJECIIVE OF 'THE NIH ACTION

The objective of the proposed action-—
release of the NIH Guidelines—is the
protection of laborntory workers, the
general public, and the enviromment
frem infection by possibly hazardous
agents that Inay . result from re-
combinant DNA research, The Guide-
lnes are. mesnt to ensure that experi-
ments Involving recombinant DNA
molecules and which are supported by

"NII, are carried out under. conditions

and safeguards that minimize the possi-
bility of the harmful exposure of any
human being or other component of the
environment to these possibly hazardous
agents.

It Is NIF poley that all work sup-
ported by NIH, either in its own labotan~
torles or through grants or contracts to
various organizations, must be carrled
out according to the Guidelines, As part

36427 -

of this chjective, the Guidelines describe ~
procedures that will be used to ensure-
Implementation, A further chiective of
establishing the Guldelibes 5 70 In-
Huence, to the extent possible, other
Federal, non-Federal, and forelgn or-
ganizations'in thelr efforts to assure that
recombinant DNA experiments will be
carried out with mintmal risk to labora-
tory workers, the general publis, and the’
environment,

IV. BACKGROUND _

A. DESCRIPTION OF THE RECOMBINANT DNA
LXPERIMENTAL FROCESS

All Uving things, from subcellular
particles to higher organisms, require
specific Jaformation for their reproduce
tion and functions. The basle source of
this infermation is deoxyribonucleic acid
(DNAY, which is the prinejpal substatce
of the genes, the units of heredity (1).
Each, cell of an organism is composed of
varlous organized siructures, several of
which contain "DNA. Figure IV-1 -
lustrates a typleal cell.

Fieurz IV-1

DNA plays fwo roles: {1y -Pravides In.
formation for the reproductlon, growth,
and functions of the cell, and {2} pre-
serves and directs replication of this In- .
formation and transfers it to-the off+
spring. These two roles of DNA are com-
mon to animals, planis, single-cell or-
ganisms, and many, viruses. The DNA of
cells 1s mainly found in orpanized struc-
tures called chromosemes,

Infracellular DNA also-oceurs outside
of the chromosomes as separacely rep-
licating-molecules. Such DNA molecules
Include the plasmids, found in Sacteria;
the DNA of chloroplasts, common to
green plants; and the DNA of mito.
chondriz, the energy-producing units of
the cells of complex organisics, These
DNAs, while not strictly part of the in-
herent genetic Taake-up of & eell, help
deflne the cell’s functional capability.
Another type of DNA commonly feund in
cells 1s the DNA of infecting viruses.

In the past 30 yesrs the stracture of
the DNA molecule has been stzdied -
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tensively, and it can now be described in
much detal. The molecule may be com-
pared to 5 very long, but twisted.step-
ladder with thousands to milliens of
rungs (shown In Figure IV-2). The sides
of the ladider are formed of sugar mole-
cules (deoxyribose} attached end to.end
through phosphate groups.. At right
angles to each sugar moleculs 1s one of
four possible hases—adenine, guanine;
thymine, and cyiosine. The preclse se-
quence of these bases, the rungs of the
ladder, codes the informatlon content.
The “reading” of the code contained in
the sequence of bases results in the for-
mation of protelns which in twn permit
the essential functions of the cell,

A gene Is a portion of the DNA mole-
cule which codes for the manufacture
of a single protein. In higher organisms,
much of the DNA may not Serve 25 ganes

in this sense, but may réegulate the

activity of nearby genes. It Is possibie to

break open cells and Isolate DNA free of )

other cellular constituents. .

Fioore IV-2

In recombinant DNA experiments,
DNA 18 first. jsolated from two different
cell types. Each DNA is then brokexn jnto

segments. Each segment may contaln one .

or more. genes; or 1 may ¢ontain & por-
tion of the DNA that lacks functional
genes, The hreaking 1s accomplished by
means of bacterlal enzymes (restriction
endonucleases), which cut the DNA in
such a& way that the chemieal structure
at the ends of the segments permits In-
terchangeable rejoining when the two
different' DNAs are mixed, In thls way
single DNA molecules containing por=
tions of the two different DNAS are con-
strueted. The DNA recombined in these
experiments can be derived from widely
dlvergent sources. The DNA from one of
the sourees serves as 2 earrier, or veeter,
for the insertion of the recombined DNA
inte a ee2ll, or host. The vector may be
DNA from z virus or a plasmid, Usually
derlved. from the same specles as will
serve ns the host of the recombinant
DNA. From a.growth culture of the host
cells, those containing the DNA frag-
mént of particular interest are selected

NOTICES

and allowed to multiply.'The resuiting
rpopulation of identical cells.is called a
*elone,” In some experiments the DNA
will be extracted from the cells for

study; in others, the properties of the.

cells themselves will be investigated, - |
In the experl ts d d in the

tions, and the polentizl hazards, had be«
come apparent ab the Gordon Researcly.
Conjerence on Nuclele Acids in July 1973, .

Those in attendance voted to send an -
open letter to Dr. Phillp Handler, Fresi- -

dent of the National Academy - of.

Guldelines, the host cells ara generally
single-cell microorganisms such as bac-
terla, or animal por plant cells that were
originally obfained from living tissue but
are grown as single cells under special
laboratory conditions,

The process of producing recontbinant
DNA molecules and ingroducing them
inte cells is 1llustrated in Figure IV-3,

Froume IV-3

The cell represented at the upper lets con-

tains <hromosomel DNA and cseveral sep- .

1 and to Dr. John R. Hogness,
President of the Institute of Mediche,
INAS. The letter, appearing in “Selenc
(2), suggested that the Academy “estab- |
lish s study committee to consider this -

problem and to recommend speciflc ac- |

tlons or guidelines, sheuld that seem
appropriate,” ¢

Tn response, NAS formed & committee, .
. a_md its members published another letter: .

in “Secience” in July of 1974 (3}. Under
the title “Pctential Blohazards of Re- .
combinant DNA Molecu.]as." the letter
proposed:

First, and most i.lnporta.nt. that until the
potential hazards of auch recombinant DNA

molecules have been better eveluated or until
sdequate-methods are developed for pravent-
ing their spread, sclentists throughout the

world join with the members of this com= .

mittee in yoluntsrlly deferring * .* ¥ [cor-
taln] experiments * * &,

Becond, plans to lnk imgmenta of anl- "

mal DNAs to bacterlal plasmid . DNA or
bacteriophage DNA should he carefully .
welghod * * *.

‘Ihird, the Director of the Natlonal Eno

‘stitutes of Health 13 requ-ted to glve im=

arately replicating DNA ‘The non-
ehromosomal DNA moleciles ean bo isokated
from the ¢ell and manipulated to serve as
vectors {carrlers) for DNA- from a forelgn
cell. Most DNA molecules used us vectors n.re
gircular. They can be cleaved, as showh,
enzymes (restrictlon endenucleases) to ylelg
Hnear moleculed with refeinable ends.

At tho upper ripht is znother ¢ell, repre-.

sented here as a rectangle. It Ferves as the
source of the forelgn PNA to be lnserted in
the vector. This DNA can also boe eleaved by
enzymes, The rectangulsr tell could be de-
rived from nny iving specles, and the foreign
DNA might confain chromosemal or pon-
chromasomal DNA. or both.

In the next steps, the forelpn DNA frag-
ment 16 mized and combined with the vecior
DNA, and the recombluant DNA s reinsertad
intp a host cell. In -most experimenta this
hosat coll will be of the same ppecles rs the

* source of the vector, The reciplent celle ave

then placed under condlitons where they

grow nnd multiply by - division. Each new

cell will contaln recombinant DNA. :

B. EVENTS LEADING TO DEVELOPMENT OF
GUIELINES

on June 23, 1976, the Dlrector NIH,"

released "Natlonal Institutes of Heaith
Guidelines for Research Involving Re-
combinant DNA Molecules” (see'Appen-
dix 1) ; This action was approved by the
Secretary of Health, Education, and Wel-
fare and the Assistant ‘Secretary for
Health. The Guidelines established care-
fully controlled conditions for the con=
duct of experiments involving the inser-
tion of recombinatn genes Into orga-
nisms, such as bacterla. The chronology
leading 1o the present Cuidelines amd

the decision to release t.hem are: o=

lined below.

It-was some of the sclentists engaged
in recombinant DNA research who calted
for a moratorium.cn certain kinds of ex-
perlments™in_order to, assess the risks
and devise appropriate guidelines, The
eapability to perform DNA recombina-

ng an ad-
visory committes \:‘nnrged. with (1) oversee-
ing en experimental program to ovaluate

the 1 ond 1 haz-
erds of the ubove types ut recomblnant DNA
which

il mlnlml.z» the- spl‘ea.d. of such molecules
within humsan and other populstions; and
{41} tobhe by In-
vestigators worklng with potentlally hazard-
ous recombinant DNA molecules,

Fourth, an internntional meeting of 1a-
volved sclentista from all over the world

.should be convened early in the coming year

t0 revlew sclentific progress In this nrea and
to further dlscuss eppropriate ways to deal
with the potential bichazavds of recom-
blpant DNA molecules.

- On Qetober .7, 39'14. the NIH Recom-
binant DNA Molecule Program Advisory.
Committee (hereafter “Recombinant -
Advliscry Committee”) was established to
advise the Becretary of HEW, the, As-.
sistant Secrefary for Health, and the Di~
rector of NIN” concerndng & program .
for develeping procedures which . will
minimize the spread of such molecules
within human and.other populations,
and for devising guidelines to be followed
by investlzators working with poteutially
hazardous recombinants.”

The internationsl meeting proposed
in the “Sclence” article (2) was held in
Fepruary 1975 -at the Asilomar Confer-
enge Center, Pacifle Girove, California. Et
wag spensored by the National Academy
of* Sclences and supported by the Na-.
tlonal Institutes of Health and the Na-
tional Selence Foundation. One hundred

_and fifty people aitended, including 52

foreign scientists from 15 countries, 16
representatives of the press and 4
attorneys.

The conference revlewed progress. in
research on recombinant DNA malectles
and discussed ways to deal with the po-
tentlal biohazards of the work. Partic~
ipants- felt that experiments on con-
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struction of recombinant DNA mole-
cules should preceed: Prounided, that ap-
propriate contalnment is utilized. The
conference made recommendations for
metching levels of containment with
levels ¢f possible hazard for various types
of experiments.
were Judged to pose such serious potens
tial dangers that the conferance recom-
mended against thelr being conducted at
the present time, -

A report on the conference was sub-
mitted to the Assembly of Life Sciences,
National Research Council, IWAS, and

' approved by its Executive Committee on-

May 20, 1975. A summary statement of
the report (4) was published in “Sclence,
Nature,” and the “Proceedings of the
Natlenal Academy of Sciences,” The re-

port: noted that “in many countries steps -
are already being taken by national -

bodies to formulate codes of practice
for the conduct of experiments with

known or potentlal blohazards. Untfl
these are established, we urge lndlvidual_

sclentists to use the proposals ih
document 2s a guide.”

The NEH Recombinant Advisory Com-
mittee held 1is first meeting in San Fran=-
ciseo Immediately afier the Asilomar
conference, It proposed that NTH use the
recommendations of the Asllomer con-
ference as guldelines for research unil
the committee had sn opportunity to
elaborate more specific guidelines, and
that NIH establish & newsletier for in-~
formal distribution of information, NTH

these r

At the second meeting, held on May
12-13, 1975, n Bethesda, Maryland, the
committee recelved a report on biohaz-
ard-containment facilities In the Unlied
States and reviewed a proposed NIH
contract program for the construction
and testing of mioroorganisms that would
have very lmited ability to survive in
mnatural environments and would thereby
1imit any -possible hazards. A subcom-
mittes chalred by Dr, Dayld Hoguess wds
appointed to draft guidelines for research
Involving recombinant DNA moleculss,
1o be discussed at the next meeting.

The NIH comunibtee, beginning with
the draft guidelines prepared. by the Hog-
ness subcommittee, prepared proposed
guldelines for research with recombinant
DNA molecules at its third meeting, held
on July 18-19, 1875, In Woeds Hole,
Massachusetis, N

Following this meeling, many letters
were received which were critical of the
guldelines, The majority of critics felt
that they were tog lax, cthers that they
were too strict. .The committee reviewed
ail letters, and a- new subcommitfes,
chalred by Dr, Blizabeth Eutter, was ap«
polnted to revise the guidelines.

A fourth committee meeting was held
on December 4-5, 1975, in La Jolla, Call-
fornla. For this meeting a “variorum edi-
tion" hadbeen prepared, comparing line-
for-line the Hogness, Woods Hole, and
Eutter guidelines. The committee re-
vilewed these, voting item-by-item for
their preference among the three varfa«
#lonz - and, In many cases, adding new
material, The result was the “Proposed
Guidelines for Research Involving Re-
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combinant DNA Molecules,” which were -

referred to the Director, WIH, for 2 final
decision In December £975.

. 'The Director of the National Institutes
of Health called a speclal meeting of the

- Advisory Committee to the Director to

teview these proposed puldelings. The
meeting was held ‘at NIH, Bethesda, on
Fehruary.9-10, 1876. The Advisory Com-
mittee is charged to advise the Directér,
NIH, oh matters relating to the broad
sett.ing—msciuntiﬁc, ‘technological, ‘and
secioeconomic—in which the continning
development of the blomedical sclences,
education for the health professions, and
biomedical communications must take
place, #nd to advise on their implica-
tlons for NIH policy, program develop-

-thent, resolirce allecation, and admin-

istration. The members of the committee

“are knowledgeable in the fields of basic
- and clinical biomedienl sciences, the so-

cial sclences, physical sclences, research,
education, and eommunieations. In nddi-
tlon to cwrrent members of the comult-
{ee, the Director, NTH, invited a number

of former comunittee members as well ag’

other sclentific and public representa-
tives to particlpate in the special Feh-
TUATY sesslon.

The purpese of the meeting was 1o seek
the committee’s advice on the guidelines
proposed by the Recombinant Advisory

ommittee. The Advisory Corumittee to
the Dirécter was asked whether, in their
judgment, the guldelines balanced

- selentific responsibility to the publle with

sclentific freedom to pursué new knowl-
edge.

Pubiic responsibility weighs heavily in -

this genetic research area. The sclentific
community must have the public’s con-
fidence that the goals of this profoundly
important research accord respect to im-
portant etbleal, legal, and social values
of our soclety. A key element In achlev-
ing and maintainine this publie trust Is
for the scientific community to ensurs an
openness and candor in its proceedings.
Representatives of the infernational
press were invited to the Asilomar con-
ferenge, and the proceedings received ex-
tensive coverage. The meetings of the Di-
rector's Advisory Committee and the
Recombinant Advisory Committes have
aiso reflected the Intent of science to be
an open community in considering the
conducet of recomblnant DNA experi-
ments, Notification of all the meetings
was published in the FEDERAL REGISTER
and all the meetings were attended and
reported by representatives of the press.
At the Director's Advisory Committes
meeting, there was ample opportunity
for comnment 2nd an airing of the issues,
not only by the committee members but
by public witnesses as well. All major
polnts of view were broadly represented.

The guidelines Were reviewed in ight
of the comments and suggestlons made
By participants at that meeting, as well
25 the written comments received after-
ward, As part of that review the Recom-
binant Advisory Committee was asked
to conslder at its meeting of April 1-2,
1978, & number of selected issues ralsed
by the commentators, Those lssues and
the response of the Recombinant Ad-
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visory Commitiee were taken Into ac-
count in arriving at the final decision
on the Guidelines,

‘The history of the events and discus-
stons leading to the development of the
Guidelines are described in greater de-
tall in the “Decislen of the Director.
NIE," published as a preamble to the
Guidelines in the PEperaL REGISTER, Part
I, July %, 1976 (See Appendix D).

£. DESCRIPTION OF ISSUES RALSED BY
RECOMBINANT DNA RESEARCH

1. Possible hazardous situations. The
stable Insertion of DNA derlved from &
different specles into 2 cell or virus (and
therefore the progeny thereof) may

‘change certaln properties of the.host.

The changes may he advantageous, detri-
mental, or neutral with regard to (a) the
survival of fhe reciplent species, {(b) .
other forms of life that come In contact
with the reciplent and (c) aspects of the
nonliving environment. Current knowl-
edge does not permit accurate assess-
ment of whether such- changes will be
advantageols, detrimental or neutral,
and to what degree, when considering a
particulat recombinant DNA experiment.
At present, 1t is only possible to speculate
on ways in which the presence of recom-
binant DNA in & cell or virus could bring
about these effects. It should be empha~
sized {hat there iz no known Instance
in which a hazardous aeent has hecn
created by recombinant DNA technologzy.
The fellowing discussion is speculative
and consider ways in which hazardous
agents might be produeed. -

a. The effect of foreign DNA on the
survival of recipient species (host cells
or viruses). The effect of foreign DNA
on the survival of reciplent species is im-
portant to the discussion of possible haz-
oards of recomblnant DNA experiments
because although 5 reclpient species may
acquire & potential for harmful effects
as a result of the forelen DNA, the possi-
bility that the harmful effect will oceur
will depend on the survival of the recipl-
ent and its ability to multiply. If acqui-
sition of foreign DNA Increases the prob-

- abliity of survival and multiplication the

possibility of harmful effects wil in-
oregse, Similarly, 1f acoulsition of for-
¢len DNA decreases the probabllity of
survival or multiplication, the possibility
of harmful effects will decrease, I 1s
important to recognize, in evaluating the
potential for harmful efects, that sig-
nifleant infections of animals and plants
by bacteria or viruses may require con-
tact with either a large or small number
aof the infecticus agent, depending on
tho agent.

There are various indications that bae-
terla and viruses containing inserted for-
elgn DNA are less likely to survive and
multiply than are the original organisms.
Matural evelutlon results in the survival
of well-balanced and efficient organisms,
Essentlal funetions are carefully con-
trolled, and can he switched on and off
as needed. It 15 unlikely that uncon-
trolled, nonessenitial properties such as
might be introduced by forelgn genes
would result jn any advantage te the
survival and multiplication of an other-
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wise well-balanced organisms. It Is more
Ukely that the new properties accom-
panying jnsertion of forelgn genes will
conjer some relative disability to the
reciplent organisms. Therefore it Is ikely
that bacterial cells containing inserted
forelgn DNA will multiply more slowly
than the saine cells withoul Jorelgn DNA,
Thus, n & natural competitive environ-
raent, bacteria containing recombinant
DNA would generally be expected to dis-
appear. ‘The rate of disappesrance will
depend on the relative rate of srowih
compared te other, competing bacterta.
The following calculation demonstrates
this point. -

Assume that a new organism constitutos
0 parcent of & populatlen, but grows 10 per-
cent less rapldly than its natural counter-
part. The new organiam will drop from & ¢on-
contrasion of 90 percent to s concentration
of 0.000L percent (1 part In 1,000,000} in 207

1t the time of the
natural organiam ie one hour, thia Amounts
to about 814 days.

One example ‘of a situation in which
the capability of reciplent bacterial host
cells to survive may be slgnificantly in-
creased a8 the resnlt of the presence of a
forelgn DNA 15 the case of resistance to
antiblotics and drugs. Tt 3s well known
that such resl is often 1y
determined and genes specifying resist-
ance have beer deseribed. Furthermore
1t is well known that such genes may-he
transferred, by natural DNA recombing-
tlon, from one species of microorganism
to another. Such natural events are in
fact responsible for the rapid and wide
spread of resistance to clinically im-
portant drugs that has been observed
during the last 20 years.

The ability of reciplent bacterial host
cells to survive and multiply might also
be enhanced by acquisiton and eXpres-
slon of a forelgn gene conferring the
abllity to metabiolize particular nu-
trients, In an environmental niche con-
talning the metabolite, such a recombi-
nant might conipete sugcesiully against
orgacisms native to the niche. This
could result in destruction of an environ-
mental component—that is, the metaho-
lte. Also, If the pative organisms were
performing beneficlal functlons, those
functions could he lost upon the success-
ful establishment of the recombinant in

. theniche. .

b. The effect of bacteric and viruses
contalning recombined DNA on other
jorms of life. The analysls leading to the
Guidelines centered on the possibllity of
deleterlous effects, since the concern was
the health and safety of living orga-
nisms, including humens, and the en~
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“desirable effects. THa vase in which bac-

terial cells ate used a5 carrlers of forelgn
DNA is diseussed flrst, A forelen protein,
specified by the forelgn DNA, might act

after beilng iiberated from the micro- .

organism, or if could function within the
microorganism snd alter, secondarily,

normal microblal esll function in such &

way that the cell s rendered harmful to
other living things, Elther means depends
on the expression of the foreign genes;
that 1s, the informatlon in the forelgn
genes must be Used by the recipient bac-
terium to produce a forelgm protein.
Exawmples of protein thet might prove
harmful to ether organisms are hor-
‘mones, enzymes and toxins,

The weight of present evidem:e sug-
gests that forelgn DNA from bacteria of
one species, when inserted into bacteria
of another specles, may be expressed in
the reciplent. For example, if the donor
of the foreien DNA produces a toxie sub-
stance, then the recipient call may pro-
duge such s substance If the gene for
the toxie substance Is present in the re-
combinant. The recipient may or may
not be more hazardous than the original
donor orgenlam, depending en the rela-
tive abllity of the two organisms to grow
and Infect an anlmial or plant specles st

k.

The evidence avallable at present is in-
sufficlent to predict whether or not for-
eign genes derived from a complex crga=
nism (animals, plants, yeasts, and fungl)
wiil be expressed in a bacterlum in any
particular instance, It may be that spe-
cific manipulations will be required to
permit bacteria to express information of
a forelgn DMA efficlently, Faithful ex-
pression of a gene requires accurate fune-
tioning of the complex bacterial machin-
ery invelved in protein synthesis. At eack
step, specifie signals origineting in the
fereign gene must be recognized by the
bacterial machinery, Evolutionar, diver-
gence has resulted {n different signals in
bocterla and complex organisms.

Attempts to translate animal virus and
animal cell genes into portein, using ceil-
free systems contajhing the protein-
synthesizing machinery isolated from
bacterla such a4 E. coli yleld some pro-
tein-lke products. The protein products
characterized to date were noi falthful

.products of the information In the genes.

In a few cases, intact bacteria contain-
ing recomblned genes from complex or=
ganisms have been tested for evidence of
expression of the inserted gene. By and
Iarge, accurate expression of the penés
has not yet been demonstraied, although
it may cccur at & low freguency. In some
instances, & new protein has been found,

vironment. Agents constructed by re-
comblhant DNA technology could Drove
hazardous to other forms of life by be-
coming pathogenic (disease-produclng}
or toxigenic {toxin-producing}, or by be=
coming more pathogenle or toxigenis
than the original agent. .

There are two basle mechanisms hy
which a reciplent mleroorganism might
be altered with regard to its patho-
genicity or toxicity as a result of & resi-
dent; Tecombinant:

(1) The recwabinnnt DNA may result
in formatior of & protein that hos un-

replacing one encoded by a bactertal
gene, This result is expected If a bacterial
gene 1s interrupted by insertiocn of the
new DNA sequence within it, and does
not necessarily Indicate expression. of the
foreign gene. DNA fragments from yeast
have been inserted into a strain.of the
bacterium E. coff which cannot manu-
facture the amino acid histidine (5),
(Higtidine is a component of most pro-
teins and therefore is required for the
growth of all organisms.) After insertion,
some cells no [onger required histidine;
thus, the presence of the yeast DNA over-

came the requirement for histldine. This

15 the first suggestion that a forelgn gene
from an crganism more compleg than
bacteria may actually functlon in a
bacterial cell. (Although yeast is a single-

cell organism, it contalns an organized .

nucleus ke cells of higher organisms.)

However, the detalled mechanlsm .ex-

plaining this observation is unknown.
Analogous lssugs must be consldered

, for the case In which animal viruses are

the carriers of foreign DNA, Many viruses

are simply described as DNA molecules’

enclosed and protected by coats of pro=-

tein molecules. The protein coat profects -

the DNA from environmental effects,

;thus inereasing the ability of the viral -

DNA to infect a cell. If viral DNAs are re-
combined with forelgn DNAs In such a
way that necessary viral genes remain
intact, then the recombinant DNA may in
turn be able to produce, and he packaged,
in, the ceat of the virus. Inadvertent dis-
persal of such a viral particle outside of
the laboratory might then result in entry
of the recombinant DNA into cells of
lUving orzanisms. The forelgn genes may
be expressed, resulting in the formation
of & protein foreign to the infected cell,
or the uncontrolled synthesls of a nermal
protein. The likelthood of expression, of
the foreign genes will probably. depend on
the degree of relatedness between iis
source and the infected organism as well
as Its location in the viral DNA used as
vector. Currently, few if any relevant ex-
perimensal data are avallable so that
estimates of the probability of expression
are, in these instances, Impossible.

(2) The recombined DNA moy iiself
cause pathogenic or toxie effects. Foreign
DNA inserted In g bacterial gene, might
so nlter the microbial cell’s properties
that it becomes harmful to other orga-
nisms. This might happen, for example,
through a change In the growth rate and
competitive advantage of the reclplent
microbial cell, resulting in Increased
virulence of a mildly pathogenie bacteria.
In penersl, cne would expect the Inserted
DNA to result in a recduced growth rate
and & selective disadvantage to the orga=
nism, as discussed in “a” above, Similar
issues erise where animel viruses serve as
carriers of foreign DNA,

It is nlso necessary to consider sliua-

tions in which DINA molecules themselves
may escape from the lehoratory or frem
tha experimental host cell and enter ¢ells
of 1iving orgamisms with which they come
n contact, Although free DNA molecules
are themselves relatively fragile (and the
probability that they weuld survive, in a
significant form or for a significant tlme,
in alr, water, or any other medium, is
considered remote), they can be pro-
tected In nature In a varlety of ways and
be relezsed elther Into, or close to, & living
cell,
When a cell of virus dles, or comes’
‘ close to or invades the tissue of another
living organlsm, the recombinant DNA
may effectively enter a new cell. A haz-

- ardous situation similar to that described

above might ensue if forelgn proteins
were manufactured in this “secondaty™

reciplent. The recombinant DNA might .

survive as an Independent cellular com-
ponent, or it ¢could recombine by nﬂtml

- : © . FEDERAL REGISTER, VOL. 41, NG, i?é'--_-THURSDAY, SEPTEMBER 9, 1976




process With the DNA of the secondary
reclpient. Various possible deleterious
eonsequences of such a recombination
may bo consldered,

If the secondary recipient s ‘another
microorganism, the same considerations
deseribed in IV-C-1-a abply. I the sec-
ondaty reciplent is one of the cells of an
animal or plant, different considerations
apply. The latter inchide alterations of
normal cellular contrel mechanisms, 5yn-
thesis of & foreign protein (such as & hor-
mene), and inserdlon of ‘genes invelved
in cancer production (f, Tor example, the
foreign DNA were derived from a cancer-
producing virus} -~

It should be pointed ou$ thaf the like-
Iiheod of causing inheritable changes in
the off$pring of complex orgenisms by
such & mechanism is extremely low in
animals because of thé protection
afforded germ-line “¢ells (eggs and
sperm) by thelr location. Thus, the pos-
sibllity that recombined forelgn DNA
wonld reach germ line cells at a time in
the life of such cells when secondary re-
combination can oceur is extremely re-
mote. With one-celled organisms, plants,
or simple multicelluler organisms, the
- probabliity of ‘causing heritabla change

by stcondary recombingtion may - be
higher.

What Is the probability of secondary
recombination between preokaryotes and
enkaryotes in nature? It is generally held
that recomnbination ltv nature is more
likely if simflar or ldentical sequences of.
bases {rungs in the DNA ladder) occur
in the two. recombining DNAs. The
greater the degree of similar sequences,
the morg likely is recombination. In gen-
eral, the more closely two specles are re-
1sted, the more likely it is that sifailar
sequences will be found in. their DNAs,
Thug, DNA from primates has more DNA
sequences In common with human DNA
than does DNA from mice, or fish, or
plants, Recombination mey slso ecour
between DNAs not sharing sequences but
at lower freguencies.

t 15 possible that the capacity for
Tenor
tantly related specles exists ih nature
* For example, bacterla In animal intes-
#ines are constantly exposed to fragmenis
of animal DNA released from dead intes-
4inal cells. Signifeant recombination re-
quires the uptske of Intact segments of
animal DA and their subsequent incor-
poratlon into the bacterial DNA, The
freguency of such events is unknown.

There are very few available data per-
mitting nssessment of the reverseé proc-
ess—namely, the Incorporation of bac-
terial DNA Into the cells, or DNA, of
more complex organisms. Although there
are reports of experiments in which bac-
terial DNA was (nserted into animal ang
plant specles and production of the
bacterial proteln followed, the process is
very Inefficlent eand many investigaters
have been unable % repeat these experis
ments (6-8). .

There are certain well-dosmmented in-

stances In which the DNAs of different .

lving things become more or less per-
manently recombined.in nature. These
instances invelve recombination Letween
the DNAs of nonchromosemal genes, sitch.
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as those of viruses or plasmids, or re-
combination between the DNAs of viruses
or plasmids and chromesomal genes.
The former instance, for example, Is the
mechanism behind the rapid spread of
resistance to antiblotics among different
bacterial species 49, 10). This spread ac-
compeanied the prevalent use of antibi-
otlcs in medicine and agrieulture. Some
viral DNAs recombine into and persist
in ehromosomal DNA of cells of receps
tive organisms (11, 12), Some virel DNAs
aequire, in stable form, DNA sequences
derived from their host cells (13, 14},
There is also strong evidence for re-
combination of the DNA form of RNA
tumoer virus genes with chromosomal
genes (16-17).

2. Expecied benefils of DNA recombi-
nant research. Beneflts may te divided
into two broad categories: An Increased
undergtanding of baslc hiclogical proc-
esses,'and practical applications for med-

.ieine, agriculture, and industry.

At this Hime the practical applications
are, of course, speculative, Tt is impor-
tant to stress that the most significant
resuits. of this work, as with sny truly
inmovative endeaver, are likely o arise
in unexpected ways and will almost cer-
tainly not follow. s predictable path.

8. Increased understanding of basic
biclogical processes. There are many im-
portant fundamental biomedical ques-
tions that ¢can be answered or approached
by DNA Tecombinant research. In-order
to advance against diseases in ipherit-
ance, we.need to understand the struc-
ture of genes and how they work. The
DINA recombinent methodology provides
g simple and inexepensive way to prepare

large quantities of specific genetic In- -

formation in pure form. This should per-

- mit elucldation of the organization and

function of the genetle information in
higher organisms. For example, current
estimateS0fthe fraction of this informa-
tion that codes for protelns are simply
educated guesses. There are almost mo

clues about the function of the portions -

of DNA that do not code for proteins,
althcugh these DNA sequences are sus-
pected ¢f belng involved in the regula-
tion of gene expression.

The existing siate of ignomm:n iz
largely atfributable to our previous in-
ability to Isolate discrete segments of the
DNA in & form that permits detalled
molecular analysis. Recombinant DNA
methodology remove this barrier. Fur-
thermore, ancillary techniques have been
developed whereby pure DNA segments
that contain partieular sequences of in-
tevest can be jdentified and selected. OF
partidular interest 1s the Isolation of pure
DNA gegments that contain the genes
for the variable and constant portions of
ihe Immunoeglolbin proteins, The analyses
of such segments cbtained from both
germline angd sematic cells should be of
inestimable value in determining the
mechanism of immunologic dlversity.

A major preblem in understending the
mechanism by which cettaln virus
catlse cancer is how and where the in-
fecting or endogenous viral genomes are
Integrated Into the cell’s chromosome,
‘This bears on the question of how the
expression of the integrated viral genes

&

) C O sh

‘affects cellulnr regulation, thug leading
{0 the abnormal growbh characteristics
of cancer cells. With. the recombinani
DINA techniques for Isolation and purifi-
cation of specific genes, -thizs research
problem Is reduced to manageable pro-
portions. Tt 1 possible to Isolate the de-
sired DNA segment in pure form. Large .
quantities ean be obtalned for detaileg
study by simply extracting = coulture of
the baeterla carrying the viral DNA seg-
ment in & plasmid,

b. Poiential practical opplications for
medicine, agriculture and industry. Cer-
tain of the petential applications will
only be realized if the reproduction of the
recombined foreign DNA in a reciplent-
host cell is followed by expression of the
genetic - information contained in the
DNA in the form of synthesls of pro-
teins. Sinée the efficient translation of
eukaryote genes in bacterlal (prokary.
ote) hosts has yel to be proved, these po-
tential applications are speculative at
this time. Applications that depend on

e expression of forelgn prokaryotic -
penes in prokaryotic recipient cells are
presently more certain,

(1) Synikesis of medically {mymtant
profeins and other substences. It has
been suggested that genes coding for
medically important substances be at
tached to bacterial vectors, and that the
bacteria then be used to produce large
quantities of the desired material. A
number of costly and/or rare substances
would he prime candidates for such syn-
thesis:

Human nsulln {a future shortage of eur-
rently used animal insulin aAppesTs o be
Mieely)

Human growth hm'mone (presently avall-
able only from, human cadavers andl In ehort
supply)

Clothing factor VIII (for trea..ment of
hemophilla).

Specific antibodies and antigens (for pre-
venting end treating infectious. allergic, and
nutolmmune disease, and perhaps eveh cen-
CET)

c)cmln enzymes, such 65 fibrinolysin phd
urckinese {promising agents In the treat-
ment of embolism) and lysesomal enzymes.

(2) Endowmenl of planis wilh new
synthesis capabilities. Whole plants may
be generated from a single cell, and thus
insertion of recombinant DA into such
cells might make 1t possible to endow
plant species with the capability of-—

Impreved photosynthetic fixntion of car-
bon dloxide; . °

Nitrogen fization by presently inept specles
{thereby reduclng the need for cogstly chems
icpl fertilizers that ceuse pallution—e.g., du-
{rophication);

Preduclng & higher qua'llty or guanbity of
food proteln, - .

(3) Some indusirial ap'p:!icaiions. A
number of industrial Drocesses utilize
micrcorganisms  coniaining  enzymes
(which are protelns} to produce impor-
tant chemieals (e.g., sterold hormones or
other s, vitamins) or foodstufls {e.g.,
cheese). Such processes could . be Im-
proved through Inmovetions ¢fected by
DNA recombinant research., Completely
new blosyuthetlc reactions may thereby
become avallable, permitting the synthe-
sis of large smounts of compled and
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valuable compounds with ease and at

low cost.

Some high.ly speculative applications
relate to the nres of energy production
and heutralization of pollutants—e.x., as
in oil' spills. Genetic modifcation through
DNA recombination might it possible to
devise microorganisms tailor-made for
such important purposes.

3, Lomg-range implications. The exper-

imental situations treated in the Guide-

lines are those that appear féasible either
currently or in the near future. The ex-
periments primarily involve insertion of
recombined DNA into bacteria or into
single cells derived from more complex

- organisms and maintained under special
lakoratory ¢onditions. 1% 1s only in the
case of plants that the Guidelines cover
experiments involving insertion of DNA
into cells capable of developing. into com-
plex, multicelular organisms. The Guide-
lines and the discussions leading to their
development have focused oz problems of
safety.

_ It is possible that techniques similar to
or derived from current recombinant
DNA methodology may, in the future,
be applicable to the deliberate modifica-
tion of complex animals, including hu-
mans. Such mediftieation might have as
its aim cerrection of an inherited defect
In an individual, or alteration of herlt-
able characteristics in the offspring of
individuals of a given species. The latter
type of alteration has been successiully
achieved in agriculture for centurles, hy
classical breeding technigues, It may be
that recombinant DNA methods, should
they develop in approprinte ways, may
offer hew opportunities for specificity and
accuracy In animal breeding

The delberate application' of such
methods for the correction of individual
penetic defects or the alteration of herit-
able characterlstics in man ralses coms-
plex and difficult nroblers, In addition {0
philosophical, moral, and ethical ques=
tlons of conicern to individuals, seriouy
socletal Issues are involved. Broad dis-
cussion of these problems in & variely of
forums will be required to inform both
private and public decision-making.

-4, Possible deliberaie -misuse. In the
event that recombinant DNA technology
can yield hazardous agents, such agents
might ba considered for deliberate per-
petration of harm to animals (Including
humans) , plants or the environment, ‘The
possihilities include bjological warfare or
sabotage. Becanse it is nol known
whether recombinant DNA technology
can yleld sueh agents, discussion of these
problems suck as theft by saboteurs 13
hypothetical and diffeuls. With regard
to hiological warfare, a July 3, 1975 let-
ter to Dr. David Baltimore from James

- L, Malone, Geheral Counsel of the United
States Arms Control and Disarmament
Agency 5ays, “you ralse the question as to
whaether the Biological Weapons Cenven-
fion prohibits production of recombinant
DNA molecyles for purposes of construct-
ing biclozleal weapons, In our opinion
the answer Is in the sffirmative, The use
of recombinant DNA molecules for such
purposes clearly falls within the scope
of the Convention’s provistons,”

FEDERAL REGISTER, VOL, 41, NO. 176—THURSDAY, SEPTE

NOTICES .

. REFERENCES |

(1)’ Handler, Philip, (ed) (1870). Biology
and the Puture of Man. Oxtord University
‘Pross, New York, NY,

(2) Singer, M. ¥, and D. Soll (1973) . Gaide-
Hunes forr DNA Hybrid Molecules, Sclence
IBI:1114.

(8} Berg, P., D, Baltimore, FL W. Boyez.
S. N. Cohen, B, W. Davls, D, 3. Hogness, D,
HWathans, B. O, Reblin, J.D. Watson, 5, Welss-
man, and N, B, Zindor (1974) Pute-umzl B!o-
hazards af
Setonco 185:303,

(4} Berg, P.! D. Baltimore,; 8. Brenper, R,
&, Roblin, snd M. P, Singer {1875}, Summary
Statement of tke As!hmmr Conference On

Belenei
188:991; Nature 225 442; Proc. Natl Acﬂ.d
Bel. 721881,

(B) Struhl, K, J. R Gameron pnd R. W,
Davls (1876). Funcfional . Expression of
Eutkaryctie DNA in Escherichic Colf. Proc,
Nat'l, Aead. Set. US.A. T371471-1415.

(8) Goobel, W, and W. Schless'(1975). The
Fate of a Bacterigl Plasmid in Mammaiian
Cells. Mol. Gen. Genet, 135:213-223.

{7} Merril, O. R., M. B. Geler and J. O,
Petriccinnl (1971). Basterial Virus Gene Ex.
pression in Human Ceils. Nature 233:398-400.

(8) Doy, C, H, P. M. Gresshoffl and B. &,
Rolio (1973). Biological and Molsculer Evi-
dence for the Transgenesiz of Genes from
Beeteria ta Plant Cells. Proc. Rat'l Acad. Scl,
UA.A 70:3: 23-T28. -

(#) NWovick, R. P. and 5. 1. Morse (1067)_
It Vivo Transmission of Drug Resistance

the Cruldelines 1s the protection cof the
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sult from this research. The complete
text of the Guldelines Is found In the
FEDERAL REGISTER, Part IT, for Wednes~
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-this Draft Environmental Impact State-
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The mechanisms by which the NTH will
implement the application of the Guide-
lines are cutlined in the Guidelines thern-
selves and are specified in greater detail
in Appendix C. Noncomplance with the
Guidelines will. fesult in termination. of
funding of research grants and contiacts.

The Guidelines describe (1) safeguards
that protect-the laboratory worker, the
general public, and the enviroriment, (2)
the criterla for assessing the bDossible
dengers from experiments involving re-
combinant DNA molecules, (3) the crd-
teria for mafching the asspﬁsnd possible
dangers of individual’ experiments with
the appropriaté safeguards, and (4) fhe
roles and responsibilities of prineipal in~
vestigators, their insbitutions, and NIH
for ensuring the Implementation. of the
reguirements specliied in these Guide-
lines. The emphasis on protection of lab-
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V. DESCRIPTION OF THE PROPCSED AC’I"JDN

"The Director, Natiofinl Imstitutes of

Health, has lsszed Guideilnes that will
govern the conduct of NITH-supported re-
search o recombinant DNA molecules,
The Guidelines will apply to all NIH.
supported research on such molecules—.
that 15, molecules which are made by
combining segments of DNA from differ~
ent organisms in a cell free-system-and
which can be inserted into some Hving
cell, there 1o replicate. The ohjective of

oratory from infection. reflects
the fact that laboratory workers are the
persons at the greatest risk of infection
and that the most ltkely route ¢f escape
of possibly hazardous agents from the
Inboratory is the laporatory worker.'
The physleal safegpards. have been
grouped - into four levels providing. in-
creasing capability  for containment,:
The four levels approximate those recs
ommended by- the Center for Disease
Contrel for the contrel of known in-
fectfous agents that have been deter-
mined to be of (1> no or minimal, (2)

ordinary, (3) -special, or {4) extreme:
-hazard to man and other lving fthings:

'These correspond to the terms Minimsal,.
Low, Moderate, and High risk, respec-
tively, R8s used In the WNIH Guldelines.
'The safeguards include usual and spe=
clal microbiological safety practices,

primary physical barriers that isolate °

the - experiment from  the laboratory
worker, and. facility installations that
elther markedly reduce or eliminate the
potential for acciiental dissemination of
recombinant DNA molegules to the en-
vironment. The four levels, designated
Pl to P4, provide jncreasing protection
agalnst confact with or accidenial re-
lease of microorganisms contaning re-
combinant DNA molecules.

Additione]l safeguards are provided
by the use of host cells and vectors with
demenstrably limited ability to survive
in other then specially deslgmed labora-

tory environments. This concept 1s called”

“biologieal containment” in the Guide-
lines. In the case of bacterlal host cells
and vectors, this means that particu-
lar strains of cells and vectors with
genetically determined. and fastidious
survival requirements must be used. For
those experiments fudged fo be of poten=
t1ally modernte or high risk, the proper-

ties ar the bncterln'[ strains to be used’;
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st be certified by the NIE Recoms
binant Advisory Committée prior to in-
itlation of experiments. In the case of 8
vector derlved from an animal virus, the
virus' itself must be a low risk agent
{CDOC or Natlonal Cancer Institute), and
a strain of the virus that is defective in
Infection must serve as the source of the
vector DNA. -

The selection of cnntmnment (safe-
-guard) 1levels is dependent on the
assessed possible dangers of the experi-
ment., The Guidelines provide stanhdards
for evaluating the coneelvable dangers -
of particular experiments nvelving re-
combinant DNA molecules. In the ab-~
sence of evidence of any hazard actuelly
oceurting, these standards are based on
relevant current knowledge. Permis-
sible experiments are placed into four
classes of Increasing posstble danger
which correspond to the four levels of in-
creasing contalnment capability (safe-
pusrds) . Certaln experiments, judged to
have the potentlal for extreme hazard,

/should they prove dengerous, are pro-

The possibility for danger depends
on—-

(1) The blohazard essocinbed With the.

DNA of the cell or microorganism thut serves
28 the DNA source (a.g., geties for toXin pro-
duction),
(2) The degree t¢ which the DNA seg-
.ment has beon purified sway Irom. other
, genes and showl t¢ he free of Harmiul char-
' gotaristics,
(8) The muhnzard assocloed with the vec-
--tor that serves to transmit the source DNA
1o a reclptent hoet eell,
{1} The ability of the vactor to survlve in
. matural environments or hehitats,
(8) The kinds and number of diﬂarent
to
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Lost-veetor systemn employing a varlant
‘of B, coli called straln K12, which s, by
: 1tself, of no or minimal rlsk Eukaryote

host-vector systems using defective viral .

vectors are also described. The descrip=
tlons of these systems provide principles
by which the potential dangers of recom=
binant DNA experiments .with other
host-vector systems can be assessed,
The Guidelines alse establish an ad-
ministrative framework for assigning the
regponsibility for ensuring safety in rec-
combinant DNA . research supported by
NTH, This responsiblliity is shated among
the principal Investigators, thelr institu-
tiong, and NIH. The principal investigs-
tors have the primary responsibility for
*hazard sssessment and for implemen-
tation of appropriate safeguards, The in~
stitutions are resgonsible for ensuring
that the pripeipal investigators have the
capabilities far meeting the requirements
stipulated in the Guidelings. NIH is re-
sponsible for securing an independent as-
sessment of the potential dangers of this
rgsearch and for ensuring that.no re-
. search Is supported unless it conforms to
g-he requirements st:pmated in the Guide-
ines. -
‘The Guidelines require that the insti-
tutlons establish biohazard committees to
earry out the institutionsl responsibility,
and stipulaie the qualifications and ex-
pertlse of the committee membership.

NIE responsibilities are detailed ‘In the

Galdelines- and are divided smong (1)
NTH Tnitial Review Groups, (2) the NIEI
Recombingnt DNA Molecule - Program
At‘c}l;gscry' commlttee. and @) the NIH
&

Phyxici_‘t! contam_ment requ:rements
‘The sad ds in-the Guidelines re-

that are
by the teeipient or vector, -

(8) The blohazard of the reciplent host
cell that serves - to replicate the rte¢com-
binunt DNA molecule,

{(T) The ablity of the roclp!unt ool to
survive In natural environments or habitats,

{8} The sbility of the reclpient cell to-

trongmit the recomblnant DNA moleculo o
other calla capable of surviving in natural
envlronments or habitats,
(¥} The potentlal of the reclp!ent eell r.n
. cbtaln the source DNA by natural means, and
{10} The evolutionaty relatedness of the
DA sou.wo to humsans,

The Guidelines prohibit a mumber of
types of experiments, including those In
which .an crganism contributing DNA
1s itself & biohazard of greater than low
risk as determined by conventionsl
methods of risk assessment (low risk cor-
responds to class 2 agents 23 defined by
the Center for Disease Control). The
host eells and vectors are required {0 be
of no or minimal risk. The potential
. dangers are considered 10 increage az the
organism providing the source DA ap-
proaches “humans  phylogénetically.
Thus, source DNA from primate cells &
colsidered to have greater potential
dangers than source DNA from lower
eu!mryotm in general greater possible

to 1

quire the use ef procedures and physical
containment systems to protect labora-
tory workers and the envirenment from
exposure to potentially harmiul orga-
nisms.- The requirements include pro-
cedures and gquipment in which work is
to be done and speclal laboratory room
and building features, ns well as appro-
priate training of workers, The systems
are grovped into -four levels of contain-
-ment—F1, P2, P3, and P4—each provid-
ing a level of contalnment greater than
the one preceding it The level of con-
tainment that must be provided by 2 lab=
oratory in which -an experiment is tg be
done iz based-On an assessment of the
degree of hazard involved,

The followlng deseription of the physi~
cal contalmment levels-ls presented to
outiing these requirements, A complete

description may be found In the Guide-.

lines (Appendix B) .

P Level (Minimal). A Jghoratory suit-
able for experimenis itivolving recoms=
- blnant DNA molecules requiring physical
containment at the P1 level I3 shown In
Figure V-1. Such a ratory possesses
ne speclal engineering design features.
‘Work in this laboratory is generally con-
ducted o open bench tops. Speclal con=
nt 13 nelther reguired

are an
than are present In the most hazardous
component used to construct the DNA.
The risk-assessment standsrds nre
speelfled In detall for one prokaryote

“nor generally avallable. The laboratory
15 not separated from the genéral traffic
vattérns of the building, and public ac-
cess is permitted, Control of biochazards

3
s xggvided by standard. microbloIOg’ical

€8,

P2 Lezel (Low). A la'nombory suitable
for experiments involving recombinant
DNA molecules reqiring physieal con-
tainment at the P2 level (see Flgure V-2)
is similar in construction and. desizn to
the Pl laboratory. The P2 laboratory
must have acecess to an autatlave within |
the building, and it may have a biological
safety cabinet, Work thet goes not pro-~

.duce & considerable aerosol i conducted

on the open bench. However, whern exces-
sive aerosols may be produced, low-risk
experlments must be conducted in speciak
cabinets. (blological - safety cabinets)
that provide physieal barriers aga,mst
possible release of orp though

this JaboTatory is Not separated from the
geners! traffic patterns of the bullding,
acedss to I 1s limited when experiments
Tequiring P2-level physical contalnment
are being conducted,

Fiayze V-2

P3 Level (Moderate) . As shown in Fig-
ure V3, n laboratory suitehle for experi-
ments involving recombinant DNA mole-
cules requiring physical contatnment at
the P3 level has special engineering
design features a4nd physical contain-
ent equipment. The laboratory Is sepa-
rated from areas that aTe open to the
general public. SBeparation is . generally
acheved by controiled =mecess corrigers
and air locks, locker rooms, or ether deu-
ble-doored facillties not avaiable for use
by the general public, Access to the labo-
ratory 5 controlled. Bicloglesl safety
cabinets are available within the con-
trolled lahoratory. areéa. An zutociave
shall be available within the building and
preferably within the controlied labo-
ratory area, Environmental protection is
provided by waste sterllization tech-
nigues. The ‘surfaces pf walls, floors,
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bench tops, and cellings are easily clean-
-able to facllitate housekeeping and space
decontamination. The laboratory venti~
lation system is balanced to provide for
-an inflow of supply air from the access
corridor into the laboratory. No work in
open vessels is conducted on the open

" benich; all such procedures are confined
to blological safety cabluets, -

P4 Level (High). As shown In Flgure
V-4, experiments invelving recombinant
DINA molecules requiring physical con-
tajnment at the P4 level shall be con-
fined to werk areas In a maximum-secu~
rity facility of the type deslgned o con=-
tain .microorganisms that are extremely
hezardous to man or may £ause serious
epidemic disease. The facllify is elther a
separate bullding or & controlled Interior
ares completely isolated from all other
arens of & bullding. Access to the facility
is under strict control. Class TIT blolog-
ical safety cabinets are avallable.

FIGURE V-4

A P4 faclity has enginecering fea-
fures, shown in Figure V-5, deslgned to
prevent the escape of microorganisma
t0 the environment (1-4). The special
Teatures in a P4 facility include:

Monellthic walls, floors, and celllogs in
‘which all penetratfons such as for alr ducts,
electrical condulfs, pnd utility pipes are
sealed to onsure the physieal lsolation of

1O

NOTICES

_F1ovrE V-8 | .
A separnte venwatlun uyai‘.em that mal.‘n.-o
taina and

alruuw within m facﬂlt.y.
Etem.

&Y nete ox-
haust eir before 1t 18 dlspersed to the at-
mosphero. A cenf.ral vucuum utility eystem
18 not enco I

lines. In addition, while the Asflomar
guidelines recommend that certain ex-
pertments be deferred, the list of -expert=
ments to be deferred is expanded 11 the
NIH Guidelines. Furthermore, disregard-
of the Asilomar guldelines carries no
sanctions on investfzaters, and it could
be expected thint the currently high level
of voluntary compliznee would be eroded
with Hme.

The “no action” alternative would
greatly increase the probability that pos~ -
sibly hazardous organisms would be re- -

" leased-into the enwitcnment. In addi- -

tion, publfc concern would:be increased -
in the absence of ahy Federal sction. It
is concluded that the “no sction” aiter-
native would not afford adequate pro-
tection of laboratory workers, the gen~
eral public, and &he ervironment from
the possible ha,zards descrlbed In sec-
tion IV-C-l

he bive of "ne- actlon" would -

one
mh branch line lead.lng to n Jaboratory

essentlally remove from the conduct of

all ko p by a h! par-
tlculnte alr filter, o
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the restrictions Inherent in the-
NIH Guidelines. Experiments concerning
Thasle Blological processes, and the devel-
opment of technology applicable to medi-
eal, agricultural, and industrinl preb-
lems, wowld proceed at a faster rafe.
Moreover, the immediate cost of con-
ducting research would be Inarkedly de-
ereased with the “no action” alternative,
since the need for costly physical con-
tainment would be less.

B. NIE I’ROHJ'BITION' OF WN’D]‘NG OF ALL
EXPERIMENTS WITH RECOMEBINANT DNA )

NTE could refuse to fund any any re--
combinant DNA experiments. This would
not necessarily result in the cessation of .

Y.
John “Wiey & Sons, New Tork, pp. 1B4~
283, . - . .

VI, DESCRIPTION OF ALIYRNATIVES

‘The following general classes of action
have been considered as :alternatives to,
or in nddition to, the proposed metion.
The Impact of each is deseribed briefly,
and reference fs made to other portions
of this decument which have a more:
complete discussion of the partlculn.r im-
pa,ct in question. .

A NO ACTION .

Thiz alternative would perpetuate the
sltuation exlsting prior to June 23, 1976,
At thab time the only restrictions om
recombinant DNA reseirch stemmed
from voluntary compliznce of the re-
gearch community with the guidelines
developed at the International Confer~
ence on Recombinant DNA Molecules;
held at Asllomar, Californiz, in Febru-
ary of 1975, which were published in
i¢c journals, The Asllomar guide-

the wark area and to ho!
ing and space decontamination.

Alr lockd through which gupplies and
materials con be brought safely inte the
Tacility.

Contiguou.u clothing ‘change ond Bhowet
rooms . through which ' personnel. enter
into B.mi. Oxit frem the Maellity.

Double-door sutoclaves to stertlize snd
snfely remove wastes and other materlals
from the facHlty.

A

P

Guidelines, and are consklerably . less
stringent and less detailed In their re-
quirements for containtment of poten-

. tially hazardous org anisms. For example,

experiments that may be carried out with
minimal containment according to the
specific language of the Asilomar guide=
lines (e., tho construction of an &, eol

system to
ligquid . effluents - it Iacllify drains are 1=
stalled.

ing the noncancer-pro=-
Guelng DNA segment of SV40) require
P2 or P4 according fo the NIF Guide-

such r , since it may still be sup-
ported by non-NIH funds both in this
country and sbroad, Therefore s reduc~
tion of risks but not emination of risks
might be achleved by total NI prohibi-
tlon. Because the NIH funds a large pro-
portion of the total biomedical research
effort, a significant delay might be ex-
pected In the achlevement of the goals
and missions of programs designed to/
clucidate basic blological nrocesses and,-
in turn, the mechanisms underkying vari=
ous disease states, If 13 widely antiei-.
pated ‘that a varlely of research-—Iim-~
pacting on hezlth and other areas of hu-
man concern—will benefit from recom-
binant DNA technnlogy (see Sectlon
V--2).

Amerioan sclentists have played &
leading role In bringing the potentlal
hazards of recombinant DNA research to
the attention of sclentists, governtnents,
and international orgarizations. As a re-

- suli, there 13 an efort to adont safety

precedures for the conduct of this re-

e in N h -
limes differ I substanos Trom the NIF. forsoh 11 many countries. Although na

tions differ in their perceptions of the
reed to adopt safety measures, snd of -
what the exact measures should be, the '
NI Guidelines. are being used as a
model, NTH prohibition of the work
would- undermine American leadership
in the establishment of worldwide st.a.nd-
ards for safefy. .
Finally, prehibition would be likely to ;
hsve jmportant impatts on American
solence, both, in research and in develon-
ment of technology. The leadership of
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the United States in Blological research .

would be threatened. Further, historical
precedents indicate that measires which
interfere with free inquiry in one area
of interest, often Inhibit the \rltallty of
other aspests of society

‘¢, DEVELOPNENT OF DJFFEF-'ENT GUIDELINES

Each of the stipulations in the NIF

) Guldelines was made after assessment of

the possible hazards associnted with par-
ticular experiments. The avallable data,
however, were limited, and different con-
clusions ¢ould have been reached. Some
issues addressed in the preparation of

the Guidelines which could have led 0.

different specificationsy sre ag follows:

1. Levels of phpsicel contatnment, For
certain experiments in which the poten-
tial risk is controversial, the phyalcal
containment level could havé been high-

183
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styuction. Because of ageess prohlems,
interesting and important.reseatch of
low or moderate possible hazard would
be discouraged.

4, Experiments prohibited at this time,
Certain types of experiments are pro=-
hibited by the Guidelnes. Their selee-
tion was & matter of judgment, and de-
pended on the assessment of the seri-
vusness of the possible hazard. Alterna-
tive assessments would result in either an
expansion or a centraction of the list of
prohibited experiments and consequent
decrease or increase In the possible
risks. Some of the controversial recom-
mendations are—

a. The prohibition of experiments in-
volpiig more than 16 Hiers of oullure
fudd  cotitaining recombinani DNAg
known to maie hermful products With=
ocut the eapress approval of the NIH Reo-

er or lower. of confroy
issues are the recommendations with re-
spect to contaltment levels for recombl-
nant experiments involving hacterial
cells and DNA derived from cold-bloaded
anpimals, and for experiments involving
the use of DNA from animal viruses.

2. Establishment of 4 few national P
Jacilities openly aoailable to ell investi-
pators, with the requirement thatf all ex-
periments requiring P2 containment be
conducted therein. In effect, this will be
the situation with respect to P4 facilitles
under the Guidelines. There are several

advantages to working in reglonal cen-
. ters: )

8. It would be less exptnsive to construct
oand etef ‘6 fow sueh reglonal centers than
mlmy such facllities.

Training would be centralized.

c. Fa !acl.uhes would. he more uniformiy

Irom g

1 5
variety of mstltu!:ions

d. There would bo greater assurance that
the facllitles wmeet the specified require-
ments. -

&, Banks of ¢ells contalning recombinent
DNA could be maintalned, with a view to
decreasing the number of times the actual
Tecombination process would be performed
{such bankes can also be waintsined In the
abaenco of centrallzed P3 faoilitles).

t. The sites could be placed awsy from
population genters.

The disadvantages of establishing re-
giongal centers include:

a. Long-range planning would be meces-

. Scheduling woild be & problez.

¢ The lnvestigalor's mdopendenne would

bo dlminished,
4. Competition for uceess might mvor [
d ideas,

o, The oature of the procnss, whick mlghb
require only brief pocess of P2 facilitles in a
given day byt over a lengthy period of time,

1. Access problems might unnncuasarny i~
courage valuable research.

3, Al permissible. recombingnt DNA
experiments be conducted in P¢ facili-
ties, Thiz alternative Implies ne distine-
tion among experiments, It does not rec-
ognize that- certaln recombinant DNA
experiments are widely agreed to pose
lttle, if any, possible hazard. It is squl=
valent to & total prohipition on nmueh
recombinant DNA research becouse of
the limited number of P4 facllities that
are available and thie high cost of con-

+ Advisory Ct ittee. Conlbro-
versy Over this recommendation relates
to the fact that some investizators and
laboratories contend that larger volumes
of culture fluid ¢an be safety contained
by speclal precedures and facilllies. The
recominendation places responsinlity for
evaluating the containment on the NIH'
Recombinant Advisery Commitiee,

b, Sanction of the use of the bacterium
Escherichig coli us o recipient for recom-
bingnt DNA molecules. This organism
has been studied extensively and Is well
guited to recombinant DNA research. Tt
has been argued, however, that E. colf
should not be used at the present fime.
This is because many E. colf strains are
intimately mssoclated with humans and
other living things, and because they
reagdily exchange DNA {(genes) with cer-
tain other bacteria in nature.

Theoretically, the most desirable bac-
terial reciplens of recombinant DNA

would be & species unlquely adapied to _

cavefully controlled lnboratory environ-
ments and unable to survive or transmit
DNA to other organisms in any natural
environment. This means that the bac-
teria should be unable to survive in nor-
mal ecologienl niches, elther in the lab-
oratory or neighboring areas. It sheuld
ba unable to colonlze or survive in or on
other llving things, or in soil or water.
In addiilon, these propertles should not
he significantly altered by the insertion
inte the bacterium of the recombined
DNA. The bacteria must also be able to
be menipulated for successiul execution
of the proposéd experiment. .

HNo bacteria Is known to meet all these
requirements, The guidelines permnit the
use of various forms of a particular strain
of E. coli called K12, (The forms are
called EE1, EK2 and EE3 In the Guide-
lines where they are discussed in detadl)
Some of these forms alveady exlst, others
need to be constructed. Although related
to other E. ccif strains that do not in any
way meet the definition of the ideal or-
ganism, these permissible strains of E.
coti partially fulfill many of the criteria
in the definition of the ideal strain. At,
present, noe other bacterlal specles is
knovn to approximate the definition as
closely s E. coli E~12 and its derivatives,
In the Inture, other bacterla, closer to

the ideal, may beccme known, or the

. 38495

properties of already kfiown species may
be- sliown to approach the ideal more
closely than B, coli strain K12 and its de-
rivatives, as defined in the Guidzlines.

. & Sanclion of the use of Simian Virtls
40 (SV.40) as o carrier of a jorelgn DNA
fragment. It has been argued taet SV40
should not be permitted, sirce it is
known, {0 cause cancer in laboratosy ani-
mdls. There is Lttle evidence taat Sv4r
results in disease In humans, However,
SV40 infects humans, and deminstrable
antibodies to SV40 Indleate $het infee-
tion has ecourred in some members of the

.. general population. Some of the infection

may have resulted from the inadvertent
inceulatton of mitlions of individuals dur-
ing the initial mass program of lmmuni-
zation aganist pollo virnts before SV44) was
identified as & contaminant in the vac-

- eine. The antlbodles may have been

formed against SV40-like virusss known
to exlst neturally in humans {1). If is
possible that a recombined DNA carrled
by SV40 could Infect humans and sig«
rificantly affect their health (2). The
Guidelines restriet the use of EV40 DNA
to DNA from strains of the vines that are
defective in the Infection process. In
Bﬂdltinn, stringent physical cor:tainment
is reduired,

d. Sanction of experiments favolving
the transfer of uncherdoterized mixitres
of DNA sepments derived from warm-
blooded animals into bacteria. Such ex-
periments are belleved to present a
greater possible risk then others because
ihey invoive a cobglomeration of un-
defived genes that might nclude DNA
capable of causing dlsease.

e. Sanction of the use of oncogenic
virges. It has been argued that the
intreduction into Z. eoli of the whole
DNA or ety purified segment of the DNA
of any virus oncogenic in any species
should not be permitted,

. No guidelines but NIH consideraiion
of each proposed project on an individual
basis before furiding. With this alterma-~
tive, udividual Investizators -equesting
NIH funds for projects involvlag recom-
binant DNA research would bring plans
for proposed -experiments to an NIF
committes that would, without the use of
formal guidelines, recommend suitable
containment measures. Depending o the
criteriz used by the commitiee this might
result In Jower or higher coatainment
ievels than are eurrently imposed by the
Guidelines. The advantages of such a
procedure would Include constant re-
evaluation of potential hazards and con-
tainment measures, and up-fo-date in-
formation for investigators. The dis~
advantages include the enormous time
and resources required for review, glven
the size of the biological research enter-
prise in the Urited States, the preblem
of finding knowledgeable ind:viduals to
serve on such & committee—essentially a
full-{ime oeccupation—ihe ‘osportunity
for arbitrary decisions, and ihe bypass-
ing of local Input In assezsment of
hazards.

1t should be pointed out that under the
present NIH Chuidelines, local institu-
tlonal Givhazards commitiees must con-
slder proposed research projects on an
Individuals basis and may immose.more
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v stringent safeguards than those required

“3NOTIGES

.search A real concern would be the in-

by the Guidelines. The judements.of the .

Investigator and. his local committee will
be reevaluated by the NIHF Study Sectlon
reviewing the acientifle merlt of the
proposal.

FE. GENERAL FEDERAL REGULATION OF
SUCH RESEARCH

'Ihe NIE Guidelines conirel only re-
combinent DNA research supported by
NIH. Nevertheless, NIH has assmdh}\
real responsibiity fo work toward the
promuleation of safety measures for all
such, research. Nationally, NI has con-
ducted and is continuing to conduct
meetings. with representatives of other
Federal agencies and of private industry.

ALL

In the case of the Federal Government, .

consideration is being given to the im-
position of the Guldelines efthier by indi-
vidual agency adoption or through an
Executlve Order, Noun-Federal groups
have indicated that they will voluntarily
comply with reasonable puidelines des
signed to be applicable to' thel.'r specific
- needs.

From the international standpoing, the
NIH has been In communication with
relevant nationsl bodles, the World
Health Organization, the-European Mo~
lecular Biology Organization, and the In-
ternational Council of Sclentific Unions,
among others, to encourage the widest
possible application of the Guidelines,

A varlety of agdministrative mecha-
nisms could be emploved to regulate re-
combinant DNA research. Releyant
agencies are the Center for Disease Con~
irol (CDC), Including the National In-
stifute for Occupationnl Safety and
‘Health (NIOSH), or the Occupational
Safety and Health Administration, De-
partment of Labor (OSHA) . For exaniple
NIH could petition OSHA {o-enforce and
menitor such research through its stand-
ard procedures. I OSHA concurred, the
rdopted guidelines could be extended to
a1l facllities under OSHA's responsibility.

Legislation could be passed to Impose
precedures and specly containment for
recombinant DNA experiments. Spectfic
guidelines, as well as appropriate en-
forcement mechanisms and Denalties,
could be established as statute. The ad-
vantages of this approach would include
uniformity in coverage and process, The
disadvantages include the need for estab-~
lshment of & new administrative mech-
onlsm and consequent costs, the long
time generally required for enactment of
legislation, and the relative Inflexibility
of law. Flexibility is desirgble bhecause
presently recommended containfnent pro-
cedures will surely require timely revision
as knowledge and experifnce are accu-
mulated.

A body llke the National C‘Dmmlsslon
on the Protection of Fluman Subj

abllity-of 3 group with sucks & broad man-
date to deal effectively with the highly
speciallzéd subject of recombinant DNa .
research.
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VII FN\’IRON]\IBNTAL IMPACT OF THE
{GUIDELINES

A. IMPACT OF ISSUANCE OF NIH OUIDELINES

The primary impact of issuance of the
Guidelines {s fo provide & mechanism for

" the protection of the laboratory worker,

the genersl publie, and the environment
from the possible hezards that might re-
sult from recombinant DNA molecule re-
search. These hazards axe purely specu-
lative at present; the speculations may
prove to be wrong. Nevertheless the
Gruidelines take cognizance of the possi-
bility of dangers to the laboratory work-
er, other persons, and the envirénment
posed by the emergency research tech-
nology involving recombinant DNA mole-
cules, and call for &8 number of measures
aimed at reducing or eliminating human
and environmenteal exposure to materials
contalning recombinant DINA molecules,
in case they should prove hazardous. The

Guidelines. govern only work supported .

by the NIH, including NIH supported re-
search at various institutions (grants and
contracts) and research carried ont with-
in NIH intramural lahoratories.

With regard to the anticipated but
speculative benefits of recombinant DNA,
résearch, adherence $o the Culdelines
may postpone their realization. Certain

.experimenta are prohibited; many per-

misslble experiments wil be delayed
pending avallabllity of sultable contain-
ment facllities and certification of ap-
propriate hosts and vectors.

1. fmpact on the safely of mbomtoyy
personnel and on the spread of possibly
hazardous dgents by infected laboratory
personnel. The NTH Guidellnes are di-
rectly concerned with reducing and elim-
nating exposures of laboratory persen-
nel and all other persons to host cells and
microorganisms ¢ontaining recombinant

. DNA molecilles. Because laboratory per-

sonnel would pe the chief source of in«
fection of other pecple, protection of
personnel is of primary Importance. Lack
of knowledge about the real risks of such
molecules makes 1t Impossible to deter-
mine elther the nature of the hazards or
the extent to which Iaboratory personnel
are en d by exposites to the ma-

of
Biomedical and Behavioral Research
could be legislatively established It
should be noted that a bilt {S. 2515) cur-
rently under consideration in the Con«
gress would asslgn responsibility for con-
sideration of recombinant DNA experi-
ments & 8 permanent President’s Com-
misslon for the Protection of Human Sub-
fects of Blomedical and Behavioral Re-

terials. Nevertheless present understand-
ing of blclogy permits a ranking of the
possible risks that may be sssoclated
with a glven experiment.

Four Ievels of possible risk have been
established: minimal, low, moderate, and
high. Protection of personnel from min-
tmal risk materials {5 previded by or~

- dinary. microblological techniques. Sinco

1

these procedures .are. generally @ .per-
formed on the.open bench, exposires
may oeeur, The avoldance of karmful
effects depends more on the exceedingly
low potential of these materinls to cause
a harmful infection than of the elimina-
tlon of -potential exposures, Potentlal
harmiut effects would require exposurg
te Iarge numbers of organisms, e.g.; due
to accidental ingestion by poor pipetting
techniques” or self-ingeulation by needle
and syringe), Such exposures should be
prevented by adherence to practices rec-
ommended for this risk level. .

The safety of personnel Handiing ma.-
terials of minimal risk in-the preseribed
manner is supported by the absence of
any documented laboratory-acquired
bacterinl or viral infections involving
known human etiologie ngents that are
¢nstomarily handled In the same fash-
lon—ie., CDC class 1 agenbs (see Glos-
saryy.

The protection of personnel from po-
tential dangers associzted with-low- and
mederafe-risk materials is provided by a
greater rellance on physical barrlers sep-
arating the laboratory personnel from
the experimental process as well as on
safe ’ microblological - practices. Acci-
dental -exposure by ingestion would be
prevented by the agherence to the re-
quired use of mechanical pipetting for
Iow- and-meoderate-risk materials, Po-
tentlal exposure to low-risk materials
through aerosols Is reduced by the re-
quirement thet all processes that pro-
duce significant, aeroscls are to be con-
fined to biologlcal safety cahinets. Po-
tentlal exposure fo moderate-risk ma-
terials through aerosols 1s further re-
duced by the requirement to contain all
processes that produce any aerosol. The
‘use of Class I and Class II blological
safely cabinels that comply with the
standards specified In the Guidelines can
reduce the potentlal exposure by a factor
of 10,000 (1). Potentlal exposures of
laboratory personnel not involved in -
these experiments are furthey controlled
by the specifled laboratory access pro-

cedures. These meashres do not provide
absotute protection from exposures, and
the reguired primary barHers can be
compromised bY lack of attentlon to
techrnique, poor placement of equipment,
and human error. Experlence demon-
strates that the use of these measures
reduces but does not prevent the poten-
tsl for laboratory-acquired Infections
with relatively Infectious agents such as
elass 2 and class 3 agents,

The nature of the harmtul effects from
exposures to low- and moderate-risk re-
combinant DNA materials cannot be de=
termined. However,-the sbility for these
materials to cause disease or Injury,
should they be hazardous cen be esti-
mated by comparison of their Infectivity
with that of kmown eless 2 and cless 3
agents, The requirement that reciplent
baeterial cells be ¢lass 1 agents (no or
minimal risk) and that animal virus vee-
tors be similarly Iow risk agents (in the
absence of recombined DNA) reduces the
likelthood that they wil have the Infec-

‘ttous properties of class 2 or 3 agents

upen insertlon of forelsm DNA.
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- -Recomblnang DNA :experiments * as--

seased to have high-risk potentinl require
speclal precautions designed to prevent
exposures, as specifled in the Guideiines.
All such: experimental procedures are re-
quired to be surrounded by absolute pri-
mary barrlers that are gas-tight. These
are barriers that physically isolate the

- experlmentnl proeess from the laboratory
worker. Research 15 conducted within
thess barriers through 'attached gloves.
Materials are nob removed from the bar-
rlers until they have been sterilized or
pikb into hermetically sealed containers,
which are then aurface sterilized.

Experience with class 3 2nd 4 human

tl agents d rates that the
sbsolyte primary barrlers can be oper-
ated without exposure of the operfitors
under standardtzed procedures, employ-
ing stable, well trained and well-disci-
plined personnel (2). This conclusion Is
‘based on these data In reference 2 that
refer to the experience of recent years;
the earlier experience 15 less relevant he-
cause of important recent developments
in the design and availability of contain-
ment equipment. The precedures for
combining segments of DNA and insert-
ing them Inte recipient cells can be
standardized, and the Guidelines require
that research personnel be well trained
" and proficlent in the necessary opera-
-tional practices. Inspection and certifica-
Hon of al} high-risk research facilities by
NIH personnel provide additional assur-
a.nntfs that these regulrements wilt be
me’

Thus, potentially harmful effects from
research with high risk recombinént
DNA molecules should be extremely un-
Hkely given strict adherence to the NIE
Guidelines, i

Insofar as research sponsored by NIH
1s concerned, potentielly harmful effects
{rom experiments judged to present the
possibiity of very severe hazard should
be prevented completely since those ex-
periments are prohibited.

2. Impact on the environmental spread
of possibly hezardous egends, The NI
guldelines are directly concerned with
-preventing the release of cells and miero-
organisms containing receinbinant DNA
molecules, or the release of recombinant
DNA moleeules themselves, into the en-
vironment, thus preventing potentis] ex-
posures of humans, other anlmals and
plant communities.

The Guldelines require decontamina-
ton of all liquid and #oMd wastes gen-
erated by low-, moderate-, or high-risk
eXperiments. As the potendial risk of
these materials increases (low — high),
further meagures are required to in-
crense the certainty of containment. The
Guidelines recommend the decontamina-
don of no- or minimal-risk materigls
hefore their disposal to the environment.

- 'This is stendard microbiologlcal practice.

*The Guldelings prohibit the relegse of
contaminated sir under ordinary condi-
tons. Procedures involving low-. and
moderate-risk materlals that may pro-
duce mercsols are confllied to primary
barriers. Conteminants In the exhaust
air from these barriers are removed by
Bitration, E "

185

" NOTICES

~The potentlal for accidental release of
recombingnt DNA materals into the
atmosphere, however, increases with de-
crensing  containment .. Tegquirements
{moderate - minimal). Harmful sec-
ondary effects from such accldental re-
lease of minimal~, low-, or mederate-risk
mapterials are exceedingly remote. An
analysls of 36 reported lahorstory-ac-
quired micro-epldemies in the period
19261975 involving over 1,000 infections
with class 2, class 3, and class 4 human
etiologic agents demonsirated ho infec-
tlons among persong who were never In
the laboratory hullding or who were not
associated in some way with the labora-
tory (2). Almast gl of these outbrenks
oceurred in the sbsence of genuine efforts
to eontrol contaminated alr, Uquid
wastes, refuse, and laundry.

Any potential release of high~risk ma-
terials to the environtnent should he pre-
vented by adherence to the NIK Gulde-
lines, All high-yisk materials are required
to be isolated in physically contained, ab-
solute primary barriers. All effuents from
these barriers are sterilized. The bar-
riers themselves are located in maxi-
mum-security facllities, which are pro-
vided with additional barriers to prevent
any aceldental release. Alr locks, nega-
tlve air pressure, ¢lothes-change rooms,
filtraticsl and incineration of all air ex-
hausted from the facillty, and the see-
ondary sterilizedion of ail Hquic snd solld
wastes, provide additional protection to
the environment, ’

The MIH Giidelines alse define re-
quirements for protecting the environ-
ment irom potential dangers that may he
assotinted with the shipment of recom.

R k)

involved in the Tesearch. The cost of each
cabinet is approximately. $5,000.

stricted access are facility requirements

specified for moderate risk (P3) recom-

binant DNA research. While many new

faclities (those constructed in the lest

decade) have been constructed with this

capability, few clder facilities can provide

this capability. without extensive renova-

ton. Creating adequate access control by

constructlon of architectural barriers

(&.g., air locks, double-door alcove, ete.)

1s not expensive. However, th cost of ren-

ovation of air-hendling systems to pro-

vide for single-pass, directional air flow

may prevent some institutions from con-

duecting moderate-risk research. It has
heen estimated that installation of atr-

handiing systems that comply with the -
NIH Cuidelines would cost approzimate-

1y $200 per square foot of space serviced

by the system,

The NTH Cluidelines require that high-
tisk (P4) research involving recombinant
DNA materials be conducted only in ¢lass
Il biologleal safety cabinets (glove
boxes) ithat sre installed in maximum
security facilities, Fewer than 30 facil-
itles within the United States have the
potential for meeting the requirements
specified in the Guidelines for such facil-
ities, A smaller number may actually be
avallable for this research. It s esti-
ruated that approximately $756,000 would
be required to construct and equip &
meaximum-security facility having two
10-Toot by 20-foot laboraiory modules
with ¢lass III cabinetry. This great cost
is due to sophisticated mechanical sup-

binant DNA madterials. Federal packa
ing standards appropriate for the ship-
ment. of class 4 human etlologic agents
arg required for the shipment of all re-
gomhinant materials. .

3. Cost impaci. The direct cost impact
of the NIH guidelines is the cost of com-
plying with their provisions. The costs
will vary sccording to the level of poten-
tial tisk of the research. Thers are no
speclal facility requirements for work
with minimal- and low-risk recombinant,

DNA materials {F1 and P2). There are .

egulpment requirements for work involv-
Ing low-risk recombinant DNA materials
that wilt invelve Httle cost Impact, TOW-~
risk research reguires & biological safety
cablnel for procedures that may produce
significant aergsols and an autoelave for
sterilizing weste materials. These ltems
of eéquipment, however, are generaily
avallable within the existing facilities
where such research Is belng conducted.
The eost impact of the NIH guidelines on
minimal- and low-risk research ls there-
fore not slgnificant. .

- Speclal equipmenit and facility require-
ments eve specified for moderate-risk re-
combinant DNA research (P3). All work
at this level of potential tisk Is to be
conducted within hiologieal safety cabl-
nets (Class T or II). This Tetidrement
will necessitate the acquisition of many
addltional cabinets, the number being
dependent on the scope of the research
effort. It 1s estimated that one cablhet
will be required for every thres persons

po1t {e.g.,t 8 Pressure, eX-
haust alr filtration, alr waste treatment
plant} and architectural barriern (es.,
clothes-change rooms, air locks, waste-
steging areas, and monolithic walls,
floors, and cellings?. The cost of ¢lass T1T
cabinetry installed is approximately
$3C00 per linear foot. In addiiion, the
cabinetry iine and the facility each re-
guire 3 double-door autoclave, costing &
minimum of §$15,000 and $65,600 respec-
tively. -

4. Secondary impeaets. There are three
secomdary impacts which further pro-
vide for environmenta! protection—i.e.,
reduce the potential risk to the environ-
ment from recombinant DNA research:

&, Limited mazimum-securiiy contain-
ment copability. The small number of
facilitles avallable to support high-risk

‘Tésearch greatly restrieis the number ot

such experiments that can be conducted.,
The reducticn in the number of experi-
ments minimizes the probability of acei-
detital exposure of laboratory workers
and subsequent secondary environmenta
Impaets. .
b, Safety awareness, The safe perform-
ance of blomediesl research is-dependent
on an awareness of the risks and the
safeguards required—o contrel the risks,”
Issuance of the NIH Guidelines should
strengthen safety performance in gen-
eral by providing safety information and
Increasing the awareness of the labora-
tory worker to the potential hazards as-
sociated with blomedical research.
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¢. Eavly recognition of potendial hoz-
ards. The (ruldellnes requlre that the
prinelpal investigator notify NI of any
serlous or extended fllhess or accident
that may result In serlous exposure to
man or to the environment. This moni-
toring procedure will provide an early
warning of possible unforeseen hazard.
For example, If a laboratory infection
from exposure to & recombinant DNA
molecule s confirmed, indicating a real,
hazard, an increase In safeguards or oes~
sation of experiments ¢an be reqaired to
minimize the hazard to other investiga-
tors conduclng similar studles. This up-
erading will'alse reduce any potentiak for
environmental effects. - .

B. INPACT OF EXPERIMENTS CONDUCTED
UNPER THE GUIDELINES

1. Pogsible undesirable impagl-—o.
Dispersicn '©f wpotentially hazardous
agents. The hypothetieal mechantsms by
which insertlon of forelgn genes late
cells or viruses might result in the for-
mation of hazardous agents are de-
serfbed In Sectlon IV-C. There 13, as
stated before, no known instancs 1n which
a hazardols agent has been created by
recombinant DNA technologzy. Current
knowledge permits no mope than speeu-
lation that such agents sy be produced
and an equally speculative assessment of
the nature snd extent of hazards that
may follow UDON a particulr recombinant
DNA experiment. This i3 the wnderlying
reason that the thrust of the Cuidélines
15 to minimize contact of ergarnisms con-
tairing recombinant DNA with other or-
ganisms or the environment, Therefore
the following analysls of possible un-~
ddsirable lmpacts due to dispersion of
potentially hazardous sgents emphasizes
the lkelihood of significant disperslon
rather than the nature of the hazard it-
self. The analysls given does not apply
in detall to all the possihle situstions,
but ean seive as a model for analyeing
different sltuations, :

In order that any poiential hazard be
reallzed, it 1s necessary that each of &
number of seguential events occur. Each
event In the sequence iz possible only if
the earller events have oceurred. The or-
ganism must—

{n) Contain forelgn genes,

() Escaps from the experimontal SitUp-
tlon, - _' )
(c) Survive niier'escape.
{d} Become established in an environment
permitiing. Iis growth and mulitplieation,
{8) Contact other Nving organisms in o

significant manner, including contact by a

svfitelent number of arganlsma to ensure Sur-

vival -ang growth and to cause infectlon.

(Note that the environment in (d) may be
© a lving organism ltself).

In those cases whers the detrimental
effect resulls from the formation of a
. harmful proteln, the organism contaln-
ing the recombinant DNA"must—
. (f) Contaln a gens for & potentially harm-
ful proteln, =~ ¢ :
(g) Be able to express the foretgn gene—
that is, synthesize the foreign protein,
(h) Syntheslze the protein In sufclent
ty to. be. %o the '
organism.

of Ial

NOTICES

In those cases where the foreign DNA
tself may be the cause of undesirable
effects, another sct of events must be
consldered, In the case where the forelgn
DNA increeses the pathogenielty of-the
Indtlal host cell or vivus, the Inserted
DNA musi—

{1) Impart & selective advarnitage for growbh
to the earrler of the revombinant DNA as
compared with the originnl cell or virus,

(]} Alter the metabollsm of the carrler so
that 1t becomes disoase producing.

In the case where the foreigh DNA
canuses undesirable effects by virtue of its
irapsfer out of the orlginal reciplent and
reinsertion into cells of another specles,
the DNA must— )

{k) Lenve the original reciplent withoud
belng destroyed. -

(1) Survive transfer to another cell,

{m) Become assoclated with the other call

monltoring the agent in question. A per-

tinent example 1s the monltoring for spl--

iage and spread of radioisotopes. The
presence of radicisotopes Is readily meas=
ured, and the exposure of laborafory per-
sonnel :or the envircnment to radiation
can be quantified, The situation is funda~'
mentaliy different in the case-of orga-

nisms or viruses containing recomblhed .

DNA. No slmple general procedure exists
for identifying an organism released

from .the laboratory against the large °

background level of relaled and un-
related organisms oceurring nafurally.

It iz possible, however, to devise special.

pertinent. procedures for  detection of
some of agenty used In recombinant
DNA experiments, For example, develop-
ment of bacteria] strains, phages, or
plasmids ecarrying readily detectable

in a stable. manner, either as an P
ent ¢lement or by nntural recombinatio

For ¢xample, i f hypothetical experl~
ment c¢lassified s Jow-risk and carrled
out according to the requirements of the
Guldelines, events (a) through (h) might
be required to vield & hazardous situn-
#loh. Available data might permit assign-
ment of probabilities of : 1 for (a); of
10 (1 Im 108} for (b); of 10~ (1 fn 10~
000) tfor {c}; and of 10~ {1 In a mil-

Hon) for (d), Lack of any pertinent-

knowledge concerning events (e) through
(h) would make asslgnment of probabili-
ties impossible. Even assuming s proba~-
bility of one for each event (e) throngh
(A}, the overall brobability of a deleterl-
ous effect on a member of a Specles at
risk in this hypothetical sitzation woukl
then be the product of all probabilittes
{a) through (h}, namely 10~ (one In a
trillion) . This probability then needs. to
be compared with the number of orga-
nisms grown for the experiment. Typl-
caliy, bacteria are grown in liquid mix-
tures to a concentration of between 10*
and 10” organisms per ml. The probabil-
tty will also need to be corrected for the
length of time over which the experiment
Is to be conducted, In reality, it may fre~
quently be diffeult to assess the relevant

probabilities. X
It is currently lmpossible to asslgn
specific probabilities for many experl-
ments, although trude estlmates can
often. be made from current knowledge
fectl from

prototype experiments set.up to measure
bacterial or ¥iral escape (4), and from
knowledga concerning the stability of or=
ganisms and DNA. NIH.is currently sup-
poriing research deslened to improve the
ability to evaluate certain of these prob-
abilities, . . ‘

b. Other considerations, The foregolng
deseriptions of the kinds of possibly
hazardous sttuations that might arzise
from o chtained through recom-~
binant DNA experiments must be con-
sldered.in the light of certaln more gen-
eral issues.

(1)’ .Monitoring for release of orpgd-
nisms containing recdmbired DNA. Con~
trol of the spread of any agent outside of
an experimental sltuation to laseoratory
workers or the outside environment is
greatly asststed by ndeguafe means for

genetle traits wonld enable the menitor-
Ing of lak tory personnel, people work-

{ng in the area, and thelr familles for the

presence of those agents. This would he
analogous to the examination of drink-
ing water, Inkes, etc., for fecal contami-
nation with enterie . Detectlon
in such Instances could be ai levels as
low as 10 (1 paré in 10,000,000, The
adequacy of such sereening ls nof pres-
ently known.

Given the nature of {e serles of events
that might characterize a hazardous
situation, the time factors tnvolved in
those ‘events become refevant. Certaln

ble types of organt containing
recomhbinant DNA, might, i they escaped
and If they were hazardous, be immedl-
ately percelved as such—e.g., production
of toxie . forélgn proteins. We might
therefore be aware of the potentlal prob-
lem soon after dispersal of the organism,
and reasonable means for minimizing
further dispersal could be undertaken.
In other instances—e.g., & cancer-pro-
ducing DNA fragmeht—evidence of
harmful effects might not be apparent
for many years. The connection between
the causative organisms and the ob-
served harmful effects could be difficult
to establish PFurther. dispersal of the
hazardous agent might then be so wide-
spread as to meke control difficult or
impossible. .-

i2) Naturel occurrence o] DNA re-
combinalion between unrelafed orgo-
nigms. Concern over the potential for
hazard  in orgenisms ~containing - re-
combined DNA develops from the central
idea that' such recombinants will be
unigue types of organisms, not normally
arising in nature, and that their prop-
ertles will therefore be unknown and
unpredictable. Natural environments
provide many opporiunities for recombl~
nation of DNA between unrelated specles,
as for example, in the intestines of ani-
mals. Whether, or at what frequency,
such .recorbingtions may ocour is not

Enown at present, but it is probably low

glven the very low extent of shared base
sequencés that can be deteeted in DNAs
derived from distantly related organisms.
Tt would appear that naturally oceiurring
tnterspecies recombinants, If they oceur
in nature, may have been selected againse
in evolution. However tests for shared
base sequences are of limited sensltivity.
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(3} Relative irrewrs:‘hnhty of spread of
Shout containihg
recamhlned DNA e dlspersed into the
environment, they might, depending on
thelr fitness relative to naturally ‘oceur-
fng organisms, find a saitable ecological
niche for their own reproduction, and &
potentially dangerous organism could
then multiply and possibly spread. Sub-
gequent cessation of experiments would
not stop the diffusion of the hazardous
agent. While means to eradicate the or-
ganism might be found, 88 in the case
of smallpox, 1t s also possible that such
means will not be available, or that they
" will be availabie too late to prevent or
stop untoward evenis.

As deseribed earlier, the Hkelihood s
that newly consiructed organisms will be
less fit than those oceurring naturally
a0 therefore will disappear over time.

2. Beneficig? impacts of recombinant
DNA research. Sectlon TV-C-2 describes
the varicus anticlpated benefits of Te-
combinant DNA resesrch. As with the
possible hazards, mzmy of the preposed
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NOTICES

(2) ‘Wedum, A. G. (1976). The Detrick Fx-

perierce As 4 Guide to the Prabahr,e Efficacy
of P4 Mier ¥

for Studfes on Microblel Rmmb‘mnt DRA

Facilfites. Unpublished Ropert te the Na-

tlonal Coancer Institute.

(3) Falkow, 8. (1875}. Unpublished experl-
ments quoted in: Appendix D of the Repori
of the Organtzing Commitiee of the Asttomar
Conference on Recombinani DNA Molecules
(P. Berg, D. Baltimore, 8. Brenner, B. O, Rob-
Lin and M. Singer, eds.). Submitied to the
Nationsl Academy of Sclences.

{4) Dimick,
M. A, {1973). Po!e'nﬂn! Jor Avc(dcnta! Miero=
b!a: Aerosol T fon i the B ]

y (in) Bioh ds in

i Re-

N sea.rch, :ﬂ‘e‘unan, A, M. N. Oxman and R. Pol-

Ioek, eds. Cold 5prlng Harkor Laboratory,
o APPLNDIX A
CLOSSART

1. Aerosol: A collold of Iguid or solld par-,

tictes suspended in & gas, usually alr,

2, antibody: A proteir which Js formed, in
the bady o5 A result of the inoculatlon of an
antigen.

4. Antigen: A substance which when In-

benefils are A b of

Jected intc an animel.causes the formation
of

the Iﬂcel.'lhoocl that they Wwill be realized
will depend on - information acquired
from future experimentzilon. For ex-
ample, assessment of the category of
anticipated henefits that depénds on the
synthesls of eukarvote proleins In
prokaryote cells (see IV-C-1-h) awalts
additional data on the expression of the
forelgn genes. Should these berefits be
relalized, 1t may be expected that the cost
of mentifecturing ecertair eiinically im-
portant protelng cen be markedly de-
creased. Other clinically important pro-
teins that are either in shori supply (e.g.
human growth hormone) or unchtain.
able by existing techniques may be made
rendily available, Innovative approaches
to immunization against infectious dis-
eases can also be expected,

gome of the indicted benefits appesr
certaln. These are the benefits to bhe

derived from an increased understanding -

of both basié blelogleal T and the

‘ment and’ procedures utliized

4. Autoclave:r An epparatus [or

R. L., W. Yogl and Chstlgny,”

38439

-pathogens which require speclal coudiflons
Yor containment. -
Clnsa 4: Agents that reguire the most
gtringont for their
bocause they ere extromely hazardoua to
laboratory personnel or may cause berious
epldemlic disvase. This class locludes Clasa 3
agents Irom outslde the United States when
they are ciiployed Lu entomologleal experi-
ments or when other entomologleal experis
ments are conducted In the same Inborntory
BICA.

Class 51 Forelgn snimal pathogens that sre
excluded from, the Unitod Stntes by lnw or
whose oniry s réstricted by USDA edminds-
trative polley. :

Rore: Federplly Heansed vacelnes contain-
ing live bnfterls or viruses are Bct subject
ta these ‘These
zra applieable, hovever, to pultures of the
stralns used for vactine producilon, or-fur-
ther passages of the vaccine strains.’

15. Class [ biological aafety cabinet: A

Hated cablnet for
unly, having an open front with inw-ard. flow
of alr-awny fram the operator. The cabined
exhoust alr 13 filkered through a hlgh ef-
‘ciency partlculate sir (HEPA} fllier bafore
belng discharged 1o the outslde atmoaphere.
This eablinet can bo used for work w.th low-
to modsratu-huz&rd rlak agentfs w:nere no

sierilization by-steam under pressure. It is
fitted with a gange thet sutomstically regu-
lates the pressure, abd therefore the degree
of hea} to which the contents are subjected.

5. Bucbeﬂophage A virus thnt infects only
bacter

8. Bld' Bureaua, Instll:utes atid Divistons
NI
4, Blohazard: A contracnon n! the wotdﬂ

Thazar
ing a risk or potentml Tisk h the wel] -being

.ot man. or other enimsls, alehur directly |

er
n.\pt!lon or the environment.

'eapnblu or potentmly ca.pable of presenting

a blohezard,

9. Dichazard Aren: Auny arés (a complets
operatiog complex, a alng‘la Incllity, e ningle
Toom within a facility, etc.} in which work
has been; or la belng performed with biohnz-
ardous ogents or materiale,

10. Blohazard Control: Any seb of equip-
to prevent or

mechanisms u'nder]yl:ng & mrlety of dis-
ease atates, :

‘Application of the restrictions Imposed
by the Guidelines will retard progress
toward the realization of the possible
benedits. In addition to the prohibltions
on certain experimenta, there are many
permissible experiments which will need
t0 be postponed until the requirements
in the Guidelines can be met, The ac-
quisition and installation of P3 facilities
reqnires adequate funds, extensive plan~-
ning and Installation. P4 facilitles are
limited in number. Experiments that re~
quire hosts and vectors with d

riala.
110 : Any
which contains m' potentlally cnnt.a.lna hlo-
hasardous agents,
13, Blownata: I-iqulrl whstes from hiologlcal
tenearch proced:

[+;0,+1 center for Disenss Qontrol, -

United Biates Public Health Setvics, Attanta,

Georgla.
14 CDC Classlilcation of eblologle agents-
on the basin of hazard: A system for evaluat-

ing the hazards associnted with varfous
ottologle sgenty, and definition of minimel
pafety for their

of mea snd his en-
. vlronmem. bo blphszardoua _Bgents or-maste-

© product p

18. Class IL hluluglcnl safoty cabloot: AR
open-front cabingt for personnel and product
protection with mass teciroulnted airilow

- with HEPA flltered exhaust and HEPA filtered

Tecirculated ate, This cabinet, can be used for
work with low- to moderato-hazard Tisk
agents. Tt s not suitable for use with ex-
ploslve ‘and flammable substances, toxie
agenta, or radloactive matarials.

17. Cinss III Dhiological sofety cobinet; A
gas-tight eabinet providing total isolation for
personnel and preduct protection with a
HEPA-flltored air supply and o HEPA-filtered
exhaust. The cabinet s fitted with glaves and
ia msintained undor negntive nir pressure.
This_cabinet provides the highest contain-
ment relfability and showld be utilized for all
activitics involving high-hazard riekr agenta

18. Clone: A population of cells desived, hy
asexusl reproduction, from a slnglo cell, Every
cell jn the populatlon i= presumed to be
genetically 1denticol. In recombinant DNA res
gearch, every cell in a clone coanlns the
E8IE recnmhlnant DNA spoclos.”

19. Coding azquence! The orderly arrey of
eodons which are subunits of a gena.

20. Chromosome: One OF more small rod-

" ‘shoped bedy(s) in the nucleus of a nel! that

enntnins genetils mfun:rm.t!on tor that eel). &
collestlon of

21, Deoryﬂbonucleic acld, or DNA: A com-
plex substance of which genes are compassd.

. 32, Ffigent: A Jquid or gaa ﬂnw'.ng from
a process,

23. Endogenous: Devcluptng or m‘gumung
within the , or arlelng from alises
within the organism.

24 ooll: A b tert com-
monly !nund in the intestinal tract of .

in
The bsals Tor

bly limited ability to survive in nntuml
environments must awalt development of
appropriate hosts and vectors, thelr test-
ng, ahd finally thelr certification by the
. NIH Recombinani Advisory Committee,
‘Time wiil'also be required for the various
review processes that &re required.
. REFEMENOES
{1) Chatigny, M. A.,'W. E Berkley a.nd w.
Vog‘l. (1974}, Aerosol Blokazard in Microblo-
logrical Luboratories and How It Is Affected:
by Afr Conditioning Systeﬂu Am, Soc, Heat.
Ref, Afrcond. Eugr. $0:Part I
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Agent O 1s as follows:

Class 1: Agents or no or minimal rwarﬂ
under ordinary nonrllf.lg_ns of handling.

Closs 21 Agents o rdinary potentlal
hazard. This class includes agents which may
produce fiseass of varying degrees of severlly
from accldental inoculailon or injection or
other menns of cutaveous penetration but
which are contelned by ordinsry laboratory

- techniques,

Class 3: Apeénts luvalving speclal bhasard
or agents derived from outslde the Unlted
States which Wire a federal permit for
importation unless tuey ate speclfied for
higher clsesification. This class inchides

25. Btluleglo. agent: A viable mloroorgn-
niem or its toxin which causes, or may causs,
humsan disease. .

26; Eukeryotic cell: A oell that ccotains .
nucleus with a nuclear membrane surround-
ing ‘multiple chromosomos; &lsa containg ex-
tranuclear arganellos.

27, Gens: The smallest portion of & chrom-
osome thet contalns the heredltary informa-
tion for the production of & protein.

28. Genetle engingering:. Directed inter-
vention with the content and/or nrg-mmﬂm:
of an gensatic

20, C ‘The vet of
informetion fu a cell as the chromoomes o
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a pukarrote or the single chromosome _E a
prokaryote.

30. HEPA flter: {(Eigh Efficlency Partlcu-
Inte Alr Filter) A dispesable, extended modi-
um, dry type filter wiih & particle removal
eMeleney of no »oma than 99574 ucn 0.3um
particlos,

a1, Emoﬂonm Capsble of __bquncpn & 5us~
ceptible host, replicoting, ongd causing an al.
tered host reaction uEE_EEw Toterred 19 s
a disease. - -

32, Taminar alr flow: Ar flow In which the’

entice body of air within a destgnoied apace
moves with uniform veloclty in one

e

NOTICES

B0, Viable: E«mﬂﬁﬂw. “capabla of Itfo.”
Genernlly refére to the ablilty of micrabial
¢ella’ to-grow and zultiply as evidonced by,
for exomple, formation of colonies on 6n agar
culture medium. may

Marx; . L. (I073). Restriction Bnzymer.
Netr Toole for Studying DNA. Sclence En
1 482-5, N

MeCahon, I &% al. Coqwu Use of Recom-,

e viabla under one sat of nEEo condltions
and not under another met, making i ex-
tremely important to define preclacly the
<onditions used for determining visbilty,

in the Pri of Vac-
eine Strainy. Postgead, Med, J, 49,185-4, E
Meeelson, M, B, et al. (1976). 4 General
Model jor Genetic Recombination. Prac. ZwS..
Aca, Scl, USA 72:30B-81.
Nash, E. A. (1975) . Infegrative Recombina-
tion in Bacteriophage Ladmbds: Analysia of

Arviwpx B
AU FCR I READING
Aldorsen, T. _,.Huw.uv Inducticn of Geneli-

along parallel fow Lnes.
33, L ¥ En&-&n
nnnn_.uﬂ
E a.

snvoﬂn.o may be the resuli of & speolflo accl-
dent or Inmdequate biohazard oobs.o_ proces
dure or equipmeént,

34. Messenger ribonuclelc uan (0RNA) 2
A complex Molegule that transmite the fn-
formatfon from the gene to n template on
which a protein i3 formed.

36.. M lon: A Hui:
structire present in el eerobic eukaryotic
colls, The mitochrondis produce energy. for
the cell and divide by nmﬂov alter cell divi-
slon has oecurred

86. Nucleotide: A baslo unit of the poly-

; Any In-
ro biok

merlc structure of DNA. Each unit contalna a-

sugar {deoxyribose), phosphoric acld, and one
of the following organic pubstances: adenine,
guanlne, ihymine or eytosine,

3T, Oncogenesis:-The process of tumor for-
matton.

38, Organelle; An independent structural
body existing within cells, gonerally related
to a partlewiar cellular funation, and contain-
izg a speclal group uf genes within an extra-
chromosomzal DNA molecule (e.g.. mitoohron-
drin snd ehloropiasta).

3. Pathogenle: .maan:o:uw or capabie or
produclng dizense,

40. Phenotype; Tho vislble tralts of an

organism as, detzrmined Eﬂ the wnuoao or

genotype.

4l. Plasmid: A genetls etemant, outslde of
the cromosome that & capable of _.mu:ouﬂ:ﬁ
independentiy of the chromosome,

42, Polymer: A large o

cally i the Ab-
sence of Induced E:nazg— Nature 315:1281—

3. :
Basu, 8 K et al ﬁnbdm— ngoh. Which Afr

fects the Mode of Genetic Becombination

in E. Coli. Nature 253;133-40.

Berg, P. ot al. (1974). Potentiel Huzords of
‘mnnouaE:E._.u DNA E.omnﬁnunu (Jetter.). Bel-
enge 185403,

Berg, P. ¢t nl. (1076). Asilomar Conference
on Recombinant DNA .Eannon«s Selence
188:091-4.

DN4, J. Mol. Blol. §1:601-14. .

Noriin, L. C. (1970}. Marker Specifte Efects
it Genetic Recombingtion. J. Mol. Blel §2:
491-0,

A, (1971). B, and
Qaﬂoﬁaos.m Structure in Eukaryotes, Genet.
Res. 18:85-95.

Potential Hazards o} Recombinent DNA
Moiccules. Proc. Not'l. Acad. Scl. USA 71
26034

Russo, V. E. (1073). On the Physical
Structure of Lamdda Recombinand DNA. .
Mol, Gen, Genet. 122:253-68,

Blgoer, . et al, (1568), The Ceneral Re-

Eerg, P. ot at. (1975}, 'y Statement
of the Asllomar Conference on Recombinant
DNA Moleoules, Proc. Natl. Aca. Sol. TEA
72:1081-4. .

Berg, B, {1976). Genetis Engineering:
Challetige end hn..toa&uﬁna. ABM Zma.u 42
273377,

Capaldo, K. N, :35 Analysis pf the
Growth of mgoﬁianzo:..bnn&nﬁ Strains
of E. Oolt K~12. J. Bact, 118:243-9.

Olark, A. J. (188%), The Heginfiing of a
Genetie Analysy of Recombingtion Profici-
ency. J. Cell, Phyalol, ?¢:8uppl.:165-90,

Clark, A. J. (1971}, Toward o Metabola I’

terpretation of Gangtic Recombination of K.
Colf and Itz Bhages. Ann, Rev, E.—deuo- 25:
43784

Clark, A. J. (1674), MEu__.nau u.osE.A '
Metabolic Interpretation of Genetie Recoma
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Genetle Recombination ix a Paritally buuhan
Sirein of E. Colf. Genetios 58554, .

of elmpler repenting units, DNA Is & polymer |

composed - of Iucleotides, while starch and

¢ellulose are polymers composed of-sugars. -

43. Prokatyotlc organiam or - Prokaryote:
Cells of bacterla or biue-green algas which
are cheracterlzed 'as belng rather small,
havipg a3 single chromosome that Is not en

closed by & ﬁs.a_mﬁ. u—«ﬂd«ﬁh. and _\weEnm.

organellea.

44. Resiricton endonuclease! An enzymie::

capable of breaking DNA mt specific sites.
The tetion of the enzyme i unique in that
“aticky™ ends are formed which can joln with,
other fragments of DNA o form a recombl-
nant DNA molecule. In - nature, these bac-

terlal enzymes restrict invaslon of »og_mu:

DNA.

45. Reversd tramgerlptese: Ao nbmvﬂua
found In certaln viruses which Teverses the
normel synthesis of ANA from DNA. DNA is
formed for the roplication of viral- RNA.

46. B plasmid: A plasmid that carries
genetlc information for resiatance 1o snti-
blotles and/or other antibacterlal drugs,.

47. Shotgun experiment: An n

J. (1974). The Nee_.-—gaas
Advantage of Recombination. Genttles 78!
797-56.

Fowler, J. V. (1874).  Molecular Bioloplsts
Cail for Temporary Ban on DNA _m%mzzssu
Blo. Selence 14,583, .
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SAS&G._..F

Recom
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' Feliing, R. B. {1968).. Recognition of Al
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vector DNA, wnick 13 then put into B cell.
‘This 1a In to other
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ments of DNA are Ingerted Into & veotor- .

DNA,

48, Sterllize: Any net which resuits in the
absence of all life on or in en object.
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DNA BonoEm. usually. a plasmid "6r bactae
rigphage.
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Appendix 0
uﬂnﬂ‘wﬂﬂm DESCRIBING THE MV-1HH3H2.—.S..—._D/
OF THE QUIDELINES -

Uu?wshnuz.n OF HEAUTI, FRUCATION,
AND  WELYAAF, Pumiic HeAam

BEAVICE, NATIONAL  INSTITOTE3
OF HEALTH B
) Junc L8, 1576,
To! Uﬁnoqou. ' NIH, "Through: Direstor,
NIGMS, NIH. : o
From: a S :
DNA - Moleculs —unow..wnb . Advisory
Commitier, .

Bubject: Operation of the OMce of Recom- -
binant DNA Activitles (ORDA).

The proposed structuye and responalbili-
tles of an Ofice of Recombinant DNA Ac-
tivitlea (ORDA) were described fn D,
Flrsohateln’s momorangium  te- you of
April 28, 1976.- The purpose of this docu-
ment s to present our visws as to how suzh
AL office ¢an function ‘effectively- at tho
NIH. Consequently, the following relatlon~
ghips and sctivitics are disouesed:

L Office of the Direcior, NIH {GD, Nif),
The Office of Recombinat DNA Activitles
[ORDA) will be responsible for keoping the
Offics of the Director, NIH, (OD, NIH) and
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. “hearing your comunents and those of your

mnsn on these mnnhoww_u
' Wroityam J. Gakrrans, Ir., Ph- D,
AppENDIX A TO APPENTIX O

PROCEBSING, BEVIEW, AND MANAGEMENT oOF
EXTRAMURAL PROJECTE INYOLVING RECOM-
BINANT DNA TEOHNOLOGY

I Gererel. The purpese of this :muauncﬂ 1=
to discuss procedures for tie processing, re-

vlew and t of NIH
projects which invoive the use of 3@2&&7
nant DNA y. The term

‘NOTICES
stipulatod 1n the NIE guldelines. If the uu-.o.
posed Jevels ara L

VI. Award of mon- -competing renetdals and

ialtlal review group should diseuss, F Eu
much detail as possible, the Inodequacies of
the proposed containment and under what

- circumstances, It at all, the application
should be eliglble for tunding. Initlal Toview .

Broups should be w

yefunded contracts, Each non-.
competing ronewal of 4 grant and subseguent’
‘budget perigd of an Incrementally-funded
contract utilzing recombinont DNA tech-
nology must he necompanied by sn updated
Cortifieation Statoment from the matitu-

applications if the proposed contslnment
lovels are so madequate as to be

tlonel biok: Prior to any
nward of this type the program offoiel in

ble. It will be the responsibiiity of the
awarding unit to inform spplicants directly
a3 t0 the fact that this was the reason for

a8 uged here, refers to all
and grant wu.u:,a.ve—nnw for reseafch prejects,

centers, Tellgw=
ahips, research career n.oq&om.ﬂmﬂﬁ e«n. [
defined in NIH Manusl Issrance 4101; “Ac-
tlvity. Codes, Organieational Codes and Defl-
nltions wsed in Extremural Programs.” The
procedures woulkl apply to applications re-
viewed by DRG ptudy sectlons nnd Institute
nnd Division initinl review groups.

TI, Capture ¢f information, One of the
primary functions of the Office of Recombi-
hant DNA Activities (ORDA) ls to malntain
a central register of NIH supported projects
‘which involve recombinant DNA technolegy
&0 that tho NIH will know where these proj-
ects are Jocatad and will have the capability
ot mpidly communicating with preject di-
Tactors ehould the need arlze.

In order to maintsin en updated central
Tegister of pProjects 1t will be nceessaty for
the NTH 0 modify spploation forms to in=
dieate on the face shoet whether or not re-

DNA Y 8 o
...w.b Ed_nnn.. This could be modeled after the
y in use To=

Bearch anziw humsn stibjects. The infor-

matlon would be captuzed, as 15 the cpse for -

humsn experimentation, end permit sorting
by Such 88

cpmponent,. n«cm..nvu_a location of projecta,’

et
I, Receipt of am_u._ﬁunn—n:u Through the
use of appropriste Instrument (NIH
Guide, NIH Manual, ete.), the NIH wil in-
form opplicanta of the hecessity for, Assesss
. Ing the phyeleal and Enunn_ﬂv_ contalnmont
Tor the p! as
mzhﬁwﬁn in the NIH wﬁa.ozu.mm This agsesis
ﬂun must be fmeorporatad into the applica-
1.
Al appllcaticns _.!udmma_bw suppart for
ta involving DNA tech-
uag will a.uPo ucﬁ:non. 1o have oo file two
+ A of

and membpers of rele-
*vant Inftinl Teview groups will recoive B cODY
of the Guldelihes to permit them to make
these_judgments, Problems relating to ad-
sessmient of blologlenl and physical contain-
ment levels proposed by investigntors versud
those regquired by the Guldellnes wilt ba re-
ferred to ORDA.

AS In tho chse 0f human experimentation,
national adyvisory counclls and hoards and
final Tevlew bodiss are oxpected to caretully
serutinize proposals, involving. recombinant
DNA technolegy, and Inake

the has tho responsi-
bitity for raviewing the application for con-~
fermity with the Guidelines, for determin~
ing .whether the proposed proteccols do or
4o not require & higher level of contalnment
thon wes yequired In the application as re-
viewed by tha inltial Teview group, and for
ensuring that the regquired decuments are

‘ properly exeguted. The program ofeial will,

then forward to ORDA one copy of the ap-
plicatlon and the certification statement,
elong with o request for clesrance t0 award. .
The latter will include a stetement to the
off¢et that the progrem officlal has Teviewed
the applcation for conformity witk . ine
Guldelives, and that the proposed contnin-
ment, levels ara adlequate. Thereafter, the

ppropria
recommendations. :
V. Award of new gnd an:ﬁn&ﬁn FENEWAL
projects, Pricr to the award of pny project
involving recombinant DNA technology, tho
NIH awpriing component will forward to
ORDA one copy of each of the followlng
“documenta: The Bpplication, summary state-
ment, MUA, Certification, any commenta of
-the final review bedy, and a request for
clearance to award. In thoss cases in which
the initial or final review group, or siall of
an awarding BID flnds that B project. re«
quires a higher leyel of contalnment than
that origisally proposed by the applicant or
the institution, & properly executed revised
MUA and Cerblfication Statement will be
required prior to a request for approval- to
wﬂﬂnn ORDA will review thé doouments and

in ¥ will be Igllowed,
end BIDa will forward to ORDA & copy of
ull award statementd involving these proj-.
ects.

If the
alter en spproved ?.osnou ab Em meg of 50
non-competing ronewak or subsequent budg- -
ot perlod of an’ inerementally-funded con-
trnch, then the procedures deseribed in <HH
must be £ It s the
1thé program cfficlal to enzura that a1} the nb.

and prop executed d B
required in VII w_.e present in the application
prior to forwarding the request o GRDA.

* V1L Chaenges In awsrded profeats. Since in
many ceses the NWIH supporis projesta for
project periods Iobger than one year; @ num-
ber of situatlona will arlse in funded projecta.
One eifuatlon arises when an Investigator -

or non
witlt the request for cleatanca to award, In
the Jatter casn, ORDA will prepare a memos
randum outlining the yeascna for disapprov-
al but emphastulng that the action is inde-
pendent of sclentlflic merlt or other reasons,
Such & memorandum should be forwarded to
the epplicant through the awarding unit, I
thoso casea in which QRDA ls not able to
oach a nmoﬁoﬂ ot In which the awardlng
the decl.
slon. the EKES» will be submitted to the
Executive Commiitee, and, if necessary, to

ing and Agreement {MUA) and o Certifica-
tlon Statement (Certification)-from the in-
atttutional blohezerds commities, The NIH
must and Will require thet a propoerly exe-
cuted MUA and noﬂzbaﬂw_oﬂ accompany all
use
DNA . This will the neod
for trocking theee doclments after the appll-
cation 14 accepted for review. The originala of
these doruments will 1o Placed In the offalal

. the Advisory Committes, for
review, The final deciglon will rest with the
Doputy Director for Solence, NIH. -

BEX will forwnzd to ORDA ‘s copy of sl
award statements snvolving these npplica-
tlons,

ORDA will Teiain in Lt filea the

mpkes @ to utillze recombinant’
DNA technology after the projeot has heen
reviowed sud awafded. Another situation
arlses when an investigutor decldes to close
DNA segments other than those orlglually
revlewed, nnd for which higher levels of con-
toinment may be required, Tn these cnses,
and 1a BI chses In which en investigator
wishes to significantly alter an approved pro-
tocol, the investigator must first apply to
the NIH for

beforo proceeding. .HH.F requirement should
be ptated i the BpPropriate NIH inatrument
(NIH Manual; NIH Guide, etc.) The luvestls
gator will be Enﬁzn 0 pubmt} to the. .a.-nn-
icg
assessINOnt of sun Fq&u 'of physical and _&o.
logical condalnment required by the Gulde-
lices, an MUA, nnd & Certifieatlon Statement

cited aghove, In the svent that the volume of

from the commit-
tes, The program official in the awarding

fied ORDA
wil retain B copy of the faco sheel of &
Enaﬂ uvvsose—ob rather than the entlre

files of the NIH ts with

In thoss casss in which tha

coples on fle i ORDA.

hes the ibility for roview-
ing the reguest in Ught of the Guldelines, for
ensuring that the reguired’ documents are .
exeouted, and for forwurding to

project DNA

IV. Revisw af The
secretarfes of initial review groups fire re-
eponsibie for identifying all applications in~

¥ 15 but one component of & mul-
tiproject application, ORDA will ratain in
its files the face sheet of the wﬂvnomﬁoﬂ and

OW.U# a copy of all the documents along
with & recommendation, The lattar should -
clude %he program offictals independent
assessment of the lovels of physical mnd

required by the NI

6s 0 how

volviug DNA , and. the tlon(s) describlng the __51
tor placing on ihe first page of avery sum= volving DNA and B
msry statement tho following special note: It must be emphesized that tho uugﬁu b Vnoommn. ORDA will review tio requeat,
1ty for that, .
E KT DNA B TIAL . 6nd, when appropriate, refor the request to
DIOFATSRD B e Dl oot A0d it fiog the inittsl review group, the Recombimant
2 o T D JTecu Advisory Gomemittee, or ad hot consultents.
The . are Wwlth NIH staff involved with the Initial ve. !

for ensuring Buvn ibe luitinl review groupa
moke an independent assessment of the plo~
toglenl and physicnl containment levels ro-
guired for-ilie proposed experiments, snd for
ntating in the text of the summary atate-
ment the inltla]l review group’s determina-

tlon B3 to whethor- the coptalnment leveld .
proposed by the investigator meet the levels

vlew groups and program areas, Tho proce-
dures p d mhove are intended to serve

VIIL. & i3 for i ing of
Levels, ﬂbﬂuu "characterized clones of DNA

'n3 a final review prior bo award, QRDA will
be avsilable to NTH staft for advice and ¢ox.
suitacion, but 1t can ot be expected to make
declejors for review wuults and awarding
components,

" menta,”

ngnta derived from ghotgun sxpetl-
the Guldelines state:

* * * bafore contalnment conditiona lower. -
thac %11e ones used fo clone the DNA can be .
mdopted, the investigator must ohfaln ap- -
proval from the granting BEERCY. Buch ap- .
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proval would be contlngent upon date con-
cerming! {8) The absence of potentlally
hermful genes (2.g., sequences contalned In
indigenious tumor viruses or which code for
" toxic substances}, (b) the relation between
tho recovered and desired segmont (e.g., hy-
bridizatlon and restriction endonnclease
fragmentation analysis where applicable),
snd {c) maintenance of tho blulugical Trop-
ertles of the vector.

This stipulation for NIH spprovel mey be
one of the most dificult sections of the
Guidelines to implement, This 1s heopuse of
the technical pature of tho data to-be eval-
uated, and because of the valume of requests
which can be anticipated. Therefore, the fol-
lowing proposed procedurcs are espcclaily
yiewed aa o foasiblilty trisl.

An investlgator who wishcs to use lower
levels of comtalnment Ior characterized
clones derived from shetgun experiments
must state, o writing, the justificatlon for
the request 1o the program oflleial of the NIH
ewarding component. Such justification will
provids dets on (a), (B) and (¢) a8
stated sbove. The program offieial will
retain - the orlgingl reguest In the award-
ing component’s file, and forward a copy
t0 ORDA which wlll submit the request
to the nant Advisory Co 1 or
1o & subcommittes thereof for evaluation, or,
i & precedent has been ustsblished wiil
meke 4
will be forwarded to the program officlal
who may appesl. The final dedislon rests with
the Deputy Director for Sclence, NIH.

IX, Large-scals experiments, The Gulde-
Tines stato that: .

*+ *x + gt this fime larg 8

191

NOTICES

tor for Sclence thon roquesis the NIE Elo-
hazerds Committee to review the rasearch
plan and procedures proposed in the draft
MUA. The recommendatione of the NIH Blo-
hazards Committee are forwarded to the
Deputy Director for Selence, NIH. Retomn-
mendations of the NIH Blohazarda Commit-
tee¢ must be included In a flnal MUA, and
the Assoclate Director for Envirohmental
Health and 8afety, DR5 must cortify that
the safety Teasures included in the ‘final
MUA are avallable. The Ies¢aTch cennot pro-
ceed unthl the final MUA Is fully approved.
‘The original copy of the MUA s sent 1o the
Assoclate Director for I Eealth
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ment end award stetement for each ‘cur-
rently funded pro;uct- involving recomblnant
DNA . N1H

will ba rospo’nsiblo for enauﬂ.ng that this
reporting is as complete as possible.

BIDs will send a leiter to investigntors
ldentified In the paragraph sbove to deter-
mine whether notlve rescarch projecta are in.
compliance with the Guidelines. Responsos
to this query will be retalned in BID of«
flolsl files, and a copy will be forwarded to
ORDA for review. If ORDA is satlsfled that a
project Js in compllance with the Culde-
‘lmes. no further action B reguired. if the

and Safety. DARS with coples te the requesting
investigator, the Laboratory Chief, the Sclen-
tifie Director and the Executive Secevetary of
the NIH Blohazards Cominlttee, .

It 1s propozed here that a copy of -the
fingl MUA be forwarded to ORDA for review.
It ORDA does not coneure with the recom;
mendetions of the NIM Blohazards Commit-
teo, 1t may reguest the Deputy Director for
Seclence, NIH to bring the matter to the
attention of tho Executive Committee or the
Recombinant Adviscry Committes for rcsolu-
tlon.

ORDA will assist the NI Blohazarda Com-
mittes with problems relating to assessment
of blological and physical contalnment levels
proposed by investigators Versuas those re-
quired by the Guidelines, with reguests for
the use of lower conininment levels for
characterlzed clones derived from shotgun
exporiments, and with reguests for permission
to do large-scale experiments with recom
binants known to make harmful products.
ORDA will alse mssist the NIH Blohazards

(e.g., more than, 10 1iters of culture) with re-
combinant DNAs knowh 10 make harmiul
products &re2 not to be carrled out * vk,
However, speclfic experlmenis'in this cate-
gory may be exempted froul thig-rule If spe-

¢lal bicloglesl contalnment precautions and -

equipment designed for large-scale opera-
tions ere used, and provided thai these ex-
perimients are expressly approved by the Re-
combinant DA Molean]e Program Advisory
Commtttee.

An investigator who wighes to conduet such
experimonis must submit a reguest, along
with s properly oxecuted MUA and Certifica-
tlon Statement. from tho Institutional blo-
hazards committee, to the program offitial
of the NIH awarding componant. The pro-
gram officlal will retain the orlginal request
in the awarding component'’s file, nnd for-
ward coples t0 ORDA, ORDA will bring the
request to the attention of the Recombinant

in periodie revlew and revisions
of BIUAs. If ORDMA docs ot concur with the
decislons of the NIN Blohazards Coinmlittee,
1t may request the Deputy Director for
Science,
attention of the Executive Committee or the
Recombinans Advisory Committea.

APPENDIX (! vo ArrErmmg ©
TRANSTIION ARD IMPLEMENTATION

The €5 in A Gil A
and B.should be implemented as spon 68
posclble. However, clearly there will ko an
interim period after the Guldelines are lssued
and before 21l the procedures are function-
Ing: It i= the purposc of this Appendix to
propose how the Office of Recombinant DNA
Activities (ORDA) might initfate coordina-
‘tlon and gathering of informeticn during this
period.

I Intramurel fesearch. ORDA will brief
the Dlrcct-nl's of the BIDa who wiil

Advisory Committee oF

to assure ORDA gnd the Deputy

thoreef, by mail, teleph

ot tho next mecilng or, 1T n preceﬂent has
been ostablished, will mnke a decislon in-
depandently.

APPENDIY B 10 ArrEnmx C
NIH INTRAMURAL RESEANCH

Beoouse NTH Intramural research projects
are reviowed 1n p very different fashlon than
extramural projects, different procedures are
npplicublv thpn' thoss proposed in Appen~
dix A.

At prasent, the Chlel of the Laboratory
in which an investigator plrns to utilize
recombinant DNA tochnolopy requests ap-
proval throlugh the Sclentific Director of the
ralgvont BID {0 the Depuly Director for
Sclonee, NIH with coples to the Associnte
Dirccter for Envirohmentol Heglth ond

Safoly, DRS. The request for spproval is in°

the form of & draft Memorandum of Under-
standing and Agresment {(MUA) which de-
poribes the type of experlment, nature of
host-vector syetem, nssessment of potentlal
risk, proposed eafety mensures, proposed
tralning of perconnel, ete. The Daputy Diree-
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Dlrecbor for 3glonce, NIH of present and
future compllance by intramural research
sclentists with the Guidelines.

ORDA will requost the Deputy "Director
for Selence, NTH to provide a copy of the
final MUA on gll Intramural projects, utilzs
ing reconlingant DNA technology, which are
already in progress. After raview of the MUAs,
ORDA wlil report any concerns to the Duputy
Direetor for Scionce, NIH.

II. Exiramurgl programs. ORDA witl brief
the Txecutlve Committes for Extramural Af-
Ieles on NIH pollcles and preceduras,

BID3 will be required to report ta CRDA

&ll presents or planned workshops, trainlng °

coursed, confersnces, et relating to recom-
binant DNA techoology. BIDs must alio res
port all present or plauncd RPFs and RFAS
Ukely to Tesult In prejects utilising recom-
binant DNA technology. After revlew of this
informatlon, GRDA wiil report any concerns
to the Deputy Director for Sclence, NIH and/
or the Bxecutive Committes,

NIH fo bring the matter to the

reports that the project is not
m full compliance with tha guldelines, those
aspects of the preject which are not in com-
pliance will have to be terminated. However,
investigators will hava the opportunity to
petitlon the Rrcombinant Advisory Commit-
tee to permlt continued use of charpoterized
clones slready in existonce mnd constructed
under Asilomar guidelines. Presuma3ly, tho
use of these tiones will be permitted ta con-
tinup until the Recombinant Advisory Com-
mittce or a subcommitice thereof, has xen-
dored its opinton.

The above procedures nssume that all in-
vestlgators are already ot least in compli-
ance with- Asilomar guidolines, ¥ projects
are identifled which appear not te be In cota-
pliance with Asflomar guidelings, they will be
brought to ths immedisto attentior of the
Deputy Dircctor for Sclence, NTH and the Re-
combindnt Advisery Committee.

Arpeyome: D
AECOMPINANT DNA RESFARCH

Guldeliries
86 published In the.
FEDIRAL REGISTER, Part II,
July 7, 1076

On Wednesdey, June 23, 19’[6 ‘the Dlrecter
Netional Institutes of Hea.lr.h with the con-
currence of the Sectetary of Henith EdUch
tlon, end Welfare, and the Assistunt Secre-
tary Jor Heslth, {asued guldelines that will
govern the conduct of NIH-suppo-ted re.
search on récombinant DNA molesules, The
NIH-1s nlso undertaking sn environmental
impact asscsgment of these guldolines for
recoittbinant. DNA Tesearch in accordnnce
with the Notional Environmental Pelicy Act
of 1888

‘The NIE Guldellnes establish cerefully
controlled conditions for the conduct of ex-

tg the D ot such

- molecnles and their insertion {nto organisms

such 88 bacterfa. These Guidelines replace
the recommendstions contalned in the 1975
¥ of the Coii-
ference on nant DNA r
The latter would have permitted research
under less strlet conditions than tho NIH
Guidelinés. .

The chronotogy leading te the present
Guldelines i3 deseribed in detafl in the NIH
Director’s declslon document that follows,
In sumtnaty, sclentlsis engaged in thls re-
search called, 1n 1974, for & moratorium on
certaln kinds of experiments until an inter-
natlonal mesting could be convencd 0 coni-
sider the potentlal hazérds of recombinpng
DNA molecules, They also called upon tho
NTH to establieh a commitied to provide nd-
vlee o recombinont DNA technology.

The internationsl mesting was held at the
Asllomar Conference Center, Pacific Grove,
Colifornis, In Februery 1975, The consensua
of this meeting was-that ceriein experlments
should not be done ot the present time, but
that most of the work ot construction of re-

With regard to actlve grants and
BIDs will be required 16 submit to ORDA &
copy of the application, summary state-

t DNA should proceed
with appropriate physical and hiological bar-
tiers. The Asilomar Conference report also

NO. '76—THURSDAY, SEPTEMEER @, 1976
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mede Interim asslgnments of the pofential
risks associated with differont types of experl-
ments, The NIH then sssumed responsibility

for tranzlating the broudly based Astlomar .

recommendstions into detalled guddelines for
regearch,

The declston by the NIH Director on these
Chutdelines wes reached after extensive scien-
tifie and.public elring of the issues during
the sixteen months which have elapsed since
the Asilomnr Confersnce. The issucs were
discussed at public meotings of the Re-
combinant DNA Molecule Program Advisory
Committes (Recombinant Advisery Commlit-
tee) aNd the Advisory Commlttes to the NIH
Director, The Recombinant Advisory Com-
mitteo extenslvely . debated three different
yerslons of the Guidelines during this perlod.

‘The Advisory Committee to the NT1H Direc-
tor, with
law, ethics, consumer ffpirs and the environ-
Ema was memn to advise ns to whether

NOTICES”

C. Implomentation Beyond the Purview
. of NIT
D. Envirenmental Pellcy
1I. Methods of Conislnnient ﬁwmm Gulde-
lines IT)
JIL.. Prohibited Eﬂanwamﬁﬁu (8ee  Guide-
lings MOT, A)
IV. Permissible Exporiments: E. Col E-12
Host-Vector Systems (Ses Guldelines
111, B, 1)
V, Classlficatien of Experiments Uslng the
E. Coli K-12 Contalnment mmeEm
(See Guidelinos INI, B, 2)
¥I1. Clasalfeation of Experiments Using Con~
talnment Systems Cther than E, Coid
E-12 (Zee Guldelines III, B, 4)
Vil, Roles and wumnoum_.ﬁ:ﬁmm {See Guldes
lnes IV} K

INTROVTCTION

Today, with the concurrence of the Secre-
tary of Health, Edueatlon, pnd Welfare and

< Ta-

nboum_us_&. to protect the pubile with the
potentlsl’ benefits through the. pursuit of

new knowledge, The many difforent polnts:®

of vlew expressed at this meeting were taken
into congiderntion In thoe declsion.

‘The NIH i o speclal to
dissominate information on these guldelines
a4 idely as possible. Accordingly, the Gulde-
lnes will be sent to all of the approximately
25,000 NIH grantees and contractors. dajor
professlonal socletles which ropresent sclen-
tists working in this area will also be asked
to endorse the Guldolines. The Guidelines
Wil bo gent to medicel and sefentific Journala
and editors of these Journals will be asked
1o request that Investigators jnclude a de-
seription of the phy and i con-

the t Secretary for Health, I am re-

leasing guldelines that wiil govern the con-"

duct of NIE-suphorted research ot recom-
binant DNA melecules {molecules resulting
from the recomnbination in cell-free systems
of pegments of deoxyrikonucleic acld, the ma-
terial that dstermines the hereditary charac-
terlatios of all known cells) . These puldelines
establish carefully controlled conditions fer
the conduct of eXperiments invelving the in-
gertlen of such racomhbinant genes into orga-
ndsms, such as bueter!a. The chronology lead-
ing %0 the prosont guidelines and the decls
slon to release thom are outllned in this in-
troductlon.

In eddltion to developing these guldelines,
NIH has undertaken an cnvironmental im-

pact t of these guldellnes for re-

taltment procedures used in any r

ant research they report on. Internationsl
neslth and sclentific organizations will elso
recelve coples of the n:EEEmm for their
review,

Fliing of an enviroomental lmpael atates
ment wiil provide opportunity for the selen-
tilc community, Federal, State and Iocal
agencles and the genernl public to address the

potontial benecfits and hagards of this re-

gearch area. In order for there to ke fur-
ther cpportunlty for public t and

DNA in with
the Natlenal Environmental Folicy Act of
166¢ (NEPA). The guldelines era DEing ro-
leased prior to completion of this asseasment.
They will replace the curtent Asllomar guide-
lines, -discussed below, whith in many in-
stances allow research to preceed under less
siTlet conditions. the NIK Zu

In response, IWAS formed a committes, and
ite members published another letter In

“'Selence 185, 303, (1074). Entitled “Poten-

tlal Blohazards of Recombinant DNA Molo-
cules,” the letter proposed:

Firat, and most important;-that until the -

potential hazards of such recombinant DRA-

molecules have beern befter  evaluated or

until adeguate methods are developed for
preventing thelr epread, sciontists through-
cut the world Join with the members of this
committes. in volunterily deferring * * *
{certaln] experiments = % ¥,

Second, plane to Uak fragmenta of animal
DNAs t0 broterial plasmid DNA or baclerios
phags DNA should be carefully weighed * + *,

Third, the Director of the Natlonal Insti-
tutes of Health is requested o glve lmmedi-
ata constdorntion to establishing an advisory
commlttes charged with (t) overseelng an
experimentns] program to evaluatoe the po-
tential blological and ecological hezards of
the above types of recombinant DNA mole-

cules: (il) doveloping procedures which will -

miinimlize the spread of such' moclecules
within human and other populations; and
{M) devislng guidelines to be followed by in-

vestlgators working with potentlally hasard. -

ous recombinant DNA molecules,
Fourth, an internstlonal meeting of in-

volved Eclentlats from »ll over the werld:

should be convened early in the coming yenr -

1o review sclentific progress in this ares and
to further discuss appropriate ways o deal
with the potentlal Eo‘nuwwnnu of noooEaT
noent DRA molecules.

On October 7, 1874, the NIH Recombinant

DNA Molocule N.om..wﬁ Advlsory Committes.

(bereafter "Recombinant Advisory Commit-
tee") was established to advlse the Seoretory,
HEW, the Asstatant Secretary for Health, and
the Dlrector, NIH, “concerning n program
for developlng procedures which will mini-
mize the spread of such molecnles within
humnan and other populations, and for de-
vising guidellnes to be followed by investi:
gators working with polentfally hszardous

will afford o greater degree of serubiny and
protection, they are hoing released today, and
will he effective while the environmental im-

consideration, these guldelles are helng
offered for general comment in the FEDERAL
Reaister. It must be clearly understood by
the reader that the material that follows ls
not proposed rulemaking in the technlenl
@ense. but 18 » decument on which early
pubilc comment and partlcipation 1s invited.

Elesse - address any commenis on these
draft polictes end procedures to theyDirector,
Katlonsl Institutes of Health, 0000 Rockville

Pike, Betheada, Maryland 20014, All comments -

should be recetved by November 1, 19748,
Additionnl coples of thls notlce sre avail-
mble from tHé Actlng Direstor, Office of Re-
contbinent DNA Activitled, Notional Institute
of General Medieal Jelonces, Natlonal Instl-
tutes of Henith, 5000 Rockyllie m.:nm.
Bethesdn, Maryland 20024,
DowaLe 8. FREDRICKSON, MD.,
Urﬁuma?
25:@:5 Institutes of Heaith,

JuNg 25 1876.°

DEcision ©OF THE DIspcToR, NATICGNAL
InstrroreSs OF IHEALTm To KRELEASE
GuELINES FOR RESEaRCH ON RECOM~
BINANT DNA MOLECULES

JUwe 23, 1975.

. CONTENTS
Introductlon -

1. Genernl Pollcy Conslderations

A, Belenca Polley
B. Implementotion Within the NIH
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puct b is under way.

Recombinant DNA resesrch brings to the
foro certaln problems in assessing the poton-
tial tmpact of basie sclence on soolety as &
whole, Including the mamner of 13&&:&
public prrticipation in . those

‘The international meetlng propoesed in the
“Science”™ artlcle {85, 303, 1874) was held in
February 1975 st the Asallomar Conference
Center, Paclfic Grove, Callfornla. It was
sponsored by the Natlonal Academy of Scl-
ences and supported by the Nattonal Instl-
tutes of Henith snd tho National- Scleice
doﬂﬂh»ﬁnu Dpnoe huwdired and ftty people

52 forelgn from

The field of research Involved 13 » uwﬂn_«.
moving ene, at the leading edgo of blologleal
selence. The experimonts are extremely tech-
nical and complex, Molecular blologlets active
in thie research have means of leeping In-
formed, but even they may Iall ¢ kecp
whreast of the newest developments. It I not
surprising that sclentista In other fields and
the general public have difficulty io under-
standing edvances in recombinant DNA re-
search. Yot publlc awarencss and understand-
ing of this line of investigation Is vital.

It was the sclentists engaged in recombli-
rant DNA research whe called for & morato-
rlum on cerigln kinds of experlments In
order t0 855055 the rinka and devise spprapri-
ate puldelines. The capabllity to perform
DNA recombinatlons, and the potential haz-
arde, had becomo mpparent at the Gordon
TResearch Conference on Nuclele Aclds in July
1973. Those in attendance voted t¢ send an

..open letter to Dr. Phlllp Handler, Pr 13

16 countrios, 16 representatlves of the press, |

and ¢ attprneys,

The conference reviewed progress in 8-

search on recombinant DNA molecules and
diseussed ways to desl with the potentlsl
blohnzards of the work. Participants fel% that

experiménts on constructlon of recomblnant '
DNA molecules should proceed, provided that -

approprists biclogical end physical contains
ment 15 utillzed. The confersnce made rec-
ommendatione for matehing lavels of cons
stalament with levels-of possible hazard for

varlgus types of experlments, Certain ex-

perlments were Judged to pose such serfous
potentlal dongers that the confersnce recoms-
mended egolnst thelr belbg conducted st
the present time.

A report on the nmun...:.muno wes aubmltied

to the Assombly of Life Sclences, Natlonal
Research Counell, NAS, end gpproved by its
Executive Commlttes ot May 20, 1976. A
SUmMMaLY of the report wa3a pub-

d6f the National Academy of Sclendes, 'and 0
Dr, John R. Hognhess, Presldent of tho Insti-
tute of Medicine, NAS. The letter, appearing
in “Selence 181" 1114, (1973}, suggested
“that the Academies {sic] establish a study
committes to copsider this problem and to
nmnouﬂb-ﬂn specific actlons or guldelines,

. should that secrn appropriate.”

ZO»,. 176—THURSDAY, SEPTEMBER 9,

lshed In "“Sclence 188, 881 {1375}, “Nature. .
225,"- 442, (1675), end the “Proceedings of -
the Natlenal Acndemy of Bofonces 72, 1981, .

(1976), The report noted that "in many
-countries gteps are already belng taken by
national bodies to formulate codea of prac-
tleo for the conduct of eXperiments with

known or potentlal biohazerd, Until these are - -

1976
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£rd to the workers or the envirenment beyond
the relatively low risk known to be nssoclated
with the source materlals. The. sdditional
hoazards are speculative and therofore not
guantiflahle. In & real sense they are eonsid-
erably lesa certain than are tha bencilts now
clearly derivable from the projeeted research.
For example, the abillty to producs,
through “molecular cloning,” relatively large
arnounts of purc DA from the chromoesomed
of any living orgnoism will-have a profound
effzet in many areas of blolagy. No other pro-
cedure, not even chemlcal synthesis, can pro-
. vide pure 1al cor ng to partl
lar genes. DA “probes,” prepared from the
clones will yleld precise evidence on the
presence or nhsence, the organlzation, and
the expresslon of gones In health and dissage.
Potential medical advances were cutlined
by sclentists active Ln this research area who
vero present st the meeting of the Director's
Advlsery Committee. Of ¢normous lmpor-
tange, for akample, 18 the opportunity o ex-
plore the malfunctioning of cells in conpll-
cated dlsenses. Our ability -5o underatand a

Tariety of hereditary defcets may be signif- .

lcantly enbanced, with amelloration of their
expression a real possibiity. There s the
potential to eiucidate mechanisms in certeln
cancers, particularly those that might he
cauged by viruses.

Inatead of mere propagetion of forelgn DNA,

NOTICES

rrgument runs, has already tested the proba-
bilitles of harmiul recombination end any
aurviyors of such are slrendy in the ecosys-
tem. The fact 15 thet wo do not know which
of the sbove-stated propositions is correct.

The intoraational sclentific community, aa
cxempiified by the Asllomor confersnce and
tho doliberstlons sttendant upen prepara-
tlon of the present guldelines, has indleca-
ted o doslre to proceed with research In &
conservetive mauner, And most of the con-
sldorable public commentary-on the subject,
while urging caution, ias alse favorad pro-
ceeding, Three Furopean groups have indes
pendently srrived at the opinion that. re.
comblnant DNA Teseprch should proceed
with cantion, These are the Working Farty
on Experimental Manipulntion of the Ge-
netle C of Micro-Organisma, whose

Of conslderable concern to all commenta-
tors wes the process by which NIH would
proceed to implement the guldelines, Tha
aclentific communlty generslly urged that
there be no Federal regulations, while some
of the public commentators recommended
the regulatory process,

Mzny whe epposed chauglng the proposed’
guldelines into Federal regulatlons expressed ..
conearn for Dexibllity end sdminlstrative”
efficlency, which could hest be achleved In
thetr view, yoluntary compli
Other commentators, however, believed it Ln-
perative to proceed townrd regulation, In
thelr vlew, the guldelines conld be lmple-
mented for purposes of NIH funding and
would govern the conduct of experiments
untll regulations were in effcet. Another com-

“*Ashby Report"” was presented to Perllament.
il the United Eingdom by the Secretary of
Btate for Educntion and Sclence in January
1876; the Advizory Committee on Medical
Research of the World Health Organizstion,
which lesued s press relepse Inm July 1876;
nnd the European Molecular Blology Organt-
zetlon Standing Commitiee on Recomblnant
DA, meeting in Fobruary 1876, -

There is no means Ior & flat proscription
of such research throughout the world com-
munity of sclence. There 15 also no nead to
attempt 1t. It 1s likely that the evaluatlon en-

they expression of the genes of one anlsm
by the cell machinery of another may alter
the nmew host and open opportunitles for
maniputating the blological propertles of
colls, Tn certain prokaryotes {crgenisms with
a poorly developed nucleus, Hke bacterla).
this exchange of genetic informetion oceurs
in npture, Such exchange explaine, for in-
gtence,. an important mechsniem for the
ehanging snd spreading of reslstance to antt-
blotics In bpeterla. Beneflalal offects of this
mechanizm might be the production of med-
1cally .jmportantt compounda for the treat-
_ment snd control of disease. Examples Ire-
quently clted are the production of lmsulisn,
growth hormone, specific anfibodies, end
clotting fectors absent in victims of hemo-
philla. . .

Aside from the potentint medieal henefits, B
whole host of other applications in adtence
end technology have heen envisloned. Ex~
amples Are tho large-scale production of en-
zymes for indugtrial use and the development
of bacteria that could lngest and destrey oll
gpills in the sea. Potentlal benefits in agrl-
culture include the enhancement of nltrogen
fixation in certain plants, pormittiag lo-
creased food prodnation.

Whlle the projected rescarch offers the pos-
piblilty of many bemeilts. It must proceed
only with assurance that potentlsl hazards
can be confrolled or prevented. Some com-
mentetors are concerned that nature moy
malntain s barrier to the exchange of DNA
between prokaryotes and sukaryotes (higher
organisms, with s well-formed nuetens) —8
barrler that ©an now be crossed by expori-
mentelists, They further argue that expreds
plon of the forelgn DNA may altor the host
in unpredicteble and undeslrable ways. Con~
celveble harm could resuli If the altered
host has & competitive pdvantage that would
Tosker 1ts purvival in some niche withln the

Other kelleve that
the endlesa experiments in recomblnation
of DNA which nature has conducted slnos
thao beginning of 1ifo o the earth, and which
have accoun in part for the evolution of
apectes, heve most likely tnvolved exchange of
DNA between widely disparate species. They
argue that prokaryotes such as bagteria in
‘the Intestines of man do exchange DNA with

this oukaryeblc host and that the fallure of |

the nltered prokaryates to be detocted ab-
teste to » sharply limited capacity of such
recombinants to survive, Thus nature, this

E4 in the prep and app

of these guldelines will fend to bezefiaial re-
viow of some of tho containment practices
in ather work that 15 not technlceally defined
88 regombinant DNA research,

Eecombinant DNA research with which
these puldelines wre coneerned, inyolvea mi-
croorganisms such 85 hacterls or viruses or
colls of higher orgenisms growing In fissue
culture. It Is oxtromely Important for the
public to be awnre that his research Iz not
directed to altering of genes In humans al-
though some of the technlgues developed in
this research may have relovance I thls is
attempted in the Tuture; '

N1H recognizes 1t3 responsibiilty to con-
duct and support resoarch designed fo doter-
mine the extent to which cortain potentislly .
harmivl eifects from recombloant DNA mole-
cules mey cccur. Among these are experi-
menis, to be conducted under moximum
contalnment, that explore the capabillty of
forelgn: gones to alter the choratter ¢f host
or vector, rendering 1t harmful, as through
the production of toxle produets,

Glven the general desire that ne rare and
unexpected avent arlsing from this research
shall cause irreversible damage, 1t 1s obvious

. that mersly to establish conservative rules of

conduct for ome group.of sclentisis le not
enough. The precautlons must bo uniformly
and unshimonsly okserved. Sccond, there
must hoe full ond Hmely exchange of experl-
ences so that guidelines can be nltered on the
basls of niew knowledge. The guldelines muat
also be implemented in & manner thet pro-
tects all corcernsd—the sclentific workers
most likely to encounter unexpected hazards
and all forme of 1ife within our blesphere.
The of the invelved
15 an inescapable and extreme as 1a thelr op-
portunity o beneficlally enrlch our under-
standing. . .

B. IMPLEMENTATION CONSIDERATIONS WITHIN
- THE NIH —_
All the tators had con~

who thought regulation would ba
harmiul rather than holpful suggested that
if there wera t0 be regulatlons, they should
be plong lines similar to those that govern °
the sale, distribution, use, end disposal of
radlolsotepes. .

The question of how best to proceed now
that “the guldellnes have Ween released de-
serves careful attention. I shere the congern
of those who fzel that the guldelines must
remain foxible. It 15 especlslly !mportant
that thers be opportunity to change them
quickly, based on new Informeation relating
to ascientific evidence. potentlal risks, or
safoty aspects of the research program.

The suggestlons for regulntion need fur-
ther attention at this time. The process for
Tegulation not only invelves the Director of
NIH, bub also the Assistant Becretary for
Health ond the Secretary of Health, Educa-
tlon, and Welfnre, Thes¢ guldelinea are being
promulgated now in order te afford additional
protection to all concerned. Conslderation of
their converslon to regulations can proceed
with continuing review of thelr content and
present and future implleations. Meanwhile,
the NIH shall continue to provide the oppor- -
tunity for publle comment and participation
at least equivalent to that provided if steps -
towards regulations wore vo proceed immedis

. ptely, The guldelines will e published in the

Fepenat. Reomerer forthwith.to allow for fur-
ther public comment. .

C. TMPLEMENTATION CORSIDERATIONS DEYOND
THE PURVIEW OF NIH

Speclal concern has been expressed Dy
meany comrientators regarding -the applica-
tion of the gultellnes to research outslde
NIH by Invostigators other than 1ts grantees
or contractors. It has been urged that the
guldelines be made applieable to recombinant
DNA research conducted or supported by~
other agencles in HEW and by NSF, ERDA,
DoD, and other governmental departments.
Most commentators belleve that these or
slmilr puidelines should also govern research
in the private gestor; including industry,
voluntary organizations, and Ioundations,:
Many feel that experiments conducted In col-
leges, universitles, end even in high sehools
require some . form of monitoring. And
finally, all agree that in view of the potential
hezards of recomblnant DA research to the |
‘blogphero, some form of International under-
standing on guidslines for the research 1=
essentlal, . N

Tho commlttee, In the proposed guldelines,

-has suggested. as one means of contrel that

descripiion of the physical and biologieal

cerning the structure end function of decl-
alon maXing as it [elates to the principal o~
vestigator, the local blohazards committee,
the peer review group, and the NIH Recom-
bingnt Advisory Committes. These com-
ments and my responss on the sectlon of the

progpdures practiced.In a re-
seatch project be lncluded In the publication
of resesveh results, In the scientific com-
munity this can ke o powerful force for con~
formity, abd we wili undertake to present the

‘o all Journels.
We nre slso prepared to take steps to dis-

mEnnzﬂmmnm_nanSuoummwﬂn Emﬂuuwp.n::-
tles of thelr 1 and
the Natlonal Institutes of Health are pre-
sented below.

ate the widely, and to ar-
range for s contlaual flow of information
outward concerning the activitles of the Ro-
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implementation, .

and the Ad-
visory Committee to the Director, NIH, in-

195

zoq_n,.mw .

nwwoswscsn this - uqu. the w:—nu:nmh Em
on physleal and

ment to prevent the roloase o_. propagation

of DNA rocombinants outside the laboratory.

In respones to'these T have
already hield & meoting with relevant HEW
ngencios and with reprosentatives frem other
dopartmente of the Federal Government, The
ﬂ:uuumo of the meeting was to exchange in-

OR Tece DNA and
g discuss the NIH puidelines. It sorved ns
an importsnt begloning to pddress a com-

mon concern of these public institutions. A~

number of the representatives indleated that
various departments might 42.% well adopt
the g for both
in-house. and sUpported ucﬁaﬁm Following
up, I have begun prellminary discuasions
with the Asslstant Secretary for Health and
the Secretary of HEW, o determline possible
¢ ensure P of thé
by all Federal agencies. Encouraged hy these
efforts, wo held & moeting on June 2 with
representablves of indusiry to. provile themd
- with full information sbout -the guidelinos
B to help determine the present and tature
interests of Industrial lsborptories in this
type of research. The mceting provided one
of the first opportunities for industry rep-
resentatives to conveneo Ior 'a discussion a

ey te roloaso of ocrganlsms into the en-
vironment is prohibited. In my vlew, the
stipulated physicsl and biologleal contain-
ment, ansures that this research will procecd

‘with a high degree of safety and precaution.

But I retognise the legitimate conesrm of
those wrglng that an environmental impack
assessment be done, In vlew of this eoncern
snd ensuing public dehate, 1 hava reviewed
the appropriatoness of such an assessment
and have directed that one be undertaken.
The purpose of this asse=sment will be to
review the environmentsl cflects, i any, of
research that may be comdlucted under the
guldelings, The assessment will provide fur-
ther epportunity for all conterned to address
tvhe potential beneflis nnd hagards of this
moest important research activity. I expect o

R4y

doemed absolutely necessary for safaty aro

presented. NecessaTy facllities, practices, dnd
equipment are specled. To glve further
guldance to investigators snd thelr lnstiin-
tions, k supplement to the guldelines axplaina
taors fully safet¥ practices spproptiste ta re-
¢ombinant DNA research, And & new sechion
bhas heen added to ensure that shipment of
recombinans DNA Materials conforncs, Where
priate, to the dard by
:ao 1.8, Public Health mnﬂ.-am. the Depart-
ment of Transpertatton, and the Civil Aero-
nautics Board, - )

Tho sectlon o~ physleal contalument i
earafuliy desigiied to offer a conetrusiive ap«
Proach to moeting potential hazords for re-
combinnnt experiments st ell levels of pre-
Sumed risk. Certaln commentators had sug-
Zeated that the first level of -physical con-
tainment (P1) be merged with th2 second
level (P2). This suggestion, however,- would
tend to apply overly stringent stindards for

draft af the impact
should be completed by September 1 for
by the ty, Fod-
oral and State agencles, and the genersl
public.
Tt should be noted that the nmﬁ_uvnnmue of
tho guidelines was in large part tantomount
to conducting an environmental impoct as-

this research area, and an Industry
1ee under.the ot the Phar
‘Manufscturers Associption will be formed
to review the guidellnes for potential ap-
plication to the drug industry. Further meet-
inga will be scheduled with other groups that
heve B0 Active interest in recombivant DNA
reseaTeh.

It 15 my hope that the guidelinea witl be
voluntarily PnSunmn and honored by atl who

For the objectives of To-
combinant DNA Tosearch, and aliernate ap-
proaches to reach those chisctives, heve been
consldered. The potentlal bazards and riske

some and might resmlt in w
lowering 0& standards necessaty et the second
lovel. T belleve the level of control muat bo
with a r of the

hagzard; and the s¢ttion on physical contain-
ment doed provide this conslsiency. Accords
ingly, the first and second levels of physical
containment remain a3 separate seztions in
the guidelines. |

Becauwse of the nw.:._no and oporation of
Tacilities required for experiments to be done
Bt the fourth level of contalnment {P4), B

have been mpnalyzed. Al o &pp!

‘have besn thoroughly considered, to maxi-
mire safety and minimize potentlal risk. And
sn elaborate roview slructure has been cra-
ated to Bchieve these safety objectives. From
& public policy viewpolnt, howaver, the env!i-
t wil be vab

support or such 1 lmpoct
put the Tnited States, and that at lenst ¥ery gnother review that will provide further op~
Blmillar will obtain t the

rest of the wotld. KIE blaces ihé highest
priorlty on efforta to inform and io-work
with international organizations, such as the
World Health Organization snd the Inter-
national Counoll of Selentiftc Unlons, with &
roview to achieving s consensus on safoty
etandards o S__m .Boqn important research
ares. -
There has been ble inter)

portunity for the public t¢ particlpatc and

has been that the NIH
wus_: review s\Wi-faciiltles prior {o funding
them for recombligpnt DNA studles. The
sltuation merits the speclal attention of ex-
Pertas who have maximum famillarity with
the structure, operation, and potential prob-
lems of P4 Insiallgtions. Several com-
mentators advocated thet NIH arrange for
sharing On P4 facllitles, both in the NIH

on the duet of this T
TL, METHODS OF CONTAINMENT

‘Comments on the contalnment provisions -

of the propoésed guidelines were to

and in institut.ong gap-
ported through NIH awards. In rerponso o
*hese sugpestlons, we sre currently revlew-
ing our facilltles, Including thoss st
the F Cancey Conter {Fort

the definitions of both physical and Blelogleal
contalnment and to the safety and edective-
ness of the presorlbed levels, Several com-
found the concept of physical con-

cooperatibn and sctivity In the past, and T
expect it- to continue in the future. The
sforementicned Ashby BReport, presented to
wm_n:n._ﬁm:ﬂ in Japuery 1975, desaribas the

in and possibla bene-

tolnment impreclse and 100 ‘subject to the
possibllity for humsan E...Q. Ogmnm ques-
tioned tho pt of

in terms of its masﬁq and u:ﬂmnuamn offective~
noza in averting potentiel hezards. The com-

fite to socloty of, .nuo
Tecombinent Uz_p molecitles, w:ﬂ wgmnﬁu«u
to essess the hnzards In these fechniques.
The Asiléthar meeting also hed a number of
internstional ropresentatives, as mentloned
previously, The Furcpsan Molecular Blology
Organiestion (EMBO) has heen involved in
considering gildelines for *ecomhbinant DNA
Tesearch. They have closely followed the ae-
tivitices of NI, and wili thus be encouraged,
7T belicve, to moniter thelr rosearch with nupg-
momted cooperation and nbo—.&ﬁ.saou. Por

were divided on which methed of
contatisnt would provide the most effective
end safe systom to avold hazards, Several sug-

Detrick}, to detormins how such 8 program
<an best be devised. It 1s most limportant that
Pt-faciliiles Be made avallable to Investiga-
tors, It should be noted that incldents of jnu
fection by evon the most highly infectious
end dangerous orghnismd are extrems!y infre-
quent st P4 facllities, and therefors the
potentinl for hezard in certein corplex mu-
g in DNA
considerably veduced,

TII, PrOHIBTIZD EXFERIMENTS

gested that each of tho physical con
levels bo more fully explained.

. Emmett Barkley, Ph.D., Direetor of the
Office of Research Safety, Nationsl Csncer In-
stitute, was saked to review the sectlon on
physleal contalnment i light of these com-
ments, Dr, Barkloy convenod a epecial com-
milttea of ssfety and health oxperis, who mot
to consider mot only thle seetion of tho

EMBO 1 plong

but also the sectlon of the roles

for a voluniary registry an b DNA
roscarch in Eurppe. Following this EMRBO
initiative, NIH shsll - similerly  madnteln &
voluntory reglstry of investigators and insti-
tutlons engaged In much ressarch in the
United States. Plans for astablizhing this reg-
15try ave under way. .

D, ENYIONMENTAL TOLICT CONSIERATIONS

A number of comimentators urged NIE to
g an 1 ime-
pact w«ﬂem_ﬂmﬁn on recombinant DNA 18-

and Ilties of T and thelr
institntions. The committes thorsughly re-
vlewsd the section on physical containment
end recommended s number of chenges. The
Recombinant Advisory Uommlttes, meeting
on April 1-2, 1978, reviewed the recommetida-
tlons of the Barkley group. These are incor-
porated, with editorisl yevislons, in the Snal
version of the gutdelines,

The present sectlon on physieal contain-
ment 15 direstly responsive fo those com.
mentators who asked for grestor detall and

soarch ectivity. They evoked the
that DNA
molecules might, escape and affect the sn-

EB.RE.E effcets of thin resensch on the en-
t should be An

Although in detatl, the
four levels of comtainment approximate those
given by the Center for MMéease Control for
hunian etlologlc agents and by the Watlonal
cancer Institute for oncogenic viruses, For
each of the proposed levels, optional items
have heer excluded, and only those Items

1. Practically all tators supported
the present prohlbition of certalm ozporl-
ments. Thete- were suggestions for a clearer
dofinition of the prohibition of cettdin ex-
periments where inereased antiblotic renlst- -
ance may result, Ang it was urged BY eomo
that the prohiblilon be broadened o nclude
experiments that result in resistance to any
antiblotio, irrespeotive of 1ta use In medieine
or egriculture, Consideration of such a sug-
Eostlon must take into acoount thaat pntle
blotlc resistance gecurs naturally among hac-
terla, and vhatrésistance i3 & yaluable marker
in the stukdy of microbial genetics ta general
and rocombinatts in particular.

In vlew of these ronceyns, Boﬁmemu the

'+ Advisory O was paked
1o reconsider carefnlly the prohibitlon and
Telated soctions concerning antblotie realsts -
eneo, The committee noted that the prohibi-

tion.relating to drug resistance was Intended
1o ben those experiments that ¢oald com-
promise drug use in- controlling  discase
agente In veterinary aa well as hoomn medi~
cine and this I8 now clearly atated.

In the dratt guitidelines thers were two
statements concerning reslstanse to drugh
which reiated to experimeants with E. coH.
The statements appeared to sllow experi=
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ments that would extend the range of wom_.me.
ance of this 1o

-~ NOTICES

coll I-12, & sttain that has beon carried in
the tor decades, and does not ln-

uselul drngs and disinfectants, and «wﬁu
sgemed ‘to bo In confilct with the gepsrnl
probibition cn such rosoarch, ‘Thers &re
numerous reports in the aclentific literature
indicating that E. coll ean acqulre reslstance
to all aniibiotes known to not againsh 1t
Since E. coll acfulres resistance naturally,
tho frected apalnst

volve the lse of Any straln of E. coll that 18
freshly isolated from o naturel sotiree, E. coll.
E-12 does mot usuelly colonlze the normal
bowel, even when given in Iarge doses, and
oxtubite Lttle if any mu tlon whlle

and more offcetive tests be dovised by investl- -
gators, and this offort 18 vory Iikely to ocour
under the present guldellnes, For examplo,”
one tnsk recognlzed by the committes is to-
clarify how survival of the organism and the
cloned DNA should be defined In térms of

passing .through the prlimentary canal. For.
mﬂm.—d 1t-has been the aubject of Mmore intenss

resfatance does not apply. The ambiguous
statementa have besn deletes] from the pres-
ent guidelines. On ihe other nand, new
ianguage has heen inserted in the sectlon
dealing with other prokuryote specles 1o 50%F
containment levels for permitted experi-

mentsd
2. The HmncEE.gBa Adviscry ‘Commlttes
wis Bleo nsked toclarify whether the pro-
hibition of use of DNA derived from potho-
genic organlsms (thase clagsified es 3, 4, and
5 by the Center for Disease Control, TSPHS)
also included tho DNA froma any host in-
focted with these organdams, The committes
explained that this prohibition did extend
10 oxperiments with cells known to be 80
To avold inl ding, ' the

1 it then any other single organiam,
and knowledgs of ita genctlc markup and
recomblnant behavior excesds greatly that
pertelning to sy other organism. I believe

. that broause of tlus experfence, E. coll E-12

‘will provide & Bost-vector system thot 18
safer than other candidate mlercorganis:
NIH recognizes the importance of ..Evm.o

8, medlum, and other vartablas.

It 14 also vory Lmportant 1o note here that -
the stringent requirements set by the com- |
mtttes for EE2 blologlenl contalnment jeop-
ardize considerably the eapacity of such crip-
pled organiams to survive and -d«:pnu.en evan
1under permissive lnboratery conditions, More
experiende will be required fo determine
whethér EK2 containment will permit some
Hnes of important research %o be Iollawed,

Several oogmﬂgdoum suggeated that

ing the o of ol

tor systema {such as-B. mﬁg:_m. which haa
no ecologleal niche in man) ond will en-
courage such development.. If should be
noted, however, that for each now host-vecs
Yor systom, the same questions of risk from
‘altered propertles sttendant upon the prey-
ence of recombloant genes will apply as ap~
DIy to E. coll. KIH does not belleve 1t wise
to set a time lImit on replacement of E. cold

prehibltion sy now worded such

noﬂm In pidition, the ﬁa—um.—u—nwna have boen
ded $o' BB:no

virusea, mg {efined by the Netlonel Cancer

by cother
‘Thern were specifie suggestions concerning
tho three lsvels of blologieal contatoment
prescribed for usé of E. coll' E-12 vectars,

Institute, and cells known to be

with them, B
. 'Two other {ssués relating to the mwoﬂ_ou
on prohiblted’ experiments were ralsed by
Roy Ourtlss I, Ph.D. Professor, Depart-
ment of Microblolegy, dﬂqeuu_ww of Alabama
EBchool of Medicne, Bifmingham, who 13 &
mesmber. of the Recombinant Advisory Cotme
mittes, Dr, Curtiss noted that for tho class
of experiments prohibited on the basls of
!d_n:an-o_u of highly toxic subatances, only
Trom.” wore cited

83 exarmples. He suggested thot other exame -

plea ke inaluded, such as venoms from Insects
ond sopkes. The cominlttee approved the
suggestion and I coneur,

e the proposed guldelines, relense of or=-
ganlsms containing recombinant DNA mole-
eules into the envircnment was propdbited
unless a serles of conirolled testa had been
dons o leave oo reasonable doubt of safetyi
Dr, Curtiss felt that the guldelines should
provide greatar specificlty for testlng and
should include some form of review prior
te reléase of the organism. I have decided
inat the guidelines ghould, for the present,
prohiblt any dellberate release of

Bome o Iore de-

1o gopfirm en EE

. syatem. h« P.po third level of containment -

(EK3) be more fully explainad. The. Recom-~
binant Advisory Committes was neked to eon-
sider this suggestion. Atter considerable dis-
cussion the committes declined to defne the |
precedures more fully- ab this time, because
dovelopment of an EES eystem (s stfll far
enough In the future not to warrant speciic
testing  procedures, Further, 1t is not clear -
what tests are beat suited, The langunge.
therefors, femiains general. The committes,
however, 1s awars of the concerns for % mMore
completely nﬂubnn systom of testing, and has .
the ty of a

tailed of the adequacy of protec-
tion for leboratory personnel with the first
Zevel of contalnmont (FE1)? Sections of the

um for of & tasts.”
In my view, more fully developed protocols

for testing EE3 systoms sre warranted, and

guidelinesteallng with pl
and roles and Euoﬂm—#nﬁﬂ now epecity the
need for safoty Dractices and accldent plans.

For the second level of conts!nment ﬁEu .
it Is required that s cloned DNA

it 1s that guidelines here be mors
fully developed befcre the committes pro=
ceeds to cortity such B s¥stem. In this regord
the NIH i the

Institute of Allergy snd Hanun:n:m Disensen

contained in a host-vector systom ihat E
no greater than s I10-8 probability of sur-
wival in & nobpermissive or netural envircn-
ment. It was suggested that the selection of
thls level of blological contalnment and the
appropriate tests for veriification be more
fully explalned in the guldelines. The com-
mittee, In responding to a request for fur-
ther examinafion of this polnt, reviewed st
constdorable length the testing for ez EEQ
system and certain difice-
tions. We havo acoepted the committee's new

langunge that bettoer explnins testing of sar= -

vival of & genatio marker carrted on the vee-
tor, preferably on an Inserted DNA fragment.

Posslblo tezia to determine the level of blo=
Iogleal noﬂSEﬂmnn afforded by thess al-~

gontalning recombinant DNA- iato the en-
virohment. Witk the present Umited stato
of knowledge, 1t seems highly unlikely that
there ‘will he in tho near fufure, any re-
combinant organism that is universally ac-
capted a8 brig 1 10 into

tered host: are outlined in this
segtion. Because this 8 such a Dew ares of '
aclentifte ch and & wevar,
1t s to standardize such test-

ing et the present time. Standards will grad-

.BE‘ Vo set a3 more experience with EE2 -

the environment. 'Whea the sclentific evi-

dence becomes avallable thet the potential -

beneflits of recomiinant organisms, particu-
larly for agriculture, are about to be realized,
then the guidelines can be nltered to meet
the pesd for release. It 1z most lmportant
that the potentlal eavironmental Eﬁgn of.
the relense be considered.

IV. PeaMISSIBLE EXPERIMENTS: E, colt K-12
Hosr-VECTOR STYSTEMB

- The continued use of F, coll us a host has
drawn  conglderabls comment, including
eome suggestlons that it use be prohibited
presently or within a zpecified tims limit.
It ahould o ebressed that the uso of E, coil
a8 detalled in the guldelines i Himited to B-

1 Specifically, cxpetiments that would ex=
tend resistance to Fherapeutically. useful
drugs must use P3 physical containment plus
a host=vector comparable to EE1, or P2 con-
taloment plus a hast-vactor comparable to

P turel

aystems 1s acquired. The commit-
tes, for example, during 1t3 Aprll 1078 meet-
ings gave its first epproval 0 en EE2 host-
vector system, What in necessary 1a that new

AThe FE1 system presently comsisis of a
battory- of different vectors snd of E. coll
K-12 mutante, all of which afford a conslder-
abls degres of biologieal containment, The
diverslty of vectors and of host mutants in
this battery has hwhnnqnan a.wide range ou

to be
m_on expmple, the w...w:wv:u«w of different vec-
tors with cleavage sites for different restric-
ton endonuclesses have increased the kind
of DNA aeginents that can be cloned. By con-
trast, the first EK2 host-vector systems are
only wow belng consldered by the Recom-
binant Advisory Committeée. While NIH is
pupporting the. development of more ER2
haat-vector systems, it Is not expected that e
battery squivalent to that availahble for the
ER1 system will be certified by the Recom-
‘binant. »-.n&mcwm Onn_:u:cmm in-the near E:

o w0 this tesk,
‘We will peek the advice and assistance of the |
committes to define the scope of nesessery
work. -

These wE&m:umm also include a statement
that for the time belng no EK2 or EX3 host-
vector eystem . will be considered bone flde,
until the nant Advizory O
hea pertified it. I share the concern of the
commentators that new host-vector systems
require the highest quslity of sclentific re-
view and scrutiny. At this early atage of -
develepment, $t 1s most mportant thet the
committeo provide that seruting., Further, I
belleve thet untll moro experience has been
m&uma the committee should encourage and
the NIE support research that will Independ-
ently confirm- and augitent the data on-
which certification of EE2 hoat-vector sye- .
tems are based. .-

V. CLASSLPICATION OF MEEN:.B TeIdG THE
E. Corl E-13° CONTATNMENT SYSTEMB

The guldelines nasslgn- different levels of
containmart for experiments in which DNA
from. diferent sources is-to- be - intreduced
into an E, col K-12 host-vector system, The .
varlation 12 bosed on both facts and as-
sumptions, There are eome prokaryotes (boee
terla) which constantly £xXehange DNA with
E. coli. Here it 18 assumed that experimen-
tal conditlons beyond those phtalned In care--

fui, routlne’ mleroblology leborntories are
superfluous, because any exchange experls .
ments have undoubiedly been performed al-
ready in nature,

In every instance of artifcial recomblno~
tion, conatderation must be given to the poes-
sibllity that forelgm DNA Insy be transiated
inte proteln (expressed), and also 0 the"
poasibility that normally Yepressed genos of
the host muoy be expressed and thus change,
undesiraply, the characterlstics of the cell
It ia assumed that the more sitntiar the
DNAs of donor and host; the greater tha
probability of expresslon of foralgn DNA, or of
possiiie derepression of host gekes. In those.
cases where the donor exchanges DNA with

v, E.¢colf In nature, It 1y unlikely shat recoms
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was urged that contalnment levels for thls
class of experimént be incrensed. On the
hoasis of my review, I find the contalunment
conditions appropriste to the potential haze
ard posed. As defined in the gnldelines, exper
imenis are to beidone at very strict lovols of

contalnment andithese ‘can be lowered only .

when the n_cumﬁ DNA recorabloants have
heen shown to g Iree oH un.mﬂ!w

-NOTICES

2, Several commentetors found the gulde-
lines inndequate regarding experlments with
plant host-vector gystems. Beseause NIH -
shared theso concerns, & group of eXtensive
experlence with plants was appolnted to re-
vlew this sectlon. The group met comeur-
rently with the Recomblinant Advisory Com-
mlttee 1 April 1978 and made several mod!i-.

ot The -rovislona were ao-

penes by suitabled

tests. 'This also %m:w_bm w UZb that s
copled-trom wz.fqgmm In no instance are
the guldelines more lonlent, and Lo most i«
stances they sre ore mpﬂﬂmoun than condi-
tions obtalning in many laboratorics whero
such viruses are giudled In nen-DNA-recor~
binaat uaunluumb,ﬁ.

VI, CLASSTFICATION OF ExPERIMENTS Usmvg
CONTAINMENT mdmsngm OTHER THAR E, GOLL
E-12°

-1. Mo issue sws.._ unmﬂa to thesa

to the full committes, and we have
inecluded thom In the guidelines.

The modificatlons are responsive to the
stated concerns of the commenntors, A de-
seription of grecahouse facilities is glven, nnd
physical containment condltions have been
modified to take into account operntions with
whole plants. On the whole ihe respec-
tive peortione of the guidelines. rolating to
plants nre more fully mum._.w_.umn. and the in-~
tent 1s clarlfad.

I have also accepted Suc t

tlons for the training of stad in anfety wﬂn
acoident Edaunﬂ.nu

In resp tor
ical Eoaniﬂw. the guldelines now reguiro
the princlpal investigator o report certaim
categorles of accldents, in writing, fo appro-

priata offietals. NIH s investigating proce- -

dures for long-terin survelllance of workera
in ant DNA i

2, A number of comments on the rele and
responsibilities of-the institutionsl bichaz-
ards <ommlttes . were recelved. Comraents
were directed to the strueture of the com-
mittee, ths scops of its nnmbom\w»c_.:..ﬁ.. _En
the th Tor
sirueture mneluded suggestions ﬁ.wwp e aoE-
mittes hove & broadly based nﬁﬂﬂ»mmﬁnﬁﬂcﬂ.
ezpecially In terms of health and safety ox-.

pertlse. Some others suggested NITH require™:

certain classes of representation, In response

of the to lower the blological

to these ns; the guldelines now rec-

relsed more comment thin the use of enlmal
viruses as vectors? OF specinl concern to mony
commentptors was tho use of the slmildn
{mobkey) virus 40 (hereafter “SV40“). Somo
suggested a complete ban on the nss of this
vlrus: others E.mnn tta retention as a vector.
SV4) 15 not _B.ogi to produce sny disepse 1o
mun, although 5 can bé grown 1o humon eolls
and on very rareioceasions has beon isolated
from hutans. Many bumans have recelved
V40 virus Enhqoiﬁnﬁw In vacclies prepored
from ¥irua grown:in monkey kkiney-call cul-
tures. An Intensive search has been mado and
Is continuing for evidence that SV40 might
cause cancor or:be otherwise pathogenio for

man. At present; 1t 18 my view that the ex. -

. temsive knowledge we have of 3V40 virus pro~
wides na with a0ph 1o an-~

. contalnment level rrom EKD to EEKL for ox-

periments 41 which the DNA from plants s
used in conjuncilon with the E. col K-13
host-vocior system, thereby seiting contaln~
ment in this nstpnce at tho same level re-
gquired for eﬁﬁaﬂﬁmﬂg with lower-gukaryoie
DNA, -

. VII. ROLES AND RaESFONSIBILITIES
1, Most ors had for

from & diversity of dis-
ciplines relevant {0 recomblnant DNA mole-

cule -techinplogy, blological mm.mmnﬁ. and engl- .

neoring

For broader representation peyond the fm- -

mediate selontife expertise, the guidellnes

now recommond that locel commitises should -

possess, oy have avallable, the competente

neckssary ta determine the acceptabliity of-

thelr findings in terms of applicahle laws,
regulations, standards of practice, communl-

the gection on the roles ahd ities of
investigators, thelr local institutions, and

. NTH, .Commentators generally urged open-

ness, candoy, and publie partlelpation in the

ty attitudes, and health and environmental
considerations, The names of end relevant

Process, . sharad Hty .
and pccountabillty from the local to the ba-
.SuEb level. We reviewed that section of the

sure s safe Ewnﬁ_bm under the conditions
developed for itaiuse in the puldelines.

I bellovo work;with 8V40 should continue
under the mosticareful conditions, but X do
recoghbize mnd appreclats the concerns ex-
pressed gver its:possible harmful effects in
humnns. In Ught of these concerns, [ asked
the Recomblnant Advisory Comnuttes 1o
review this sectlon of the guldellnes. The
committes reconsidered the contalnment
conditions for 35 class of experiments and

. Judged them wmm:.cﬂnns 1o meet the potens
el haserdsd

‘Thia clpss of nﬂm.mluuauem will proceed une
der the most cgcetul and sirlngent condi-
tlone, Work with BV40 virus will be dons aé
the maximum leycl of va.mHaE containment
{F1). The Y
in a P4 facllity, Hmmmnﬂ the E&Eoom of n

potential hazard:from this work. Only defec-
ﬂ.«a BV40 virus will ke used as vactor; that ia,
tho SV40 virus particles thnt carry the forelgn

DNA cannot BE.«EG by thamselves. When a -

number of strigt conditlons are met, this
work will be vu!uu;awn 10 go on at the third
level of containment (P3), which in liself re-
guires gpre and procision. Tt should Lo n—oﬁﬂn.

-in- light of these commeénts and
uuﬂdo nsked the Recombinant Advisory Com=
mitiee to review certaln issues.

It Is elear that wuch of the success of the
guidelines will Us in -tho wisdom with which
they ,are implemented. Because of the tm-
portance of this section, especially in terma
of safety Programs and plans, wo have care-
Tuliy welghed the commonts and suggestions
mede in this Tegard, NIE has & speclal re-
sponsibility to take a leading role ln ensuring

background tlen on the
mombers will be reported to NIE.
In to suggestlons that declslons

of the committee he made publicly avallable,
tho guldelines now regommend. that minutes

of the meetings should be kept and made *

avallable for public lnspectlon. .
Commentatora goncrally approved of the
resp glven fo the 1 blo~

hazards committée to serve as s souree ol -
sdvite pnd refsrence to the investlgater on:

scientific and safety guestlops. It wes fur-

ther suggested that the commitfoe" a Tespon-

sibility bo d In the

monitoring, and evaluation of pafety stands

E.n.m and procedures. In response to these
the g now that

that safety progroma are part of ail b=

nant DNA research, Dr. Barkley and a spe—
elally convened commities wers asked to pro-
vide greater detall for eafety, accident, snd-
training plans for this section of sun wE.n_.o.

the I blohazard nas
the responsibllity to certlfy. and recertifly an-~
nually, to WIH that the factllties, progedures,
m.nuhn_.nnm tralning, and experiise of invoived

lines. Based on thelr
section hps been pxtensively s

-have been reviewed and approved.
.H.Uo nant Advisory Ci aug-

clarify the respective responaibilities of the
prineipal Investigator, tho institudlon (in-
cluding the institutional bichazards coms
mittee), the NIH icitial raview group {study
section), the NIH Recombinent DNA Mole-
cule Program Advlsory OoBB:So_ mnd NIH

stafl.
This section has p definitlve sdministra-
tlve framework for assuring that safely 1a an
and 1 of Te-

that SV40 virus and 1ts DNA can be
disinfected 5. Clorox and autoclaving. .Hn_ama

muw—.ﬁ-_— Inyolving recombinant DNA molecules.

are for
glasswara and o.sh.a—. iteme used In V40 Fa.T
mal-cell work, i}

Somo commentators mnm.mﬁ_an that the
containment eriterin for ezporiments using
polyoms virus ag tho vector be atrengiboned.
There s no evidence that polyoms infects

Tequite low to in-
mﬂ«:«q_ monttor, and eveluato containment
and safety practices and procedures. Before
research 1a dene, the lnvestigntor must have
safoly mnd accident plans in place aRe tralns
ing exorclsex for the stefl well under way.

Scme ¢ommontators pugpested thet the in-
tlgator be required to obtaln informed

to any t extent
.iI% holds promise a3 & vEolr,
—5 an

consent of laboratory personnel prior ta thelr:
par tion. Rather than rely expliciily on

0 theso ﬂEnoﬁ.ﬁmm. -

+One memboey.dissented froin this position,
Durihg the ol 1

wag nonoB.Bo:nnﬁ (and adopted) to ensure
that the defective wﬂpnuﬂwﬁb—ﬁwm« virus
systom, with d non-BV40 DNA seg-
naent, does not, in humaz cells with
algnifcantly Eano aﬂau@uom than does mﬂE -

an informed consent decument, the gulde-
lines now make ths investigator responsible
for advislog his program and support stad as
to tho nature and gssessment of the real and
potential biohazards. He must explain aod
provide for any ndvised or requested precau-
tionary medical polteles, vacclnations, or
gerum collections, Further, an appendix to

gested that examination might bo unneces-
sary for Pl Iacilitles, hut we belteve that all
Iacilitles should be raviewed to emphasize the
impertanes of safely programs.

Somo commentators supgested that the
puidelingg ghould stipulate that the local
committeea bo required to dotermine the con-
tolnment conditions to be imposed for a
givon project (which the draft guldelinea
specifically noted was mot thelr responslbil-
ity). The inant Advisory C

took exceptton to this siggestion. They urged -

NIH not to inelude these conditions as local
requirements, arguing emong other things
that revisw by the NIH study sectlons would

provide the necessary seruiiny ot the natlonst -

lovel and assure unifermity of standards In
apnplication of the guldclines. I do not belfeve
that NTH should requirs the Iocal Institution
to have its blohsgards commiitee pssess what

gontainment conditlons are required for & .

glven project. On the other hand, the guikie-

1lnes should not prohibit the local Institution . .

from having its hlchazards committes por-
form this function. Accordingly, I have de=
leted the prohibition that appesred in the
proposed guidelines,

Another suggestion was that the local com-
ESmm enpure thet research E Eunn.k— out in

the g includes detalled

for doaling with accldents, ad well as instruc-’ :

e with |

Epnmu nue 035»5552 mwumﬂ_. Dnn Nmzn_u
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. known absolutely in the absence of frm ex-
porimental data—end, - ynfortunately, tho
needed date were, oz aften then KoL, Un=
avaliable, Qur problem then has peen to con=
struct guidelines thot sllow the promiss of
the methodology to be realized while savocats
ing the considerabls ceutlon that i de-
manded by what we sbd gthers vlew as po-
tontinl hazards,

In <esigning these wEnoE..en wo have
adopted the followlng princlples, which ere
conststent with the general conciusions that
were at the In Con-
ference Center, Paclfic Grove, Californis,.in
February 1976 (3): (1) There are cerinin ex-
perimonts ‘for which the assesseqd potenilal
hezard Iz so sericus that they aré ust to be
siternpted to the present time. {11) The re-
mainder ¢an be undertaken at the- present
time provided thet the exparimens ia justifi-
nbic on the basla that new knowledge or
benefits to humankind will accrue that can-
not readlly be cbtalned by use of

iNOTICES

{piasmid, bacterlophage or virus) to specifc
bosts, or ity (issemination and murvivel I
the environment. The vectors ihat provide
the means for of the

containment capablilty in novel ﬂw«.u.. For
exampls, ministurizntion .of  screaning,
handling, and analytical procedures provides

DNAs snd/or the host cells in which they

can be 1y to de-
crease bY mMARY orders of msgnitude E.o
probability of dissemination of

subats of a given . host.
veclor aystem, Thus, such procedures should
reduce the meed for the standard types of.
Pphysical contalnment, snd puck Innovetions

DNAs outslde the laboratory.

As these three means of contafnment are
complementary, diiferent levels of contain-
ment appropriate for experiments with dif-
ferent recomblnants can be cstablished by
opplylng different combinations of the physls
cal and biologlcal barriers to & constant use
of the Wa lder these
eategorles of comtninment sepuarately here In
order that such combinstlons can bo con-
venlently expressed in the guidelines for re-
aearch on the

will be by the DNA
Moleculoe Program Adviscry committee,

The special practices, equipment and foell-
ity installations Indicated for each leve! of
paysienl contalnment are reguired for the
safety of laboratory workers, other perscus,
and for the p of the
Optlonal jtems have been exgluded: only
those 1toms deemed nbsolutely necessary for
eafety are pressnted, Thus, the listed require-
ments present basic wwnmeq criterla for each
level of n—uwm—om._. nounwEmFﬂ. 052 lero-

DNAs (Section IIT).

kinds of nant tech-

nigues’ sE.n_g EdEcS Eafety Bre o be en-

A. Standard practices cnd irsining. The . giving
ia o strlct ad- further guld on physical is

first prineiple of cor

tlonal methodology and ihat appropriate
safeguards are incorperated into. the design
oand execution of the experlment. In addl-
Heon ta sn on the practice of good

herence to good microhiological practices {5—
13). Consequentity, all personnel directly of
indlrectly involved !n experiments oz re-

1 these

eonsist of provlding both physical and Eopo.
pleal barriers to the dissemination of the pe-
tentlally hnzardous agents. (Hl} The level of
containment provided by these barrlers s to
match the estimated potential hazard HE.
ench of the classes of

For projects in & given class, this level i3 nu
ba highost at initlatlon and modified subse-
quently only if there fs a substanfiated
change In the assessed risk or in the applied
methodolegy. (1v) 'The guidelines will be sub-

_ Jected to pericdic review (at least annually)

DNAS must recelve adequabe in-
struction. This should include at least train-
Ing 1t nsepttc Wohniques and mstruction in
the blology of the organising used in the ex-
periments so that the potentlal

provided i a supplement to the guidelines
(Appendix D},

Pl Leyel (Minimeal). A laboratory wﬂ_.vwEa
for experiments involving recombinant DNA
molecules requiring physlcal contaltnment st
the F'1 level ls a laboratory that pobsesses
no %mEE engineering dewign featurss, It s s

can be understcod and appreclated.
Any research group Eou.wEm with agents

used -for lcroorga-
Tisms 0n no or mindmal bichnzerd under
ordlpary of uwun:_bm Work in this

with a Khown Or pot should

Iava an mﬂouwmuﬁw plan ewun.r describes the
procedures to be followed If an accident con-
taminates personnel or environment. Tho
principal Investigater ' must ensure that
everyone In the laboratory 15 familiar with
both the potential hazards of the work nud

and difled to reflect mpro In our
Xndwledge of the potentlal bivhezards and of
the nvailablo safeguards.

In ceonstructing .these guldelines it has
been necessary to deflne boundary condlttons
for the differant levels of physical and bilo-
logical containment and for the classes of
experiments to which they.apply. We Tecog-
nizo that these definltlons do not take into
account existing and anticipated special pro-
cedures and information that will allow par-
tieular experiments to be carrfed out under
different conditions than lrdicated here
without sacrifice of safety. Indecd._we urpe
that individual Investigators devise' simple
and more effective comtainment procedures

the ¥ plan. I a group s
working with s known pathogen for which
an offectlve vacclpe 1s Avallable, all workers
shewuld be immunized. Serologteal moniters
Ing, where appropriate, should be provided.

B. Physicel containment levels, A varlety
of combinations (levels} of special practices,
‘equipment, and Jaborstory installations that
provide additlonal physical bartlers can b2
formed. For example, 31 ¢ombinations are
lsted in “Laboratory Safety 4t the Centor for
Disease Control™ (4); four levels are assocls
ated with the “Classification of Eiictogls
Agents on the Pasts of Hazard” (B), huck
levels were T in the *

Statément of the Asflomar Conferenco on

and that study glve
1o such procedures which may allow change

nant DNA " (3); and the
National nuﬂnmn Institute mses three levels

in the levals here.

It 18 recommended that =11 publications
dealing with recombinant DNA work Include
a descripfion of the physical and blologleal
containment procedures practiced, to ald and
forewarn others who nh_wre considar nmvmmf
Ing the work. .

II. CONTAINMENT
Effective biologleal safety programs have
‘becn operative In a variety of laboratories for

many years. Considerable intormation theres
fore nlresdy exlsts for the design of p

for te viruses (@), Wo
empheatza 55« these are an akd to, aid not &
substituts for, good techmigue. Persommel
must be competent in the effective use of all
equlpment nesded for the reguired containa
ment level aa deseribed below, Wo define only
four levela of physical contalnment here,
beth because the accuracy with which one
C&N P! nysess the that may
Tequlh from recombinant DNAs does nob wars=
rant 8 more detailedt classification, gnd be-
cguse ndditlonal fexibility can be chtalned

contuinment facllitles and the selection of
Inboratory procedures applieable. to orga-
nlams carrying recotnbinant DNAs (4-17).
The existing I8ly uporn

that, for convenlence, can ho divided into
two catcgorles: (1) A set of atandard prac-
tlees that aro gonerally used in microbiolog-
{eal Iaboratories, and (11} specinl procedures,
cquipment, and laboratory Installations that
provide physieal barrlers which are applied
in varying degrees according to the estimated
biohazard.

Experlments on recomblnant DNas by
thelr very onturs lend themselves to a third
containment mecheolsm—namely, the ap-
plication of highty specific blological batriers.
In fact, natural barrlers do exist which elthor
limit the infectivity of a vector or vehicle

FEDERAL REGISTER, VOL. 41,

by com of the phy with the blo-
logical barrlers. Though different in detsll,
these four levels (PI<P2<PE<P4) approxls
mate those glven for human etlologle agents
‘by the Center for Discaso Control {l.e., classes
L through 4; ref. 5), in the Asllomer sum-
mary statement (Le., minimal, low moderate,
and high; ref. 3}, and by the National Can~
cer Institfute for oncogenic virtizes (le., low,
moderato, and high; ref. 8), aa s indliceated
by the P-number or adjective ln the fol-
lowing headlngs. It should be emphasized
that the descriptions snd assignments of
physical conisinment detalled below are
based on exlsting appronches to contalnment
of hpzardous organisma,

We antlclpete, and Indeed already know
of, procedures’ {14} whlch enhance physical
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oTY 18 on opon
bench tops. Spectal nnnnmEEnBa equipment
1s neither required nor generally avallable in
this laboratery. The laboratory 18 not sepa-
rated from the general trafic patterns of the
bullding, Public accesa 18 permitted,

Tae control of blohozerds nt the Pl lsvel
18 provided by standard micrchbliclogleal prac-
tices of which the following ave examples: £1)
Laboratory deors should he kept closed while
egperimients are in progress. (i1) Work sur-
faces should be decontamlnated deily and

z apllla of DNA mate-
rials. (1) Liquid wastes coatalning recom-
binant DNA materinls should be decon-

faminated befors disposel, (1v) Solid wastes
cont; ‘with t DNA mate-
rials should be decontamineted or packaged
1n a durable leak-proof contatner before pe-
moval ‘from the laberatory. (v) Although
Ppipetiing by mouth is permitted, 1t ia prefer-
nble that mechanical pipetting devices be
used. When plpetting by meuih, eotion-
plugged plpeties shail be employed. (¥1) Eat-
ing, drinking, smoking, and storage of food
In the working eres should be discoursged.
(vH) Faplltlezs te wosh hands should he
avaflable. (vill) An insect and rodent con-
trol program should be provided. (ix) The
use of Ilnboratory gowns, coats, or uniforms
»m_ discretionary with SS Fwogg SHper-
visor.

P2 Level (Low). A laborntory saltnble acn
uaumn_n_nuam involving recomblnant DNA
les requiring g at
the P2 Jevel 13 similar in construction and
desigh to the P laborntory, The P2 laboratory
must hinve sccess to an autoclave within the
Dbuilding:; it sy have a Blological Hafely
Cabinet: Work which dots not. produce &
nerosal 15 on the open
‘bench. Although this laboratory 1s not sepa-
rated from tho goneral trafio patterns of the
building, access 10 the laboratory s imited
when experiments requiring P2 level physical
are belng Experl~
ments of lesser biohazard potentisl can be
carrled out conourrently in carefully demar-
cated aTeas of the same laboratory.
. The F2 aboretory 1a commonly used or
experiments lnvolving microorgeniama of lowr
blohezard such s those which have been
classified . by the Center for UENES Oob..._d-
as Cleas 2 ageata (5).

Hee footnotes on p. 384569,
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entire system has been nonoﬂnbun_ﬂmonn.
(¥ll) No matcrials ghall be removed from tha
lacillty unless they have been sterilized or
decontaminated ln a manner to prevent tho
release of agents regulrlag P4 physicnl con-
talnment, All wasted and sther materials and
equipment Tot damreged by high tempera-
ture or steam shall be sterilized in the dou-
ble-door autotlave, Blologien) materials to be
removed from the facllity shail be transférrad
4o o non-breskabls sealed contalner which
15 then removed from tho fzeflity through o
chemical decontamination tank ¢r a chem-
er designed for gas wﬁm::uwsob O«wﬁn maos

NOTICES

TIT, EXFFRIENTAL GUIDELINES

A general rule that, though obvious, de-
serves stntement 1s that the level of contain-
ment required for any experlmont on DNA
recombinnnis sbinll never be less than that
required for the moat havardous component
used to construct and clene the recombinant
DHA {i.e. yector, host, and inserted DNA}, In
most cases the level of containment will be
grenter, particularly when the recombinant
DNA Is formed from spectes that ovdinavlly
do not exchange genetic Informption, Han-
ding the purifiad Uz.-. will generally require
less than will propa-

terinls which may be d
ture or steam shal! be mnm_._:na wm mwmmo:m
or vapor methods In an air lock or chamber
designed for this purpose. (viit) Eating,
arinking, smoking, 8nd storage of food aro
not pormitted in the facllity, Foot-cperated
water fountains located In the facllity cor-
rldors are permltted. Separate potable wator
piping shall be provided for these waker
fountalns. (ix) Factlitles to wash hands shall
be availeble within the facility. Perdons shall
wash hands atter experiments. (x) An jnseoct
and rodent confrol program shall be provid-
ed. (x1) Animels and plants not related to
the sxperiment shall not he permlitied In tho
Incliity. (xil} If a central vacuwn system 13
provided, sach vacuum ocutlet shall be pros
tected by a filter end Manid trap In addition

“to the branch lino HEPA filter mentloned
sbove. (fil) Use of the hypodermic needle

. and syringe shall be avolded when altornate
methody are avallable, {xiy) If experiments
of iesser biohazard potential aro to be con-
ducted In the facliliy congurrently with ex-
periments requiring P4 level containment,
they shall be confined in Glass I or Class IL
Blologteal Safety Cabinets® or isolated by
other physieal
Wwork slirtaces of Blologienl Safety Cabinetst
ond other equipment shall he decontami-
nated following the completlon of the ex-
perimental activity contsined within them.
Mechanleal pipetting devicss shall be used.
All other practices listed above with the ex-
ceptlon of {vl} shall apply,

C. Shipmexnl. To protect produch, per-
sonnel, and ‘the environment, all recom-
binant DNA material will be shipped in con-
toiners that mect the requirements lasued by
the T.5. Public Health Etrvice (Sectlon 72.256
of Part 73, Title 42, Codoe of Federal Regula-
tions), Department of Transportation (Sec-
tion 178,387 (b) of Part 173, Title 49, Coda of
Federsl Regulntions) and the Civil Acro-
nautics Board (C.A.B. No. 82, Oficia? Afr
Transport Restricted Artlcles Tariff No. 8-D)
for shipment of etiologle agants, Labeling re«
quiretnentg specifed In these Federal regu-
Intions and tarifla will apply to all vinblo re~
combinant DNA materisls in which any por-
tion of the material la derlved from an etlo-
logic agent-listed !n paragraph {¢) of 43 CFR
7238, Aqditlenal Information on packing snd
shipping 13 glven in & supplement to the
guldelnes (Appendlx D, part X}, .

D. Plologieal pontainment levels. Blologl-
cal barriers are specific to each: host-vector
sysiem. Henee the eriteria for thls mecha-
nism of contalnment cannet be generallzed
to the spme extent as for phyaleal contain-
ment. This 1s partieularly true at the present

containment equipment. .

gatlng the DNA. Howsver, the DNA itself
should be handled at lesst as carefully as ang
wonld handle the moat” dangerous of the
DNAs used to make it,

The above ruls by tseif effectlvely pre-
eluddes certaln eXxperiments-—~nomely, those in
which ona of the components 1s n Clasa 5
of the "Classification of Etlologlc Agenie on
the Basls of Hazard” (5)}. a3 these are ex-
ciuded from the Tnited States by low snd
USDA administrative policy. Thore are. ad-
ditfonal experlments which may engender
such serious blohazards that they are not
to be performed at this time, These aro

prior to pr of the con-
talument guldellnes for permissible ex-
periments.

A, Experiments that are mot to be: per-
Jormed, We recognize that 1t can be argued
that corteln 62 the recombinants placed in
this category could he gmn.ﬂrnﬂw nnunp_nna

combinant DNA experimants indtinted beiora
these guldelines are next reviowed (t.e, with-
in the year) will employ . cod E-12 host-
vector Sytems. These are slso the systems for
which We have the most experience and
Enowledge regarding the effectiveness of the
containmoent provided by existing hosts and
VeotoIs mecessery for the comstrucsion of
more effective blolglcal barrlers.

For these reasons, E. coll K-12 appeprs to
be the systom of osanm at this time, although
we have carefully constdered arguments that
many of the potential dangers are com-
pounded by using an organism as intimately
connected “with s man as is E. eoil. Thus,
while procesding cautionsly with E. col,
serlous efforts should be made toward devel-
aping alternate host-vector syatems; this sub-
Jeet 18 discussed in considerable detafl In Ap-
pendlx A,

We therpfore consider DNA rTecomdinants
_u E, coli K-i2 before proceeding to other
‘host-vecter systems.

1, Biniogical Euun_aaman nl«nla ﬂ.Z:n E

_coil E-i2 host EKI &
These are rvmnéaﬁo—. eystems nwsn cen uu
estimated to already provide a moderate level
of contalnment, and include miest of the
presently avallable aystems. The host 13 al-
ways E. golf K~-12, and the vectors include
nonconlugative plasmids [e.g., pSCLO1, ColEx
or derfvatives thereof (10-26)| snd variants
of bacterlophage v (27-297.

The F. coli K-12 nonconjugative plasmiid
systom s faken as an example to 1MNlustrate
the level of ent refer-

at this tima. of
the posatble dangers that :.E.m ensue 1f thot
containment fails ars of such magnifude
that we conslder it the wisest polley to .:..
lenst defer ts on these

nant DNAs uniil there 1= more E_noﬂn:.&ou eo
accurately assesy that danger ond to allow
the construction of mere effoctive blologlcal
barriers. In thls respect, these gmldelines are
more stringent than those Initially recom-
mended (1).

‘The followlng experiments are not to be
initinted ab the present time: (i) Cloning of
recomblnant DNAs derived from the patho-
goni¢ orgAnisms In Clesses 3, 4, and & of
“Glassifieatlon of Etlologic Agents on the
Besis of Eazard" (§), or cncogenis viruses
classifled by NCI as moderate risk (), or cella
known to be infacted with such agents, rer
pardless of the host-vector systern used. (i)
Deliberate formation of reconibinant DNAs
contalning gents for the blosynthesls of po=
tent toxina (e, botullnum or <diphtherin
toxins; venoms Irom lpsects, snakes, eic.).
(11t} Dellberaie creation from plant patho-
gens of recombinant DNAs that are Lkely to
ingreass virulence pnd host renge. (lv} Deilb-
erate release Into the eénvirenment of ooy
organism contuining. a recombingnt DHA
molecule. {¥) Transfer of a drug reslastance
traft to microorganisms that are not known
to acquire it moturally if such acquisition
could compromize the use of a drug to con-
trol disease agonts in human or veterinory
medielne or agriculture.

In pddition, &t this tlme large-scale ex-
perlments {¢g., more than 10 liers of culs
ture} with recombinant DNAs known to
make harmful preducts are not to be carricd
out. We differentlate between amall- and

time when our with g Lost~
“vector systems and our predietive knowledge
about projected systems are sparse. The clas-
eiflcation of experlments with recombinant
DNAs that ls necessary for ths construc-
tlon of the esperlmesntal guidelines {Secs
tlon III} can be accomplished with lesst con-
fuston If we use the host-Vedtor sFstem as the
primery element snd the source of the ln-
serted DNA a5 the secondary element in »Bm

ToTg: le experlenonis with such DNAs he-
causo the probabliity of escape from contaln-
ment barriers Normally Increases. with in-
creasing scale. However, spaclfic experiments
in thls category that are of direct socletal
heneflt may be excepted from this rule if
speclal w_u_um_.nﬁ contalnment precsutlona
and eq for larg le op-
erations are used, and Eo&mun— thet theso
oxporiments are expresaly approved by the

TG 18 il QO
gpecily the nature of the biologlcal Snnw_a-
ment under hest-vector head: such os.
those given below for Escherichia cod K-12.

_FEDERAL -REGISIER, VOL 41,

nant DNA Molecute Program Ad-
d_huq Committee of NTH,

Bl

red t0 here. The avallable data from experi-
ments Involving the feeding of bacterla to
humana and calves {30-32) indlcate that E.
eoli K-12 did not usually colonlze the normal
+ bowel, and exhibited little, it any, multipllea-
tlon whlle passing through the slimentary
traet even after reeding high doses (1.e., 10°
to 10® bacterla por huran of celt). However,
gonernl oxtrapolation of these results may not
be warranted because the implantation of
bacterls Into the Intestinal tract depends on
& number of parameters, such. as the naturo
of the Intestinal flora persent in a given ln-
dividual snd the physlological state of the
Inooulum, Moreover, sinee viable E. colf K-12
can bo found In the foces aftey humans are
fed 10* bacteria in broth (20) or 3x10* buo-
terle protected by suspension in milk (31),
transductional and conjugatlonsl transfer of
the plagmld vectors from E. sofi K-12 to Tesl
dent bacteria in the fecal matier before and
afier excrotion must alse be considered.

The nonconjugstive plasmid vectors can-
not promote thelr own transfer, but require
the presence of a conjugative plasmid for
mobtllgation and trapsfor to other bacteria.
When present in the same cell with dere-
pressed conjupative plasmide such es P or
Hl1drdld, the nonconjugative ColEl, ColEl-
trp and pSC10L plasmids are trapsferred to
suitable reclpient strains under ldesl labora-
tory conditiona at frequencies of about 0.5,
104 to 105 and 109 per donor cell, Tespeq-

-tively. These frequencles are reduced by
another factor of 10 to 104 if the contugative
plasmid empioyed Is repressed with respect to
expression of ‘donor Yertliity.

The experimental transfer system which
mosk clesgly resembles nonconjugative plas-
mtd transfer in nature 1s a trlparental mat-
ing. In such matings, the bacterisl cell pos- .
messing the nonconjugative plasmld must
first  acquire & conjugative plaamid from
anaother cell before 1t can tranafer the nen-
conjugatlve plasmid to a secondary reciplent.
With COIEL, the frequencles ¢f tronsfer wre
10— and 10-* to 10 when uslng confugative
plasmid donors possessing derepressed and
repressed plasmids, respectively. Mcbilizatlon.
of ColEl-trp and pSCL0L under stmilar lah-
oIatory conditlons 1 56 low ax to be usually

ble (33). Since most conjugative

for per
nﬁ«.niimaﬁ? It 1s wumn_nsﬁn that most re-
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plastids In nature are ropressed for eapres-
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slon of donor ; o—»m at which
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NOTICES

Although w.mmbm—n:.u E.

noneon, and
transforrod by thia nmnnuﬁnm of eventa in
vivo 1a diffcult to estimate. However, in onlves,
fed on en adlet, it

¢oll strains seem to be rare, o u_wd_nuwﬁw
frootion do camry {40~

38355

tion st Tody fures; Con
that reduce ike' ebility of conjugative

Ev and thus this route of escape choukl be

hes heen, estimaied thet auck triparental
monconjugetive R plasmid transfer ocours at
frequencies of ne more. than 10-1% to fG-1
per 24 hours per cal! (32}, In terms of con-
sidering other meons for plasmid transmies-
plon In naturs, it should be noted that trans.

While pob exact, the estlmaies for con-
tainment afforded by using these host-vec-
tors are at least as accurate as those for
physteal contalnment, and are suficlent io

to anter the plasmid-host complex
and thus should reduce mobilization of the
claned DNA fo other stralns; and raubntions
thnt confor to known tr

phages Mutatlons can also be latroduzed lnto
the plesmid to ¢ause 1t to ‘be depenclent on
r specific host, to meke itz replicatlon

indicote that
and ; vector mwmnmﬂﬁ provide w Enn—cnﬁnc level

of 4. Other

duation does operato 16 vivo for
eus guireus (§4) snd prebshly for E. coHl us
well, + Do data are to Indi~
cate the frequencies of plasmid trensfer in -
vivo by -elther transduction or enE_mnS.Bm-
tlon.

‘Theaa observations indicate the low prob-
abllities for possible dissemduation of such
plasmid vectors- by weccidental Ingostlom,
which would probably involve only & few
hundred or thousand bacterls provided that
ot Janst the I-a

end bas gen that,
innssociation with E. coli E-13 can be esti-
meted to provide the same approximate level
of moderate containment are included in the
EE! clasa.

EEZ host-vectors. These arp host-vector
syatems that have been genetleally con-
structed E.i shown to provide n high level of

ag dem by
nﬁw u.n.o:u sulteble tests- performed In the
y. The genetic modifications of the

above) mre followed, VEEEE.E the avoetd-
ance of mouth plpetting. The poasibility of
colonization and hence of iransfer are in=:
cregsed, hewaver, if the normunl fiery in the
‘Bowel _m disrupted by, for examplo, anti-
bilotle therapy (85). For ihis resson, persons

receiving such therapy must not ﬂ.oww with™

DNA recomblnants formed with sny £, coli
E-1% host~vector system durlng the thorspy
perlod sund for seven days thereafier; simi-.,
I1arly, pergons who have achlorhydria or who
bave had surglenl removal’ of part of the
stomach or bowel should nvold auch work,
a8 Should thoso #&o reguire lorge doses um

entaclds,
The observations on the fate of E. coll
E-12 in the human W—_Emﬂg tract are also
to the

m colf K-12 host andsor the plasmid or
phage vector should not permmit surviveal of &
genetls marker carried on-the vector, prefer-
&bly & marker within an inserted DKA frag-
ment, 11 other than specially deslgned and
enrefully regulated Isboratory environmenis
at o frequency greater than -10-% This meas-
ure of blologleal contalnment has been so-
lected becauso 1t i3 o measurable entity. In-
deed, by testlng tho contilbutions of pre«
exlating and newly introduced genetic prop-
erties of veotors and hosts, individuslly or I
varlous combioations, 1t should be poasible
to with co) able that
the specially deslgned host-vector system car
provide a margin of biolopgical ‘conteinment
In excess of that required. For tho ttme boing,

DNA formed with awnnmiav_um\mm % vARTIants.
Bacteriophage esh escape from the Idbore-~
tory either ns mature infectlous phage par-
tHoles or 1o baeterial host eells in which the
phoge genome s carrled nzx a plasmid or
prophage, The fate of ¥, col B-12 host cella
carTying ilie phage genome as & plasmdd or
prophage 15 slmilar to that for plesmid-con-
-taining hest cells as dlscussed above. Tho
gurvivel of the A phage genome when released
a3 infectioua pearticles dapends on tholr sta-
Bty In nature, thelr infectivity and .on the
probshiiity of subsequant ancounters.with
naturally ocowrTing h-sensitive X, collsirains,,
Although, the probabiity of survival of )

no hoat. tor aystem will be considersd to
ke o bona fide EX2 hest-vector system until
1t is so certlfed by the NIH Recombinant
DNA Moleculo Program Advisory O

andsor to endow it with a
killer capability such thot. all eslle {other
than its host) Into which it might be trand-
ferred will nobsurvive,

In the consirustion of EEZ plasmid-haat
systtms 1t Is Imporitant to use the most
stable mutations evallable, proforally dele-
tlons. Obviously, the presence of all muia-
tong contributing to higher degrees of hio-
loglcel’ contalnment must ba' verified pe-
riodlcally by appropriate tests. In testing the
level of biologleal eontainment sfforded by a
proposed EE2 plasmid-host system, 1 13 jra-
portant to design relevans tests o eveluabe -
the ‘survival of the vestor snd/or & cloned
DNA fragment under conditions thatare pos-
sible In nature and thet are rlso most advan~
tageous for 1ts perpatuation. For ¢xample, one
might cotduct & trlpevental mating with a
primary doncr possessing. s redepressed F-
type or I-typo conjugative plasmid, the safor
host with AbleH-nsd, depD8, Agal-chlf, rfb,
AthyA, deoC, trp and hedS mutations and a
plasmid vector carrying an eoasily detectable
marker such as for empieillin resisiarce or au
Ingerted geme such as trp+, and a asecondary
reciplent that 1s Sut hsdS trp (le., parmissive
for the recomblnant plasmid). Such matings
would be conducted in a medium lacking dia-
mino pimells aeid and thymine and survival
of the Apr or t'p marker in any of the three
stralns followed ns a funciion of time. Sar-
vival of the vector and/or a clonod marker by
traneduetion could alzo be mqm_.ﬁwﬁmm by in-

For EX2 host-vector systems in which the
vector 1s B plasmid, no mere than one in 100
host oells shoulé be able toc perpatuate the
veabor and/for w cloned DNA fragment under
non- t0 ropre~
Bont the upeﬂnE environment elther by sur=-
vlval of the original host or ns a consequence
of transm!ission of tho vector axd/or a clored

a known duecing
phage Into the system. Similer experiments
should alee be done using a secorklary reclpl~
ent that is restrietive for the plaamid vector
as well as with primary donors possessing re-
pressed conjugative plasmids with incom-
patibiliity group propertles like  those com-
monly found in enterlc mleroorganlema,
Blnge a common route of escape of plasmid-

DNA by tr

1lon or conjugation to s host with properties
common to those in the natural environment,
In terms of potentlal B2 plasmid-host

end its infection of E: coil
in aniwmals and humnns has not been meas-
ured, It 15 estimated to be small given the
high sensitivity of 3 to thé low pH of the
stotnach, the Insusceptibility to ) infoction
of sroooth E. ool colls (the type that nor-
ally resldes in the gut), the Infrequency of
neturelly ccowrring j-sensitive E, ool (38)
»nd the Iailure to detect Infectivo ) »

, the following types of genoetic modl
fiostlons ehould Teduce survival of cloned
DXNA, The examples glven are for Nlustravive
purposes and should not be contrued to en-
compasa All possibilitios. The presence of the
non-conjugative plasmids ColBi-irp sngd
pe10l In e E, coli. unluu straln possessing
a b-controlled ra-

in human feees after Ewmmﬂoﬁ of up to oM
a particles {a7).
Moreover, A particles uno 49@‘ senaltive to
degleontion.
Establlshment of , a5 8 m—ﬁgm lysogen iIs »
* frequent event (100 to 10-%} for the att+ int+
eI+ phage so that this raode of escnpo would
‘e the preponderant laboratory hazard; haw-
sver, most ER1 ) vectors ourrently In use
1ack the att and int funcilons (27-20) thus
redueing the probabllity of lyscgenization to
sbout 10— to 104 (38-40}, The frequency for
the converslon of X to a plasmld stete for
persistence and replication s slse enly abuulb

1 ann (hedS) reaulis in
about 10°-fold reduoction in mobllization to
Testriction-preficlent rociplents. The com-
bination of the dapDd, dbloH-asd, Agal-chl®
end rfb mutations in E. coH K-12 restilta in
no detestable survivors i feess of rats follow-
ing feed!ng by stomach tubo of 10 cells in
mlilk and similarly leads to complete lysls of
eells suspended in broth medlum lecking
disminepimelle acld, E, coli E~12 strains with,
AthyA snd deeC(dra) mutations undergo
thymineless death in growth medium lacke
ing thymine and give p 10°fold reduced sura
vival durlhg pussnge through the rat intes-
tine compared to wild-type thyr £, colf E-12,
(Howaver, the Athya mutation alone or In

10" (41}, ver, the routine of

yhagse lysates with chloroform (42) should -

ellminate sll surviving bacteris inciuding
and ) carriers. T

com with a deoB(drm} mutation
only reduces i ¥i00 survivel by a fector of
102) Other host mutations, as yet untested,
that might further redice survival of the

_. tlom no;.&n also:ocour when an infectlous 3
conteining cloned DNA infects a )-sensitive

host systém or redvcs plasm!id irans-

host, systi in the
1 ingestion, it s
same types of experlments be conducted in

puitable animel-model systems. In =ddition -

to these tésts on survivel of the veator andy
or a cloned DNA Iragraent, 1t would he useful
1o determine the survivel of the host straln
under nongrowth condiblons such asin water
and a8 & function of drying time aftor o
culture has heen gpilled on & Ieb bench.

Por EK2 host-vector systems In which the
vector 15 a phage, B0 more than ore Ia 1
‘phaga- particles should ke shlo {¢ perpetuaste
ttself and/or a cloned DNA fragment under

ve 0 repra-
sent the netural environment either (a) as: -
A prophage or plasmid in the laboratery hosd
used for phage propagetion or (b} by w_.:.&q.
ing 1o natural il its and
itsalf and/or a cloned DNA fragment to a
host (or ite resident lambdold prophage)
with propertles common to those In the na-
turat environment.

In terms of potential EXK2 A-host systoms.
the following types of genetic modification
should redues survivol of olomed CWA. The
exnmples plven are for Dustrative purposaa
and should not be construed ta encompras all

_ possibitties, The probobility of establishing

A Jysogeny in the nhormel laboratory host
should be reduced by remeval of ihe phage
ett Elte, the Int Tfuneilon, the repressor
gene(p} and adgding 45&38 enhancing

missien are: the DPElA{TE)}

TecA(TS) AthyA which might interfere With

cell In tature, and witha

ColE1 end lerd to DNA degrade-
\
~

The freq forma-
tion, slihobvgh mnormally Enmwnw 1oss than
10-% ¢ould e further reduced by Sefects i
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NOTICES

A gTOWN on r- m- Su+ hosts 1s de-

the. Pe-@ reglon,

3 pir-s, cre{TS), 17, r#%, O (T8}, P(T8), and

nin. Moreover, chloroform freatment used
rontinely followlng cell lysls would reduce
the humber of surviving cells, including pos-
siblo lysogens or plasmld carriors, by more
than 10% The host may miso be modified by
deletlon of the host \aiZ site and Inclusion
of ene or more of the mutations describad
above for plasmid-host ayetems to further
reduce the chance of formetion and survival
of any lysogen or plasmid carrler cell.
The gurvival of escaping phage and the
_shAance of ehcountering & sensitive host in
naturs are very low, as discussed for EK1 sys-
temas. The Infectivity of the phage particles
could be further reduced by intreducing mu-
tatlons (e.g. . suppressed amhbers). which
would make the phago particles eztremely
unstable axcept under speclal lnboratory con~
ditlons (6.g. high concentrations of salta or
putrescine}. Ancther meana would be to
make the phaga 1tself o & £¥a-

pendent upon the frequencics of r-, Bus, and
A-sensitive stralpa in neturs, investigators
need to sereen E, poll strains for these prop-
orties. These datn will glso be useful in pre-
dicting frequencies of suqcessful escape of
plasmid cloning vectors harbored in r- m- Sus
strains.

When any Investigator has obtained data
on the lovel of contminment provided by a
proposed- EE2 system, these should be re-
ported as rapldly as possiblo to permit gen-
oral awareness and evaluation of the salely
Teatures of the new system, Investigators are
also encouraged to mnke such new safor clon-
ing systems generally avatlable to other sclen-
tiste, RTH vill take appropriste steps to ald
in the distribution of these safer vectors and
hosts. . .

EK3 host-vectors. These sre EE2 systems

group unless it has hesn shown that these -
organlame used as the sourte of DNA do not
contaln these agents; in thia case they may
be pleced in the second group. -

(2) The remaluder of the species in tals -
¢lass oan usze P2--EEL. However. pny Insect
ln this group should have boen grown under
lakoratory conditlens for at least 10 genera-
tlons prier o its use as a source of DNA. .

Plants. P3 physion) contaloment--an EK1
bost-vector, If tho plant carries a known
pathogenic agent or makes a product knowa
o be dangerons to nay species, the contain. .
ment must be ratsed to P2 physieal contaln-
ment+-an EE2 host-vector. .-

(ity Pr £l DNA b4
Prokgryotes thet exchonge genetic injor-
atio with £, coliz,

The lovel of physical contalnment 1s di-

- rectly determined ‘by the rule of the most

Tor which the sp, ahown
by laboratory fests has:-been independently

tem, by eliminating tho tall genes and re-
procucing the phage as henda packed wich
DNA; whon xecessary and under apeclally
controlled conditions, these heads ¢ould be
made infective by adding tall preparations,
Art additlonal eafety factor in this regimen
18 the &Xtreme instability of the heads, unless
they nre stored in 10mbM putresclue, & con-,
altlon ensy to obtain in the kaboratory buf
not In nature. The propagation of the oseap-
ing phage In pature could fursher be blocked
by adding various ditlonml

d by te tests I nnimals, In-
eluding humans or primates, and in other
relevent environments i order o provide
additional data to valkiate the levels of con-
talwment afforded by the EK2 host-vector
systoms. Evaluation of the effecta of indl=
vikiual or combinatfons of mutations con-

tributing to the blologieal contalnment -

should be performed as a means to confirm

‘the degree of safaty provided end to further

the t ¥ of p even
safer vectors and hosts. For the time being,
no host 0

whivh would permit growth only under. spe-
clul laboratory conditions or in o special
e la host with »r r

tor aystem willshe

ngi t (ses Introduetion to
Section YII). Thus P21 conditions can be used
for DIWAs from those baoteria in Class 1 of
rof, 5. (“Agents of no or minimal hagz-
eard * * *"} which naturally exchange gencs
with E. coif; and P2 conditionz should bo
used for such bacteris it they fall in Class
2 of ref. 5 (“Agents of ordlnary potential-
hazard * * #*} ‘or plant pothogens of sym-
bionts, EK1 host-vectors can be used for
all experiments requirlng only PL pbysteal
containment; In fact, experlrents In this -
category can be performed with E. coif E-12
vectors exhiblting o lesser contaiment (&.E.

be a bona fide EES hogt-vector system, until -

1t ia so cerilfied by the NIH

conjugat ) than EK1 vectors. Ex-
periments with DNA from apecles reguiring
Pa

gro=type (wop, drsd, rpoB). m An

DNa, gram Adviscry Commitiee,
2, Ui of T using the

wdditional safety feature would ba the uee
of an r- m~ (hsdS) laboratory host, which

phege with d DNA which
shonld e yestricted lo r+ me+ bacteria that
are probably provalent in nature, The likeli-

hood of recombloation between the i vector-

and laombdold prophages which are present
in some E. coll stéains mighit be reduced by

of the Red and the pres-
ence of -the recombinstion-reducing Gam
function together Wwith mutaticns contribut-
ing to tho high lethallty of the X phige.
Howevor, thesa second-order precautions
might not be relevant if the stabliity and
infectivity of the escaplng A particles are
reduced by special mutatlons or by propa-
gating the highly unstable heads,

Despite multlpie mutations in the phage
vectors nnd. laboratory hosts, the yleld .of
phege partlcles. under suitzble laboratory
conditicns ghould bs high (10 —101 porti-
cles/ml}. This permita phage propagatlon

E. aoli X-7 containment systems. In the fol-
lowlng classification of containment criterls
for.differant kinds of DNAs, the

which are of low

{Zor en P
Espherichia coli, Spimonella typhimurium,
angd Klebsiella preumonide) can mse EEL
host-vectors, but those of moderate path-

{for typht,

stated levels of physical and <N~
iainment are minimumas, Higher levels of
bicloglenl confainment (EE3>EK2>-EK1} are
t0 be used ¥ they are available and are

fde type I, ond Vibrio
cholerag) must unse FE2 host-veators.® A
speclfic exapplt of an experlment with o
plant pathogen requiring P2 physlcal con-

equally for the ¢f the
experiment.

“<a>Shotgun ezperiments. These oxperi=
ments involve the production of recombinant
DFAs hetween the vector and the total DNA
or {preferabiy} any partially purified fraction
thereof from the speeified cellular source,

{}) Eukaryollc DNA recomdinanis~-Pri-
mates. "P3 physical contalnment+an EB3

EE2 host-vector, would be
clonlng the tumer gene of Agrobeelerikm
umefaciens, B !

Prokaryotes that do mot exchangs genetic
information with E. coli. The minimum <on-
tainment conditions” for this class conslst

- of P2 physieal containment-an EE2 hoat--

vector or:P3 physical eontalnment--an ER1
host-veetor, and apply when the risk that the.

host-vdctor, or P4 phy 3
EX2 hoat-vector, excapt for DNA from un-
conteminated embryonic tissue or primery
tiesue cultures therefrom, and germ-line ceils
for which P3 physical contalomnont-en BEE2
host-vector can be used. The basis for the
lowear hazard ‘In the case of DRA

in relatively small and
an additional sefety feature. -

The phenctypes and genetdc stabilities ol
the mutations and. chromoscme alteratiohs
inctuded tn these h-host syatems Indicate that
containment well in excess of the reguired
10~ or lower survival frequency for the )
veoswor with or without e cloned DNA Irag-
mens should be atteined, Obvieusly the prea-
ence of all mutations contributing to this
high degree of blological containment must
be verifled periodically by appropriate tests.
Laboratory tests should be performed with
the bacterlal host t0 measurs all possible
routes of escapa such as the. frequency of
iysegen formation, the frequency cf plasmid
formotion and the purvival of the lyaogen or
carrier basterium, Slmilarly, the potential for
perpetuntion of a cloned DA fragment car-
rled by Infectious phage partleles can ba
tested by challenging typical wild-typa E. colt
strains or a h-sensitive nonpermisslve Inhora-
tory E-12 stiain, especially une lysogenic for
& lambdold phage.

In vlew of the fact that ascurate assess-
ment of the probabilities for escape of In~
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from the Iatier tlasues (it freed of adult
tlssuo) Is thelr relative freedom from horl-
viruses.
Other mammals, P3 physical contalnment
+-an EK2 host-vector, - -
Birds, P2 physical contalnmenttan FR3
host-veator, -
Cuold-blooded vertebrates, P2 physical con-
tainmentfan EK2 host-vector except Tor
embryonis or germ-line DA which requlre
P2 physical conininmentd-an EXKL bhost-
vector. If the eukaryote 1s known to produce

a potent toxin, the contalnment shall be’

increased to F34-FE43.

Qther cold-bDlonded animsls end Iower
eukaryetes. Thle lnrge class of evkaryoies 1s
divided into the following two groups:

DNAs will increase ihe path-

or 1 2 of the host
ia. judged- to be minlmal, Experiments with
DNAs from pathogenic specles (Class 2 ref.

. b plus plant pathogens) must use P3+-EK2.

(Hl) Charectcrized clonet of DNA recombi-
Tants derived from shoigun experiments,
‘Wken a cloned DNA recombinent has been
rigorously characterized < and there s sufil-
elent evidence that it is free of harmiul -
genes,t then experimenta involving this re-
combinant DNA can be esrrled out under
P1+EEL conditions if the inserted DNA is
from & specles that exchanges genes with
E. colt, and under P2+EK] gonditions If not.

b Purifed cellulor DNAs other tham,
plasmida, beeleriophages, and other viruses.
The formation of DNA recombinants from '
cellular DNA; that have been enriched ® by
physleat and chemical techuiques (Le.,. nob
by cloning) and which are free of harmfut
genes can be carrled out under lower con-
tolnment conditlons than used for the cor- -~
Tosponding shotgun experiment, In genernl,

(I} Specles that are known to o
potent toxin or are known pathogens (Lo,
pu ngent Hsted tn Claws 2 of vef, b or a plant
pathogen) or are known to carry such patho-
genic npenta must use P2 physleal contalns
ment--an TE2 host-vector, Any apecles that
has a demonairated capaclty for carrylog par-
ticular pathogonie ngents i Included. in thia

the . oan be d; d one step
in physical contalnment (P4~PI»F2-+F1)
whila malntaining the blologieal contaln-
ment specified for the Z1

or ono step In biologlcal contalnment (EX3-»>
EE2-EE!) whils malntaining the specificd
physlcal containment—provided . that .the

e tootnotes on p. 38460, .
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nnd mouse DNA are presumably not novel
from an ovolutionary point of view.

. Such experlments are to ba done under
P4 conditions §f the{recombinent DNA con-
tains gegments of the genomes of Class 2
.:::5% viruges (). Once it has been shown

NOTICES .

The greenbouse faclllties sceompanying P2
Inboratory physteal containment conditlons
<an be provided by: (1) Insect-progf green-
houses, (i} appropriste sterflization of con-
teminated planis, pots, soll, and runoff water,
and (ill) adoption of the other standard

BY sultable and 1 teuta

that the cloned recombinant contalns enly
hormless régions of the viral genome (see
Sectlon IIIB-2-¢-1) and that the host rango
of tha polyoms ¥iras vector has not heen al-

iered, expertments ean be continted under:

P3 conditions.

2. §V#b Virus. 0. Defective SV40 penomes,
with appropriate helper, con be used as &
vesior for recombinant DNA molecules con-
talning ‘stquences of any non-pathogenic
organism or Class I vivsus (5), (1., a shot~
gun type experiment). P4 comditlone nve re-
qulred. Esteblished lines of cultured cells
should be used. : L.
—b. Such experhments are to be camrled
out i P3- {or P4} conditlons if tha non-
SV4) DNA segment iz (g) o purificd? seg-
ment of prokaryotfc DNA lacking toxigenic
genes, or {b) o segment of cukaryolic DNA
whose functlon has been established, which
does not code for A toxle produst, and which
has beon previcusly clomed In a proknryotio
Thoat-vector systeny, It shall ho confirmed

that the defcetlve virus—helper virus syse -

tem does not replicate signdficantly more ef-
fciently in human ¢ells in tlasue culture
than does SV40, Tollowlng infeotion at a mui-
tiplicity of infection of cne or more helper
£¥40 virusgs per cell. .

@. A recombinant DNA molecule conslyt-
ing of defectlve BV40 DHA Incking sub-
stantial segments of tha late reglon, pilus
DNA from non-pathogenic organisms or Class
I viruses (5), can be propagated as an auton~
omoOue gelluler gloment in established lles
of cells under P8 conditlons provided that
therp 15 no.oxegenows or endogendiis helpar,
and that it is demonstrated that no infee-
tious virua partleles are being protduced. Un-
111 this has been demonstrated, the appreo-
priate contalnment conditlons specifled in
2, g, and 2. b, shall be used.

<, Recomblnant DNA molecules consisting
of defective BV40 DNA and segqlences from
non-pathogenic prokaryotle or eukaryotio
organisms or Class T viruses (5) can be used
1o transtorm established lines of non-pormis-
sive cells under Pd conditions, It must be

ated that no virus par-
tleles are belng produced; resoue of EVAD
from such transformed cells by co-cultiva~
ton or transfection techrdgues must be ear-
rled gut in P4 conditions.

3. Efforts are %o be mede to ¢nstre that all
cell lines are free of vivus perticles snd myco-
Pplasma.

Blnca BV40 ond polyoma are lmlted in
their seope to act sa vectors, chiefly hecaude
the amount of forelgn DNA that the normal

virlons cen carry probably conngt excesd-

2X10* daltond, the development of syatems
in which recombinants can be cloned and
propageted purely in the ferm of DA, rathor
than in the coals of infectlous agents Is
necessary. Plasmid forms of viral genomes or
organelle BNA need to be oxplared as possible
eloning vehicles in eukaryotic colls,

<b> Plent host-vecior systems, For celly
In tigsue ¢ulbures, aeedlings, oF Plant paris
(e.g., tubers, stems, fruits, and detached
lenvea) or whole mpture plants of small
speofes {e.g., Arabidogsis) the P1-P4 contaln~
ment conditions that we have specified pravi-
ously ‘are relevent. concepts. Howaver, woik
with most plants poses nddlitionnl problems.

. Secelootnotes on p, 38450,

for 1 work. P3 physi-
cal con <an be approxis
mated by confinlng the oporations with
whols plants to growth chambers like those

. used for work with radionetive Isotopes: Pro-

vided, That (1} such chambers are modified
to produce a negaiive pressure envirenment
with the exbiatat alr eppropriately filtered,
{i1) that other operations with infectious
materials are carrled cut under the speclied
P3 condltlons, and (i) to guard against in-
adversent insect transmission of recombinant
DNA, growth chambers are to be routinely
fumigated aud only used in insest proof
rooms, The P2 and P3 conditions speeified
eatlier are thorcloro extonded to include
those cases f0T-work on higher planta. .
The Lost cells for experbmonts on re-
<ombingnt DNA5 may bo cells in gulture, In
seedling or plant parte. Whole plants or plant
parts that cennot be adegusately contalned

_5hALl pot bYe used as hosts for shetgun ex-

periments at this time, and attempts To in-
fect whole plants with_recombinant DNA
#hall not be Inltiated until the effects on
hest cells In eulture, sesdlings or plant parts
have heen thoroughly studled.

Orgeneils or plasmid DNAs and DNAs of
viruges of restricted host rauge May-be vsad
as vectors. IR general, simllar eriteria-for
selecting host-vectors: to those glven in:the
préceding sectlon on animal systems are to
apply o plant systems,

DNA recombinants formed between the
Inltial moderately contalned vectors and DNA
from cells of species in whichrthe veator DNA
can replicate, Tequire P2 physical contaln-
ment, However, if the source of the NA is
itself pathogenle or known to catry patho-
gonle agents, or to produce produsts dan-
gerots to plants, or if the vector fs an yn-
iodified virus of Unrestricted host range, the
eXperlmoenis shall be ¢arried, out under P3
conditlons.

Experimenis on racombinant DNAS formed
between the nbove vectors and DNAs from
other specles canl alno be carrled out under
PZ ) that DNA hias been purlfied ¢ and de-
termined not to contain harmful genes.
Otherwiee, the experiments shall be carved
2ub under P2 conditions 1f the source of the
ingerted DNA 1s not itself a pathogen, or
known t¢ ¢arry such pathogenic ngonts, or
o produce harmfu: produets—and under P4
cohditlons I these condltions ere not met.

The development and uso of host-vector
Bystems that exhibit a high lavel of blologl-
eal perrait a -d of onm
atep in the phyalttan containment specifled
above (PdsP3+P25F1),

<o Fungal or similgr lower euharyotic
lrosi-vestor sysiems, The contalnment cri~
teria for experiments on DNAs

“the environment.

IV. ROLES AnD E%OZEF—HE

Sofety in research involving recombinant
INA molecuies depoends upon hoew the re-
Learch team applies these puidelines, Motlva-
tion and eritical judgment ate hegessary, in
additlon to speclfic safety knowledge, to en-
surp protectior™of personnel, the publle, aud

The guidelines glvon here sre to help the
prinelpal investigator determine the nature
of the safeguards that should be . imple-
mented. Thesd guldelines will be Incompleto
in some reapecis because gll conceivablio €x-
periments with recombinant DNAs cmnnot
now be anticipated. Therefore, they cannot
substitute for the investigator'a own knowl-
edgeable and diseriminnating evaluation.
Whenever thls evaluation colls for am In- -
cregse in contaliment over that Indicated
in tho guldelines, the mivestigator hes =
responsibility to Instituto such an Increase.
In contrast, the containment condltions
called for in the guidelines showld not be
decreased without review and spprowal at
the Institutlonal and NIE levels.

The following roles gng responsibilitles de- -
file an ndministrative framéwork in which
aafety 15 en estential and integrated func-
o of resenrch involving réecombinant DNA
molecules.

A. Principal {nvestigaior. The principal in-
veRtigator has ithe primary rospensibiliby for:
(1) Determining the resl snd potentinl bio-
hazards of the proposed Tecearch, (U} de-
termining the appropriate level of hlologienl
ang physleal containment, (1L} solecting the
mlcrebiologlenl practices aod  laboratory
technigues for handiing recomblnant DNA
materlals, (¥) preparing procedures for <deal-
ing with accidental spills and overt personuel
contaminetion, (v) determining tha appli-
cablilty of vartous precautlonary medical
practises, serologleal monttoring, and lm-
munizatton, when available, (v) securing
approval of the proposed Ieserrch prior to
Jndtiatton of work, (vil) submiltting informn-
tlan, e purportad EK2 and EK3 systems to.
the NIH Recombingnt DNA Molecule Pro-
gram Advisory . Committes end making the
strains avallable to others, (vlil) reporting
ta. the instl
and the NTH Dffice of Recomblnant DNA Ac-
tivities new Infermation bearlng on the
gutdelines, such ng technienl Information re-
lating to hazerds end new salety procedures
of {nnovations, (ix) applylng for approval
from the NIH Recombinant DNA Melecule
Program Advisory Committes for large scale
experlm¢nts with recomblnant DNAs known
to moke harmful products {1.6., more than, 10
Itters of culture), and (x} applving to NIR
for approval to .lower contalnment lovels.
when a cloned DNA recombinant derived
from o shotgun experiment has heen rlgor-
ously charaoterlzed and there 1s sufliclent
#vidence that it s free of harmful genes,

Before work'la begum, the prinelpal inm-

walng these host-vectors most closely re-
sembla those for prokaryotes, rather than
those for the Precoding eukaryotes, in that
ths nost cells usually exhibit 2 capacity for
disssminstion outsids the laboratory that ls
simliar to thei for bacleria We therofore
consider that the containment guidellnes
gl¥en for experiments with 2, con K—13 and
other prokeryotle host-veotors {Sectiona
LB~ nnd -2, respactively) provide adeguats
direction for experimonts with these lower
eukaryollc host-vectors, This is Particularly
true at thia time zince the developruent of
thegs host-vectors ia presently 1n the spesu-
latlva stage. :

ia respozmaible fori i) Moking. -
avalable to DrofTam and support slofl coples
¢f those portions of the approved genat ap-
1 that the bioh and
the precautions to be taken, (1i} advising the
Program and stipport staff of the nature and
assepsmionit of the real etd potentlal hio-
hazards, {§l) lnstriucting and ftralning this
siaff in the practices and technigues regunired |
to ensure safoty, and in the prosedures for
dealing with accldentally created blohazards,
and (iy) Informing tho stefl of the reasons
end provisions for any advised or requeated.
preogutionary medlcal practises, vacclna-
Hona, or serum collection.
Duying the conduct of the research,”the
rincipal fovestigator i 2 for: (1)
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markedly reduced. Thus, the probability of
oloning a harmful gere ¢ould, for example, be
reduced by more that 105-fold wher a non=
repetitive gent Irom mammols was belng
sought, Furthermore, the level of purity epe-
¢ifled here makes it easler to estabiish that
the desired DNA does not contaln harmful
genes.

* The DNA preparation lu deflned s puri-
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APPENDIX B 70 APPENDIX D

FOLYOMA AND 5v40 VIRUS

Polyoma virvs 18 a virus of mico, and in-
Ieatlon of wild mouse populations I8 a ¢omy-

mon events, for the virus hes often been.

lsolated from a high proportion of healthy
LAdult animals, both wild and laboratory
bred, of many colonies (Gross, L., Proe, Soc.
Exp. Blol. 88, 362-3gs, 1866; Rowe, W. .P.
Baat, Rev. 25, 18-31, 1861) . As far as la known
the vlrus almost never causes s disease lun
these anlmeals, However, when large gquanti-
tles of the virus are lucculsted Into newborn
or suckling mice or hamsters, a variety of
solid tumors I8 induced {Gross, L., QOncogenlc
.M.W.“Emm. Second Fdition, Pergammon Press,

Poiyoma virus grows lytically in mouse
celis In iiseue culture. Thus mouse colls n
culturs arg probably transformed only by
virus particles that contaln certaln kinds of
defective geomnned. Cells of other rotent spe-

cles, howaver, can be transformed . by paly=

oma’ virna particles that contaln complets
genomes (Folk, W., J. ViroL, If, 424-431,

© . while ancther SVi40-speclfic antigen,

1870) nnd eorum converslons have been
noted in many laboratory parsonnel who
have besn expoced to the virus (Horvath,
L. B, Acta Microbiol. Acta Sal, Hung, 12,

-201-208, 1985},

Isclations of 8V40 have been reperted from
humanas, twles Irom pativuts suffering from
the rare demyellnating disease, progressive
multifocal lenkotncephalopathy {Welner, L.,
Herndon, B, Narayom, O, Johnson, R. 'T.,
Shah, K, Rublusteln L. G. Prezoels! T. . and
Conley, ¥, K., New England J. Med 256, 386~
380, 1872) and apparently from a tumor of &
person with metastatic melanome {Sorlang,
F, Shelburne, C, E. and Gokeen, M., Nature,
249, 421-42¢, 1874), In other studles & non-
straeural antigen characteristie of papaova-
viruses, T antigen, has been <defected in the
nuelel of celly cultured from 2 meninglomas,
1
antigen, has been found in the cells of
# third tamor of the sama type (Welss, A. F.
Portman, R., Flsher, H, Slmon, J. ang Zahg,
E. D., Proe, Nat. Acad, Sei. USA 72, 800613,
1975), Purthermora new papovaviryses have
heen isolated from the brains of putlonts with
PML {JCU virus-Padgett, B, L, Walker, D. L.,
ZuRheln, @, M. Eckroade, R. I and Dessel,
B, H., Lancet I, 1257-1260, 1871), from ihe
uring of n patient carrying & renal! allografs
{8K virus-Gardner, 3, D,, Fleld, A. M., Cole-
man, D. V. and Hulme, B, Lancet 1, 1963-1357,

1971} and Irom p reticulum cell sarcoma and

tho urie of patlenta with the sex.linked
recoeslve disorder, Wiskott-Aldrich syndrome
{Takemote, K, K., Rabson, A, 5, Mullarkey,
M. F, Blagse, R. M. Garon, C. F. and Nelson,
D. J., Nat. Cancer Inst., 53, 1206-120%, 1974).
All of these viruses which are distributed
wldely t human s share
antigenic and blological properties with SV
40; the virus partloles are identieal in size
and architecture (Madeley, ©, R, Tn Vlrus

1973)., The virus does not rep to &
slgniflcant extent in human cells in tlasus
culture (Eddy, B.E,, Virel. Moncgr., 7, 1-114,
1969; Pollack, R. E., Salas, J., Wang R. Ku-
sang T., and Greem, H., J, Cell Physlol: 77,
117-120, 1871). The' reslstance of the cells
scems to be o cousequence of the fallure of
the virus to absorb or uncoat, Howsver oven
when naked viral DIVA is introduced Into the
cells only an shottive cycle of repllcatton enw
sues; early viral protelos are made, there s
Industion of cellular DNA eyntEdsls, but
1o oxpression of late viral protelns fa de-
tectable. (Gruen, R. Grassmann, M. and
QGrassmann, A, Virology, 58, 290-293, 1574),
There 18 no evidence that polyoma virus
2an infeet humans (Hartley, T, Euohner, R.,
Parker, J. and Rowe, W. P, unpublshed
data), Thus ne antibodies to the virua have
been detectod N people living in bulldings
that are infested with virus-infected mice,
uor in leboratory workers who hava been ex-
poded to the virus for & mumber of years,
. At most, a small Segment of polyoma virus
TTA shows wealk homology with a portion of
the late region of 9V40 DNA (Fergusom, J,

and Davis, B. W. J, Mol. Blol, 94, 138-160,

1976), However, thero appesrs to be no
genetic ints 4 ihe iwo viruses

1976, Distribution and persistence  of Sig-
phylococour and Micrococcus Epecies and
other aoroble bacterin on bumsan skin. Ap-
Ppied Micra, 30:381-205.

24. Brown, W, ©, pod P, B, Young. 1670,
Ty 4 3 beb cell wall
polymers, extracelinlar protenscs and autos

Iytle enzymes. Blochem. Blophys. Ras,
Commun, 33:664-568.

25. Olark, V, L. apd F. B. Younp. 1974
Aciive transport of D-alazine end relsted
omino sokie by whole cella of Bacillus sub- -
Thts, J. Bocteriol, 120:1085-1002

24, Ulark, V. In apd P, B Young Active
. &ranaport.in celly of B. subidiy 1887 Losa of

and there is ne immunological cross-reaction
between the geiw producta of the two viruses.

5V4) cnuses porlsltent but apparently
harmlese Lofectlons of the Iktdneya of vir-
tually sll ndult Thesus monkeys (Hshung,
G. D., Bact. Rove. 32, 185205, 1688), it canses
tumora when infected into newborn hpm-
starn (Glraxdl, A J, Swest, B. H., Slotnick,
V. B. snd Elllemeanp, M. R. Proc. Soc. Exp,
Blol. Mod., I05, 420421, 1064) end trana-
forms cells of 8aVeral mammslian specles
(including human), V40 In able to Infect
humans. glnce antibodies to the virus are
found in & small proportlon of the human
population (Shah, K, V., Goverdhan, M. E.

and Ozer, H. L. Am. J. Zpt, 93, 21-208,

QJhurehill-Liv e, London,
134135, 1973); the non-gtructural intracel-
lalar T antigen, which appears to be soded by
the A gene of BV40 croos reacts extensively |
with antlgers found In cells infected of
transformed by BE or JO viruses; hoth JC
#nd BE viruscs induce tumors in newhorn

- hamsters (Walter, I, L., Padgett, B, L., zu.

Rneln, B. M., Albert, A, E. and Margh, R. T,
Belence 181, 474878, 1873: Shak, K. V,
Dantel, B. W. and Strandbirg, J., J. Nat, Con-
cer Inst, §4, 946-850, 16T6); BEK virus causes
traneformation ¢f hamster cells in culthre
{Major, E. D, and DIMayorca, &., Proe, Nat.
Acad. Sel, U3 70, 32108212, 1973; Portolan),
M., Barbantl, A., Brodane, G. snd LaPlaca,
BLF. Virel, 15, 420-422, 1875) and is nble to
cemplement ‘the growth of certaln tompera-
ture-senslilve mutants of §V40 (Masen, . H.
ond Takemoto, K, K., submitted for publics- .
tlon), .
— FURTEER WORE

At present, a potentlsl eukaryotic vector
of cholce 18 polyoma virus, And while avail-
&ble - information Indicates that It fulfilly
Bl the necessary criterla, we recommend
that tha following subjects be further in-
vestipnted:

1. The
of human cells ta the virus.

2. The extent of homology between polyp-
oma virus DNA and the DNAs of human
Ppapovaviruses. .

3. The akility of humian papovaviruses to
complement defective polyoma virus
genomes.

Report of a Working Group Consisting of;
Dr. Bernard Fialds, Harvard University

Echool of Medicine. -

e, Thomas J, Eelly, Jr, Johng Hopkine

University School of Medlicine,

Dr. Avdrew Lowls, National Institute of Al-
lergy and Infootious Discases.
Er. Maloolm Martin, Natlonal Institute of

of resist
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33164,

described the propertiea bf a varloty of plas-
mide isolated Ifrom Pseudomonas putide
Tnese contribiytions were followed by & dis-
—cuasion on the merits of developing plasmid-
host involving 2 Etraing
that naturally exhibit unusual growth res
quirements. Similar studles with plasmids
isolated from Baefilus' megaleriuty by B.
Corlton {(Unlversity of Gaorgle) from 8, sibe

tilis by P. Lovett (OUnlversity of Maryland)
and  other mnaturally occurring Bociiius
specles by W. Goebel ond . Bernhard
( Institnte, ¥ E) WEre dis-
cussed and thele further development as
plasmid-host ¢loning pysterns was exploroed.
It was clesar from these presentstlons that
considerable progress has meen made wm.
cently in the i fon wnd

tlon of a variety of plesm!d elements thay oc-
cur naturally in Pseudomonts and Bucliinxs
epecies. Several of the plasmlds deseribed

ftye mnlinked ohromosomal gene clusters,

wpﬂnmao E. coll species generally owse tholr
tcity to  zhe of two

specios, Ent and E. The introductlon of Ent

and K plasmids may he sufficient to convert

o mormal wild-type E. colt into a strain Row

capable of causing overt clinical discase,
the introd of these

inte E. coil E-12 sublines had no disceraible
cffecton thelr abllity to cause disease, ale
though the K-12 ptralns could now batier
cololize calves. Despite the chservation that
E. coli K-12 did not appenr to offer o signifi-
cant hazard 43 4 potential enterie pathogen
even when 1t possessed well~defined debor-
minanis of path 1t was

by @rekov, Freter and Falkow that E, coli

~-K—12 strains  ¢arrying recombinant DNA

molecules could gtill net as effective genetls
donors in vivd and stlll posed s sipnifcant
problem _.mnﬁauw control. B. Geldreich (U.8,

Bhow an cloning
Bystems . involving n host other than E. coli,
A thlrd eession on the ecology end epl-

gemlology of vector-host systeins wos chalred
by S, Falkew (Unlversity of Washingion).
This workshop emerged, n part, from . ex-
pressed fears thet. milcroorganisms contaln-
ing cloned fragments of forelgn DNA may
potentlally pose . threat to health or dis-
Tupt the mormal. ecolegleal chaln 1n somo
manner. Conseguently, thls sesslon was des
voted. 1o a review of currently avallable HT

bm«,ﬁou‘. Clneln-
Rmatl, Ohlo) the

of the release of E. coll contalning recem-
binant DNA molecules into the rquatic enm
vironment and solcluded that total reliance
cannot bo placed on sewage treatment num
the matural m&un?.ingg.o_u capaelty of re-"

The bile salls

wea obiained wue@—. Mu-1 infection of en Hir
strain and, although exhibiting the theoret-
1cally :wc_..E properties of ease of DNA isola-
tlon and inability to survive In the {ntestinal
tract, might he dne to Mu ibeertion which
would ¢ompromise lis use for safe. strain
construetion.

Curtiss reported on the work performed by
him and his coworkers in constructing and
testing numercus straing with differens mu-
tatlons, Survlval of siraing in ivo waa tested
by feeding rats 10 cells in milk by stomaciy
tube, Apur mutations ¢id not reduee straln
titera In feces wherens Athyd; sthyd dym;
and Afhyd dra mutatlons gave 10°-fold, 10°-
fold ‘and 10%-fold reductions, respectively, In
strain tlters in feces. Gtrains with Athyd
mutatlons ‘alzo exhiblted thymineless desth
in i vitro testa, Bince etrains with dapDd
allele can Teverd to Dap+, siralns were ¢Oh=
structed with both dapDf and AbloHwasd
mutations, Thess siralns have not heen ob-
served to revert to Dap+ but can survive
passage through the rat intestine snd in
growth media lacking dlaminopimelic acld
but containing NaCl and 0.5% usable car-
bor sources. This survival was due to the

colving waters to Hmit p {el hasards,

of the my col-

While these are realistic barriers to the dise
acominstlon of E. coll and assoclated fecal
orgenlsma via the wnter route, they are not
infaliible bacouse of iechaoclogical limita-

formatlon ¢n the ecology and
of E. coll wnd reiated bacterial m—umo:ﬁ anag
1t ‘was reeagnized that E. coil K-12 would be
the prokaryoile host most commoenly em-
ployed in the clening of DNA molecules in
the fmmediate future, ¥. Prekov (Escherichia
Refsrence Center, Copenhagen) roviewed the
atate of E. coli serotyplng oid what has been
learned about the distribution of E. coli types
in health ond disesse. Only certain E, colt
types are generally recopnized as good colos
nizers of the humen gut and such Biralna
come from & handful of the 160 well defined
O (lipopolysaccharide) antlgen types and in-
gariably poessss K (acldic polysaceharide
capsule) antigens, Some serotypes apparently
nave becomo disseminated worldwide and
‘possibly represent the proliferation of b bac-
terinl <lone becaunse of, ss yet unkuown,

. In E. ¢ol K~12

hea no detectuble O or K antigens and s
considered to be rough, This may account,
ab leest o part, for ils demonsirate poor
ability to colonize the human or animal gut,

R. Freter ( ¥ of Michigan)
polnted out thst we still remaln largely
ignorant of the factora which contro)l in-
testingl E. colf populations, Freter also noted
that whila 2dherence to the mucosal surface
of the small Intestine ia fmportant n tho

of E. coll disease, the
‘normal’ unEm.“_wmﬁuw symbiotic relstionshin
Han host and ia

ggduﬁvan in the cecim nnd colon, Xt s in
these looations that factors come Into blay to
determine whether sn E. coll stroin passing
through the intestine will become bBuccess-
fully Ioplanted or whether 1t will bo quicikty
eliminsted lo the feces. The factora control-
lng lon Include Vil for
snd the

tlons, i E.gaomn and
system namagnmnm Finelly, M, Etorr (Tnf-
versity of Oaiiforsiins, Davie} nmunzunn the
numerous generg of gram-nepative bacteria
found maturally ocourring in the sofl ang on
Planis. He atated thet most of these orga-
nisms do ot sppear to be a reasonable alter-
native to E. colf E-12 ns & host for recom-
Blnant DNA molscules. Indeed, Starr polnted
out that since such genera as Erwinfa, Rhiz-
obfust and Agrobecterfim are known ta cona
Jugate with Z. col, the potential n_.wwa_ﬂ_gu
tion of nt DNA

greater spectruin of microorganisma ngu‘

Just enterio-spectes,

The fourth sesslon of the workshop,
chaived by R. Curtiss XII (Unlversity of Als-
bema}, was concerned with the construction
of eafer bacterlal hosta for DNA cloning, The
goals in constructing sefer host strains enu-
merated at the beginning of the sessfon in-
cluded introduotion of mutatlons that
would: {8) Preclude colonlzation in normal
ecologleal niches; {b} preclude cell wsll blo-
synihesls except In speclally defined media;
(¢} cause degradation of genetic

-to introduce

anic acld, which parmits many ¢f the caells
o grow Bun survive es spheroplasts, A Agai-
eI’ mutatlon (nlso deietes aciy, bdo and
tUrB genes) wis Infroduced whlch blocka
colanid aokl blosynthesis and lesds to no de-
tectable survivors-in medls lecking dlaming-
pimellc acld or following passage through the
ot intostine. The ZupDf AbicH-asd bgal=
oRl stralne ore more rendity lysed, trans-
form at Ligher frequencies snd are conju-
gotlon-defectlve 1o matings with donors

<conj in the
P, W and O Incompatabllity groups but
Con* a5 reciplents for ¥, I and T group
plasmidy wher compared to the daps galt
purent siroln. Strains’ with endA muta-
tlons were elso observed to exhibif in-
creased transiormation fraquenctes, Attempts
temperature-sensitive  pold
alleles into etrains to0 Bblock zeplieatlon
of ColEl gloning vectors et elevated temper-
abures and to cause DNA degredation st elo-
vated temperaturea-in the presence of reed
Rnd 4ifty4 alleles often do not have the game
propertics In the constructad straing ns 1n
the strains Lo which ihe adlele was orlginal-
1y induced. Many mutations causiizg a Con-
phenotype have been: investigated, but many
of these nuqann »nd/er 4o not exhibit & Con-

in normal ecologleal niches; (d} cnuso vee-
tora te be hostl, @)
transmission Of Yecorubinant DNA to cthor
straing in normnl ecological niches; (f} ina
creage ustfulness for recombinant DNA
moleciile research; and (g) permit monl-
toring.

Most of the progress in devoloping safor
hosta has beon achieved with 5. coli E-12,
although P. Youilg desoribed n B, sublilis
atraln wlth a delstion for sporulation genes
which readlly undergoes wsutolysis. The
atraln also has defects In genes for puring

with donoms possess-
Iog ac&:w!nqc plasmids of the incompail-
bllity greups commonly found in eeterio
miorgorganisms. Bome Con- mutants exhthlt
increased sensltivity to_blle salts; thus, the
mutant described by Bukhari may alse eX-
hibit & Con- phenotype. All of the strains
construoted by the Curtiaa group ace Sull+
and moat have mutations abolishing raatrio.
tion alone or hoth restriction snd modifica-
tion. ‘Thus, suffclent informnation s mow
known to comstruct o usable safer 2. ¢ol
E-12 host. Ourtles and collahorators are Bow
AthyA and dng mutations into

and TTP els and &
ferring & D-alanine reguirement can be in.

state of the organism when it reaches the
large howel. For example, ingested E, coli
previously grown wnder Usual laberatory
conditiona fare poorly while cells of the same
strain ‘pre-adapted’ in Eh, pH, ete., often

colonize well. Froter has developed a con- -

Hnueus oW culture mode! which may be
useful in studying the mechanisms of fm-
plantation. Fulkow the

to cauge cell wall blosymthests to
be defective. Thia mn;_u» H,E.u_. vm defectlve in
transft 3
might ba useful gnly with a ﬁ_u.rmm wvector
which has yét to be developed and/or dis-
covered

A, I, Bukhar] {Qold 8pring Harhor Lahora-
tory) described the usa of the dapDf muta-
tlon 1o X, coli B3 o block cell wall blo~

ity of E. coli. B. coli causea diarthen) disenss
oither by nﬂwnn invasion ou the bowsl epl~
{a).
Wafle invesive K. eoli. n—uﬂﬁnn i0-owe- thelr
pathogeniclty to & constellation of at least

m.m.Umwb_. w.mﬂ_mum-.:<0_.. 41, No, u.u.,ﬁ...qi.-.:ﬁumﬂ).-.. umv._.mgﬂm.n ?

thesls and abother kon-reveriing mute.
tlon which causes sensitivity to bile salis
and deterzents. "The dapD§ allete 13 the ESv

con- -

their dapD3 AbioH-gsd Agel-chIr-ustB hsr
nald: (for ease in monltoring) Su* A 180°
straln to accomplish this objective.

The fnal sesslon Involved a general dis-
cusston of come of the major points raised
previously in the workghop. There was gen-
eral .ogreement at thie sesslon that baoth
plasmid-host and phage-host systems have
heaen developed that should meet the criterin
of an EK2 system epecified by the Netional

of Health g for
DNA Additionnd
_ﬁmﬁum ia requlred 30 confirm the ER2 prop-
erties of these avallable ayatems, but it s

stable dap point known, ait!
it does revert at frequencles of uc... to 10-,

that thesa. yector-host eystems
Wi meet these teats. ]
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I. BroLOOICAL SAFETY CABINETS
Eiologlcal Safeiy Cablnets sultable for
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into the laborstory or bo diveried out of the
laboratory. This cabingt-1s anitable for COC «
classes of eficloglc ngents 1, 2. end 8. Vapors
Or gRSeE cﬁ.._.n._u are hazardous Irom & Sio.
LY.

rhould not he ﬁ@mn in this cabinet beceuse of
‘tho high quanilty of reeirculated alr.

{11y Type 2. The Type 2 cablnet reclrculntes
approximately 30 percent of the air. The ex-
haust alr from this eabinet 3a normally
ducted out of tho lInberntory through s HEPA -
flter and, an activatod

involving ant

filtor on the The cab-

DNA molecules are described below:

1. Clizee I. A ventllated cablnet for person-
nel protectfon only, with an unrecirculated
inward flow of st away from-the operator.
The exhaust air from this cabinet may be
filtered through a high-efflelency or high-
eficlency particulate alr: (HEPA) filter be-
fore belng discharged to’the outside oiinos-
phere. This eablnot 1s sultable for resoarch
work with the Center for Disease Control

{CDC) classea of etlologle agents- 1, 2 and

3 where no produet protection is requdred.
This ¢ablnot may be tsed In three opern-
tional medles: (1) With an elghi-inoh high,
full-width open front; (il) with an installed
front closure pene! (having four, clght-inch
dismeter cpenings} without gleves; and (i1}
with. an Instalied fromt closure panel

V. Cnre and use of N

A, Care and handling.

B, Cages housing infected anlmals,

C. General -guidelines that apply to

. animal room maintensnce.

In Necropsy Tules for infacted .EHHEu
VI. I atlon and

A. Introductlon.

B, v

with srm lengtih rubber gloves. Soe
Tabla T for ventllation: requirementa, agont

- use limitatlons, and minimum performance

requiroments.

2, Class II. A veniilated cabinet for per-
sonnel and product protection heving wn
open front with inward alr flow for per-
sonnel protection, and HEPA-lllterod re-
mass alr flow for product protecs

C. Loboratory epllls. .

T Disposal.

B. Charscteristics of chemical decon-

taminents in common use in labo-
- ratory operations.

- F. Properties of some commeon decon-
' taminants,
Q. Vapors and pases.

tlon. The cabinet. exhaust air ia filtered
through & HEPA filfer. Two modela of this
cabinet are avellable, Type 1 ond Type 2.
{1) Type 1. The Type 1 recirenlates ap-
proximately 70 percent of tho air, Tho ox-
haust alr from this cahinet. may discharge

inet may be.used with gases or vapors that
ara hazardous frem a toxle, vadicaotive, or
fiarnmability standpeint, However, any con-
sideratlon of use of steh materiels should
he evelunted carefully from the standpoint
of bulld-up to dangerous levels and probloms
of decontantination of the cabinet. See Tahle
I for ventilation requirements, agent uee lim-
itatlons, and mindmum porformence roguico-
ments,

3. Cless I1I. A closed iront ventilateqd cab-
Ineb of gastight construttion providing total
protection for porsonnel mnd product from
contaminants exterfor to the cabinet. The
cablnet {s opernted under 3 hegative pres-
sure of at least 0.5 inches water gauge. All
supply alr is HEPA-filtered. Exhaust air ia
HEPA-filtered or inclnerated to protect the
envirotment. This cabinot, fitted with arm
longth rubber gloves, provides the highest
containment of these three classes of eab-
inets and 1s utilized for all aotivities involv-
ing high risk egents (lLe, CPC etiologic
egonts, class 4). See Table I for ventilntion
requlrements, egent use Uwltations, and

Tho E—o%miew of any c<adlnet depends on
initial and perlodic evaluation to meet estab- .
lishod performance tests. Table I outlines the
minimum performance Tequired’ to assure
that the cablneta win m.«oq._na protection of

1 and the envir

snd Hmitations’ for recombinamt
DNA H___eo-.::h.

= Chacublic feet
l = Based On O
heat, o zolatira that wuld requice yore alc chargere

Al
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1. UNIVERSAL RICHAZARD WARNING SYMBOL (1)

The Pologlcal hazard waming symbol
* (blohazrard symbol) epeciftad hereln shall be
used to sigrify tho actual or potential preas
enco of & blochazord and to ideniify equip-
ment, contniners, rooms, materinls, experi-
mental mnlmals or combinatlons thoreo!
which contaln or are contamlnated with
wlablo hazardous agents.
The blohazard symbel shell be deslgned
and propertioned as ilustrated here:

The symbol shall he as prominent as prac~
ticel, and of a size consistent with the size
of the equipment or materlal to which it Is

«nfixed, provided the proporticns Ehown
above are malntained, and, in any case, that
the symboel can bo essily seen from 28 many
direetions as possible.

Except when clrcumstances do not permit,
the symkol shall be ortented with cne of tha
three open clreles peinted up and the other
two forming a base.

‘The symbol color shall he a fluocrescent

- orange or orange-red color.* Background
eolor Is optional a3 long as thero s suffictent
contrast for the symbol te be clearly defined.

Tho blohazard symbol shell be used or
displayed only to signify the actual or
potentinl presence of bloleglcal hazard.

Appropriste wording may be used in as-
soelation with the symbol to Indiente the
npture or idsntlty of the hazard, nome of
individual ‘responsible for its control, pre=
eautionary information, ete., but never

NOTICES

(AR

_n_-__.__.__nzﬁm {4 heqaaz_u_a wmxmu____—_. 2_2

Haxord Jdankitp,
Korpansibly fnveskigaion
dn corw of smergancy coll -

3. Examine glass syTinges nou chips and
ericks, and needles for barbs and plugs,

Nore: This should he dong wiu_. to steril-
lzntion before use,

4. Uso needle-lecking (Luer-Iok 3 type)
syringes only, and be sure that the needle Is
locked securely into the harrel. A disposahle
syringe-needle undt (where the needle s an
integral part of the unit) I3 preforred.

5, Weor surgleal or other type rubber ploves
for all manipulations with needles and
syringes.

6. Pl the syringe carefully to minimize
air bubbles aud frothing of the inoculum.

7, Expel oxcesa air, liguld and -bubbles

-Irom a syringe vertieally into a cotton pledget

wolstened with he proper disinfectant, or
into a small hotile of sterile cotten.

8. Do not use the syringe to expel force-
Tully a etreaiml of Infectious Auid into nn open
vial er tube for the purpose of mixing, Mix-
ing with a syringo ls condoned only if the
tip of the nesdl? 15 held below tie surface
of the Auid !n the tube,

£..If syringes are Alled from test tubes,
take care not to-contaminate the hub of the
needle, as this may result in tranafer of in-

Doplime phone Hame phene . Tfegtious
Autharizailon for st ba oblained ham
the Respanuible Invartigeter named obove.

11, LABORATORY qncmzunﬁu FOR  BIOHAZARD
" CONTROL

A. EE::E. 1. No infecfious or toxie Ma-
terlals should he pipetted by moutn (2,3, 4).

2. No Infectlous mixtures should be pre-
pared by -bubbllng expiratery air throush &
liquid with & pipette (2,3,4).

3. No Infectious matexial should be blown
out of plpettes (2, 8,4).

4. Pipattes nsed for the pipotting of in-

fectious or-toxic materlols should be plugged
with cotton (2, 3,4},
5. Contaminated plpettes should be placed
horizentally in B pan contalning encugh
suitable disinfectant to allow complets im-
merelon (2, 3, 4. Thoy should not he placed
wvertically in a cyclinder.

6. The pan angd pipettes should be, auto-
cloved 26 & unlt and replaced by a clean ﬂﬂﬂ
with froch disinfectant (2, 3, 4}.

7. Infectious materlal should not be Euxm_w
dw altornate suction and expulalon through
& pipette (3,3, 43,

8. Mark-ta-mark _upuumgmu are prelerabla
1o other types, as they do not regquire ex-
pulsion of the Jast drop (B).

2. Discharge should be B3 closp 08 Pos-
Blbla to the Auid or agdr level, or the con~
tonts should be allowed to run down the

wall of the tube or bottle whenever possible—

not dropped {rom a height {5).
- 10. A dlainfectant-wetted towel over the
immediate work surface is useful in some
cases o minimize the splash from accldental
droppage (8).

B, Syringes gnd Needies (9). 1. To lessen

“the e¢hance of aceidental fnjectiom, ameroscl

produaetion or aplile, svold Unnecessary use of
the syringe and needle. For instance:

(1} Tse the needlo for perenteral injec-
tlons but use & blunt needle or & cannuls on
the syringe for oral or Intranagel inccula-
tlons,

(1) Do not use.a syringe and ncedle as &
substitute for o pipotte in making dilutions
of dangerous fluids.

3. Tae the syringe and needls In a Blologls
cal Bafety Cabinet only and avold quick and

should this be super

on ;

ihe symbel. (See next poge)
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¥ of the hand holding
the syringe. :

to the fingers,

10. When remo¥ing o syringe. snd necdlo
from, o rubber-stoppered bottle, wrap the
needle and stopper In & cotton pladget mois-
tened with the proper disinfectant. It theve
is danger of the disinfectsnt contaminpting
sensltive experiments, a slerile dry pledget
may bo used and discarded immediately Into
disinfectant solution.

11. Inceulate animpls with the hand
*hehind” the needle to avold punctures.

12. Be sure. the nnimal 13 properly re-
strained prior to the inceulation, and be on
the slert for any unexpected movemownts of
the anipal. .

13. Before and after Injection of an animal,
swab the alte of injectlon with a disinfectant,
° 14, Diseard syringes into & pan of disin-
fectant without removing the neadle, The -
syTinge Airst may be flled wlth disinfectant
by immersing the needle and slowly ‘with-
drawlng the plunger, end fnally removing
the plunger and placing 1t separately into the
disinfectignt. The Slling action elears {he
needle and dilutes the contents of the
syringe. Autoclavp syringes and needles in
tho pan of disinfectant.

15. Use zeparste pans of n_m_znaogbn Tor
disposable and nondisposable syringes and
needles to ellminnte o monzzm problem in the
service area. ..

18. Do, not n_mnwna wuﬂuwmm and Bmm&mm
Into pans containing pipettes or other.glass-
ware that must be sorted oub. from the
syringss and needles:: .

©. Opening Qulturg Plates, Tubes, Boftlss, *
end Ampoules. 1. Plabes, tubes and bottles of
fung! mny release spores in 1erge nuy bers
when opeed, Such cultures should be ma-
nipulated 1o a Blological Safety Cablnet
18,15). -

2. In the absence of definito aceldents or
obvlous splilage, 1t Is not corialn that open-
Ing of plates, tubes and Dbottlea of cother
mleroorganisms has caused laboratory in-
feotion, However. It 15 probable thet among
the highly infective agents, some Infoctlons
havo occurred by this means and are repre-
sented in the BO% for which no known act
or accldent tm mscribable (3). .

3. Wator of syneresls In petrl dish cul-
tures s usually infected and forms & fAlm
between the rlm snd d of the Inverted

176—THURSDAY, SEFTEMBER 9, 1978



plate. Aerosols are disporsed when thls film
1z broken by opening the plate, Vented plas-
tie petri dishes where the 1ld touches the
rim &t only three polnits are less lkely to
offer this hazard (3,19).

4, The risk may &lsoc bo minimized by us~
ing properly drled plates, but oven these
{when incubsted anaersblealiy) are llkely to
be wet atter removal from an anaerboel Jar,

Filter papers fitted Into tho lds rpduce, but -

do not prevent, dispersal. If plates are
obviously wet they should be opened In the
Biologleat Sofety Cabloet (2).

6. Less obvlous ia the relesse of nerosels
when scrow-capped botties or plugged tuhes
are opened. Thls happens when & film of in-
fected Jiguld which may colleet between the
rim and tho Uner i3 broken durlng removal
of the closure (8).

8. Dried, lnfected culture materlal may
also collect at or near {he rim or neck of
culfure tubes spd may be disposed lnto the
alr when disturbed (18}. Contalmers of dry
powdered hazardous materials, (eg., Class 3
Tungal agents in the spore phase of growth)
should be opened only in a E,opnw_nu— Safety
Cablnet (6, 14}

7. When the neck of on n:u_uccs contain-
ing Hguid is broken After nlcking with & file,
the snapping actlon creates aarosols. The
following methods have besn recommended:

(1) After nlcking the rmpoule with a file,
wWrap the ampoule In disinfectant-wetted
catten before breaking. Wear gloves {2).

{1} The bottom of the ampoule should be
hold In soveral layers of tlssue paper to pro-
teet the hands, and- & file mark made at tho
neck. A hot glass rod shodld be earsfully
epplled to the mark, The glass will erack, al-
lowing alr to enter the ampoule and equalize
the pressures, After s few seconds tiie nm-
poule shoukl bo wrepped in & few layers of
tlssuo end breken along the crack. The tls-
sucs and ampoule neck can then ba discarded
into dislnfectant, and the contents of the
ampoule removed with & syringe. If the am-
poule contains drled cultures, about 0.5 em?
of broth should be ndded slowly to avold

- blowing dried material dul. The contents
may then be mixed without bubbling and
withdrawn into s culture tube (8).

(111) The researcher uses en Iniense, but

tiny, gas-oxygen dame and heats the tip of

the hard glass ampouls until theo ‘expanding
internal alr pressute blows a bubble. Affer
ollowing this to cool, he breaks the hubhble
- while holding 5t in a lerge low bemperature
flamne; this immediately incinerates sny io-
fectious dust which may come from the rm-
poule when tho glass 15 broken {18). Prelim-
inery practlee with a simulant empoule of
the same type actually Ln use 18 neceasary to
develop a technique thet will not eauze ex-
ploston of tho ampoule.

{iv) A'simple devlce has heen Tecommend-
ed conslsting of w sleove of rubber tublng
Into which the ampoule is inserted before :
15 brokon. (1T,18}.

D. Centrifuging. 1. A safety centrifuge cah-
inet or safety centrlifuge cup (3,7.8,14,22)
may be used to house or salcguard sll cens
trifuging of Infectlous Eubstances. ‘When
boneh type centrlfuges are ustd in a Blo-
logical Safely Cabinet, the glove panel should
be ' plece with the glove ports covercd. The
cenirifugs operation creates sir curronta thes
may ¢ause eseape of agent from an open cal-
inet (3.3.4,13).

2. In soms sltustions, in the absence of O--

ring cap sealed trunnion ¢upa, spealmens can
o enclosed in sealed plastic bags befors cen-
trifugation (12). -

3. Bofore contrifuping, inspect fubes for
cracks, inspect the Inside of the trunnion
oup for rough walls eaused by ercsion or ade
heoring matter, and carefully remove bits of
glass from the rubber cushlon (4,30).

215

NOTICES

4. A germicldal solution should be added
between tho tube and trunnion cup to disin-
fcot the materlels In case” of asccldental
breakeago. This practice also providea an ox-
celiont cushion agalnst shocks that mipght
otherwise break the tube (4,100,

5. Avold decanting centrifuge tubes, I
¥ou must de 80, afterwards wipe of the outer
Tim with a disinfeetent; otherwiso the in-
fectlous fluld will spin Qn a5 Do aerosol
{4, 10},

6. Avold filling the tuba to the point that
tho rim. cap or cotton plug ever becomes wat
with culture (4, 10).

T. Screw caps: or chps which fit over tho
rim outside the cenirlfuge tube ere safer
then plug-in closures. Some fluid ususlly
collects betwen & plug-in closure sund the
rim of the tube. Evenl screw-capped bottles
are not without risk, however; 1f .the tin 18
solled some fluid will escaps down the out-
side of the tube. Screw.capped bottles may
jem in the bucket, and removing them is

- hagardous. Propping such bottles bigher in

the buckot with additionsl rubber buffers
1= mechanieally unsound (B).

8. Eitchen foll 1= often used to cap centrl-
fage tubes. This crentes more risk then the
sorow cop. Foll cops often become detached
in handling and centrifuging (8).

§. The balanecing of buckets is often, H_.a...
monnaged. Care must be tsken to ensure that
matched, sets of trunnics, buckets and
plastle inserts do not become mixed, IT the
components are not inscribed with their
weights by the mammfacturor, colored
stalns can be applled to avold confuslon.
When the tubes are balanced, the buckets,
trunntens and inserts should be included
in the procedurs; end care must bo taken
o ensuré thot she centers of gravity of the
tubes nre equidistant from tho axis of rota-
tion. To illustrate the importance of this,
two ldentical tubes containing 20g of mer-~
cury and 20g of water respectively will bai-
nnce porfectly on the scales; but thelr
periormance In motlon ia totally different,
leading to violent vibratlon with ll its at.
tendant hazards (5).

10. Fill and open nwualn_._r.m tubes or
trunnion cups in & Biologieal Salety Cablnet
-{10).
~~ E. High-Speed Centrifugea (23). 1. In high-
speed centrifuges the bhowl is connected to
& vacuum pump. If there is w breaknge or
aceldental dispersion of Infected particles the
pump and the oll in it will beeome con-
taminpted, A high efficiency flter shouid be
placed hetween the nmun:n:rs and the
pump (8},

2. High specd rotgr Hﬁum are prone to
metal fatlgue. st where there s a chance
that they may be used on more than cne
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slderable care. It is unfortuaate that no

alngle process ls sultable for all ftems, end
the varlous manufacturers' recemmendations
must be followed metlculousdy i fatigue,
distortlon and corresion are to be avolided.
This Is not the place to catnlogue recom-
mended methods, but one less well eppre-
clated fact s werthy of menten. Oellulold
.{cellulose nitrate) centrifuge tubes are not
only higkly indlammakle snd prone to
shrinkags with nge and distortion on bolling,
but can behave as high explosize 1n an auto-
clave {5). Large-scale zonal eemtrlfugation
reguires speclel attention (11).

F.  Blenders, ultrasonip aisinicgraters,
colloid mitls, bail wndlls, Jel wills, grinders,
motar ond pestle, AlL thess dovices rolease
constdernble agrosols durlng thkeir operation.
For maximum pratection o the operator
during the blending of infectlaous meterials,
the followlng practices shkould bhe obsorved:

1, Operato blending snd cell-dlsruption
ond grinding cquipment i a Blologleal
Eafety Cabinet {9).

2. Usa safety blenders deslgmed {o prevent
lorkage from the rotor bearing 3t the bottom
of the bowl (9).

3. In the absencs of a lenk-proof rotor, In-
apect the rotor besrlng at the bottom of tho
blender bowl for leaknge prior to operation.
Tost it 'ln &, prellminary tum with sterile
saline or methylere blue solutlon prisr te
uge with Infectod materlal (9).

4. Sterilize the devige and residual infse-
tlous conteits promptly after use. Use o
towel molstened with, dlsinfecsant over tho
top of the blender (9).

5. Glass blender howls are uadesirable for
use with infectious matorlal bacause of po-
tential hreakage, i usod, they should he cova
ered with o polypropyiene jar to pravent
dispersal of glass (8).

€. A new -machine, the Calworth Sto-
macker (Englsnd), in ‘which materlal i3
homogenized in a plastic bag in n closed con~
telner, would appear to be safer than somo
of the other blenders (g},

7. A heat-sesled fexible plestlc f#lm cen-
closure for & grinder or blender can be used,
But it must be opened in & Blological Safaty
Dabiney {7}.

8, Blender bowls pometimes require sup-
plemerital coollng to prevent cestruction of
the bearings and to minimive thermal efforts
on the product (7).

0. Bafore openlng the safely blender bowl,
permit the blender to rest for nt lsast one
minuto to allow setillng of the aerosol cloud.

10. Clinical or other laboratarles handling
human blocd should he aware of the acrosols
produced: by the mierohaemescorit centrls
Tuge, the autoanslyzer stirrer, and the mico-
tonemeter, lnasmuch as 1f peoms «Ewo alrs
borns of snfectl 1t

machine each roter should be
by its ovm log hook Indlcating the number of
hours run at top or de-rated speets. Failure
to observe thiy precaution can reswit in
dangerous and expersive disintegration. Fre-
quent inspection, cleaning and drying are
important to ensure sbaence of corroslon or
other traumate which may lead to crecplng
orpcks, Rubber O-rings end tube closures
must be examined for deterloration and bo
keopt lubricated with the material recoms
mended by the makers, Where tubes of dif-
ferent materiale ate provided (eg., cellulold,
polypropylens, stalnless stoel}, care must be
taken that the tube closures designed
spocifically for the type of tube In uss amro
employed. These caps are often simllar W
appearance, but ore prone to lenkage if op-
plied to tubes of the wrong mstorisl. When
properly designed tubes and rotors are well
mpintained and bhamdled, leaking should,
neveroccur (5).

8. Cleaning and disinfectlon of tubes,
rotors end other cemponeuts requires con-

may occur in the Iaboratory (200,

G. Miseeflaneous precaution: and recom-
mendations, I, Water baths and Werburg
‘baths used to inactlvate, incubate, or test tn-
fectlous subgtances should coutaln a disin.
foctant, For oold water baths, 70 percent
propylene glyeol {8 recomemnded (4, 10).

2. Deepireeze, llguid nitroger., and dry ice
thests ‘and refrigerntors should be checked
and cleanicd out perledleslly to remove any
broken wmpoules, tubes, ote. containlng in-
fectlous material, und decontaminated, Uao
rubber gloves and respiratory pootection dur-
ing this cleanlng. All Inféctlous or toxie
material stored in yefrigerators or deep-
freezes should be properly labeiled. Security
measures should bo commensurate with the
hazards (4,10,21).

9. Fréeze-drisd cuiture nmpoules should gl
ways be openied la a Blologleal Safety Cabi~
net, The ampoule should be wrapped In a
dislufectant-sonked awsb before brenking it
open to minieize the risk of outbing the
hands, and to & lesser extent of releasing
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acrosol of dricd material, Whenever possible,
nmpeules should be filled with dry nltrogen
after freeze-drying, thus avelding implosion
that may ocour during tho seallng es well
a3 openitng of evacuated ampoules. The whaole
process of freeze-drying itself shovild he per-
Tormed In o Blolegical Selfety Cublnet, Flltra-
ton of the effuent nir from the vocuum
pump 15 desirable olther vp (preferably), of
down stream of the pump (5},

4, Ensuro thet all virulent fluld cultures o
vinble powdored Intectlous materinla in glass
"vessels are transported, Incubated, and stored
in easily, handled, nonbreakable leak-proof
contalners that are large enaugh to contsln
oll the Auld or powder lo case of lenkage or
breakage of the glass yessel (4,10).

5. All inoculated petrl plates or other In-
oeulated solld media shisuld be transported
ond Incubsted In leali-prool pans or leak-
proof containers (4,10}

8. Care wmust be exer¢ised in the use of

membrang flters to obtaln aterile fSltrates .

of infectious materials. Because of the fra-
gility of the membrane and other factors,
suchk flirates cannot be handled as nonln-
feetlous until cullure or other fests have
proved thelr sterllity (4,10).

7. Bhaking machines should be examined
carefully for petontial breskage of flasks of
other confainers belng shaken. Screw capped
dursble plastlc or heavy wWalled glasz fiasks
should be used. These should he aecurely
Tastened to the shaker platferm. An addi-~
tlonal precaution would be to enclose the
flask in a plostic bag with or without an
absorbent material.

8. No person should work alone on an ex-
tremely hezardous aperation (4,10).

IV. PERGONAL HYGIENE, HABITS, AND PRACTICES

Personal hygiente prichices in the labora-
tory are directed, in most part, townrd the
preventlon of cceupaticnally acguired phys-
leal Injury or disease. To o less chvlous ox-
tent, they can raise the guality of the lab-
oratory work by reduclng the possibilities for

wtlon  of tal materials,
The reasons for many of the recommended
precautions and practices are cbvlous, but,
in seme-instances, ampliftcatlon will permit
a better review of the spplicability to wwq
ong speclfic laboratery.

Consequently, what might be forbidden in
one lakoratory might ba only discouraged
in pnother, and be permissible in ¢ third,
Novertheless, to safe 3ol

that *

NOTICES

foge mask cor resplrgtor when the work re-
guires respiratory protection (10,27.31),

6. Develop the hebit of Keeping hands
away from mouth, nose, eyes, face, and halr.
This may prevent self-Ilnogulation (10,27).

7. For product protectlon, persohs with
Iong halr should wesr a suitable hair net
or head eover that can be decontuninated
Thls has long been o requiremsent In hos-
pital operating reoms and In the mouufne-
iure of blolegical nharmaceuticrl products,
A head cover also will proteet the halr from
fuld splashes, from swinging Into Bunsen
fames and petrl dishes, and wlil reduce facial
contaminatlon caused by habitual repetitive
manual adjustment of the halr (5).

8. Long-flowlng helr and loose-flepping
elothing are dangerous In the presence of
open finme or moving machinery. Rings and
wrist watehes also are o mechanical hazard

during operation of some types of machines

(5, 10},

9, Contact lenses do not provide eye protec-
tlon. The caplllary space bebween the con-
taetd lenses and the cornes may trap any ma-
terial presont on the surface of the eye.
Caustle chemlcals trapped In this space can-
not be wached off the surface of the cornea.
If the material In the eye is painful or tho
contuct lens Is displaced, muscle spasms will
mako it very diffisult, f not Imp to

13. Persons vacclneted for smallpox may bo

shedders of vaccinla virus during the phase
of cutanecus resction. Therofore, vaceination
requires permisslon of the appropriate super-
visor, because two weeks' phzencs may bhe
nocessary before returning to work with nor-
mal cell cultures or with susceptible animals,
especially the normml mouse colony (25).
19. Tho surgeon's mask of gauze or Alter
paper 13 of little velue for personal resplra-
tory protection (20}, It i5 designed to provent
eseape of droplets from the nose or mouth
(23G). If bichn demand ‘3
protection, then nothing but 4 full face res-
plrater or veniilated heod will suffice, A half-
mask respirator dogs not protect the eyea,
which are an unevaluated avenue of infece

-tlon through the conjuctlva and the naso-

lacrimal duct (6,8).

20, Monspeciic contamination by ﬁ:.ﬂo:.
meznial organisme .from. humans, autmals,
equipment, containers for speclmens or sup=
plies, and outslde atr 15 & ¢complicailon that
may affect or Invalldate the resulta of an
experiment. The buman sources of this con-
tamination are evaluated as follows;

(1) Sneezing, coughing and talking (23a,
24A). Sneezing, variously reported to gen-
erate ns many a8 32,000 or 1,000,000 droplets
below 100 microns in dimmeter: coughlng,

romove the lens. For this reason, contaet
lenses must not be worn by persons exposed
to caustic chemlcals unless safcty glassed
with side shields. goggles, or, plastlc face
masks are also worn o provide Iull protec-
tion. It Is the responsibility of supervisors to
tdentlly employees who wenp cominch lenses
(26, 28},

10. Personal items, such as coats, hats,
storm rubbers or overshoes, umbrellas,
purses, cte., do not bolong In the Iaboratory.

These artigies showld be kept elsewhere (26), ~

11. Plants, cut fowers, an squarium, and
peis of any kind are undesirable sources of
w.mmmn BoEn. and cther petential microbial

of bl 1 experi 1 ma-

terials (25).

12. Books and journals returnable 4.0 the
institutionsl HMirary should be used only 10
the clean aress as much as possible (10,27),

13. When change tooms with showers ate
provided, the employer should mﬁ.ﬁmu skin
loticn {27).

14. When employecs are uc—uumow to poten-
tlal cccupetionsal infection, the showeér and/
or face/hand-washing facilittes showdd he

become habltusl, even when ¥ nok
ersential, provides A margin of safety _..u sit-
wuations whera the hazard is unrecegnlzed.
The history of cecupational injury is repleta
with examples of Razarda unrecognized unti
too late. The following guldelines, recom-
mandations, and comments are presented
with this in mind:

1. ¥ood, candy, gum, snd beverazea for
human eonsumptlon will be stored gnd con-
sumed only outside the Inboratory (8, 10).

2, Foot-operated drinking fountslns should
bo the sole source of water for drinking by
human cccuponts of the lsboratory (27).

4. 8moking {& not permitied in the lab-
oratory or animal (uarters, Cigareytes, pipes,
and tobacco will be kept 02.... in clean breas
{6, 10, 28},

4, Shaving and hrushing of teeth are not
pormitted in the laboratory. Razors, tooth-
brushes, tolletry supplles, and cosmotles ara
permissible only in clean change rooms or
other cleany areas, and should never be used
until after showerlng or thorough washing
of tha tace and hands (37).

5. A beard may be undesirable in the lab
oratory in the presence of aotual or potential
alrborne contamination, becatse Lt retains
T more P
than ck b eleln, A ¢l h Incs
13 essentinl to the edequate facisl fit of a

with ) soup (8,27).

“'15. Perconal 2loth handkerchlefs sheuld
net be used In the laboratory, Cleansing tle-
gae should be avallable instead.

16. Hand en_ms—sw for nmnwonﬂ protec
tion:

{1): Thizs: should be done ._uuoubvﬂq after
removing protectlve gloves. Tests show It 18
not unusual for microbial or chemlcal con~
tamlingtion to be present despite use of
glaves, dus to unrecoghlzed small. holes,
abresiona, teors, or endry at the -wrist, |

(il} Throughout the day, at Intervala
dictated by the nature of the work, the
hands should be washed. Presence of a wrist
watch discournges :.nuanm.wm washing of the
wrist (10,25).

(1l1) Hands should be washed after re-
moving solied protective clothing, before
leaving the lahoratory area, before eating,
end before smoking. The provislon of hand
erenm by the employer encourages these prac-
ticer (6,8,10).

vy A &.m_bnoogsa\gsmu or dip may ro
desitable In some ¢ases, but its use must not
bo carried to the point of causing roughen-

. ing, deslecation or sensitization of the ekin

17. Anyone with e Iresh or heallng cut,
ebrasion, or skin lesion should not work with
infaetive material unless the injured arca la-
completely protected (B8,25).

which fewer and larger droplets;

- and talk!ng, which has been reported to aver-

age onty Z60 dropleta when speaking 100
words, show great diuiferences between per-
sons In regard to the number of microorga-
nigms- perosolized. As a general rule, it may
Do sald that these netlens by normal heatthy
persons mAy play a less important role In
transmission of alrbarne infection te humans
or experimental matorials than dogs llbera-
tion of migroorganisms from human skin.
(i1} Dispersal of bacteria from human skin,
There 15 a tremendous variation in the num-
ber of boeterla shed from the skin by n

clothed subject. For instance, in one study, .

the nurber varied from 8,000 to 80,000 per
minute -(33C). These bacterla were rcicased

on skin scales which were of a &lze -

that could penetrate the coarse fabric useq
for the laboratory and surgical clothing In
the test (2ID). Dispersal of skin bacteris
wat several timea greater from below tho
walst than from upper parts of the body
(24D) . Effective reduction Is accomplished by
‘use of closely-woven OF iMporvicus clothing
fitted tightly at the neck, wrists, and ankles
to prevent the clothing fromn- acting as a

bellows that disperses alr sarTying skin scales -

Isden with Dbacterls (23B). Such clothlng

sometimes is t60 worm to work In. It wos .

found that a signifleant reduction in dispor~
sal of bacterla ocewrred with the wearing of
close-fitting and closely-woven underpanta
bencath the usuel leboratory clothing (23D3.

The purpose of this summary i5 to alert .

laboratory personnel to tho existence of this

Bource of contamingtion (8).

(111} Prollic dispersal of bacterla oceurs
{rom Jdnfected abrasions, small pustnles,
bells, and skin disense (23F, 24B). Washing
the leslons with germicldal zoap will grestly
decreass the number of orgsnisms on the
skln and dispersal into the alr. Hexlthy nasal
carrlers who generats aerosollzed staphy-

lococel usually can be identifed by the pres-.

ence of heavy contaminatlon of thelr fin-
gers, face, end hair (2SE). This point may
bo ugeful In investigating the source of
staphylococeal contamlnation of cefl Ilnea,

{iv) Fooiweor. In moderate and high risk
sltuations, shoes reserved for only lahoratory
use have been recommended a8 a precad-

tion agsinst transporting spliled infeetious

egonts outside the. laboratory. However, in
exporiments during which reduction of po-
tontlal contarination of experimental mato=
rials iz impaortant, laboratory-only shoes can
reduce the microbial load brought Into the
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obtained In practicel testa with the micre-
orgenismis) of intereat,

0. Laboratery spilla. A troublesome prob-
lem that may occWl in the laboratory is the
decontamination of an overt bioloplenl spifl
The oeeurrence of & Spill poses leas of a prob-
lem if it ocours In & Bilologicel Safety Cab-
inet’ provided splattering o the cutside of
4he ecablinet does not cccur, Direct appllea-
tlon of concentrated Lguld decontsminsnt
and a thorough wipe down of the internal
surfaces of such cabineiry will ususlly be ef-
feotlve for decontaminating the work zone
Tut geseous decontaminants would be re-
quired to rid tho Interlor sectlons of the
cablnet of contaminants. Euch researcher
must renlizs that in the event of an overt ac-
cident, Teserrgh materials such as tlssue cul-
{ures, media, and anlmaels within such cahls
nets may well ba lost to the experiment

The groater problem arises if the incident
oeaurs in the cpoen Iaboratory, All laboratory
protocals should be designed to prevens such
oteurrenaes, The frst oction in the event of
BIL oveTt Jaboratory spill 1s evacuation of the
affected area bo minimize tho exposure of
personnel involved. Next, the aplll.area must
ke i5olated to prevent exposurs of personnel
and experimental materlals beyond those 1n-

volved in the immediate ates of the apill. The,

procedures ndopied must be rapldly efecs
tive and must not create additlonnl aerpsol
or foster mechanienl transfor of materials
to unaffectod srens. Personnel carrying-outb
the procedures must be provided with pro-
tective clothing end equipment, EE:&bm
Ty pr tl G , mus
be glven to the aafe disposal of sl materials
and lquids resulting from gleanup proce-
dures, Reentry of porsonpel to the ares
should be nyolded until 1t can ba reasonably
established that the area has been efectively
decontaminnted. Further speclfic details are
provided in Section VIIL .
D. Disposal. Decontamination and disposal
In infections diserse. laboratorles are closely
interzelated acta in which decontamination
constitutes, the introductory phase of dis-
posal. All materials and equipment used In
on, Teet DNA will
ulthinately be dispesed of; however, In the
sense of delly use, only & portlon of thete
will require pctual removal from the labora-
tory or on-site Tho re-
. mainder wiil ba recyelad for use ither with-
In the ssme laboratory or in other labora-
torlés that may or mAy not engage in DNA
nt reh of the latter
that lnmediately como to mind arer Re-
usable laboratory ~ glasswars, Instruments
used in mecropsy of Infected animals, and
laboratory clothlng. Disposal should there-
foro be interpreted im tho sense ol

NOTICES

can betome s major problem when' there
13 the requirement that all wastes be de-
contaminated prior te disposal. Xt i3 most
evident that & significant portion aof this
problem can be ellminated if the kipds of
meterinls initlally entering the lnboratory
ere reduced. In BLY cA58, And wherever pos-
sible, materials nat essential to tho ressarch
should be retained i the nonresearch areas
for disposal by conventlonal methods. Ex-
amples are the packaging materials in which
goods are delivered, disposable carton-cages
for transport of anlmals, and large carboys
or tanks of Huids which can be left outstde
and drawn from ps required, Reduction of
this bulk will free autoclaves and other do-
contamipation and disposnl processes withia
the Iaboratory for the more rapid and effi-
clent hangling of msterlals known to be
contarninated.

Inevitahly, disposal of materials raises the
questlon, "How can we be sure that the ma-
terigls have been treated adequately to as-
sure that thelr disposal does not constitute
p hozard # In the small laboratory, the prob-
lem s ofton solved by requiring that each
o gntor decon: inate all conta.
materinls not of immediate use at the end of
each day and place thom in suitable con-
telners for routine dlsposal. In larger labora-
tories where the muoss of Tor dia~

face decontaminents, and some, when added
in find use a5

inants of bulk Hguld wastes. Chemical de-
contaminents that are gaseous 6t room tem-
poratures are uwseful as epace-penstrating
decontaminarnts. Others hecome gases nt ren-
sonably clevated temperatures and can act
as either aguecus surface Or gASEQUS space-
penetrating decontpminants.

Togctivetion of miecrgorganisms by chem-
jeal decontaminents may oCCUr i one or
more of the following wa¥ys; (1) Coagula-
tion pnd denaturstion of proteln, {2) Lysls,
(3) Binding to enzymes, or lmactlvation of
a0 essentinl eénzyme by elther oxldatlon,
binding, ot destruction of enzyme substrate.

The relatlve reslstance 10 the -action of
chemicsl decontpminants can bo substan-
tlally mltered by such factors as: Concentra-
tlon of active ingredient, duratlon of con-
tact, pH, temperature, humidity and pres-
cnce of extrinsio grganie inatter. Depending
upon how these factors are manipulated,
the degree of puccess achieved with chemi--
cal decontamingnts may -rehge from mind-
mal fnasetivation of terget microcrganisms
t0 an indicated sterllity withiy the limits of
sensitivity of the assey systems employed.

‘There ava dozens of contaminants avell-
sbla under 5 wide varlety of trade nemes.
In genersl, these deconitminants  can be

posal hecomes mych greater and sterllization i

nnd decontaminatlon bottlenecks ocour, ma-
terials handling and dispossl will lkely be
tle chore of personnel not engaged In tha
actunl research, In elther situation, a case
can be ‘made Ior establishing n positive
method of designating the state of materials
to be dizsposed of - This mey conslst of a tag-
glilg system stating that the materlals are
olther sterlls or contaminated, .
Disposal of materials from the Isboratory
and animal holdnp areas will be required for
research projects ranging In slze from an in.
dividual researcher to those involving large
mumbers of ressarchers of many disciplines.
Precedures and facliities to accomplish this
will rapge from the slmplest to the most
elaborate. The primary cofslderatlon in any
of these s to dispel the notion that labora=
tory wastes can be disposed of In the same
manner and with ng Jlttle thought ne house-
hold wastes. Selectlon nnd snforcement of
safe procedires for -dlspesal of laboratory
maaterials ars of no less Importance thaa the
consldoration glven to any other methedol-
ogy for 'the accomplishment of research
objectives. - -
Materlals of dissimilar natura will he com-
mon In laboratorles studying recombinant
DNA molecules. EXamples are combinations
of solvents, chemical car-

the word, rather than in the restrictve sense
of deallng sclely With o destructlve process.

The principal questions to be answered
prior to disposal of aHy objects or materials
from Isboratories desling with 1L

. IG 1sotopes, and concen-
trated viruses or nuclele selds. These may re-
quire Input from’'a number of discipiines n
arriving at the most practical approach for
thelr decontaminatlon.

mteotious microorganisms or anlmal tissued
aTo:
1. Bavo the objects or materials been effec-
tlvely decontaminated by an approved proces
dure? -

3, I not, have the objeots or maeterials

been prckeged In am ppproved manner for
b diete ch-slte lon or transfer
to another loboratory?
'8, Does dispesal of the decontaminated
chijecta or matorials involve any gddltjonal
potential hazards, blologleal or otherwlse, to
perscnnel efther: (1) Those carrying out the
immediate disposal pracedures or (i1} Those
whao mlght come into contact with tho
objecta or materials outstde the laboratory
eomplex?

Labératory materials requiring. disposal
will pormally o«tur aa liguld, solld, and
animal room wastes, The volume of these

E. Ch latics of chemi
nanis in common use in luboreiory opera-
tione. Every person actively working with
viable mircorganisms, no matter how remote
the fleld of apecialization, will, from time to
time, find 1t necessary to decontaminste by
chemleal methods wurk areas and materigls,
equipment, and speclalived Instrnmernts.
Chemleal decontamination is necessary he.
causs the use of pressurized steam, the most
rapid ahd rellablo method of sterillzation,
iz not normslly feasiblo for decontaminating
large spaced, surfaces, snd statlonary eguip-
ment. » high and
molsture often damage delleato insiruments,
particularly these hoving complex optieal
pid electronic components. i : :

o] with nent propertlos
are, for tha most part, avallable as powdcers,
crystals,.and lguid concentrates. These may
be ndded to tap water for applleation as sur-

85 aolds or alkalles, heavy
metal salts, gquatornary smmonium com-
pounds, phonolic compounds, aklohydes, ke-
tones, alcohols, and amines. Unfortuately.
the moro active the decontaminant the
more likely it will possess undeslrable char-.
acterlstles. For example, peracetic acld 15'n
fast-neting, universsl decohtaminent. How-
ever, in tha cohcentrated state it 1s & hazard-
ous compound that can readlly decompose
with explosive viclence. When ciluted for
use, it has a short half-life, produces strong,
pungent, lrritating odors, sud is extremoly
corToslve to metals: Nevertheless, it is auch
an ouistending decontarninant that it is
commonly used In germ-free anlmsl studles
desplto these undersirable characterlatics,

Tho hnlogens pre probahly the second most
actlve proup, of decontaminants, Chlorine,
leding, bronune, snd fAvorine will rapidly
K111 bacterial spores, viruses, rickettslas, and
fungl. Thess decontaminanis nre effective
aver n wide range of temperstures, In faot,
chlorine has been shown- to be effective nt
—40 P. (On the gther hand, phenols snd
formealdehydo hava high temperature coefl-
clonts), The halogens have severnl undesics
Bble features,' They reacily combine with
proteln, so that en excess of the helogen
must be used if proteins are present. Also.
the halogens, aro rolntively unstable 5o that
Iresh solutions must be prepared at frequont
intervals. Flnally, the Hhalogens cotrode
metes. & number of manufacturers of de-
contaminanta havo treated the halogens to
remove some of the undesirable features. For
example, sodiuzm hypechlorite reacts with p-
toluenssulfonamide to form Chlorsmine T,
nod lodlue repcts with ceriein surface-asctiva
agents to form the popular lodophors. Thess
“famed” halogens ars sttabls, non-foxls,
odorless, and relstively noncorrosive to
metels, Howover, the halogens are highly
renctive alements, end, because they are
resctlve they are good germleldes. When o
haolgen acts as A decontaminant, frée halo-
gen I3 the effective agent: Ralslng the pE or
combining the halogen with other com-
pounds to decrease the corrosive effect will

.also decrensa the germicldal power, A trodes’

off sliuntion cecura. B
TIneffectiveness of a decontaminant Is
due primarily to the fallure of the de~-
contaminant te contact the microorga-
nisms rather than failure of the decon-
taminant-to agt. If one places an item'in
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32" NOTICES

fective pmeu« mlcroorganisma lower on the no destroy the nuclele aeld helng studied,

e0als. Th , 1f t3 that ef- shouid be confirmed in the expeari-
© teckively oouﬂd_ mncE forma aro selected for menter's lpboratory. Because of innate dif-
routine ailon, It can in the chemistry of RNA and DRA

be pssumed that any other micreorganisms the effectivencss of o decontaminent for one
gonernted by laborgtory operstions, even In  cannot be extrapolated te the other, For ex-
_bigh 8339.35:« sould also be inpctl-  nmple, RNA rholecules are susceptible to mild
vated, pliallng hydrolysis by virtue of the free hy-

An rdditionn] ares that must be consldered  droxyl group In the 2° position, whereas DNA

. and for which thore Is Uttle definitlve infor- molecules nre not susceptible to mild afka-.

meiton iz the "L " of  line hydrolysis. .
nuclele aclde. Nuclele aclds ofton have botter Teble IL izes perilnent cha terl:

survival characteristics undor adverse cou- tiea and uoS:ﬁa— applleations for several

ditions than do the intact virlons and, celly mosk-

are

3, Tt has been

that

degree of potentla

will be a high
l protection by organic

menstruums, Tt has not been assuined that
a sterlle state will result from application of |
the Indieated - concentrptions nnd ~contact
timea. It should bo emphasized that these
data are only- indlentive of efficacy under
artifleial test conditions, The eflicacy of any
of the decontaminants should 'be comeclu~
sively determined by individual {nvestigators.
It {5 resdlly evident that each of the de-

contnminants has o

froi which they were derlved. Strong oxl-  likely to .um z.mnn in the

range of advantages and

as-well ag a range of potential

dizere, strong. aclds and hases, .and. either Fractlcal concentrationa and contact BBE

EB560US 0r agquecus formakiehyde shoulkl re- . that mey differ markedly ffom tho recom-

wot readily with nuclele aclds, Thelr-abllity mondations of manufacturers of proprietary

Tor of a diverse ', Egual-
1y ovldent i1s the need for ooEE.oB_hn o an
alternative to malntaining a ._.mlero aﬂ—m
store” of nonounwﬁubwﬂs
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T s
i
V. m.udmhwu—uﬁzm ’ ‘The Sumuﬁqﬁaug.._mmmnoomp:m in the blg- a of o by .
trod: _ loglcal laboratory are to: HE..@oU:mH EEH Eo«.nh_nuw and (vl) may
uuw.? Ini uction, ﬂcu defined bcﬁawwom 1. Provide an orderly work area conducive of p
Es.wpabwﬁogaxaﬁum with etton 10 the of the chSwmsznwu_hwa care unita Bas-
logte ngents.sud 1n protecting the integrity Prosioi usekeoplng 1A enimal eor
 the This 15 3. Provide work areas _»oeo_n. of ﬂ#wﬁua {the pame primary function as thot stated
frio n tho bloiogieal 7 e hazatda, for the leboratory and should, in sddition,

3. Provide u clean work ares with back-
umder lesa than Lotal uwwwwmuﬂnu aw Moounﬂwﬂm ground contastastion ldesily Geld 1o 2 zar
" mals, whether or not they have beern inten- ‘level but more realistically to a level such

tonally Infeted. A well-conoeived and wall- IDAE SELIDOTGINNry measures in sterile tech-
anocuted housekeoping progrem llmits physi- DX198 Are Mot Tequired to matniain intes-
cal cluttér that could distract the ity Ona. o biolegleal eystems hehig
and interfers with the sctivitles of labora-

~ % Prevent the accumulatlon of materiala
“M«Sﬂmoﬂﬂmu ai a critical moment in & ﬂﬁ# £ t and past exper ts that con-
mrep FHitute & hazerd to laboratory perscnnel.

Mﬁhﬂmﬁ%ﬂﬂﬂ.ﬂ%%ﬁa M_Bﬂcbno- 5. Provent the creatlon of acrosole of hoz-
vides an Bres that premotes the eficlent uss ardous materials a8 o result of the housekeopa
of detorinminants in the event of Whe fn. 10§ prosedures used.
advertent Telenso of m harmful sgent. Less  Frocedures doveloped in the aren of housos
Immedintely evident are toe boneflts of 5= kesping shonld ba based on the highest level
tablishing, Bmong porsonnel of widely vory-~ of risk to which the persennel and integrity
ing levels of educatfon, an appreclation of ©f ¥0@ experiments will be' subjeot, Suoh sn
the nature and sources of biologicel con- SFPToack w@ﬂm ‘the oou.—.._v._.nﬂnu 5t EE&%M.M
tamination.

‘Housekaoping 15 b omalbus term that can  PRETSEY ncbnzuu,. hen, of dﬂﬁ»ﬂbﬂ hiouses
be interpreted as broadly or s maowly as  FeePIDE procedures is to prevent the i

be a8 meticulously carrled out in guaraniine
and conditioning ereas as In areas used to .
houss exparlimentally infected animals, No

other arcas In the I
Etant i for

aboratory have the con-
of

quantities of contaminatéd organic debris
than ‘do naimal cors focitities.

In el laboratories, efforts to nchieve total
decontamination and to conduct & malor
clegnup of the blological complex are nor-
mally uhdertaken at relatlvely long time o~
tervaly. Routine housekeeping must be relled
on to provide = work aren free of sighificant
sources of hackground contaminption. The
proviston of such a work args 13 not simply &
matter of indicating in a general way what
hes to be done, who wil do it, and how
oftea, The supervisor must view each tesk
critically In terms of the potendial biohazerd,_. .

involved, decide on
its

one chooses. It ¢an -be seen that many of 1atlon of organlc debris thet {1) may harbor
the procedures found under speclal headings, icroorganisms that ere s potential threat
such o4 decontarmination, disposal, and gii= 10 the integrity of the biclogical systems un-
ol care, ave, in reality, specific instrugtiona GOF nvestigution, (H) may enhance the mir-
for sately accomplishing otherwlse routine vivel of microosganisms g@.&oﬂm—«. 0~
woﬂmuwsﬁ_bw chores. In theso cafoty !._m.. leased Eunﬂgnbﬁ procedures, (1} may

on rotard .

a datalled procedure for
and provkie instructions

to leboratory personnel in e msnoner ihat
mindmizes the oppartunliy for "E_.Ebnouu

standing,

The followixg checklist ontllned & HSQBDB
of tho ltems requiring eriticad review by the
Isboratory superviser. It 1s ubﬁ Evnh.nu_n to |

be but i

EE&EB. 1 hns Dbeen osnsn__x.pnnss ﬁauvan.nukmﬂw—nn.nanuaﬂi.bmu.
specifically only taaks of a Janitorial nature - other.on clothing and shoes, {v) msay, with
EEE»EES»R.. afldup, become a a4

of the detnlied manner in #Eﬁu Euq.wwsnmvn <

ing In ths blologleal
be viewed,
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whle which mect the genersl critéris of effec-
tiveness, residusl properties, and Jow corro-
alveness,

.- Wet mopping—Hhwo-buekel method, Wet
mepping of fluors in laboratory and animal
care aress 1s, from n safety standpolnt, most
convenlently and eficlontly - accomplished
nslng B two-bucket systemn, The prinaipal
feature of such o system 1s that fresh deter-
gent-dacontaminant sclution is slwnys ap-
plled to the Acor from.one bucket, while all
apent clepning solutlon wrung from the mop
13 collected 1n the second hucket, Compact
dolly-mounted double-bucket unlis with
foot-cperated wringers, are available from
most janltorial aupply houses. ‘A Ireshly
Inundered’ mep head of the cotton string
$ype should ba used dally. This requires that
6 mep with removeble head be provided as
opposed-to.a fixad-head typo. In pratctice, the
mop & saturated with fresh solutlon, very
Ughtly wrmg into the sccond buckst eand
applied to the foor UEINE & Nigure ¢lght mo-
tlon of the mop head. After avery four or Ave
strokes, the mop head s turned over and the

process continued untll an area of approxli-
mately 100 {2 has been covered. Aftor.allow-
ing & contact thna of five minutes, the solu-
tlon s removed with elther a wet vacuum
elenner with HEPA-filtered exbaust or with
the wrung-out mep, The mopping is con-
tinted 1n 100 ft7 inerements until the total
floor ares has been covered. Floor-cleaning
procedures nre most effeotively completed
after the mafortty of the work force has de-
parted end should progresa from areas of
least potential contamination to those of
greatost potential. Befors 3 mop herd Is sent
10 & laundry, it should be sutcelaved. Spent
clesnipg flulds ere dispossd of by flushing
down the draln.

If the cleanup fcllows an-overt splil of in- -

fectloun material, the spont cleaning solution,
after removal from tha ficor, should be auia-

tlaved o treated wWith chlorine solution.

Chlorine (na household bleach) should be
added to give 500 ppm and held for a contaoct
time of 15 minutes before dumping in the
canltary sewer. . .

&, Allernative fioor cleaning meihod for
enimal core areas and sreas with morolithic
foors, The absence of permanently placed
lahoratory benches snd flaed eg it

NOYICES

gent-decontanrinant solizbion into the draln

each week to keep the trap in the weste lng

filled agoinst hackup of sewer guses,

VHL CLEAN-UF OF BIOTAZARDOTDS SPILLS
{2, 9, 20)

A, Biohiazardous spiil 1n & biological sajety
cabinet. Chemical : decontamination proce-
dures showuld be Initiated at once whife the
egbinet continuves to operaie 1o prevent
estape of contominants from the eabinet.

L. Spray or wipo walls, Work surfaces, abid
equipmoent with a 2 percent solutlon of au
lodophor-decontaminant  {Wescedyna. or
equivalent), A decontpminant detergent has
the advantage of detergent activity, which is

becavse organle sub-
stances frequently interfere with {1e resction

“between the microorgantsris and the active

agent of the decontaminant. Operator should
wear ploves during this procedufe.

2. Flood the top work surface tray, and, 1f
2 Class I cabinet, the drain pans and catch
basing below the work surface, with a decon-

taminant end allow to stand 10-15 minutes, |

3. Remove excess deconieminant from the
tray by wipihg with a sponge or cloth soaked
in o decontaminant, For Cless II cabinets,
drain the tray Into the cabinet baso, HIt out
tray and removable exheust grille work, and
wipe off top and bottom (underside) surfaces
with a sponge or cloth scaked in & decon-~
taminant. Then replaceo in position and drain
regontaminant from cabluet base into ap-
propriate contalner and autoclave ageording
o sbandard procedures. (loves, cloth or
Eponge shouid be disearded in an hutoclave
pan and sutoclaved,

B. RBiokezard spili ouiside a biologieal
safety cabinet. 1. Hold your breath, leave the
rocm immediately, and close the door.

3, Warn others not to enter the contami-
nated area,

4, Remove mnd put —b.S. a container con-’

tor
thoroughly wash hands and face.
4. Walt 30 minutes to allow dissipation of
aercsols created by ke splil. y

ng nod

5. Put on a long-sleeve gown, mask, and

rubber gloves bafore resmbering the room.
(For = high risk ngent, a Jumpsutt with
tight-fitting wrists and use of a respirator

cotipled with the mobility of modern cage
racks, mekes possible alternate Aoor-cleaning
procedures fn andmal eare facliitles. Az in wll

of ek in plomedi
oal lnboratory facllitles, 1 ia ¥ to

should be ddered).

6. Pour a decontaminent solutlon (6%
iodophoy or 5% hypochlorits are recom-
mended) nround the splll end allow to Dow
intos the spill. Paper towels soaked with the

t moy be msed to cover the

nastas the compatibllity of procedures and
faollities from the hazerd point of view. .Ema
2 va 1 p to. be
disoussed Tequirea that floore are complelely
zenled or of monolithic construation so that
Tguld leakage to adjacent wrens does not
ocour and. that floor drelns or wet

ares, To mintmizo acTos
ing the decontaminant solution directly onte
the splll, E

7. Let stand 20 minutes to sllow en ade-
quate contact time.

8. Using an sutoclaveble dust pon and
ed

cleaners dre svallsble.

Bubsequent to the removal of all debrla by
dry veouurn, move the eage racka to ono sido
of the room, Cover the.door of the

transfer all

. (peper towels, glnss, Mguid, gloves, eto.}

into a deep autoclave pan, Cover tho pan
with aluminwm foll or other sultable cover

cloored portion of the room with detergent-
decontmminant solution applled at o rate of

approximutely one gallon per 144 {t* from A.

one-gallon- tank sprayer, using s sotiing on
the nozzle which Wil cause tho solution to
flow on and not oreate & spray, The nozzle 18
placed close to the foor. Allow a fifteen-
minuts contact period; then puzh the clean-
ing solution to the foor draln with a large
floor squsegee or pick it up with & wet vaa-
uum. Allow the foor to air dry: move the
cage racks Into the cleaned ares, and repent
ihe process for the remedning foor exes. Floor
drains in these aress should be rim=fush, st
Teast aix inches in diameter, and Sited with
& seTeen or porous trap. bucket to catch large
debris that escapes the hiftiad dry oleaning.
Such serecns snd basltets should be empted

and to direc-
tlong. - :

@, The dust pac and eguesges should he
placed in an autoclavable bag end atfos
olaved Ing to dard Con-
taot of reusable items with non autoclavable
plastic bags should he avolded—separation of
the plastic after autoclaving can be very dill-
culs,

<. Radicactive bohazard spitl oufside a
biological safety cabined, In the event that &

epill also o radisti
hazard, the slean-up procedure may have io
e modificd, depending on an evaluation of
tho risk assessment of relatlve blologleal and
tadiological hazard,

Lahoratories bhandling radicactive sub-
stances must have the corvices of o

, avold pour- *

cedure {pbove) that should he consldered
whet & radloactive bichazard epill occurs out-
elde & Blologieal Safety Cabingtd - -
1= “Helding gour breath, leave the reomIm- .
.medlately and closs the door,
. 2- Worn others not to cater the contami-
‘nated ares. .
3. Romove ond put in p container con-
innt tor B g and
thoroughly wash hounds end face, :
4. Walt thirty minutes to sllow dissipa-
tlon of aerosals created by the aplll,
1Hefore cleqn-up procedures benin, e radfa-~
tion proteotion oficer should survey the apil]
for externol redintion hacard to defermine

. the relative degree of risk, -

B, Put o a long-sleeve gown, mask, and
rubber gloves before reenterlng the room.
(For a high risk agent, a jumpsult with tight-

- Btting sleeves and a respirator should be con-
sidered), )

§. Pour a decontaminant solution (5% fedo-
phor or 5% hypochlorite are recommended)
avound the spill and allow to flow into the -
..Paper towels sonked with the decon-
Dant may he used to cover the aren. Ta
minimize aeresclization, ayold pourlng the
noc_w:naz.._una solution dlrectly onto the
splll.

7. Let stand 20 minutes to allow adequate’
Alsinfectant contact time. }

9. *Fn most cdees, the spiil wdll involve
uC or H, whick present no cricrral hazard.

Howsver, f more energetic befa or gamma .
cmitters are inpolved, care must e faken fo -

prevent haud and body radiciion exposurs.
The radiation protestion offfcer mual make
this determination bajore the clean-up cpera-
Hon i3 begun. o

I the radiation protection cfficer approves,

- the blo-hazard-hoandiing procedure may he-

gin: Using an antoclnvable dust pan aad
sgueegee, transfer all contaminated materialy
(poper towels, glass, liquid, gleves, etc.) into
a deep autociave pan, Cover the pan with

, alumirum foll er other sulisble cover and

autoclave aceording to atandard directlons.
sI} the radiation protection officer deler- |
mines that redicactive vopors may be re-
leased and fhereby contominale the auto-
elave, the material must not be ouioclaved.
In thai cese, sufficient decontaminant sclu-
tion fo immerse the contents should be added
to the wazies contotrer. The cover should be

sealed with waterproo] tepe, und the con- -

tatiter stored amd khahdied for disposal ax
i weste. and bioh d
warning symbols should bs affized o the
waste container. ds a general rule, autoolqy-
ing shouid be avoided,
9. It autoclaving has been approved, the
dust pan and squeeges mwnE.u. be m;ﬁun inan

aul bag and

to standard Contact of -
1tems with plastic hags showld be svoided—
separation of the plastle after autoclaving
cant he very diMeult. )

*A final radioactive survey should be made
of the spill areq, dust pan, and iquesgee with
a-Gelger counter, or ¢ smear should be taken
and
IR A

courtter.

i# & Higuid

APPARATUS FOR VACUUM BYSTEME "
The aspiration of tlssue Suiture media
from monolayer oultures and of superna-.
tante from centrifuged samples into collec-

: tlon vessels or reservolrs 1s B COMMMGN pro-

cedure in many laboretories. To provent the -
aegtdental contaminatlon by aeroscla or-
flulds of house vacuum, systems or labora-
tory pumps, some Investigators have in-
stalled side ‘arm flasks contalning cotbon,
sulfuric scld or decontaminant betwesn the
reservoir and the vaowwn lne. Cotlam is.

radlation protection, oficer avallable for con-

atter freatment-with &

mpaca whlliztion docs net require freq
floor Washdown, pour a half-gallon of deter-

78 Indleat

+ The following pi supgest-
#d varlations from the blohazard splli pro-

not Ba B g #gont,

3 Ohanges In .umonmaﬂumw have kedn starrad
and itadeized. :
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of it DNA

exceeding E0 ml in volume and contalning
any porion of an etiologic agent listed In
paragraph {c) of 43 CFR 73.25 nre restricted,
oy DOT regulatlons, to transport by oargo
only aircroff, When the volume of & single
primary container exceeds the 50 ml Umita-
tion, thin tlon must ba L ed on tho
Bhipper's Oertificate by crossing out “Passens
ger Alreratt”.

When dry ice 18 used as a refrigerant an
"ORA—Group A—-DRY ICE LABFL" should
be afixed to-the outer shipplng container,

HOTICES

The amounit of ¢ry lce used. and . the date
packed should be designated on tio label,
4, Mternational Trensportation.—in addl-

tion 1o the packeging and labeling require- -

ments of the regulations previously clted, in-
al sh af nf DNA
materinls in which any portion of the mate-
rinl 1s derived from an etlologlc agent Hated
in paragraph (c) of 42 CFR 72.26 must have
ong or more of ihie Ifgllowing documents—
depending on the country of destination:
{1) Puarcel Post Customs Declaratton (P3
20886} tag. . - .

APPENDIX D, Page D23

£2) Parcel Post Oustoms Declaration (P8
2066-A) label. .

(3) International Pureel Post—Inatructions
Given by Sender {FOD 2022} label. v

(4} Dispaich note {POD 2072} tag.

(5} "“Vialet Label”

(8) Bhipper's Certificate gpeolfled in the
current International Afr Tranaport Associa-
tion Twriff. In country
are listed in “International Postage Rates and
Fees" (USPO Publication 51), g

®

TAALE T11 . .
- bescyipiiot of. bachegen Sor MEaTial I Yabumod Jark then 30wl N
Velym Prtmacy Susondary | . Outar Eippis
dal) Contaizay . . . Container, Tacking Cootather 4
5 Fualsd viedie) o¢ small T Hetad can 2 dfan. 2 7 Fone - Tibaxhody) sarel servew .
o 4k ARt Eube, SRRV Caph 0.0, Watal screv gap Requtred ¢8py kop and Sottas;
Or stopper, tipod : E - 11{2¥ digm, X T te
~ T/ a,b,
) Onb 30 x 130 me tasy toba, o Wotad can 2-1/2% dimm, Hone . Tbarbodyy metal serew
ar Sapedd acoppar or multiple x &-1/2" high 9,9, agrew Foaulred
Inna - wpall yliale ag
5t Plastict btrev thph BotLe a can fr2/7" Hoow
- or Fyrex glaan vich akirt Requited~
e Tbber steppes
» Hultdple vatgteipht visls a Dt or mare frictione = Elborborcd Box
or oz * tuber, gaped skoppere wont tin cann bf 05 a2 460
Jass oF Mfrger . :

Yt flauibiliey of the plastde bobtls equitas EIE o abappay ox screw cap be necursd dn place by adhanive Tapa, Tho uiesl squivelent-sise a)
f1st-sided prascription bottla in too Eragile SoT ussy

pleca with wire, b
&E hoth ends to pre

©.b, * gutelda dueasions,

or other peandy A%d all fereuscapped containere of wnfroren lioudd ms
atwospherda: Becopreanlon thek may THEMIL 14 leakage paog Lho sirev ¢,

Fer adr & BICPPATE, &OL!

and caps CR Priwayy concainars sust ba
vleced n 3 or § sdl podyvinyl kubing heats

&f Wonpartiewlate ebsorbant raterinl At top, bokiom and sides that will cospletely dbsorh contents of the primsey container{e)s

B/ 410 x 708 and BEY4 x 208.ace trade

fox n.:,.-.n-

o §=10/16 inchee dlsmstar x 7-0/16" helahe, and -.....5; ® $oB10%,

£f Manp gequined, but wih the 206 % 400 cane o layper cene Hae o b bacchent matertal.to prevent racthing,.

Af I1 matcriale ate ko ba Tefriperated, Xt in Fuconmended that an ovarpack ba wned ko contaln the valyigsrant and the secored fordgtual) outar

ahipping centainer,

A leak prool ourer containey must be uvawd for watar lcas If dry ica Jn used tha ourar cestainer must paTedc reles

ol

-garbon dloxlde, Intarior.supports pust be $revides to bhold the container(e) in tha orfginal positien(e) afterwes vr dsy lre hun $1807p4ted,
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NOTICES
APPENDIX B, Page -85

ATTACHNENT. 1

nm...aw._.zmz... OF HEALTH, nuqndez AND s_.n_..m..smm

PUDLIC HEALTH SERVICE
LERTER FOR DISEASE CONTROL,
ATLANTA, GECRGIA 26411
Talephone: (404} §23-1311, Ext. Jh23

TITLE 42-PUBLIC HEALTH

a_aua. [-Puhlic Health Service, cmﬁmnam:n of Health, Education, and Welfare
BUBCHAPTER ﬂln—c.»x»z,_._Zm INSPECTION; f.nm:m_zn

. Eeetlon 72.25 of Part 72, Title 42, Code
of Federal Regulations, 1s amended to
geed as follows:

§72.25  Eviologic agenis!

. &ay Definitions. Az used in thiz se4
{1) An “etiologle agent™ means n vie
slle microorganism or its Wwxin which
*gOUSES, 0T M3y ¢nuse, human dizease,

(2} A “dlogpostic . zpecimen® means
Any human or anlmal material Intlud«
ing, but not limited to, excrels, secreta,
blood and its components, tissus, and
flssup fAuids being shipped for purposes
¢f dlagnesis.

2) A “biologlcal prodict! means a
Hologlesl produgt prepared and monu~
factured In nccordance with the provi-
atons of 9 CFR Park 10, Ideensed Veleti
nary Biologlenl Produets, 42 CFR Part 3,
Xicénsed Human Blological Products, 21
CFR 1303, New crugs for invesiigational
wsein kumang, 9 CFR Part 102, Blologieal

Products for Experimental Treatment of |

hﬂ:.:n,_u. or 21 CFR 130.3(n}, New drugs
Jor i i use in Is, and
which, in sccordance with such provis
alons, may he shipped In interstata trafMe.
{bY Trensportation; etiologic agent
miniptum packaping reqtirements, -No
person may knowingly Leansport or cause
fo be transported in Interstate traflc,
dlzectly or indizectly, any material, In-
eloding but not limited to, diagrostic
Apecimens and biplogical products, ron-
faloing, or Teasonably belleved by sueh
person to contaln, an etiologle agent une
st such materizl Js packaged to with-
d leakoge of contents, shocks, pres+
#ure changes, and other conditions ingl-
dent to ordinary handling {n transpor+
Satlon, -
{¢} Transportalion; etiologic aganiy
subject to odditional reguirements, Na
porson moy knowingly transport or eause
to be transported In interstate trafie,
directly or indirectly, any materlal, other
than diagnostic specimens and blologleal
Preducts, contalning, or reasonably be-
Ueved by such person to cohtain, one or
‘more of the following etlologic agents

AThe requittmianta of this section mre In
Sdditlon to and ot In Jeu of A0y other packs
BEIng or olher Tequire/ments 27 the toange”
TOLIOLlon oI elicloylc spenta 20 Intcrsinta
Loafilg preseribed by tho Deporment of
‘Transportation and otber Bgentics of tbe
Federal Goverzmens,

FEDERAL: REGISTEE,: vOL. a),

PART 72—-INTERSTATE QUARANTINE
Subpart CShipment of Gertain Things

unless suck malerial Is packaged In fice

Denaug virus,

eordance with the requi spezlfied |
In paragraph (0) of this section, and
unhlesy, in addition; such material Is w?..._?
aged and shipped In accordance with the
requirements speeffidd In Subpavagraphs
€1).{6) of this paragraph: .

" BACTERIAL AGENTS
Actingbagillus—nll spectes,
Arizgna hinshatrli—al] se1ot5pes.
Barillus anthracs.
Bartonetio—all specles,
Borderellz—nall 3pecies.,
Borfelic recurrentis, 2. vineentd,
Briicelta—oll species.

, O ch
Molylickm, €l histolyticum,
Sepricum, CLotetany,
Coryrebacterium dipktherias &, equl, &, haev

i, 07 hata,
al, .Se“i» cl

11 types, -~

Encephalomyocarditis virus,

Hemorrkagic fever agents, including Crimsan
hemorrhagle fever {Cingod), Jumin, and
wuum._s_uuo viruses, -un othory sg yoi e

ellou

- Hepatitis sssoniated a:.e.na.

Herpedoirus—all members,

Infectious branchitis=like virus,

Influenza Piriags-pll LFpes.

ZLaisa virny, .

Lymphocyile chorlomeningitls ___ﬁ_.E_.

Marburg yirue,

Beasles plrus,

Mumps ¥irur,

Farainfluenza viruses—all types,

Poliotriruses—all typas.

Pozriruses—all members,

P3ittacosts ~ Grafthossy = Trachgmds, S_Emao‘
granuiomd grOUD Of ALTLS,

Rapies rirus~all strajus,

‘Respiratary syncytial viras,
Rhinotiruser—nil 1yped,

~all species.

0. . pyoe
un._uu. n._.nan_n. " Reovirusss—at) types, *
h@.iun_oglu {nsidiosa,
Escherichic ¢olt, all agenly seros
types. Rubeiia virut,
Frangisella .vﬂhnzaxav tufarensty,

ducreyl, H,
Herellea veginicala,
Hizbrlella—bll specles and sll seratypes,
Leplospiea interroyans—nall ...z.c-wwﬂ
Listoria-.nll £pectss,

. Mima nolymarpha. .
Morazctla—all speciey,
* Mycobasterium—all spagias,
Mycaplasma—nll specles.
Wetsseria gonorrhocae, N, ana:.u:&t
Pasteurella—oli specids.
Psevdomonas psendomatlef.
hn_ao.am:alﬁ-mvnn:u and all satotypen,
Shigella—sl] species and all SYOLFPES.
SPhaerophorus MeCropRoris,
Slaphylococcus aureyy,
Efreptobeeilina moniliformis,
Strepincoceus pyogenas..
Trepomema eoreteum, T. pelidum, and 24
pertenué.
Vibrio fetus, V. comma, Including blotype
El Tor, sad V. .._S«E_nﬂa....an:r

Yersenia (Pasteuretlay pestis,

Fungit AcrHrs

Actnompcetes (Including Nocardia apacfes,
Actinomyces specles and Arcchnic propis
onita)

Bloitamyees dermatitidis,

Coceidioiles immieis,

Gryplocoarus Tacformany,

Rigtoplasma capsularym,

Paracaccidialdes brasiligrals,

Vinat, RICKETTSIL,, A0 CHIAMTOML
+AGEHTS

.n.«:E.:ESI»EB::I!— bypes,

.

Caxiella g?:..n:..
Corgackie A wnd B e_::q?!-: types.
Lytamegoloviruacye.

Simian yiruses—sll typey.

Ticksbarme encephalitis virus tomplex, (ne
n—:n_ﬂm Rustlam SPTINg-sumiter eNeEEhse
i, Kycsonior joreat 2lrease, OMel Raniors
rhcgic jever, sid Cerirosl EVroRean snceifis .
ejitis viruser,

Vacclnig virus,

Varicella virus,

W¥ariola mafor and Variela minor EaEu.__.

Veslcular zomatis virus,

¥elotd fever vire,

{2) Volume Iess thun 50 =), Materlal
shall be placed in & securely closed, Wi
tertight container (primary contalner
{test tube, vial, etc) ) which shall be dne
closed In a second, durable wateright
cantainer (secondary vontainer), Soy.
eral primary contalnors may be enclesad
In a single secondary contalner, i the
total ¥elume of all the primary contalne
£ 80 enclosed docs not excesd 50 nl.
‘The space at the top, bottom, 'and aldes
between the primary and secondary eon-
taners shall contaln sunilcient nONEay«
tigulate absorbent material to sbsork tne
enilre contents of the primary contain-
er{s) in case of breakage or leakonga,
Each set of primery and secondary cons
tainers shall then be enclase dvin an outer
shipping contatner constmeted of corrie
gated, fverboard,. ¢ardnosrd, wood.. or
other material of equivaient strenseh.

€2) Volume 50 ml. or greaten
Ing of matezial In voliimes of to x
more shall Include, In pdditlon, 8 000K
absorbent matern), in volume at Icost
equal to that of the absorbent materind

"'J
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between the primary and secondary eon- °

talners, nt the top, bottom, and sides he-
tween the secondary container and the
outer shipplng contalner, Single primary
containers shall not ¢ontain more tharn
500 ml. of material, However, two or mere
primary containers whese combined vol-
ymes do nol exceed 500 ml. ma¥ be placed
in a single. socondary container, Not
more than eight secondary shipping con=
tainers may be enclosed in a single cuter
shipplng * contalner, (The maximiim
amount of etlologic agent which may be
enclosed within & single outer shipping
container shall not exceed 4,000 ml.)

(3) Dry fee. If dry lce 1s-used BS & re-
frigerant, it must be placed outsids the
Secondary conteiner!s). If dry ice is used
between the secondary contalner and the
outer shipping container, the shock sbe

sorbent material shall be so placed that

ih¢ secondary contalner does not become
dpose inside the outer shipping container
as the dry ice sublimates.

(1) Labels. The lsbel for Eticlogie
-Agents/Blomedical Materinl, except for
size and coloy, must be as showa;:

S ETIDLOGIERGENTE

BIOMEDICAL
MATERIAL

ASE OF DAMALE

R LEAKAGE
NoTEY ALETGR tor
© atLantA CEORGIA

LLTREESS L I

© . {0 'The'color of Miaterlat on which the
lnbel Is printed must be white and the
symbol and printing in red.

227

‘NOTICES

- APPENDIX D, Page 8§

mesasuring &1 mm. ¢ inches) ‘high by
102.5-mm, (4 inches) long,

{ill) The red symbol measuring 38 mm,
(115 Inches) in diameter must be cen-
tered-dn a white square messuring 51

I (2 Inches) on each side.

(¥} Type size of the Ietiers of Inbel
shall be as followa:

ETIOLOGIC AGENT.
PIOMEDICAL MATE

A0 pt. rev.
- 14 pt.
IN GASE OF DAMAGE OR

10 pt.rev.

0 pt.rer,
19 pr.rev.

(5) Damaged packeges, Carriers shall
promptly, upon discovery of damage to
the package that indicates domage to the
primary container, 1solate the packagg
and notlly the Director, Centey for Dis+
ease Contrel, 1600 Cliitorn Read N2,
Atlanta, GA 30333 (telephone (404) 633~
5313}, nnd the sender, :
 (6) Registered mail or cquivalent sys=
tem. Transportation of the following
etiologic agents shall be by reglstered
mail or an.equivelent system which re-
quires or provides for sending notlficas
tlon to the shipper Immediately upon
delivery:

Actingbacillug mallet,

* Coccidicides imtmitls,
" Franciseila (Pasteurciia) tularenis,

Hemotthagic fecer agents, including, bud nog
- Hrnlf

ted “to, Crimcan hemorrhagia fever
K (Oonpo), Junin, Machupo viruses. -
; Herpessiruy simise {8 virus), X -

Histopilasme eapyulotum,
Latyg virus,

Mardurg vrus.
Preudomonas prendomatiet.

(i1} -The ‘label tmust be & rectangle

- Tlek-borne encephalitis virus compley, [n-
cluding. but not Lmited to, Russfan aprings
sutmmer encephalitts, Kyasanur forest dige
€ase, Omsk hemorrhagic jever, and Central
Europzon  encephalitls vireses, Yariola
minor end Variciaimajor.

Tersenia {Posteurcila} pesy
(d) Notice of dellvery, failure to re-

eeive. ‘When noticeiof deiivery of ngents

containing, or susgeected of containing,
etlologic agents listed In paragraph tc)

. {6) of this section is'not recelved by the

sender within 5 days following anticl~
Ppated delivery of {he package, the shipper
shel} notify the Director, Cénter for Dis-
ease Control, 1600 Clifton Road NE.,
Atlante, GA 30333 (telephone (404)
633-5313). .- B

{e) Requirement’; parietiows. The Ad-~
tinistrator may approve variitions trom
the requirements of this section if, upon
revlew and evaluation, he finés that such
varlallons provide protection at least
fduivalent to that provided by.comipll=
fnce with the requirements specified n
this sectibn and makes such findings g,
matter of ofielal record,

(Bee. 381, 58 Blat, T03; 42 US.C, 264)

Effective July 30, 1372 - -
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FIGURE 1

PRIMARY
CONTAINER
CBATUAE
LR

. ABSORABENT ,
PACKING
MATEHIAL

=

SECONIARY
CONTAINER -

(ushi 1705
A
cap

ADDAESS

NGTICES -

PAGKAGING AND -
LABELING OF
ETIOLOGIC - -
AGENTS

FIBURE 2

| ABSORBENT
PACKING
ERTAL

&l

CAOSS SECTION
OF PROFER PACKING

. Etiologic Agents) wis revised July 31, 1972

- eestain other materials shipped in interstate u

;

The Intgrstate Quarnnting Repulations (42 CFH, P,

jing and lebeling [ for ettolu

Figuret 1 and 2 m_um_‘ni tha packegng und lsbeling of etia-

logic agents In vetumes of less than 50 ml.on

the provisions of subparagraph [C) {11 of the cited 1a;
Figure 3 illustrates the color and size of the label, dysenihed
in subparagraph (C) {4) of the seulations, 55&, shall he

- sftixed o al) shipments of etiologic agents.

For further inf oh-any | of thie
contact: .
Canter far Disgase Control
I
Atlanta, Georgia 30333,
Telephone: 404 6333311
s
FIQURE 3

ETIOLOGIC AGENTS

-, BIOMEDICAL
S MATERIAL "

N CASE OF DAMAGE
. OR LEAKAGE,

£ nomf LT

T ATLANTAS GLORGIA

ap4/B336311 Y
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HOTICES ) : ] P T]

APERBIZ D), Page D-28

PAGKAGING AND LABELING OF ET|0LOG|G AGENTS

ABSORBENT PACKING MATERIAL

PRIMARY CONTAINER (Bortle, #lood. bug, ot.1®

*NOTE: Single ptimary comtaers may not exceed SU0
m), of material, Two or more primary conlainers whuse
combined volumes do not exceed 500 ml, may be e
closed in 3 vingle, 4econdary cuntuners The mavmum
volume of etivfugic agent which may be enclosed 1wa
single outer shipping cuntainer shall not exceed J0U0 nil,

SHOCK ABSORBENT MATERJAL

SECONDARY CONTAINER (Gusketed screweap
with ape or @y seoled cun)

~

. DUTER SHIPPING CONTAINER

MASLING LABEL

ETIOLOGIC AGENT LABEL . ’

The Interstate Quaranting Regulations {42 CFR, Pan
7225, Etiologic Agents) was tevised July 31, 1972, to
pravide for packaging snd Eaheling'requlrernpnts for etlo-
logic agents and cortain other materals shipped in enter
state traffie, The Bustratlun shows acveptable pachaging
“and labeling o1 etkilogic agenty in deeordance with wb-
paragraphs {c) 12) and 13} of the cited regulation,

= For !unher informatmn on any pro\nsmn of this regulation contact:

Center for Disease Comrol
Autn: Biohazards Control Qffice
" 1600 Clifton Read
" Atlanta, Georgia 30333 -

Telephone: 404-633-331%
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XI TRAINING AIDS, MATERIALS AND COURSES

A, SHde-tape cusseftes. 1. Assessment of
Risk In tho Oancer Virua Lahoratory (810),

2. Effectlve Use of The Laminar Flow Blo~
iogieal Snfoty Cabinet ($19).

3. Formaldehyde Deccontamination of
Laminar Flow m_o_am:“: Safoty Cablneta
{810).

4, Certlfication of Olass I (Laminar Flew)
Blological Balety Cnbinets (813).

5. Hezard Control in the Animai Labora-
tory ($10).

6. Basle Prinelples of Contamination Con-
tro! (In' preparstion),

T. Selection of 2 Blologleal Safety Cablnet
(In preparation).

Ttese slido tape cassettes are nyaliabie for
purchaso from the Natlenal Audiovisual Cenn
ter; The price for ach is given mbove aften
the title, Send your order prepald with s
check or money.order made paysble to Na-
tional Archives Truet Fund and maoll to!
Bales Branch, National Audlovisual Center
{GSA), Washington, DnC. 20409,

B. Research Laboratory Safety.

Tiis elide tape cosoette, stock number
178.79, 18 available for 75 from the National
Bafety Councll, 426 North Michigan Avenue,
Chicago, Ilinols 60611,

B. Plims. 1, Alr SBampling for g—nwnwuu.n—nm_..

cal Particulntes (BI-026) .
2, Mw:nzsw the Laboratory Gulnea Pig

Aﬂ&muw\u.n.._

the

4, Infectious HazZards of Batterlologlenl
Techniques (M-362),

Hwﬂownnuwm Mouse -

NOTICES

XIL QUTLINE OF A SAFETY AND OPERATION.
MANUAL FQR A P4 FACILITY

A. Purpose.

B. Policy,

C. mumuaﬁnw_:..e and Authority. 1, Man-
ngement,

2, Supervisor.

3, Each Employeo..

4. Facillty Sefely Officer.

5. Blohazard Safety Commibtee,

P, Facility dssignment Procedures,

E. Reporting of Major and Mitor Accidenis

ard Injuries, Exposure to Tozle or Infee-

tious Materials, Unsaje Oonditicns and Prop-
eriy Damages, and Rendering First-Atd,

¥. General Laborgtory Sajety. 1. Fire.

2. Equipment,

3. Phyailenl,

4, Chemleal,

5. Radlologleal.

G. Sefely Procedures Assorinted S:a Bio-
heeard Activities of the Leboratory. 1. Per-
sonnel Practices.

2. Operational Practices,

H. Medical Surveiilance,

L. Faocilily Operaifons. 1. Personnel Acceas
Procedures.

2. Access Procedurcs «un Nﬂﬁ_ﬂ:.-nﬂn Mate-
‘rials and SuppHes,

3. Maintennnee nnd .m_.—rﬁun?

. +.'Zone Classification.

5. Focility Mohitoring Procedures.

6. Housekeeping,

J. Others, 1. Packaging and mEu.ﬂaﬂn of
. Blohazardous Materlals, R

2. Emergency FProcedures.

8. Insoct and Rodent Control.

1. O and Training, *

5 Laboratory Lesign for aieal
Bafety (M-1001),

6. Plastie Isolators: New Tools for gun—g_
Research, (M-589).

7. Bale Handling of Laboratory Animala

(B-465) .

8. Burfece for AMier |
(Rodac Method) (M-924).

. Surfece for Micr

_Minnesota; Vinson R. Oviatt,

Appendix D was prepared by a Worklng
Group chm—mﬁdw of; W. Emmett Barkley
[{s) No Cancer
NIE; u.::Ea_ S. Barbeito, Natlonal Cancer
Insitute, NIH; Everstt Hanel, Jr.. Fredorick
Concer Research Qenter; George 8, Michsaal-
sen, School of Publle Heelth, University of
Bivlsion of

(Swab Method) (M-026).

‘These Alma nre available on loan without
charge from: Medla Resources Branch, Na-
tlonal Madical Audiovisunl Conter H.Eubokv.
Btation K, Atlants, Georgla 30324, The same

Rlms (except 2 and 3) can be rented or: .

bought from: Natlonal Audiovizunl Center
{C35A), (Rental Erauch)—(Sales Branch),
Washington, D.C. 20403,

€. Qourses. 1. Blohazard and Injury Con-
trot In the 1.Leborntory, P
by the University of Minnesota, School of
Public Health and the National Cancer In-

stitute, Office of Research Sefety. Direct In- -

quiries to Dr. Donald Vesley, Unlversity of
Minnesota, School of Public Health, 1926

Meayo Building, M
Minnesote B56456. June B22-24, 1378, Los
Angeles, CA; Cotober 20-28, 1076, Boaton,

MA; Deeernber 7-9, 1676, Bothesda, MD.
2. Biohezard Contatment and Control uB.

Services, NIH; Wamren V. Fowell,
Divislon of Eesearch Services, NIH: John
Richardsom, Conter for Diseass Control;
James P, Bullivan, Natlonal Antmal Disease
Laboratorles; and Arncld (3, Wedum, Fred-
erlck Cancer Research Center.
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_ _ 'APPENDIX 11 o
(Eeproduced from Prism, November 1975, by permission of the publisher; the American
- L Medlcal Assoclation) :

DNA. SpriciNe; WiLL Feag Roe Us oF ITs BENEFITS? - o

“We may be on the threshold of a technology of untold import_al}ce
in diagiostic and thefapeutic medicine, says this Nobel ggnenmst,
if we -have the courage to move ahead despite the risks involved.

(The -Author: Joshua Lederberg, Ph.D., shared the Nobel Prize in medicine
and physiology in 1958 for his work in genetics. In 1948, he and Professor E. L.
Tatum showed that bacterial cells can transfer genetic material from one cell to
another. Subsequently, Dr. Lederberg and D. N. Zinder discovered the phenom-
enon of transdoction, the carriage of genes by virnses. Dr. Lederberg has been
professor of geneticg at Stanford University since 1959.)
~ Although our theoretical understanding of the cell has been completely trans-
formed in the last 30 years, there has not yet been a corresponding advance in the
practical application of our knowledge to medicine. Indeed, very little in the
practice of medicine (even of clinical geneties) is direetly related to the funda-
mental knowledge that DNA has a bihelical structure, :

Nonetheless, our faith remains steadfast that further theoretical understand-
ing of viruses, the neoplastic cell, the aging cell, the immune response mecha-
nism, and the aberrant chromosome, will bring far-reaching changes to medicine.
The human benefit from such understanding will someday surely matech the the-
oretical impact that DN A study has already made on cell biology.

. These expectations for a possibly long-delayed future benefit have been height-
ened and acecelerated by new findings that give us much greater technical ability
to manipulate microbial DNA, New methods of DNA splicing have alrzady
opened up many lines of investigation into the structure of eukaryotic (higher
life form)- chromosomes. ) -

: We can now fragment animal or human DNA into perhaps a million segments
and transfer a single segment to a bacterial host for study in a microcosm or for
production of large quantities of a specific DNA segment. This allows more 2lab-
orate analysis than has ever been possible with the enormously complex, orig-
inal, unfragmented source material, ;
.- This-tecbhnique of gene implantation can also be used to transfer the genetic
information for a given product from the cell of one species to that of another;
and this is the direction, in my own view, that will lead to a technology of untold
im}::ortance in diagnostic and therapeutic medicine: the ready production of an
unlimited variety of human proteins. Analogous applications may be.foreseen
in fermentation processes for the cheap manufacture of essential nutrients and
in the improvement of microbes for the production of antibicties and specizl in-
dustrial chemicals, .

.In the face of such a revolution, the primary concern of researchersin the field
pas been the public hazards that such a technology may create. While we may
1ndeed_-inhprit a Promethean dilemma, publie policy decision can lead to gocial
good only if we are equally well-informed about the potential risks and benefits
of further work on DNA splicing. If substantial risk ean be identified, there is
no doubt of the need for ethical and operational safety standards; the only gues-
:_t;é)n mgnst be whether the form and implementation of such standards are

aquate. : . . .

Too often, the “easy” way to handle such a problem is to inveke a formal reg-
pl_atory statute, ignoring how well the actual bureaunecratic enforcement or polie-
ing of the rutes meets the intended halance of risks and benefits. Before elabnrat-
ing on the policy _is_sues, it may be well for me to outline what is currently being
done in DNA splicing, some promising applications, and also the risks of further
work in this field.

(238)



DNA recombination, as the ultimate purpose of the sexual form of reproduc-
tion, is, of course, one of thé major happenings in the uatural world. Among
h1gher life forms, DNA exchange is almost always limited to members of the
same or closely related species, Bacteria and viruses, however, exhibit many
exceptions to this rule, which perhaps reflecis the fragility of the concept
“gpecies’” when applied to these life forms.

For example, the entire group of enteric. bacteria, including such forms as
Shigella, Escherichia coli, Proteus and Serratia, can ewcchange genetic fragments
without special intervention. Our own experiments in genetie exchange would
not seriously increase the risks already latent:in that natural process.

Convenient tools

An espec1a11y 1nterest1ng and 1mp0rtant level of genetic organization in bae-
teria is the plasmid: & bit of circular DNA that behaves like an extra chromo-
some and seems to survive in nature by virtue of its easy transmigssibility from
one bacterial strain to another, Many different kinds of plasmids are known;
in medicine, the most prominent are those which confer transmissible ant1b10t1c
resistarice on human pathogens, notably staphylococm and some entenc patho-
gens such as Shigella.

These plasmids are-a by pmduct of the evolution of their host mgamsms
the spread of antibiotic-resistance plasmids is the most formidable bacterial
response yet to our widespread use of antibiofics, Other plasmids are undoubt-
edly involved in altermg the pathogenicity and host-specificity of various
bacteria ; therefore, in snnple self-defense, we must learn all we can about them
without delay

Plasmids have alsc ach1eved special prominence for a techmcal reason—they
are especially convenient tools for DNA splicing and for the transmission of
DNA segments from one species to another, particularly in conjunction with
another elegant tool: the R- (for restriction) enzyme. (The R-nucleases are
widely distributed among cell types; they may be an important meehamsm by
which a cell fends off any “foreign” DNA while protecting its own.)

Stanley N, Cohen, M, D., of the Department of- Med1c1ne, Stanford UmverSIty,
has used an R-enzyme to simplify a naturally oceurring plasmld to the point -
where it consisted of a small circle of DNA, embracing the minimum amount
of genetic information needed to repilcate, plus a single R-enzyme recognition
site,

*This artificial plasmid, pSC-101, has been an important tocl in DNA sphcmg
research. When exposed to R-enzyme, the circle ig eut into a single open length
with sticky ends. It is then possible to insert other sticky-ended pieces of DNA
from divers sources into the plasmid, and finally to close it up with another
enzyme, ligase, This process is the key to the convenient design and construction

~of new DNA- molecules, which subsequently can be transferred to a bacterlal
host.

One important aspect of this research is that the new D\TA does not have to
come from the same bacterial species. For example, Di. Cohen and his collabora-
tors have already reported the successful transfer of DNA from a toad, Xenopus,
to E. coli with® evidence of the ploduetmn of toad like r1bosomal nuelem aCIdS
in the modified baeteria.

In addition to these plasmids, bacterial viruses are heing used in a similar
fashion. Less elegantly, perhaps, segments of DNA from intact haeteria may also
be used both for insertions and as the acceptors, So far, all of these technigues
depend on the innafe (and poorly understood) ability of bacterial cells to
incorporate DNA furnished from without. There have been many published
claims of similar phenomena with plant and ammal cell acceptors, but to date
the claims are unconfirmed. :

The special power of the enzyme transfer techniques is that they depend on
the basic chemical structure of DNA rather than on biclogical adaptation. Thus;
laboratory’ manipulation miay produce construets that oceur rarely, if’ ever, in
the natural world. Most of these constructs would resemble hothouse plants, and
be podrly adapted to competitive survival in the world outside the laboratory.
But some, by chance, might be harbingers of new diseases, or the source of
ecologmal upsets difficult to coatrol—hhe ‘the mongoose m Hawan or the crab-
grass m your laWn
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R-enzymes, mixed DNA, and aceeptor bacteria surely bring about some DNA -
segment transfers in nature, -Our knowledge of the extent of natural plasmid
trangmission among “unrelated” life forms was widened by reeent discoveries
of plasmids with extraordinarily broad host ranges. It is dlﬂicult however. to
assess just what can or caomot oceur in nature

Rapid edvancement.

DNA gplicing is, however, mer ely the most powerful of several artlﬁcml tech-
nigues which brmg together more-or-less nataral assemblages of DNA. Indeed,
it:may prove to be less powerful than older methods {sexual erossing, transdue-
tion with bacteriophage, DNA-medicated transformation) for special const-ue-
tions involving larger complexes than the segments yielded by R-enzymes.

These methods, in turn, are an extension of the artificial breeding of domestic
animals and plants, In any event, the most efficient application of DNA splieing
requires infimate knowledge of the genetic structure of both the donor and -the
acceptor strains, for which breeding methods are important if not indigpensable.

Perhaps the single most important conclusion is that this technology is just
in its infancy but has already advanced far-—and that it is simple enough to be
applied in any laboratory which can haundle pure bacterial cultures. But it is
Just this simplicity, which makes for great convenience and speed of develop-
ment, that has raised concern about the preliferation of such methods in the
hands of people with perhaps less-than-mature professional and ethical judg-
ment, and with insufficient skill to contain bacterial cultures in the laboratory.

Now that we have put the dangers of DNA gplicing regearch into perspective,
let. us examine the promise that it holds. DNA segmentation and splicing is
certain to play a vital role in the further domestication of mierobes for such uses
ag the development of new antibiotics and the production of high-quality food
protein supplements. However, the unique strength of this procedure is that it
allows the large-scale production of gene products of a less easily domesticated
species: man.

Human proteing already play P subs:tantw.l role in medicine but a role which
ig hindered by searce supply. Today, the most atiractive candidates for sach
large-scale production are the human antibody globulins, Compared to the rare
genetic defeets in other proteins (as in the case of hemophilia), failure of error
in the production of antibody globulin is quite prevalent and is known to play
a major role in the breakdown of the body’s defense against infectious disease,
in autoimmune and alergic disease, and perhaps alse in ecancer. .

The most comprehensive use for biosynthetic proteins would be in passive
immunization against infections disease. (Animal antisera were once used but
had to be abandoned because of the anti-animal antibody-{hat they provoked In
man.) With wholesale production of biosynthetic proteins, passive globulin
therapy could be targeted at those diseases for which either technicsdl or social
factors may bring about gaps in the protection provided by active Immunization.
Included in that group of diseases are influenza, hepatitis, smallpox, encephalitis,
rubello, herpes, rabies, and perhaps also trypanosomiagis, malaria, schistossomia-
sis, tuberculosis, leprosy and many others.

Need for ¢ ready defense

There is reason for gpecial urgeney in the development of & backup capablllty
in passive immunization. Complacency about active immunization against dis-
eases such as polio and the technical inadequacy of such vaccines as rubella and
hepatitis have weakened our general preture of def-ns~ against viral pandemie.
We have no assurance that the next influenza epidemic, slightly more virulent
than the Iast one, will not take a millien lives for lack of a ready defense.

A broader need for biogynthetic proteéing lies in polyvalent prophylaxis for -
infants. The principal medical argument for breast feeding is that human milk
provides the infant witly colostrum and a continuing supply of maternal mixed
globulins. In the future there might be a huge demand for polyvalent gamma
globulin supplements for infants both in industrialized and in poorer countries.
And an analogous veterinary use could bring about greater efficiency in live-
stock produetion.

Specific antibodies, of course, are already widely used as diagnostic reagents
of high specificity and selectivity, But in sufficient quantity, blocking antibodies



might also play-a useful role in helping protect transplanted tissues and organs
from immunological attack by the new host. Conversely, tissue-specific hgaclng
antibodies, although. not necessarily cytotoxic themselves, may be useful in
enhancing the cell—specrflc toxicity of certain ecancer drugs. Cell- specific reagents
would algo be invaluable in diagnosis. and in the speeific separation of human
cell types for either diagnostic or therapeutic applications.

Besides the specific antibody globulins, a number of important, but less spe--
cifie, proteins (complement, properdin) play a major part in defense against
infection. Fibrinolysin (plasmin) and urokinase (plasmmogen-aetwator) repre-
sent & group of enzymes that experimentally have shown promise in the con-
trol of embolist. Besides. these human proteins, many human hormones are
also discouragingly searce for use in clinieal trials. The list of such bioproducts:
could be extended substantially. And perhaps the most 1mp0rtant products are
those that remain to be discovered.

Of course, microbial biosynthesis may well be supplemented by organic syn-.
thesis in human and hybri@ somatic cell cultures and by cell-free ribosomal.
synthesis with m-RNA extracted from natural sources or synthesized. Bach
of these methods has its own peculiar -difficulties and hazards, and the whole
field will be advanced most rap1d1y by uging the best avallable methods for any-
given problem, ~

At present, perhaps a half-dozen bacterial species are well enough under
stood to serve as pnme vehicles in laboratory studies of DNA splicing. For
safety and convenience, investigators have preferred not to use pathogenie
forms. Yet many scientists are primarily concerned that DNA splicing may
inadvertently generate a new pathogen inimicable to man or te some other”
species important to man's ecology. The most likely, but not necessarily the-
only, sources of snch pathogenic genes are the organisms that most urgently
need further study—the subtle and insidious killers not now amenable to
medical treatment. These include slow virns infections that may be- involved:
in a wide range of chronie diseases, including cancer and more familiar vn‘uses. ;
such as herpes, for which satxsfaetory vaccmes are not avaﬂable

Speculuting the hezards. : :

The publlc debate over DNA sphcmg has focused on the: possuﬂe hazards :
of new miecrcorganisms, and away from their utilitarian prospeects, The most:
urgent concern has been the danger of 1ntr0duc'1ng potentially cancer-causing
DNA into common bdcteria. While this hazard is clearly speculative, the gen-
eral territory is so poorly understood that ne one can argue against the need
for cautious Iaboratory procedures. A number of workers—particularly those
whose special experience or trammg hag been in fields other than medical:
mierobiology—have confessed giving alinost mo thought in the past to safety;
some of thel are now among the most zealous in demanding tighter regutation-
of such research. And that zéal has spread to create a sincere, almost frantic
effort to ferret out and identify the niost remote, cohceivable hazards. :

Viewed as a rather publiec soul-searching and self-education, these discus-
sions are invaluable. The main danger is that some political imperative may
forge these tentative questions into iron-clad regulations which will be with us
long after their origing have been forgotten. After all, similar questions ean
be raised about the widest range of human activities: should it be Iawful to .
keep domestic cats when we suspect that they harbor toxoplasmosis, and possibly
lenkemia as well? Similarly, what assurance do we have that artificial polli-
nation will not produce a weed that could ruin the wheat crop a decade from
now? Closer t¢ home, should we forbid interhational travel simply because our
quarantine procedures do not guarantee that exotic digeases, will be kept out?

For each of these cases, and many more, the apparently innocuwous doctrine,
“As long ag there is any rlsk don't do it!"” can only bring a loss to human wel-
fare. We must instead make every feasible effort to assess both the risks and
the beneﬁts of a given course of action—only. then will we be able to find the’
optimal. balance.. But individuals can hardly determine the best policy about
their own future—including their expectations for what medicine will offer for
the infirmities of.their own later years—without expert assessment. = .
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Such assessments are difficult, problematical, and controversial But a com-
mittee of the National Academy of Sciences has made some headway in trying
to classify different categories of hazard. Where such hazard is reasonably pre-
dictable, the committee has recormmended laboratory containment precautions
akin to those appropriate for known pathogens. This applies, for example, to
experiments in the recombination of known tumor virus DNA with bacterial

~ plasmids.

For more conjectural hazards, such as the introduction of antibiotic resistance
into common, non-pathogenic species, the high gecurity requirements recom-
mended by the commitiee may be an inordinate burden for laboratories (who,
in fact, will pay for them?) in relation to the prospective gains. The best strategy
in such a case seems to he the development of safe vectors: plasmids and bac-
teria engineered so that they have little chance of surviving outside the labora-
tory, In fact, in the long run this is a safer procedure that relying upmm the
uncertainty of human compliance with fixed rules and regulations.

Remaining controversies in fhis area center upon rather complicated analyses
of the most remote risks. Given some additional time, most research institations
will work out their own reasonable plans, based on the mational guidelines. A
prematyre imposition of external regulation will not only frustrate useful re-
search, but will algo hinder that research which is needed to more accurately
assess the dangers. Those who consider themselves guardians of the public
safety must count the costs to the public health of impeding research, as well
as the speculative hgzards of research.

Society’s consent

This partly voluntary approach will not assure absolutely that mo foolish
experiment is ever attempted. But the history of human institutions should sui-
fice to show that no system of sanctions can achieve such a goal. The human
species is inevitably attended by contaminating and parastic microbes—the per-
son suffering from an enteric infection who fails to wagh his hands or the influ-
enza victim who insisty on going to work is behaving unethically and to the
peril of his fellows, But we would secarcely invoke serious regulatory sanctions
in preference to public education, except where there is an unusual public risk
with some attendant evidence that an enforced guarantine wonld be effzactive.

Senator Bdward Kennedy (I)-Mass,) has remarked that society must give its

" informed consent to technological innovation. The power of the purse is enough

to'enforce that doctrine ; nor can there be any quarrel with it on ethical grounds.
Informed consent surely includes knowing the hazards of saying no to the pros-
pects of significant medical advances. DNA splicing research, far from being an
idle scientific toy or the hasis for expensive and specialized aid to the privileged
few, promiges some of the most pervasive benefits for the public health since the

" discovery and promulgation of antibioties.






APPENDIX 12

(Reproduced from : The Sclences, Septemher/October 1976 by permission ‘of the puhlisher.
the New York Academy of Sciences and Dr. George Wald, Harvard University )

THR CASE AGAINST GENETIC ENGINEERING
{By George Wald)

- During hearings before the Cambridge, Massachusetts City Council,

Harvard biologist George Wald—among others—itestified in cpposi-
tion to performing genetle recombination research at Harvard
Trniversity. Proponents of the experiments included Harvard
scientists Matthew Meselson and Mark Ptashne and MIT Nobel
‘prize-winner David Baltimore. Deéspite the fact that the NIH had
issued its voluntary Guidelines days earlier, permitting such re-
‘search to go on under special laboratory conditions, on July 7 the
‘city counecil voted a three-month recombinant DNA research mora-
‘torium to study the issue furtlier. In this article, Nobel laureate
George Wald outlines his objections to continuing genetic recom-
binant DNA resgearch at Harvard, ~even under the restrictions im-
posed by the NIH Guidelines. .

Recombinant DNA technology faees our society with problems unprecedented

not only in the history of science, but of life on the Earth. It places in human

hands the capacity to redesign living organisms, the products of some three hil-
lion years of evolution.

. Such intervention must not be confused with previous intrusions upon the
natural order of living organisms: animal and plant breeding, for example; or
the artificial induetion of mutations, as with X-rays. All such earlier procedures
worked within single or closely related species. The nub of the new technology
is to move genes back and forth, not only across species lines, but aeross any
boundaries that now divide living organisms, particularly the most fundamental
such boundary, that which divides prokaryotes (bacteria and bluegreen algae)
from eukaryotes (those cells with a distinct nucleus in higher plants and ani-
mals). The results will be essentially new organisms, self-perpetuating and
hence permanent. Once created, they cannot be recalled.

This is the transcendent issue, so basie, so vast in its 1mp11c'at1ons and possible
consequences, that no one.is as yet ready to deal with it. We can’t deal with
it until we know a lof more; and to learn thoge things we would have to ventiire
out into this 1o man's land. 1t is nothing like making new transuranic elements.
New elements only add to the simple series of integral atomie numbers that
underlie the Periodic System. Their numbers are limited and their properties
highly predicfable. Not g0 new organisms, They can be as boundless and un-
predictable as life itself, o

DL : " (239)
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Host Cell

Recombinant DNA technology was launched in 1973 and 1974, largely thrgughl
resesrches carried out in the laboratories of Stanley Cohen at Stanford Univer-
sity and Herbert Boyer -at the University of California in 8an Francisco. A
rapidly gréwing number of available restriction enzynes can be used to cut short
gpecific segments of DNA usually containing several genes out of the chromosomes
of any type. of cell. Thege segments are then gpliced with the help of the same
and other enzymes, ligases, into viruses or the naturally-occurring small circular
exrra-chromosomal particles of DNA called plasmids, The plasmids can then be
taken up by bacteria or animal or plant cells in which they reproduce, either
in phase with the host cell or sometimes independently and many times faster. On
oceasion; the new genetie material fuses with the host ehromosomes and reacts
thereafter as & normal component of the host’s.genetic apparatus, In effect, such
cells that have received foreign genes are new organisms, permanent hybrids of
the host cells and whatever organism donated the transplanted geneg., Their
properties and capacities may differ.profoundly from either host or donor.. . ..

o B K s " ~(3RORGE WALD, .

Up to now living organisms have evolvéd very slowly, and new forms have
had plenty of time to settle in. In has taken from four to 20 million years for a
gingle mutation, for example the change of one amino acid in the sequence of
hemoglobin or eytochrome ¢, to establish itself as the species norm. Now whole
proteins will be transposed overnight into wholly new associations, with conse-
quences no one can foretell, either for the host organisms or their neighbors.

It is all too big, and is happening too fast. So this, the central problem, remains
almost unconsidered. It presents probably the largest ethical problem that science
has.ever had to face. Qur morality up to now has been to go azhead without re-
striction to learn all that we can about nature. Restructuring nature was not
part of the bargain; nor was telling scientists not to venture further in certain
directions. That comes hard. With some relief, most biologists turn away from
8o vast and uncomfortable an issue and take refuge in the still knotty but infin-
itely easier technical questions : not whether to proceed, but how, For going ahead
in this direction may be not only unwise but dangerous. Potentially, it could
breed new animal and plant diseages, new sources of eancer, novel epidemics.
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We must never forgét that the first intimation of thege potential hazards came
from workers in this field. A1l honor to them, Faced with unique problems, as they
alone then realized, they did unprecedented things. They brought abf)ut a volun-
tary moratorium on certdin, more clearly dangerous kingls of expemme'nts. And
now, after three years of debate, consultation and negotiation; the National In-
gtitutes of Health issued its Guidelines on June 23. ’

Tur NopeL LETTERS

Thiring the Hearings a number of leading biologists wrote letters to Cambridge
Mayor Alfred B Vellueei defending genetic recombinant research at Harvard.
Below are excerpts from letters by three Nobel laureates, )

In my view these Guidelines are far more stringent than is reasonably neces-
gary for the protection of public health. In every case where reasonable doubt
could be entertained, it has been resolved in a way that imposes the most serious
and conservative protective requirements. Most of the risks in question are purely
conjectural and no substantive basis can be found for the dire prediction that
the public health could be endangered by recombinant organisms. Nevertheless,
the Guidelines in their present form have accepted every such speculation as if
it were accepted reality. In summary, even the most cautious view of the NII
Guidelines should give citizens ample assurance that they go far beyond what is
necessary to protect their health, o

Elsewhere I have commented that the very act of setting up such elaborate
precautions ‘would -frighten people because they go so far beyond what we do in
other spheres of life. This seems to have happened in the present eage—it is the
very security precautions having been doubled and redoubled that has generated
an unjustifiable fear. On the other side of the coin. I take the opportunity to indi-
¢ate that research -in thig area has the potential for the most extraordinary
contributions to medical advanee and I would hope-that Cambridge, Massachu-
setts would be proud to be the seat of major accomplishments in this direction.

' : P .+’ Josmua LEDERBERG, .
Stanford University Medical School.

In terms of our present knowledge, I feel that there are no real accidental dan-
gers involved in research .on animal virus and vertebrate cell DINAs under the
NIH Guidelines, The gpecific dangers that have been suggested involve combina-
tions of events that are either known not to occur or oceur ounly at very low prob-
abilities. Therefore, the likelihood of the occurrence of any specific danger is so
low that it:can be considered zero.. In fact, I consider that the Gujdelines are
probably too restrictive in terms of our present knowledge of animal virus and
vertebrate DNAs. L : ‘ . , ) ) .

‘Furthermore, I consider it ineffectual to regulate on a local level research in-
volving possible infectious entities. Unless there is national, and preferably in-
ternational, regulation, local regulation would not serve to protect the inhahitants
of that locale.. T c ‘ . . )

In addition, I have found the members of the Department of Biochemistry and
Motecular Biology, Harvard University, conservative in respect to possible safety
hazards from research with animal viruses and vertebrate cells. .. .~

As taxpayers and governmental officials, you have a responsibilify to insure
public health and safety, but you also have a responsibility Lo promote the public
welfare. It is conceivable that the technique of recombinant DNA may lead to
major benefits in terms of public health and welfare, Therefore, a balance must
be Hiade'between the “zero” likelihood of harm and the possibility of beneficial
results, S o :

- . : . Howarp M. TEMIN,.
University of Wisconsin Medical Center,

I implore you to encourage the progress of the planned facilities for genetié
research at Harvard and to do your utmost to foster a spirit which advances
this exceedingly important direction in medical seiénce. - : o
The new NIH Guidelines to which these Harvard facilifies and investizators
will adhere go far beyond reasonable needs for personal and public safety. I



assure-you that the current hazards in many chemiecal bacteriological, biological
and physical laboratories in Cambridge, publiﬁ and private, are far greater than
those anticipated. in recombinant DNA research. )
T realize you have heard a different point oq? view from some Harvard and MIT
scientists who have testified before you. I believe their views are not based on
sound scientific evidence and are highly exaggerated. In my estimation, they
represent a tiny fraction of the scientifie cominunit’y. ’ :
I implore you again not to suppress the serious and responsible search for new
knowledge, If seientific inguiry is stified in Carpbridge, it will be done in Waltham,
Palo Alto or Moscow, In 1976, please do not squander your most precious human

resources.

. . AnTHUR KORNEERG, |
Stanford University Medical Center.

“And God blessed Noah and his sons, and s?.id to them, ‘Be fruitful and multi-
ply, and fill the Barth. The fear of you and the dread of you shall be upon every
beast of the Earth, and upon every bird of the air, upon everything that creeps
on the ground and all the fish of the sea ; into your hand they are delivered, Every
moving thing that lives shall be food for you;iand as I gave you the green plants,
I give you everything.’ " k - R S
: : ' —GENESIS. -

One can hardly read the Guidelines, or the
Donald Frederickson, the Director of NIH,
pressed with the goodwill and concern that a)
this enterprise and in the Guidelines thems

First and foremost: the very existence of t
tion, whether this kind of research should px
guite simple and straightforward. Can they

careful and sensitive statement by
on releasing them, and not be im-
imate them. Yet there is much.in
ves that troubles me greatly. .
e Guidelines begs the central ques-
oceed at. all. The experiments are
be stopped? Perhaps they can. If
pit them commereially there would

one could neither publish the results nor expl
be little incentive to do them. - :

Ag for the Guidelines themselves, the first lthing to understand is the context
of utter ignorance of what to expect in which they hagd to be formulated. The
Guidelines begin by saying : ‘At present the hsifards may be guessed at, speculated

about, or voted upon, but they eannot be known absolutely in the absence of firm
" experimental data--and, unfortunately, the needed data were, more often than
not, unavailable.” L e Sk R B
Physical containment—The pu

escaping the laboratory, The Guidelines list four levels of containment labeled
Pl to P4; but in effect there are only two levels, a lesser—P3—and a greater—P4.
This classification is itself deceptive, for it ma{kes the prevalent P3 facility sound
better than it is, three quarters of the way to the top, whereag in fact it is the
lowest level of containment. P1 is just a laboratory, P2 the same laboratory with
a warning sign on the door. A young woman demonstrating a P2 experiment at
an open hearing hefore the Cambridge City Council made .a-point of putting on
the prescribed laboratory coat; but she had 10';ag, loose, abundant hair that could
have carried more baecteria or viruses than a qozen lab coats. S

A P3 facility such ag has just been authorized at Harvard employs. various
devices intended to minimize the escape of E'ecombinants. Yet the reason pro-
ponents of the facility at Havrvard gave for bup1ding it within our Biolegiral Lab-
oratories, close to the laboratories of prospective wsers—though the building is
half a century old and infested with ants and cockroaches—was:that workers in
the facility would be the principal means of &{reading contamination, and hence

rpose here -IE- to 'keep the recombinants from

should have to move as short distances as possible. I think it is probably correct
that the laboratory personnel will be the principal means of spreading any po-
tential infection. But in that ease, wherein ligs the containment? Why the elab-
orate and costly precautions within the facility?—the small unit at Harvard
is estimated to cost more than $800,000. And what matter whether distances
between the labs are short or long? All these workers move freely throughont
the building and the city; they meet with us,|eat with us, and—most important-
ly—they teach classes of young students. I see no reason to believe that P3 con-

tainment, even if conscientiously enforced, can
Biological containment.—One of the most o
binant DNA research is that the-host organis

effectively contain.
nsettling aspects of present recom-
s that receives the plasmids that
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carry foreign genetic material is almost always the colon bacillus, Escherichio
oolt, a constant inhabitant of the human bowel. To do potentially hazardous ex-
periments; why pick an organism that lives in us? The reason is.that we know
moere about B, eold than about any other living organism, Yet what is to keep
some hybridized E. ecoli turned pathogenic from infecting its conventional human
hosts? Or transferring those plasmids to human cells?

Hence the stress on the assurance that all recombinant experiments with El coli
wiil use the K12 strain, which, we are told, can exist only under special lzbora-
tory condltmns and neither survives nor reproduces in the human gut. ’I'I'e use
of this strain is the “biokogieal containment.”

In this connection Stanley Falkow of Seattle, Washington, submitted to the
NIH Recombinant DNA Advisory Committee a highly informative report on the
ecology of E. coli. According to Falkow, almost innainerable serologically distinct
strains of E. coli inhabit the human colon from time to time, the population con-
stantly changing., The more persistent (resident) straing last several months,
other ‘(transient) strains only a few days. The statement that the K12 strain
does not-survive in the human bowel resty primarily on observations by E. 8. An-
derson and H, Williams Smith that this strain “is a poor colonizer of the human
alimentary tract.” Smith found a mean survival time of about three days, Ander-
son about six days. Anderson also found that it “multiplied to some-extent in
two of eight subjects.” Hardly an impressive statistic! Furthermore he could de-
tect plasmid transmission from K12 to other enterie flora when it was fed “in
gubstantially high numbers."

Falkow confirmg these observations, and adds another that is singularly im-
portant: Working with ealves, he found that introducing certain plasmids into
K12 increased its survival and muitiplication in the gut many times over. He
concludes that “it may not be too farfetched to suggest that some DNA recom-
binant molecules could profoundly affect the ability of this K. coli straln {o sur-
vive and multiply in the gastrointestinal traet”-

These are oddly inadequate data to carry such weight. We wonld l1ke to know
much more. How does K12 get along in persons whose colons are relatively
empty of bacteria and hence oifer it little eompetition *—such as newborn in-
fants, or persons who have just been treated with sulfa drugs or antibiotics? So-
called biological contamment geems to me as problemat1cal a8 P3 -physical

_containment.

Enforcement.—The Guidelines are Just that, hence wholly mluntary The only
penalty now available for simply disregarding them is the possible withholding
of federal research support. Obviously this applies only to research dependrnt
on federal funds. It leaves out completely the rapidly growing industrial exploi-
tation of recombinant DNA technology.

Benefits and risks.—I have up to now said almost nothing -of the potential
benefits of this technology. I think that the most certain benefits to come out of
it would be scientific: increased understanding of important biological phe-
nomena, such as the mechanisms that turn specific gene activities on and off,
that trigger cell multiplication and differentidtion, that regulate cell metab-
olism. We are also offered -the prospect of large practical benefits: teaching
cereal plants to fix their own nitrogen from the air, new bacterial syntheses of-
drugs and hormones, the hope that increased understanding of cancer may lead
to its cure. I cannol think of a single instance of such developments, selentmc
or practical, that does not alse involve large potential rigks,

- Consider cancer, If indeed it turns out that recomhinant DNA research will
improve our understanding of cancer, that would still be far from showing us
how to eure it. In spite of many statements, as vague as they are optimwstm that
the cure of cancer lies in this direction. it is hard to see how that-is to happen.
Any such hope must be balanced against the real possibility that recombinant
DNA. experiments may induce new cancers. If right now I had to weigh the
probabilities of either event I would guess that recombinant DNA. research
carries more and earlier risks of causmg cancers than hope of curing them;

.Add that about 80 percent of ecancer in this country is now believed to be of
env:ronmental origin. The largest single cause of lung cancer is smoking, but
one is free to smoke:or not. About 40 per~ent of those environmental eancers
happen in the work places, through involuntary exposure to a rapidly increasing
variety of toxic materialg in industrial use. If one were really concerned about

-eancer, there is the obvious place to attack it, with sure and immediate results.

Or consider a frankly industrial development QGeneral Electric is reportedly



trying: to patent a newly assembled strain of -Pseudomonas hacteria. that can
wholly digest etrude -oil. It was developed there by Ananda Ch&_tkrabar;ty by
transferring plasmids from several strains, each of which conld digest 01I,pa§.'-
tially, into a single strain‘that ean do the whole job. It is pointed out that this
organism could be very useful for cleaning up oil spills. Very true; but how about
oil that has not spilled?—oil still in the ground, or; on the. way, or,s_tored'_? Can
this organism be contained, kept from destroying oil- we want to use? Or will we
need to begin te pasteurize oil? e N : B
The corporate connection.—As early as February 1974 Fortune magazine hailed
the coming importance of genetic recombinaticn . in, industrial developments.
“The best microbes .are freaks,” it said and “many. scientists see an important
industrial role ahead. for the powerful. new methods of transferring genetic
material from one cell to another.” It named a number.of them, including a few
who are already directing corporate activities. L -

" The industrial exploitation of recombination technology raises special pr9h7
lems, for in that, as.any other business enterprise, the major goal is fo maXimize.
profits and, frequently in the past, public and worker safety and health have been
subordinated to that end. Last May representatives of about twenty drug and
chemical: companies met with. NIH Director Frederickson to discuss the proposed
Guidelines:; They expressed. “general support,”. but made three points: (1) the
fear that voluntary Guidelines might lead. to enforceable regulations,.(2) for
reasons of competition, the companies could not afford to reveal what recombi-
nant DNA experiments they were performing and (3) they found other features
of the Guidelines onerous, for example the restrictions on large-volume experi-
ments, which of course are less easily contained,. but which they require in,
testing procedures for commercial feasibility.: . . : L

The dilemma of the NIH.—The recombinant DNA development faces- NIH,
with an interesting predicament. Anything I say.of this is said sympathetically,
for under Donald Frederickson's perceptive leadership it is deing as well as could.
be hoped.-Yet is it possible for the same agency both to promote and regulate?
The old Afomic Energy Commission, set.up originally to regulate, turned instead
to promoting nuclear power, and that eventually, destroyed it. It has been replaced.
by two separate.agencies, one for research.and.development, the other for
nuclear regulation. - . } e T .

NIH, on the contrary, set up to promote seientific and medical research, is now
being forced into regulation. Tts entire impuilse, as that of all other institutions
concerned  with research, is to avoid regulation, to maintain full freedom.of
inquiry. Probably that is why it can bring itself only to promulgate voluntary
guidelines, -Surely it recognizes the previous history of ineffectuality of voluntary
self-regulation in other areas. For the NIH Guidelines to be.enforced, academ-
ically and  particularly.industirially, they would have to become regulations,
backed by legislation, with-adequate: provisions for licensing, inspection.and
supervision. The NIH would like to avoid such measures and so, as a scientist,
would I, Yet this situation seems to demand them, and I fear that scientists and
science will eventually have to suffer because of them. - . . i

What to do.—¥irst, I think it essential to open.a wide ranging and.broadly:
representative discussion of the central. issue: whether artificial.exchanges of-
genetic material among widely different- living organisms should be permittedy ..
~.Becond, in consideration of the potential hazards and our present:state. of
ignorance, I would confine all recombinant DNA:- experimentation ‘that tran-
scended species boundaries to one or a few national or regional laboratories where
they: can be adequately confined:. and supervised. There, every attempt should be
made to define the hagards that are now only guessed at. If trouble should arise,

I would expect it to involve first the workers in:such :laboratories and their
Tfamilies whose health should be carefully monitored. Until such:trials have told-
us§: better what to expect, this kind of -investigation should have no place in
crowded cities or educational institution.. - - Coare T RSN

Third, industrial research and development in this area need most of all to be’
prought under control. The usual secrecy that surrounds industrial research: is
intolerable in a provinee that can involve such serious consequences and hazards;
The need:for licensing, inspection and supervision will probably require national
legislation, Hearings in the Congress should begin at once to consider these issties:

As I write these words, they trouble me greatly. I fear for the future of science
as we have known it;.for humanking, for life on thé Earth, My feelings are
ambivalent, for the new technology excites me foriits sheer virtdosity and its
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intellectual and practical potentialities; yet the price is high, perbaps too high,
We are at the threshold of a great decision. with large and permanent eonse-
quences. It needs inereasing. public attention here and worldwide, for it concerns
all humanlkind. That will take time, during which we can try to learn, as safely
ag that can be managed, more of what to expect, of:good and ill. Fortunately
there ig-no real hurry Let us try, with goodwill and responsibility, to work it out.

THE DEFENSE DOESN T REsT

One of the leading advocates of reeombinaut DNA reseatch is Mark
Ptashne of Harvard's Biologieal Laboratories. The Sciences gave him
an Opportumty to reply to George Wald’s case agamst genetic engi-
neering at Harvard.

George Wald's plea that “artlﬁcml exchanges of genetlc matenal among Widely
different orgamsms” should be banned from ‘“crowded cities or educational
institutions™ is based on & curious mlxture of fantasy, misinformation. and
irrelevancies, Congider the following :

1. Wald notes that the Guidelines specify four Ievels of physical eontamment
P1 to P4. He states that “P1is just a laboratory, P2 the same laboratory with a
warning sign on the door,” and “P3 ... ig the lowest level of containment,” -
and “I see no reason to beheve that P3 contamment even 1f consclentmusly
enforced, can effectively contain,”

In faet, a P2 1ab, as spemﬁed in’ the NIH Guidelines, does havea s1gn on the
door, but in addltmn it iz subject to the following regulations, among others:
all lignid and solid wastes are incinerated or otherwise decontaminated before
removal from the lab; reusable equipment (glassware; etc.) is prohibited and
biological safety cabinets must be used for all operatiorns that generate aerosols.
Hospital laboratorieés are typical examples of P2 facilities, and they are used
for routine culture of agents as dangercus as those which cause anthrax, pneu-
monia, plague, measles, mumps, influenza, gomorrhea, ete.: P8 specifies -more
sophigticated construction, requiring—among other features—a constant negative .
air pressure o that air flows from the corridor to the lab when the doors are
opened. Wald is gpparently unaware of just how well P8 laboratories do contain.
For example, W, Emmett Barkley, Director of Research Safety of .the National
Cancer Institute, points out that expérience ghows that the most highly infectious
biologieal agents may be uged in a properly’ run P2 laboratory with minimal risk.
He estimates that, 'on average, workers in'guch laboratories incur about two
infections for every 100 person-years of work-—and this with the most aighly
infections agents known. Moreover, many years of experience with P38 facilitles+
at the Center for Communicable Diseases in Atlanta, and at Fort Dietricz, and
the laboratories of the National Institute of Health in Maryland show that,
even in those rare cases of infection of a-laboratory worker caused by human
error, gsecondary spread to people outside the lab is virtually nonexistent. Accord-
ing to studies conducted in Barkley’s coffice by Barkley, Arnold Weedum and
otl_lers, there is no evidence that Droper handling of even the most dangerous
organisms under P3 conditions—or in many cages under less restrietive condi-
tions—endangers the surrounding conimunity. Wald's statement that P3 labs do
nét contain is simply false.- Of course the designations P2, P3; or P4 may be
misuged, but then even ordinary chemicals present in any biochemical lab can
he misuséci, and in the lattér case with immediate and serious danger. Iz must
not he forgotten that recombinant DNA experiments which present some plausible
scenario for significant danger have been banned altogether by the Gmdehnes,
and many experiments are confined to the extraordmarﬂy protectlve environ-
mi nt defined as P4.

Wald obaects to the use of E colt in reconibinant DNA experlments Hp notes’
that E. coli is a “constant inhabitant of the human bowel.” and he asks * . .-
what is to keep some hybridized E. ¢olé turned pathogenie from infecting its hu-
man host?” Wald implies that K. coli turns pathogenic at the drop of a gene.
He is apparently unaware of the years of sophigticated experimentation that have-
been -devoted to analyzing the factors required to render E. eoli pathogenie. Ti
fact, despite these efforts, no one yet has managed to transfer any gene or set
of zenes from a pathogenic E. coli to H. coli K12, the commonly nged laborgtory
strain, and render that strain pathogenic. This is not surprising ::pathogenic
organisms are highly evolved to occupy a very specialized niche, and it is no easy -
matter to confer those multiple properties required for pathogenicity on a non-
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) Pathogenic bacterium grown for many generations in the laboratory. The scenario
Dehind Wald’s guery involves a series of extremely improbable events. We would

have to imagine a segment of foreign DNA—representmg about .1 percent of =

the DNA. of the bacterium into which it is placed—rendering K12 pathogenic.

The K12 would then have to colonize the human gut (which K12 does not ordi-,

narily 46), and survive exeretion and a sojourn outside the gut en route to infect
another person or animal, As far as we know, the probabilities of any one of these
events occuring is extremely small, and the aggregate probability, vanishingly
small, Wald formulates his questwns in such a way as to smlply 1gnore these
issues
3. Wald questions the concept of “biological containment.” He asserts that
. all recombinant experiments with K. ¢oli will use the K12 strain-. . .” and
he goes on to cite, among other reports, the fact that when K12 is fed to human
beings-in large numbers it ean be detected for gome days in the intestinal tract.
He points out that plagmid transmission has been detected from one bacterium
to another in vivo when bacteria carrying these plasmidy are ingested in large

numbers. Wald's characteriza:ion of Liological containment.is rudlmentary In.-

fact, most experiments done in P8 and P4 laboratories would require use of
specially enfeebled strains—~for example, mutants of K12—that have been demon-
strated to survive onty 10°f times as well as ordinary K12 in laboratory conditions.
Tests performed with candidaies for such strajns have revealed no survival in

the animal gut, even when ingested in extremely. high nuombers. Moreover, the

plasmids used in these experiments are of the non-transmissible type. The transfer

resulted gueted by Wald were obtained with plasmids that transfer at very high

frequency. In fact, no one, to my knowledge, has demonstrated. transfer of a non-

transmissible plasmid in vive from K12, even under strong selective eonditions.
4. Wald believes that “recombinant DNA technology faces our society with .

[unprecedented] . . . problems,” because, “the nub of the new technology is to_
move genes back and forth not only-across species 11nes, but across any boundaries .

that now divide prokaryotes from eukaryotes.” The d_ogmatlc statement of fact
that so moves Wald is highly debatable. It is well known that among prokaryoles
in vive, DNA- passes not only across gpecies lines but also. across genus and
family lines, and it is far from obvious that DNA does not frequently pass the

“prokaryotm eukaryotic” barrier.as well. Many biologists believe that some of

the organelles of higher cells, such as mitochondria and chloroplasts, are descend-

ents of bacteria that existed as symbiotes of eukaryotie cells. It has been esti-

mated that the Earth’s human population alone excretes some 10¥ bacteria per
day. E. coli absorbs foreign DNA in the laboratory quite readily when treated

with calcium ion, and the. frequency with which such conditions arise in the
gut, or with which mutants arise that are competent o accept foreign DNA under .
ordinary conditions, is probably not much below 107% Other common straing of -
bacteria, such as Heemophilus, are competent, under almost all conditions, to
absorb foreign DNA. Of course, host restriction will decrease the efficiency of
any initial transfer, but once DNA is past this barrier it is no longer recognizable, -

as foreign. Wald's scenario for disaster assumes that the addition of a bit of

foreign DNA would render a bacterium a strongly virulent pathogen. It is likely |

that such -z recombinant; with a marked selective advantage over ordinary bac-
teriz, would not have been produced and selected for by nature? Wald apparently
does not, take his “barrier” argument very seriously, because he freely asks, “Yet

what is to keep some hybridized E. coli frOm transferring t;hnse plasrmds to,

humen cells ¥

5. Wald states: “I ‘think that the most certam beneﬁts to come out of [this
technology] would be scientific: inereased understanding of important biological .

phenomena, such as the mechanisms that turn specific gene activities on and off,

that trigger cell multiplication and differentiation, that regulate cell metabolism.”
He adds: “I wou'd guess that recombinant DNA. research carries more and. -

earlier risk of causing cancers than hope of curing them.” Wald presents not a

shred of argument or evidence that would make plausible the extraordinary .
statement that recombinant experiments might cause cancers. The first part of

Wald's statément-is in fact a good summary of what most worke1s in the field
believe to be the likely. benefits of this work. .
6. Wald has added a series of diversions, the- relevancy of whlch I eannot

determine. It iz no news to most of us that smoking causes lung cancer, but .
what are.we tq,make of the admonition: “If one ‘were really concerned about.
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cancer, there is the obvious place to attack it [ie., smoking], with sure and
immediate results.” Does Wald mean to imply that those who work on DNA
are not “really concerned about cancer?” What about those who work on. vision?
In fact we know very litile about how carcinogens cause eancer—in particular
we know almost nothing about the mysterious process of promotion wherein the
potency of carcinogens is vastly increased by the presence of otherwise appar-
ently harmless substdnces, A real understanding of the relations between car-
cinogenesis and the environment may depend on our understanding of these proc-
esses which in turn requires basic research.

What are we to make of Wald’s ery that the NIH Guidelines do not now apply
to industry, and that there is some orninous “corporate connection” between
something and something else? Doeg this mean that the Guidelines themselves
are inadequate? At this. moment Senators Kennedy and Javits are attempting
to make the Guidelines into federal law. Perhaps making the Guidelines into
federal, enforceable law will satisfy Wald, or perhaps not. What Wald mdy be
after is outlawing these experiments altogether by statute.

Finally, it is perhaps worth noting that so far as I am able to ascertain, the
overwhelming majority of informed scientists, most especially experts on in-
fectious diseases, regard the Guidelines as providing more than sufficient levels
of safety for the recombinant DNA experiments,






e

APPENDIX 13
RECOMBINANT DNA—ON OUR Owx

The Fecombinant DNA issue w111 not go away. It is but the churning edge
of a turbulent sea of concerns to come, as mankind again extends its dominion,
this time to redirect the course of biological evolution. And as we find our
course in this changed world, we should not expect that the ways of science will
remain unchanged.

It is the success of science that has ended its pleasant isolation from the
girident conflict of interests and the often passionate clash of values. The great
diseoveries in molecular and cellular biology—in particular the elucidation of
the structure and functions of the nucleic acids—have provided us with a
definitive understanding of the nature of life. Earlier in this century splendid
discoveries in physics and chemistry provided us with a definitive understanding
of the nature of matter. From that understanding has come the techmology
to reshape the inanimate world to human purpose. And many are less than
Pleased with the consequences, Now the description of life in molecular terms
provides the beginning of a technology to reshape the living world to human
purpose, to reconstruct our fellow life forms—each, ag are we, the product of
three billion years of evolution—into projections of the human will. And many
are profoundly troubled by the prospect.

With the advent of synthetic biology we leave the security of that web of
natural evolution that, blindly and strangely, bore us and all of our fellow
creatures, With each step we will be inereasingly cn our own. The invention
and introduction of new self-reproducing, living forms may well be irreversible,
How do we prevent grievous missteps, inherently unretraceable? Can we in
tiruth foresee the consequences, near- and long-term, of our interventions? By
our wits mankind has become the master of the extant living world, Will short-
sighted ingenuity now spawn new competitors to bedevil us?

The apparent significance of the potential hazard of recombinant DNA depends
markedly on the perspective in which the issue is seen. Viewed narrowly the
potential hazard seems slight., Most of the novel mieroorganisms will likely hé
innocuous. A few, by careful design and selection, will be of value for human
purpose. A few might inadvertently be perilous. The chance of release of these
orgamsms is statistically small although it can hardly be null. The chance of

.a series of events necessary to produce a plague seems slim, in any one

experiment.

Viewed broadly, however—over long years, in numerous environs, with count-
less experiments—sa far larger penumbra of hazard appears. Nature has de-
veloped strong barriers against genetie interchange between species. What do
we know of the consequence of breaching these barriers? Imn particular and
gpecifically, what may in time ensue if we introduced genetic intercourse between
ourselves (and our biological relations) and the ubiguitous nmiicroorganisms with
which we live s0 intimately ?

‘We can have no assurance that science will not bring us into a more dangerous
world, The search for knowledge has often been hazardous; many explorers
have faced great perils. Now the hazards can encompass the planet, and we
may not continue to rely upon the resilience of nature to protect us from our
follies. )

New circumstances bring new perspectives. As scientists we have had the rare
luxury to pursue truth, unhampered by conflicts of compassion. Caution has
been an unfamiliar virtue while hnldness and euriosity have been hallowed. As
we cut free the strands of our inheritance, a different blend of virtues may be
in order and other traditions may be helpful,

We should not underestimate these stakes, now and in time to come, We will
need to establish in each time a sense of Hmits commensurate with our finite
vision and shaped by our sense of the moral—limits within which we believe
we can explore without fear and with decency, and beyond which we should
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tread most gingerly. These limits will change continually as knowledge grows.
In their definition and redefinition we should involve all who can help and
respect all of those affected.
As scientists who seek to understand nature, we should not unthinkingly and
irreversibly perturb it. As human beings we have a responsibility always to be
- concerned for our fellows and our feilow creatures and the future generations.
ROBEET L. SINSHEIMER,
Division of Bmloyy,
C'ahformw Ingtitute of Technology.
NoOTE. ——Smshelmer, Robert L. Recombinant DNA—On Our Own. Bioscience,
v. 26, October 1976: 589, Reproduced from: Biocscience, v. 26, October 1976, by
permission of the publisher, the American Institute of Biological Sciences.




APPENDIX 14 _
[Reproduced by permission of the author, Dr. Bernard D. Davis]

PU‘BLIG LEO’I‘URE, HARVARD SCIENCE CENTER : DABWIN PASTEUR, AND THE
ANDROMEDA STRAIN

Receut developments in molecular genetics have made it easy to 1nsert small
fragments of genetic material (DNA) from any organism. including man, into-
tiny self-replicating units of DNA from bacteria, called plasmids. These can be
reintroduced into bacteriz, such as the common H. ¢oli of the human gut which
can then be used to manufacture large quantities of the inserted DNA in pure
form. The possibilities opened up by this technique have aroused enormous
interest among biologists but have also generated wide public concern, focused on
two potentlal risks. The first is the immediate risk of harm from some of the
novel organisms produced. It is useful to consider this risk in terms of three
probabilities : the probability of producing a pathogenie organism, the probability
of its infecting an exposed laboratory worker, and the probability of its spread in
the community. The second risk is a more conjectural, long-term one: that our
interference with evolution, by recomblnmg DNA from dlstant sources, w111
-eventually create unforeseeable disasters.

Both these issues raise ethical questions, on which a publie consensus iz the
ultimate arbiter. But a rational deeision requlres an informed publie—and
despite elaims that we are entirely in the dark in this novel territory, we actually
possess a good deal of relevant information. It is this knowledge—in micro-
biology, epidemiology, and evolutionary theory—that I wish to review. For the
extensive public discussions of the hazards have been built largely on the assump-
tion that any novel organism we may produce is likely to survive and spread,
.and this assumption 1gnores what was Darwin’s great discovery : the dominating
role of natural selection in determlmng what survives, multiplies, and evolves.
‘Working with the invisible organising that were not part of Darwin’s world,
‘Pastetir made essentially the same discovery, though it was expressed in dif-
ferent terms: he showed that bacteria do not arise by spontaneous generation
but are ubiquitous, and the kinds that grow out In any medium are the ones
that are selected hy that medinm. For example, the game mixture of contami-
‘nants from the air grows out one kind of org'amsm in grape juice; producing an
" aleoholi¢ fermentation, and another kind in milk, producmg a lactm acld
fermentation.

Unfortunately, the evolutlonary conhsiderations that T shall 1nvoke cannot pro-
vide the hard data that we have become accustomed to'in modern experimental
biology, and a skeptic might dismiss the arguments as mere handwaving., But
then nearly all of Darwin’s arguments, based on inferences about the past and
not on verifiable experiments, could be similarly dismissed. And X would remind
you that Darwin’s theory remains the most profound generalization in biology—
mifying the field, enormmlsly supported today by the evidence for continuous
evolutionary progression in DNA sequences and rich in 1mphcat10ns far our
understanding of man.,

Let us start by reviewing some pnnclples from evolution and mlcrohmlogy
that seem pertinent to the problem of estlmatmg the msks of recombmam DNA
research.

"L BACKGROUND

. erobiolomcaz cmct evolutionary principles

(1) The meaning of species.—As evolution proceeded from prokaryotes (ie,
bacteria with a single chromosome) to eukaryotes (i.e., higher organisms, with
‘a more complex genetic apparatus),it created the proeess of sexual reproduction,
which reassorts genes and thus provides vastly increased genetic diversity for
natural selection to act on. But while diversity is necessary for evolutmn, un-
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Timited combinations from the pool of genetic material in the living world would
not be useful, for a succesful organism must have a reasonably balanped set of
genes, Hence the development of sexual reproduction was accompameq by t_he
development of specles: groups of organisms that reproduce only by mating with
other members of the same group, and not with members of other species. $ome
closely related species produce hybrid offspring, such as a mule, that are viable
but not fertile, while more distant crosses produce no offspring at all. The fzvolu-
tionary value of such fertility barriers is clearly to avoid useless production of
grossly unfit, non-viable progeny. -~ ST Co

Unlike eukaryotes, prokaryotes ordinarily reproduce by the_asexual_ process of
cell division, which means that the genetlc properties of a strain remain constant
for generation after generation, except for rare mutations or rare gene transfers.
The gene transfers, which are usually mediated by plasmids or viruses, do not
show a sharp species boundary : they simply become less efficient the greater the
evolutionary separation between the donor and the recipient. Prokaryotes therg-
fore have no true species: they have an almost continuous spectrum of ggane_tlc
patterng, and the borders between what we call bacterial species are arbitrary
and often controversial. E. c¢oli, for example, is not a homogeneous species. It is
the name given to a range of strains with certain common features and alsg _With
& variety of differences—in surface molecules, nutrition, growth rate, sensitivity
to inhibitors, ete. These differences determine the relative Darwinian fitness of
various strains for various environments. . o ’
. {2) Beacterial ecology.—Every living species is adapted to a given range of
habitats, The set of bacterial strains called FE. coli thrive only in the vertebrate
gut. They. survive. temporarily in water but quickiy die out. (Indeed, for that
reason the E. ¢oli count of a pond or a well is a reliable index of its continuing
fecal contamination.) In the gut there is intense Darwinian competition between
strains, depending on such varigbles as growth rate, nutritional requirements,
ability to scavenge limited food supplies, adhereénce to the gut Iining, and resist-
ance to antimicrobial factors in the host. Fence most novel sirains are guickly
extinguished. It is the kind of selection by competition envisaged by Darwin for
higher organismg, but it happens in days rather than in eons, because the genera-
tion. time of many bacteria is only 20 minutes and the selection pressures are
often intense. - - : ) ) .

Thig effect of the environment in the gut (i.e., type of food and physiclogical
gtate) on the normal flora is readily recognized, For éxample, when breast feed-
ing is replaced by solid food the character of the gtool changes dramatically, as
lgctic acid bacteria, which produce sweet-smelling produets, are replaced by
"B, coli and other foul organisms, And in an experimental example, early in this
cenfury, Mechnikov romantically hoped to promote longevity by reversing the
process;, by supplying. a large number of lactic acid bacteria, in the form of
yogurt, to displace the presumably toxic foul organisms. The experiments were
a dismal failure, but perhaps a commercizl success. In a third, more recent
example we frequently see the normal bacterial population of the gut disturbed
by administration of antibiotics, and it has not proved possible, despite commer-
cial interest; to accelerate recovery by administering desired strains. It is clear
that in the gut the environment plays a dominating. role in determining what
gtraing persist. o R i

~(3) Pathogenesis—Only an incredibly small fraction of all hacterial species
can cause disease. The rest play essential roles in the cyele of nature, in which
COa from the air ig fixed in plants or bacteria by photosynthesis, the plants are -
eaten by animals, the animals and plants return to the soil after death, and there
‘maieroorganisms. digest the dead organic matter and return the carbpon to the
atmosphere as CQ= . . iy : o

Infections bacteria differ from each other in several distinet respects: infee-
tivity (i.e., the infectious dose, ranging from a. few cellzs of the tularemia bacillus
to around 10° cells of the cholera vibrio) ; specific distribution of the organism
in the body; virulence (i.e., the severity of the disease ‘once the infection has
overcome natural resistance); and communicability from one individual host
to another {including length of survival in nature). As with any complex prop-
erty, these atiributes depend on the coordinate, halanced activity of many genes,
which are eapable of independent variation. It is especially important to dis-
tinguigh the ability to produce a serious disease from the ability to spread. For
example, the tetanus bacillus is a normal, non-invasive inhabitant of the gut,
‘I:J_ut it ean cause fatal illness when' trauma gives it access to a susceptible

issue. - - :
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(4) Stabilizing end diversifying selection.—When an orggm‘sm- grows con-
tinucusly in-‘a relatively constant environment natural selection 11_218 a.stablhz-
ing effect, weeding out the variants that deviate too far in.any direction f.rogn
the well adapted norm. But when the environment is changed the same basic
process of natural selection has another, diversifying effect: the new cireum-
stances select for the preferential survival and reproduction of variants with
incresased fitness for those circumstances. This Darwinian proeess explains the
fluctiation in the properties of bacterial cultures that confused the early workers.
For example, when pathugenic bacterial strains from infected hosts are isolated
in the laboratory and then repeatedly transferred in artificial culture media
they face an abrupt change of environment, and they rapidly develop imrroved
adaptation to the new environment at the expense of decreased adaptation to
the old one (i.e,, they lose virulence). . L

The mechanism is now clear, and it does not involve any directive effect of
the environment on the shifting bacterial population. Instead, rare mutants of
all kinds are constantly appearing .in the successive generations—in fact, as
mueh as 109 of the cells in each generation may have a change in cne of
the several million bases of the cell’s DNA, though most of these mutations
are not-recognized Decause their effects are either too small.to be seen or too
large . to yield -a viable cell. Among the viable progeny those that are befter
adapted to the new culture medium (i.e.,. that can grow slightly faster, ¢r can
grow glightly longer with a limited food supply) outgrow the original straixn.

We can see a similar effect of the wide use of antibiotics in man and in
domesticated animals, except that the environment being changed is now the
animal host rather than a laboratory culture medinm : the result has been in-
creased prevalence of drug resistance among some of the microbes that normally
inhabit or that occasionally infect those hosts, The key is again selection : unless
the drug.is present in the environment to exert a selection pressure the introdue-
tion of even large .numbers of a variant with specific drug resistance will not
lead to its spread-unless the variant is as well adapted as its competitors.

It is clear that natural selection plays an overwhelming role in evolution.
With bacteria its role was long unrecoghized : the population shifts seemed.too
rapid for an undirected process, and the existence of genes and mutations in
bacteria were not recognized until the 194(’s. But by now selection has become
the foundation of bacterial ecology. '

B. Benefits of recombinont DNA research - - ; = : T
.Before going on to analyze the hazards we should take a brief lvok at some
of the benefits, which must also be considered in any decision, ' )
Synthesis of recombinant DNA in vitro is not just a toy to satisfy the curiosity
of investigators. It is an exiraordinarily powerful and simple tool for studying
the structure and function of mammalian DNA, and it hag rapidly become as
indispensable as radioactive isotopes or the electron microscope, In particular,
we do not understand the regulation of mammalian genes nearly as well as that
of bacierial genes: the cells are harder to work with in many ways, and they
contain DNA equivalent to several million genes, or about a thousand times
the amount in a baecterium. The recombinant DNA technigue, which ean ‘pirify-
fragments containing a single gene and its régulatory elements, provides an
enormous simplification of the system and thus promotes its analysis. In addi-
tion, the value of such purification has recently beén enormously enhanced by
the development, by W. Gilbert and by P. Sanger, of an extremely simple techni-
que for determining the sequence of short fragments of DNA, up to twe hundred
bases long. In two days one can now completely determine such a sequenee, which

“previously took two years; hence we ecan anticipate rapid pi‘ogress in deter-

mining the chemical structure of innumerable mammalian genes.

‘While no one can foresee all the consequences of a basic discovery, the history
of 'molecular biology assures that these new developments in handling DNA will
lead to'great advances in our understanding of mammalian gene regulation, the
key to normal development and- differentiation and also to the defective regula-
tion of eell growth in caricer. One can aleo safely nredict the nse of snch baeteria
for preducing medically valuable human cell produets, such #s ingulin and other
protein hormones, specific antibodies to rep'ace defieiences, specific antigens for
immunization against tumovs, #and fthe specific génes or their products that may

ultimately be used to treat hereditary enzyme deficiencies.



In addition to these practical benefits, I need hardly emphaslze for this audi-
ence the enormous cultural 1mp0rtauce of encouraging free 1nqu1ry, and the
potential logs to society from a precedent of curtailing sueh inguiry. At the same
time, it has always been clear that the right to freedom of inguiry has limits,
just like the right to freedom of expression. One such limit is cruelty : a medical
experimenter must recognize that be is dealing with human subjects and not with.
objects. Another limit is unaeceptable hazard, whether to individuals, to the.
population, or to the environment : hehce the acceptance of regulations and licen-
ing regquirements for research with radioactive materials, In turning now fo the
question of hazard I would suggest that we cannot pretend to compare risks and.
benefits as closely as we can-compare costs and benefits: we must rather ask
whether a particular set of risks is acceptable, in terms of the increment that
it may add to the risks that we already live with. For a demand for absolute.
freedom from risk would be a prescription for paralysis,

: II HAZARDS

In trying to estimate the 1mmed1ate hazards we must consider, as I mentmued
earlier, three probabilities: that experimentg with a given kind of DNA will
prodice & dangerous organism, that that organism will infect a laboratory
worker, and that the organism will escape and spread in the community or fthe
environment, For it is easy to draw up a seary hypothetical scenario, if one’s
imagination need not be limited by considerations of probablllty But any realis-
tie discussion must consider probabﬂltws :

A; DANGER OF PRODUCING A HARMFUL OKGANISM

If one deliberately transfers into E. coli a bacterial gene for toxin production
the probahility of its having the expected phenotypic effoet on the cell, and pro-
ducing its toxin as long as it survives in the new host, ig very high, If one in-
troduces the total genome of a tumor virng the hazard will be less, for it
would require release of the viral DNA and its infection of host cells; but while
that probability may be very low, we cannot assume that it is’ neghgxble Both
these kinds of experiments are appronnately prohibited in the NI Gu:de]mes
today.

I would like to concentrate on a kind.of experiment thatis allowed but is caus-
ing great concern and is restricted to quite special facilities: the so-called “shot-
gun” experiment, in which one transfers random fragments of DNA from mam-
malian cells. Here it is clear that the probability of isolating a strain with a gene
for a toxic product, or with the genes of a tumor virug, is exceedingly low. )

Evolutionary considerations provide an additional and independent approach
to the question whether shotgun experiments are likely fo create novel and harm-
ful microbes. In m¥y opinion it is exceedingly doubtful that our new-found.
ability to introduce mammalian DNA into bacteria in the laboratory will create
a truly novel class of organisms, for evolution had an earlier crack at the prob-
lem, It is kmown that bacteria can take up naked DNA from solution and, in fact,
two different strains of pneumococcus have heen shown to be able to preduce a
third, recombinant strain in an animal body, by release of DNA from a lysed cell
of one strain and its uptake by an intact cell of the other. Morecover, bacteria in
the gut are constantly exposed to fragments of host DNA that are released as the
cells hnmg the gut dle while bacteria growing in carcasses have a ventable
feast.”

The efficiency of such uptake of mammalian DNA by bacteria is undoubtedly
very low. However, because of the extraordinarily large scale of the exposure
. In nature, recombinants of this general class must have been formed innumerable
times over milllons of years and thus have been tested in the crucible of natural
selection. Moreover, such organisms are undoubtedly also being formed in nature
today. If they had high survival value we would be recognizing short stretches
of mammalian DNA in E. coli. We do not. In addition, if the naturally occurring.
recombinants included serious pathogens, as is feared from artificial recombi-
nants, we would be seeing epidemics of serious disease due to E. ¢oli. We do not,
If, on the other hand, naturally occurring recombinants are appearing and even
causing disease, but are escapmg our attention, we would have to ask how much
our laboratories could add, since nature experiments with about 10 bactenal:
ecellg produced in the human species per day. .
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As‘an-additional danger, it ‘has been suggested that terrorists might deliber-
ately create harmful recombinant bacteria, 48 a powerful new tool. But it is-hard
to see why a terrorist would be interested in an E. coli strain containing, say, a
gene for botulinus toxin, when that gene is already housed in the naturally oc-
curring Closiridium botulmum, a well adapted organism with proven survival
value. With that organism the terrorist could manufacture, at the cost of a few
dollars, enough botulinus toxin to poison all the 1nhab1tants of a large city.

B. Dcmger of leboratory infection

In moving now from the probabﬂlty of madvertently producing a harmful or-
ganism to the probability of its causing a laboratory infection, let us assume the
worst case: an E. coli strain produeing 2 potent toxin absorbable from' the gut,
such as botulinus toxin. (This experiment is at present prohibited). Such a

strain would present a real danger of laboratory infection. But there are a num-

ber of reasons to expect it to be less, with even this worst hypothetical recombi-
nant pathogen, that with the pathogens that are handled every day in diagnostic
and research laboratories.

(@) The known laboratory infections (about 6,000 recorded in the history of
microbiology) have been largely due to organisms that caunse respiratory infec-
tions, spread by droplets (mostly before safety cabinets were introduced in the
1940’s). Because enteric infections occur through swallowing of contaminated
food or other material, even the most virulent enteric pathogens are relatively
safe to handle in the laboratory with simple precautions, such as not pu’ctlng
food or a ecigarette on the laboratory bench.

(5) Strain K12 of E. coli, used in almost all genetie work, has been transferred
for at least 30 years in the laboratory, during which it has become much hetter
adapted to artificial media than to the human gut. In fact, recent tests showed
that after a large doge in man (muchi larger than what one would expect from a
laboratory aceident) this strain disappeared from the stools within a few days.
Its problems of survival are analogous-to those of a dehcate hothouse plant
thrown onut to compete with the weedsin a field.

(¢) The addition of a block of foreign DNA to an enteric organism will ordi-
narily decrease its adaptation to survival in the gut and hence its probablhty of
spreading. For at the least, rephcatmn of useless DNA exacts a metabolic price for
an organism ; while if the DNA is active ifs pmducts are likely further to dis-
turb the metabolic balance.

(&) A very large safety factor is added by the provision for biological con-
tainment in the present Guidelines, All work with mammalian DNA must .be
carried out only in a strain derived from #. coli K12 (the class called EK2) that
hag a drastically impaired-ability to multiply, or to transfer its plasmid, except
under very special conditions provided in the laboratory. For example, in the
presently-certified EK2 strain the defects include logs of the ability to synthesize
an essential wall component. The strain is maintained in the laboratory~ by sup-
plying the missing component, which ig not found in the gut. Cells growing with-
out that component quickly burst, hecause they grow w1thout formmg more wall ;
hence survival is less than 10—% in 24 hours.

We thus see that with a strain known to have added the gene for a potent
toxin in a serious laboratory infection requires the compounding of four low
probabilities, With strains from shotgun experiments we have a fifth, very low
probability, already mentioned: that an apparently harmless mammahan tissue
will yield a dangerous product..

I conclude that in the kinds of expenments now permitted (which exclude the
introduetion of & known gene for a potent:toxin or a knowhn tumor virus) the
danger of a significant lahoratory. infection-is vanighingly small compared with
the dangers encountered every day by medical microbiologists working with viru-
lent pathogens. And such dangers must ultimately be balanced against the po-
tential benefits, both practical and cultural. In the United States, up to 1961, of
the 2400 recorded cases of laboratory infections 107 were fatal—over half of
these from diagnostic laboratories, On the other side, millions of lives were saved
by bacteriological research and diagnosis.

But even if the risks in recombinant DINA revearch are much smaller than the
public has been led to believe, it is important to keep all the prohabilities low.
In partieular, even if a toxin-producing strain would survive only very briefly
in the gut, a large enough dose might meanwhile produce enough toxin to cause
disease. Hence it is important for molecular bmlogists working in this area fo



learn,.and to use, the standard techniques of medieal microbiology, at least until
we have acguired much more expemence with .the organisms, Indeed, the enforce-
ment of such practices could he a maJor benefit from the current diseussion.
C. Danger of spread - ) - : ‘ :

1 now come to the most 1mportant point of all, with respeet to protecting the

. public interest. The difference between the danger of causing a laboratory in-

fection and the further danger of unleashing an epideémic is enormous. In our
government’s bacteriological warfare laboratories at Camp -Detrick, working
for .25 .years on the most communicable and virulent pathogens known, 423
laboratory infections were seen. Moreover, most of thege infections were picked
up by the respiratory route. Yet despite our very imperfect control of regpiratory
transmigsion there was not a single case of secondary spread to a member of the
family or to any person outside the laboratory. Similarly, in the Communicable
Disease Center of the U.8. Public Health Service 150 laboratory infections were
recorded, with one case of transmission to a spouse, Elsewhere in the world there
have been about two dozen laboratory-based mlcroepldelmcs recorded each in-
volving a few outsiders.

‘With enteric pathogens the danger of seeondary cases is mmlmal for with
this class of agents modern sanitation prowdes infinitely better control than we
can provide for resplra_.tory infection: in contrast to influenza, the appearance
of a case of typhoid in a home does not lead to an epidemic. Enter}c epidemics
appear only when sanitation is poor or has broken down, or when a symptom—
free carrier with filthy personal habitg serves as a food handler; and such epi-
demics are always small (except when sewage freely enters the Water supply).

There is no doubt that this epidemiological information is pertinent to the
recombinants that we are discussing. For despite widespread apprehension
about the presumed biparental chimeras with totally unknown properties, the
fact is that these recombinants are genetically 99.9 percent E. eoli, with about
0._1-percent foreign DNA added. It is exceedingly improbable that such an
organism could have a radically expanded habitat, no longer confined to the
gut. It is even harder to see that the organism would be more .communicable, or
nore virulent, than our worst enteric pathogens, which. cause typhoid and
dysentery. The Andromeda Strain remains enteriaining science fiction.

I conclude that if by remote ehance a recombinant strain should be pathogemc,
and if it should cause a laboratory infection, that mfectlon Would glve an early
warning, which would decrease the chance of spread.:-

-Moreover, if a-case should appear outside the laboratory the enteric habitat
of E. coli: provides powerful protection, in a country with modern: samtatwn,
against the chain of transmission reguired for an-.epidemic. — -

We must therefore agk whether the problem merits deep concern by the gen-
eral public; any more than the problem of how: laboratories performing diagnos-
tie work ‘or research on known pathogens-should be-operated. To produce a
gerious: ep1demlc by introducing fragments of mammalian DNA into B. coli
would require the compounding of five low probabilities. By any reasonable
analysis the risk seems very much less than that from pathogens that are belng
cultivated in laboratorles all the tlme [

D. Tumor viruses.

Tumor viruses present:a speclal problem Unhke other viruses, whose entry
in an adequate dose regularly causes disease in a susceptible host, tumor viruses
do not cause a- tumor regularly after infection but require special cirdumstances.
Indeed; their frequent presence in apparently normal animal tissues ig the main
sourcé-of the fear of shotgun experiments. Moreover, whether they make any
eontribution to human cancer is still quite unknown. Nevertheless, if they should
do-go it would be after a latent perrod of years. Hence any conceivable infection
by a bacterium containing a tumor virns genome would lack the early Warmng
of the toxin producers.

However, all other aspects of the problem - remain the same. And this loss
of one protective feature is balanced by the fact that these viruges, hy definition,
have their own means of spread. Indeed, in general the natural gpread of viruses
is even more effective than that of bactema, each infected animal cell producing
thousands of infectious virus particles. Moreover, since viral DNA in a bacterium
would have to get out of its host cell and enter human cells through an extremely
inefficient ‘process, it is hard to 1magme that that naked DNA would be more
hazardous than the same DNA in its own infectious, viral coat, adapted by
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evolution for entering animal cells. In addition, if we fear the danger of such
indirect uptake of unrecognizéd fumeor viras DNA from normal mammalian
tissue, one must ask whether the direct ingestion. of such tissue, e.g., in steak
cooked rare, may not present at least as great a danger, -

-1t therefore seems fair to ask whether there is greater danger 1f we wse the
recombmant DNA. technology to help us to understand tumor viruses, or if we.
presumably play -safe and inhibit that research. For if we choose the latter
we meanwhile allow the tumor viruses to spread as they presently do in nature,
under circumstances where we really do not understand their relation to-human:
tumors at all. If I may engage in a bit of speculation, I would suggest that
ordinary blood transfusions probably have a much higher risk of exposing us
to tumor-producing agents. For since tumors are not detected until they reach
a substantial size, the probability that the average transfusion has ¢ome from
an early tumor patient is not negligible: it may be as high as 0.1 or 1° per’cent
The choice between cancer cells injected inlo one’s bloodstream, and tumor virus
genes in bacteria in ones gut Would not seem difficult.

E. The NIH gmdeunes

Though extensive discussion preceded formuiatmn of. the Gmdehnes I beheve
it did not include nearly enough input from experts in infectious diséasge and in
evolution, who could have debated the real hazards rather than unlimited hypo-
thetical scenarios. And in the light of what I see as the technical realities I would
regard the present Guidelines as excessively conservative. On the other hand, I
would also regard them as a reasonable response to the level of public anxiety that
has been raised, though they make the research substantially more expensive.
And in the face of the alleged dangers that have besn deseribed I cannot blame
the public for having a high level of anxiety, But I do blame the New York Times
for publishing in their Sunday Magazine last August a one-sided presentation by
a molecular biologist who displayed extraordinarily little understanding of either
microbiology or evolution. In speaking of E. coli as though it were a standard,
uniformly distributed organism, which would carry with it through the world any
additional genes that we insert, he ignored the most important factor of all:
natural selection. He also made the remarkable statement that the insertion of
tumor viruses into bacteria may make them infectious. And his seary scenarios
concluded ‘with the suggestion that scientists working in this field may produce
yet another Andromeda strain—as though the first strain existed in fact rather
than in fancy,

“@iven the present level of public anxiety, seientists in this field seem quite will-
ing to accept the Guidelines. But I hope it will not be toe long hefore these rules
are modified in the light of further experience. For since the technique is poten-
tially useful for a large number of investigators, the requirement for elaborate
facilities will add up to a very large expense. There must be some limits to the
Iaudable prmclple of erring oun ‘the side of caution.

III INTEBVENTIO'V IV EVOLUTION

“The hazard that we have been’ dlscussmgmthat of creahng novel dangerous
organisms—is a legitimafe cause for public toncern; there is no question about
society's right to limit hazardous aetivities. However, when we move to the ques-
tion whether our increasing power to manipulate genetic material creates long-
term evolutionary dangers we are moving intoe guite a differnet area, mvolvmg
the concept of dangerous ‘knowledge rather than dangerous actions. The most
prominent expoiient of this view iz Robert Siusheimer, of Caltech. Perhaps we
can clarify the issue by trying to tramslate into more spemﬁc terms some of the
general sources of apprehension that he has expressed in various publications.

1. Dr. Sinsheimer questions our moral right to breach the barrier between pro-
karyotes and eukaryotes, since we simply cannot foresee the consequences. This
argument seems to turh voluntary principles through 180 degrees. Evolution is
concrned with selection for ﬁtness, in the Darwinian sense, and the barriers that
it has established between species are designed to avoid wasteful matinis, i.e.,
matings whose products would be monstrosities, in ‘the sense of being unzble to
survive, rather than monsters, in the sense of taking over. Since survival of an
organism’ depends upon a balanced genome, evolution proceeds in small steps, no
one of which will excessively unbalance the genome in one respect while improv-
ing its adaptation in another. And since crosses hetween even closely related spe-

cies are excluded in nature on these grounds, it is exceedingly unlikely that arti-
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ficial transfers of genes between eukaryotes and prokaryotes would pass the test
of Darwinjan fitness.

2, “This is the beginning. of synthetlc biology.” I wonder whether this state-
ment can really be defended, con31der1ng that man has been domesticating ani-
mals and plants by selective breeding since neohthle tu:nes and has aiso been
cloning vegetables by grafting.

3. “The power to change the evolutionary process is-as significant as eracking
the atom.” But atoms. are not gubject to extinction by Darwinian selection. Stores
of nuclear weapons are likely to be more permanent than any dangerous organism
that might reach the world from a laboratory working with recombinant DNA.
Similarly, the statement by George Wald that “a living organism is forever” is
dramatic, but it disregards two powerful evolutionary predictions: first, that
natural selection will rapidly. extinguish all evelutionary departures except for
the infinitesimal fraction that have improved their adaptive fitness; and second,
that the recombination of genes from distant sources has an exceedingly small
probab111ty of improving fitness.

4. “We no longer have the absolute right of free inquiry.” But we never had:
as I noted above, dangerous procedures have always been subject to limitations.
But to invoke dimly foreseen, undefined dangers. seems to be starting on the
glippery slope of excluding dangerous ideas. :

b. Power over nucleie acids, as over the atomic nucleus “might drive us too
swiftly toward some unseen chasm, ... We should not thrust inquiry too far
beyond our perception of its consequenees.” While we have become increagingly
aware of the costs and dangers of technology, and should inerease our alerfness
to these problems as they become visible, I would paraphrase this statement and
suggest that we should not thrust our limitations on research too far beyond our
perceptions of its hazards, Some eclaim that scienfists are arrogant and wish to
steam ahead regardless of the consequences, But considering the history of the
benefits of science, and the sad history of Italy’s elimination from the race by
Pope Urban VIII after its head start under Galileo, perhaps it is more arrogant
for a handful of opposed scientists, having presented their arguments, to try
desperately to place severe restrictions on recombinant DNA research. )

6. Finally, Sinsheimer suggests. that this is the beginning of g genetic engi-
neering that will ultimately extend to man, In contrast to the vagueness of the
preceding propositions, this one is concrete, and one can wrestle with it. More-
over, I suspect that it lies at the heart of his anxxety, and that of much of the
audience.

This is too large a topic to consider in detail here. In 1970 it recewed extenswe
discussion, which then subsided but has been reactivated by the very different
guestion of genetic engineering in bacteria. I would only point out briefly that the
medical aim of genetic engineering in man is gene therapy for diseases due to
single defective genes, with a well defined chemistry. I believe we are still a long
way from being ablé to introduce DNA in the reliable, contrelled way that would
be reguired. But even if this guess is wrong, it is ¢lear that success in such therapy
would still leave us very far from being able to manipulate in any useful way the
large number of genes, all still undefined, that affect the structure and funection
of the brain. Moreover, in an already developed organism ne conceivable manipu-
lation of DNA could prescribe the wiring diagram of the already formed brain,
Hence the possibility that a.tyrant could use genetic engineering to manipulate
personalities seems still too remote to justify present concern. In addition, I
would question whether the technological imperative would necessarily (or even
likely) lead us to use genetic technology to manipulate human personalities
it we eould. If the simple but effective techniques of selective breeding and arti-
ficial insemination are not used to influence the gene pocl, one must question
what motivation would lead society to use the much more elaborate techniques
that might emerge from current research,

Philogophical questions about the effect of science and technology on man’s
fite do not start with recombinant DNA but go baek to Galileo. We cannot un-
learn. the scientific method, and if we vestrict it in one place it will turn up in
another., In a world that has only recently come to realize how large (and often
unexpected) a price we are paymg for various aspects of techmnology, it is only
too easy to take the benefits of science and technology for granted, and to object to
the new problems that they are raising. But in the long run it is difficult to see
how we can plot a more ‘prudent course than to try to reeogmze the hazards of
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specific possible applications as they arise, to seek a reasonable balance between
the demand for freedom of action and the demand for pretection from excessive
risks, and to seek orderly and responsible methods for involving the public in
matters that so deeply affect its interests.

I share Sinsheimer’s concern for the future, and his passionate advocacy of

- vigilance. But the vigilance must be directed at specific definable applications.

Vigilance concerning new knowledge that might someday be misused is, to me, a
threat to freedom of inquiry, and I believe a threat to human welfare. If we are
entering dangerous territory in exploring recombinant DNA, we may enter even
more dangerous territory if we start to limit inquiry on the basis of our incapac-
ity to foresee itg conseguences.
BERNARD D. Davis,
Bacterial Physiology Unit,
Horvard Medical School.
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FOREWORD

The Senate Subcommittee on Patents, Trademarks, and Copyrights
has been engaged in recent years in a review of our patent system.
As part of this undertaking the subcommittee pu-blisheg a series of 30
studies exploring the scientific, economic, and legal aspecis of -the
patent system. To assist in evaluating various proposals to institute
changes, the subcommittee obtained the views of industry, inventors,
economists, and the patent bar. ' : e

On the basis of its study the subcommittee concluded in 1965 that
while “the objectives of the patent system are as valid today as at its
inception,” there “has not been adequate adjustment of our patent
laws and procedures to reflect changing conditions and to respond to
the critical problems confronting the Patent Office.” I, therefore,
welcomed President Johnson’s decision to establish the President’s
Commission on the Patent System. This Clommission, composed of
distinguished public and Government members, has rendered a
significant service. It has undertaken a comprehensive survey of
our patent laws and procedures and addressed itself to the eritical
problems which demand solutions. Its unanimous conclusion that
the patent system continues to provide an essential incentive for the
conduct of research and the investment of capital is in accord with
the findings of the subcommittee. Its concern with the long pendency
of patent applications and the great uncertainty and considerable
expense involved in the enforcement of patents is shared by the
subcommittee. S

The 35 recomnmendations of the Commission deserve the careful
consideration of the Congress, the Patent Office, and all Americans
who desire to see a stronger patent system. In order to provide for
4 wider dissemination of the report, it has been published as a Senate
document. Of course, the views expressed are solely those of the
Commission and do not necessarily reflect the opinions of the Sub-
committee on Patents, Trademarks, and Copyrights. Its publica-
tion, however, does testify to my belief that it represents a valusble
contribution toward the improvement of the U.S. patent system.

Jouxn L. McCLELLAN,
Chatrman, Subcommitice on Patents, Trademarks, and Copyrights.
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+- November 17, 1966. -

The PRESIDENT P
The' Whmte House, '
Washmgton DC’

We have the hono to present the report of the Presndent’
Commlssmn ‘on the: Ps nt System :

: Your Commlssmn was established by Executlve Order No.
11215 on April 8, 1965, and the membership -was announced on
July 23, 1965. The Commission has held thirteen meetings,
- beginning ‘August: 15, 1965, each meeting lasting from one to
four days for a total of th1rty-one days.

The recommendations conveyed in this report have been
developed through study and discussion by the members of the,
Commission and, as a whole, represent their combmed ]udgmentf
and general agreement. The vecommendations; in all of their
details, however, do not necessarily bear the endorsement of
every member., . : :

Background material prepared by the: staﬂ" and the Com-
mission, reflecting more extensively the considerations taken into
account in the development of these recommendations, is being
completed and will be transmitted as a supplement to the report

The principal objectives of the Commlssmn 8 study are set
forth in the Introduction. To the extent that the Commission’s
recommendations promote the attainment of these objectives,
they will assist in furthering the mission of the United States
patent system—to promote the progress of useful arts, advance
the standard-of living everywhere and contribute toward world -
peace.and tranquillity. - SIOT I

. 'One point, Mr. Pres1dent merlts emphams The accompany-
1ng recommendatlons should not be regarded as 2 catalogue of
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‘discrete remedies. The report considers the patent system as a
- whole and:contemplates revision by means of a coordmated plan
of interrelated recommendatlons SR

The recommended changes taken together, We reepectful]y
suggest will strengthen the patent system, and ‘thus will assist
in the attainment of the Nation’s ‘domestic and 1nternat1ona1
goals in today s rapldly changmg environment. B

Members ‘of the Comnussxon deeply apprec1ate the responm-
blllty asmgned to them and oﬂ"er thelr contmued cooperatmn

Respectfully yours,

HARRY HUNTT RANSOM
SIMON H Rirrmm . ‘
e Cochawmen
. JOHN BARDEEN o L
- JAMES W. BIRKENSTOCK
‘EDWARD J. BRENNER . -~ °
" CHARLES F. BROWN T
HowarD W. CLEMENT - 77 7o
EUGENE J. DAVIDSON
JOHN M, MALLOY-
: Howagrp K. NASON
.. SIDNEY NEUMAN -
 BERNARD OLIVER . . . -
- HORTON GUYFORD STEVER “ "'
" CHARLES B. THORNTON




Bl AL e ARRALELAS A LA A AR LA R AT A AR LR e AR A R

THE PRESIENTS COMMISSON ON THE
_PATENT SYSTEM.. ..

JOHN BARDEEN o < HARRY HUNTT RANSOM
James W. BIRKENS’I‘OCK‘ S Cochairman...

SIMON H.RIFKIND, .. .
HoWARD K. NASON Cochawmm T
SIDNEY NEUMAN HORTON® GUYFORD -STEVER
BERNARD OLIVER .. .. CHARLES B. THORNTON

" Government Members

AT S e

Secretary of Commerce JOHN T. CONNOR
EDWARD J. BRENNER, Designee
Secretary of Defense ROBERT S. MCNAMARA |
- JoHN M. MALLOY, Designee
Small Business Administrator BERNARD L
EUGENE J. DAVIDSON, Designee
National Science Foundation Director LELAN ]
CHARLES F. BROWN, Designee ‘

Official Observers %

Secretary of State DEAN RUSK
EUGENE M. BRADERMAN, Designee

Office of Science and Technology Director DONALD F HorNIG
DAVID Z. BECKLER, Designee

iv



TO-PROMOTE THE PROGEESS”OF USEFULI ARTS 5

- STAFF OF THE COMMISSION

~ AUFRED C. MARMOR
C Habeutive Seoretary ot v

ACCIAPAGLIA, Jr.
Administrative Assistant

Research Assistants

Louis O. MAASSEL
d. ADDISON MATHEWS .
IrRviNG R. PELLMAN

. Secretarial and Clerical Assistants

JANIS A. EDWARDS
FRANCES A, HUNTER

Editorial Consultant

GorpON L. HougH

74-184 0 - 67 - 2



b AR A LMLV L L L LLt CAMUNILLLNTD O WA UL Uay . Slvd

"ncnnnw:.nnuzmms

The Commission w1shes to record 1ts sincere gratltude for
the generous efforts contributed by its staff, and by many indi-
viduals and organizations from both government and: prlvate
life, which have been of inestimable value to the Commlssmn 1n
'dlscha‘ gmg ‘its* responsibilities. N




TO ‘PROMOTE THE PROGRESS OF USEFUL -ARTS . i

CBNTENTS

Letter of Transmittal . _ .o oo ool oL . PN 1|
Names of Commission Members and Observersw_- SIS
Names of Staff Members R A SN N
Agknowledgements_ —TTTTTTmT S ‘ £ - o ; V1
INTRODUCTION _______ ... : S TR |
RECOMMENDATIONS 5
. Patentablhty of Inventlons
I Prior Art_ o iieoaliee.oo- 5
II Preliminary Application: . _ .. .. ... ____: -8
IT1 Exceptions to Prior Art.__ o . ..o _____ 9
IV Patentable Subject. Ma,tter_ i ie o o 12
i Application Filing and Examination. .. e
Vv _ Assignee Filing and Joinder of Inventors ______ c 14
VI - Claim forPrloﬂtyDate_______“_-__-__-____-_ .16
VII "Publication____._....._.___ S 16
VIII Continuing Applieations____ . ______._._. 17
X Standby Optional Deferred Examination______ 19
X Burden of Perswasion_ ______________________ 22
XI Citation Period. _ . .- ... 23
XI1 Quality Control . __ . ... 24
_ Direct Review of Patent Office Decisions
XIIT Presumption of Correctness._________________ 26
XIv Review by Court of Appeals. . ______________ 26
Procedure for Amending and Cancelling Patents
XV Cancellation_________ ... ... 29
XVI Reissue_ . _____.___._._._.. 80
Liability and Enforcement
XVII Interim Liability __ - ___ . _ .. 32
XVIII Term of Patent. ... . e 33
- XIX Secrecy Order___ . 34
XX Terminal Diselaimer___ .. ... ... __________ 35
- XXI Importation. ... ... ______ 35



XXII Patent Right Transferablhty _________________ 36

XXIII In Rem Invalidity- " : 38
XXIV | Civil Commissioners__._____________________ 39
XXV . Expedited Procedure for Limited Clalm b
XXVI Statutory Advisory Couneil ! - 43

7 - Patent Office Operations
XXVILI - Patent Office Finaneing. ... ... ...
XXVIII Propriety of Final Rejection.______
XXIX - - Classification and Informatlon R
XXX . Information Dlssemlnatlon_
XXXI - Transition_____.. Cililllln
XXXII -Government Patent Pohcy_'_
International Action: "
XXXIII - Inventor's Certificite .. B4

XXXIV Term Measurenent . ooil_sviiibmi - 54
XXXV ' - -Universal Patent System_ e 55

CHARTS_____;'___ _____________ RN T URN SRt S ... B8

viii



“T0PROMOTE 'THE “PROGRESS::0F USEFUL“ARTS 9
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rl‘he Umted States patent system is’ an 1nst1tut10n as’ old a8
the Nation itself. Stemmmg from a Constitutional mandate,
“patent acts were passed ‘in 1790, °1793; and 1836. The Act of
‘1836 established the pattern for i our present system’ by pr0v1d-
'1ng statutory criteria for ‘the 1ssuance of patents -and ‘Yequiring
the Patent Office ‘to examine “applications “for - conformance
thereto. Althou h‘ithe law hag been amended oh humerous oc-
‘casions=—dnd even rewritten twice since 1836<-n¢ basic changes
have been made in its general character in.the ‘succeeditig one
‘hundred and thlrty years '

However ‘during - this- perlod of J?c'ew statutory changes
major developments have occurred in the socizl and’economic
character of the country. The United States has undergone a
‘dramatie transformation, cre'ating" ‘and utilizing’ an ‘enorrously
complex: technology, ‘to emerge as: the World’s most productwe
~1ndustr1a1 commumty p bt ST ey

In the ag'rlcultural economy of 1836 1nd1v1duals who en-
gaged in inventive activity usually did so alone, and on their own
-initiative: Such act1v1ty still continues. . The lone, indépendent
1nventor, even in this day of. sophlstlcated technoiogy, still con-
tributes most importantly to the useful arts. But the field i is no
longer his alone. Organized research is carrying a steadlly in-
creasmg share of the fask of exploratlon .

Research ‘and’ development are niow’ commandlng a sca.le of
'expend1ture which is possible only because of the apphcatlon of
the résotirces of ‘governmént, private industry and institutions of
_ learnlng

g 'Sclent1ﬁc and technlcal 1nformat10n is belng generated and
made available to:the public in an-ever growing terrent. - 'What
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the patent fraternity calls prior art is growing so fast that it is
becoming almost unmanageab}e by conventional means of stor-
age and retrieval. . ‘Disclosures are becomlng mcreasmgly com-
_plex, and’ many are. 1n forelgn languages T

C The trend in the number of patent apphcatlons is clearly
upward and. thelr sub_]ect matter is increasing in. sophistlcatlon,
-and complexity,. . The current backlog of pendlng apphcatlons is
over 200,000, the average’ period. of pendency being two and one-
half years from filing. to final dlSpOSIthIl However, a substan-
‘tlal number of appllcatlons have a perlod of pendency of ﬁve to
.tenyearsormore e e an D :

All of these factors have eooperate:dwto makeltexceedmgly
diffieult for the patent examiner. to screen: What is truly novel
_and What is truly 1nvent1ve - e L

Agreemg that the patent system has in. the past performed‘
.well:its Const1tut10na1 mandate “to promote the progress of .

useful arts,” the Commission asked itself: . What is the: bas1c
worth of a patent system in the context of présent day condi-
tions? The ‘members of the Commission unanimously ‘agreed
that a patent system today is ‘capable’ of contmulng to prov1de
an incentive to research, development and innovation. They
have dlscovered no practlcal substltute for the unlque serv1ce 1t
renders - : - S

F1rst a patent system prov1des an 1ncent1ve to 1nvent by
offering the possibility of reward to the inventor and to those who
support him. Thls prospect encourages. the expendlture of time
and private risk capltal in research and development efforts

Second, and complementary to the first, a patent system
stimulates -the investment :of-additional capital needed: for the
further development and marketing of the invention.. "In return;
the patent owner is given the right, for a limited period, to exs
clude others from maklng, usmg, or selling the 1nvented product
Or process.

2
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* Third, by affording: protection, a -patent system encourages
early public disclosure of technological information, some of
which might otherwise be kept secret. Warly disclosure reduces
the likelihood of dupllcatlon of effort by others and prov1des a
basm for further advances 1n the technology mvolved

: Fourth ) patent system promotes the beneﬁclal exchange of
products, services,-and- technological information .across national
boundaries by prov1d1ng protectlon for 1ndustr1al property of
-fore1gn nat1onals PR L _ .

Havmg satlsﬁed 1tself as to the Worth of a patent system
the Commission then undertook an extensive analysis of the
many studies of “U.S. and foreign patent systems. The Com-
mission also sought and’ recewed additional views, criticisms
and suggestions from numerous sources, 1nclud1ng business and
trade assomatmns, individual patent practitioners, patent law
ass001at1ons groups and. individuals within the Patent Office,
educators, 1nventors, ‘smentlsts, busmessmen, and other inter-
ested partles From these sources the Commlssmn 1dent1ﬁed
numerous ‘broad areas of concern ’

" Recognizing that it -eould not consu:ler adequately all the
matters of potential concern in the limited period of its-existence,
the Commission selected a number of areas with which it felt it
could deal most effectively. In-making this choice, the Commis-
sion took into account several factors, including its own member-
ship, present investigations by other executive and legislative
groups, -and the ‘potential - contribution the Commlssmn could
make in any given area. : : :

Wlthln ‘the boundarles thus defined, the Commlssmn 1dent1-
fied the followmg objectives:

1. To ralse the quallty and rellablllty of the U. S
patent. \

°.  To shorten the period of pendency of a patent ap-
plication from filing to final disposition by the
Patent Office. .
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30 To acceIerate the publlc} dlsclosure of technologlcal Ce
P advances i BED G B inant LR

.. :To make U S patent practlce more compatlble Wlth:-?'
 that-of other major- countries,’ Wherever consmtent
: w1th the obJectlves of the_ .S:

plodlng technology foreseeable in
L “,ahead TS S S Y

_ Many of the problems related to these obJectlves are 1nter-
twined.  An attempt to. solve or reduc:e a problem at ohe pomt
of the system can. expose or create a dislocation at ‘another.
Separate and uncoordinated solutions to 1nd1v1dua1 problems
would y1e1d a gerrymandered patent system full of 1nternal
contradictions and less efficient than the one we now have. It
is. this cxrcumstance—not any cIa1m to_supérior Wxsdom—_whzch
led the Commission to propose the’ 110wzng changes all as part
of one interrelated and coherent plan. .
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""”?--mzcommznnmnns

"'Pniemubllnv ol.lnvenlllons l.: o )

The following recommendation would result in several
significant:changes'in present practice::(a) when two or more
persons separately apply for a patent on:the same invention, the
patént ‘would issue-to: the one’ who:is: FIRST TO FILE. his
application; (b) there would: be:no grace- period;” (¢) foreign
knowledge, use-and -sale:-would .be included as prior art; and
(d) there would be rev1sed eriteria- for:the: form:of prior-art.

. Prior art 's._ha-llf' “comprise - any “information; '

‘knownto-theé public, or:made available to the ' - =

..., public-by: means of disclosure in tanglble form: - -

... .ot by use or placing on sale, anywhere in the ... ..

.. “world, prior to the efEectlve ﬁhng date of the .
o i.':tppheatmn ‘ o

A disclosure ina U S, patent or. pnbllshed com-,' S \
- plete apphcatlon shall constitute prior art asof '
; :;:s effective (Umted States or forelgn) ﬁhng '

ate g L :

(a) In. a ﬁrst to ﬁle system the respectwe da.tes 0 “conceptlon
and “reduction to practice” of the invention, presently of great
1mportance “in resolvmg contested ‘priority forian: 1nvent10n_
claimed~in “two’ or: ‘fhore pendmg apphcatmns or patents,” no
longeiwould be considered.” Instead, the earhest offective filing’
date would deterinine the questmn of ‘priority.” ’I‘hls ‘necessarily’
follows" from"the ‘provisiori” that 'thé disclosure in &' patent or’

published complete -application ‘shall constitute prior art”as of’
- its effective filingdate; ‘Interferénce proceedings thus would
be abolished. .. . .. = . o .y ~




Impor.ant conmderatlons dictate this departure from our
present practice.: A ﬁrst to: ﬁle system W111i' ncourage prompt -
disclosure of neWIy "discovered technology; substitute for the
delays and expense of interference proceedmgs a fair and
inexpensive means by which an inventor can establish priority;
and bring U.S. practice into harmony with that prevalhng in
almost al] other 1ndustr1al natlons

The Commlssmn belleves 1t is as equ1tab1e to grant a patent-
to the first to file as to the one: who.-wins an interference. - Many:
circumstances may determine. the winner in either case.’ But/
the: first to: file -is:more apt:to be:the inventor: who first ap-
preciated the worth of the invention: and promptly acted to makezf.
the. invention: avallable tothe pubhc TR ;

(b) Regardless of the time- the 1nvent10n was made;‘any rele-
vant information, known or made available to the public, ante-
‘dating the effective filing date'of the first apphcatlon containing
the subJect matter on Whlch the clalm to such 1nvent1‘ nj is based

own earlier disclosure would bar the grant of a patent if made
- public before the earhest effective filing' date.to ‘which the par-
ticular claim was e itled.. As a result, there would be no grace
period, and the question of whether the invention. :is. obvious
would be considered as of the ﬁhng date, rather than as of the '
tlme the 1nvent10n was made G SN g

L ThlS change would speed the examlnatlon procedure in, the;
Patent Ofﬁce by ehmmatlng the tlme-consumlng consideration of .
aﬂidawts presently subm1tted' 0. establish an.. earlier. date. of
1nvent10n and . thus overcome, prima . facie. prior-art. Also the.
appllcant 1no Ionger Would need to maintain extenswe _records:
now requlred to corroborate such affidavits, or.thereafter, to.
prove his actual dabe of 1nvent1on in an 1nfr1ngement sui -

Greater international uniformity would also be achieved,
since the present grace period has no counterpart in most foreign
systems. Further, inventors no longer would forfeit - their
foreign patent rights through dlsclosures made in reliance on
the U.8. grace period. . : :

6
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(c¢) 'Foreign -knowledge,; use ~and :sale. wotld : be -includéd as
prior:art. :~Present. arbitrary. geographical: distinetions would be
eliminated. = The same high standard of proof now required for
showing domestic ‘public knowledge ‘use or sale Would also be
applied: to such forelgn prior-art.: e W e friin

The anomaly of excluding, from pI‘lOI‘ art pubhc knowledge
use or sale in a border town of Mexiceo or Canada, and including
the same kind of dlsclosure in Alaska or Hawan Would be
ehmmated e T -_ ST

ThlS change Would prevent the grantmg of vahd U S

patents on-invéntions which - -would -be unpatentable .abroad,
because. of -long-use or sale.ithere, :: It would:be “another: step

.. ‘toward -conformity :with ‘European :patent laws and would

promote-acceptance of 4 common definition of universal prior art:

~ Additionally, it would promote the establishment of international
scientific data banks, thus eliminating one of the barriers to
the useful” exchange of search results among patent oﬁ'ices of
various countrles L : :

(d) “Prmt g, pr _.1n certain
~01rcumstances, would no longe1 De- necessary for.a pubhcatmn to
constitute: pr101 art. Instead, any information made available to
the public in'a tanglble (non-oral) form, pr1or t0 the effective
filing date; couId S0: Serve. _ i sl

" Such a change would estabhsh as a loglcal and modern
'standard of the form of pI'lOI‘ a1t that elther pubhcly known
or made avaﬂable to the pubhc in a preservable form, Tt shnuld
end present dlsputes and avoid future controversy, by acceptlng
as prior art typewntten copy, mlcroﬁ]m computer prmt—out or
any. other tangible expression of technologlca} data made avail-
able to the pubhc : . : - -

(e) The dlsclosure ina patent or publlshed complete apphcatlon
would have, as its effective filing date, the date of its earliest
filing in the United States or'a foreign country. - This" would
resolve present uncertainty:-caused by conflicting court decisions:

7



*This also:would avoid:an anomaly whereby:two applications,
with the same effective filing date; would have different.dates:for
the purpose of constituting: prior:art where: one isi based:upon:a
foreign application. . Further;; it ‘would appear torbe:a necessary
adjunct of a first to file system;:to: prévent-two:patents:from
issuing on the same invention.

To substitute for the present grace period, a first:to.file
system should include some technique for allowing the inventor
to. seek ‘support or test his:invention in the:marketplace. "It also
should-encourage:-the free ‘discussion of new!discoveries in:the
academic and -scientific communities::: To meet: these needs; &
preliminary application, an:finstant” form of!disclosure to the
Patent Office -free: from-:r."he delays and expense ofar formal
. appllcatlon 1is: proposed R el O o FER :

A prellmlnary appllcatlon may be used to se--; s
" cure 2 filing date for all features of an.inven- .
tion disclosed therein, if the disclosure subse- =~ "’
quently appears in a compleie application. .
" Requirements ‘as to form shall he mmlmal andi :
-fl‘-fclalms need not- be lncluded e

" "One ‘or more prellmlnary apphcatlons may be,

" consolidated into one compléte application’

filed within twelve months of thé éarliest pre-- /0
hmmary or forelgn appllcatxon relied on, '

. Under thls recommendatlon an appllcant Would ﬁle a, wmtten
descrlptlon ‘of his _E1nvent10n in a prehmlnary apphca
docizment with minimal requ:rements as to form and needlng no
claims. “This would" permlt early filing of an apphcatwn sinee it
could be prepared by someorle having little’ knowledge of patent
law and procedure. ' Applicants should be ‘made’ aware, however
that the protection afforded by a preliminaryapplication Svill
depend greatly upon rthe adequacy of the disclosure contamed

. Additional preliminary applications could ‘be filed to cover
aspects-of the.invention: developed:subsequent to filing-of: the first

8.
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prellmmary application... Records.:an.inventor. now: must keep
could be replaced by dlsclosures -submitted to.the Patent Office,
Where . _automatmally would be cert1ﬁed as to.date.: One or

the dlscloenre ﬂrst: presented ina fore1gn apphcatmn \r._f,f}_.

. Information contdined in these apphcatmns could be dis-
cloged to ‘the pubhc Wlthout I'lSk throug'h pubhcatmn or market
testing, for example as long as a complete apphcatlon Was ﬁled
within twelve ‘months of” the eatliest prehmmary or fore1gn
apphcatmn rélied on. “By a compléte’ appl1cat1on is"meant one
which' complies’ with present requirements. for an application.
Accordingly, many of the advantages of'd grace perlod could be
obtained witholit the associated problems. . :

Each claim: ‘in-the: complete application: would be éntitled,
for the .purpose:of. overcoming prior art, tothe date on which ity
supporting -disclosure - was first - fully presented 'in a‘ validly
asserted forelg'n, prehmmary or - earlier complete application.
Also, dlsclosure in a complete application, if- publlshed ‘would
constitute prlor art as-of its first presentatlon date. . :

The prelnmnary apphcatmn techmque would create no
s1gn1ﬁcant burden for the Patent Office. . Preliminary applica-
tions need only. be stamped with their date of receipt and stcred
pending. the ﬁlmg of a. complete -application, and even: then
would only be conmdered if . the, effectlve date of the complete_
apphcatmn Was brought 1nto questlon E e sl

_ Prior art shall not mclude, as to the mventor.”
o concerned disclosures:-of - an: mventmn result-fi”-
ing from: . T

'_'_1 A display in an_official or. ofﬁmally recog-:
‘ mzed mternational exhlbltlon‘ or .

. thori ed pubhc dlvulgatlon of infe ,
matmn derwed fr m, the entor; .

As provided below




1.~ Twointernational treaties define and 'regiila'te “official and
ofﬁclally recognlzed 1nternat10na] exhibitions.” * The: Parls Con—
vention for the Protectlon of ‘Industrial Property ‘Yequires that
“temporary protectlon be granted W1th respect to 1nvent10ns ex—

h1b1ted at such exhibitions.” * '

The United States has had no need for a speclal prov1smn
wzth respect to exh1b1t10ns because ‘the present grace pemod pro-
tects agamst the ‘adverse. effect of d1sclosures oceurring W1th1n
one year. before the ﬁhng date of an appllcatlon Smce the
Commzssmn now suggests ehmmatlon of the ‘grace. period,. &

must be prov1ded to conform to the- Parls Conventlon

-It-would: appeax: that the preliminary application (Recom-.
mendatmn No. IT)- comphes both with:the: ‘spirit-and the letter
of ‘the Paris Convention in:providing temporary protectlon for’
inventions :shown, ‘at- international exhlbltlons However, if“a
prehmmary apphcatlon proves not to satlsfy the Conventlon, 1t
is recommended that:" £ : -

A display ‘at an oﬁimal or oﬂiclally recognlzed 1nterna- o
~+‘tional exh1b1t1on by “an inventor, o ‘assignee, ‘shall niot
" constitute prior art against his’ complete apphcatlon to.
’ the extent that the mformatlon disclosed by the d1spIay_';

‘- appears in-a notice havmg the format- of a prehmmary

application; provided: that the notice*is filed in the
Patent Office no later than the public opening of the -
display and the complete application is filed within six.
months after ﬁhng of the notlce

2, Wlth respect to unauthorlzed pubhc dlsclosures, 1t is rec-
ommended that:

An unauthonzed pubhc d1sciosure of mformatlon de-

said dlsclosure, a complete appllcatl m 1o the 1nvent10n
is filed by the inventor or assignee; " =+ -t

10
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Any allegation, that a disclosure should not constitute
prior art because it was unauthorized, shall be consid-

. ered'by the Patent: Ofﬁce only if it is verified, sets forth
details establishing a prima facie” case, “and is accom-
panied” by ‘proof that-notice has: been served on the
party accused of maklng the dlsclosure o

If the -party accused. promptly contests the allegatlon
the-application shall 1ot issue .as a patent until the
matter is ﬁnally Jud1c1a}1y determrned in favor of the
apphcant N 1 SR :

.Currently, under certam c1rcumstances, 4 dlsclosure will
not bar the 1ssuance of a patent 1f such dlsclosure was made
within the grace perlod : '

In the absence of thls recommendatmn, an 1nvent0r or his
a331gnee would: lose his patent rlghts if an unauthorlzed public
disclosure of the invention in any form (1nc1ud1ng patent appli-
‘cations or patents) was made prior to his filing.an application.
This recommendation furnishes a procedure:to nullify the effect
of such disclosure upon the inventor.. It -would allow the Pat-
-ent Office . to ighore alleged- unauthorized disclosures ‘as’ prior
‘art-in- those ihstances where ‘the ‘allegation is not contested by
the accused party. At the same time, it is designed to ‘dis-
courage an unsupported assertion that a disclosure should not be
used to bar a patent. In a subsequunt litigation, failure on the
part of an accused party. to.contest the assertion in the Patent
Officé would not preclude rehance on. such a d1sc10sure to.invali-
date the patent

= The apphcatmn Would not receive the beneﬁt of the date
-of _the unauthorized disclosure for purposes of jiriority. = Rather,
any intervening untainted:disclosure; occurring betteen the date
of the unatthorized public disclosure and ‘the application ﬁhng
date, would constitute prior art as to the applicant. The un-
authorized public disclosure also would constitute pI’lOI‘ art as
) regards aIl other apphcants ' :

11



Cayu WU - PROMUTLE THE- PROGREESS 0F USEFULS ARTS

The classes. of, patentable subJECt mattel shall. "t'
... continue as at present, except: . - S H,

LA provisions in the. patent statute for de-
sign patents shall be deleted .and another:,lr.j
form of protection provnled e

S 2 Al provisions in the’ patent statute for plant
~patents: shall :he: deleted and another form'?'-';" S
of. protection provided. . ol s

3. A series of lnstructlons wlnch control or
condition the operation of a data pmeessmg

.. machine, generally referred to.as a “pro-. .
" gram,” shall not be coas1dered patentable.‘ A
regardless of “whether =~ the program ‘is .
-claimed as: (a) an article, (b) a process de-
scribed in terms of the operations performed" R

. -.7:by’ a -machine pursuant-to/ a: program,:or :::
-:_.(c) one or. more: machine . conﬁguratlons :
' Vtablls ed byaprogram

ThlS recommendatmn Would end the pract1ce of grantmg
'?patents on designs and plants. - It:alsowould eliminaté whatever
possibility exists underithe present statute;if any; for: dlrectly or
1nd1rectly obtaining a . patent.covering:a program or: g patent
covering the operatlon of-a: data processmg machme pursuant to
_a.program... it eenn Pty beannon ol

The Commlssmn beheves strongly that all mventmns should
zmeet ‘the statutory provisions’ for novelty, ut111ty ‘and unobvmus-
ness and’ that ' the sbove: subJect matter cannot 1ead1ly ~be
examined for’ adherence to these eriteria. " "

1. Designs: A patent now may be granted on any new, original
-and ornamental-design for-an article: of manufacture. - Despite
the statutory, requ1rement .of unobviousness,: patents. on:designs
are now granted, in: effect; solely on-the-basis of novelty. : Courts
often find these. patents 1nval1d on; the ground that the des1gn is
obv10us b et m e e AT iy Bl

The Commission is aware of legaslatr, Pt Pt
ornamental des1gns against copying.” Nevertheless it ‘beliéves

12
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that some means outside the patent system should be developéd
for the protection of new and orlglnal ornamental des1gns

2. Plants: A patent may be granted today on any new and
distinet varlety of spec1ﬁed types of asexually reproduced plants
The statute imposes the Fequirement  of unobviousness for
patentability. In practice, however, patents are granted if the
Department of Agriculture notifies the Patent Office that, as far
as it can determme, the plant’ varlety is new, and the examiner
. finds no art indicating the contrary. N

While the Commlssmn ack the alu_able contribu-
tion of pIant and seed breeders, it does. notT'consider the patent
system the proper vehicle for ‘the protectmn of such subject
matter, regardless:of- whether: the: plants: reproduce-sexually or
asexually. It urges further: study to: determme the"most appro-
priate means of protectlon T

3. Programs Uncertalnty now: ex1sts as.to whether the statute
permits a valid patent, to . be .granted on.programs.. Direct
attempts to. patent programs have been re;reeted on the ground of
nonstatutory:subject matter. - Indirect: attempts to obtam patents
and avoid:the rejection;: by draftmg ‘claims as a! process, or a
machine or components thereof programmed in a given manner,
rather than 88’4 program 1tse1f have cenfused the 1ssue further‘

The Patent Ofﬁce now: cannot ‘examine apphcations for
programs becaiise of-the-lack of aiclassification technique dnd-the
requisite search “files: ' . Even:iif -these: were’ available;: reliable
searches : would : not: be: feasible  or: eéonomic' because ‘of -theé:
tremendous volume:-of prior art bemg ‘generatéd.’ ' Without this’
search,the patenting-of programs would be tantamount to mere’
registration and the: presumption -of ‘validity -would be all' but
nonex1stent :

It is noted that the creatlon of prograrns has undergone
substant1a1 and. satlsfactory growth -in- the : absenece: of: patent-:
protection and that copyright- protectlon for programs is
. presently avallable

13
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- - Bpplication Filing and Exomination - - - .:;

To prevent delay, Whlch may be detr1menta1 to. the owner

of an 1nvent10n while retammg safeguards to protect the rights
of the 1nventor 1t is recommended that I S

1 Elther the mventor Qrasmgnee may. ﬁle anﬂi_ o
sign both  the paehmmaly and complete_“ D
applications. A

Any application filed by the assignee shall_ -
include a declaration of ownership at the -
time’ of filing and, prior to publlcatlon of 7
‘the application; shall include a’ declaration ¢
i of -originality by the inventor and ev1dence-
. .+ of arecorded specific assignment. .
2. Evexy application shall include; at the time- ‘

of filing, the name of each person belleved to .
- have made an’ mventlve contl ibution. - AR

"+ 3. Omigsion of an mventor s narme or mclusmn o
o o of the name of a person not an inventor,
2 withoutdeceptive intent, shall -not affect” = -

,gvahdlty, and can he’ corrected at any time.:

1 The present patent act requlres (Wlth specn‘ied exceptlons)i
that the inventor, at the time of ﬁhng, must sign. the, application.
~ and make an oath or declaration that he made the invention.

Occasionally, . inventors-ave unavailable or unwilling to sigh an
application immediately -after it is prepared:. -Moreover, it:is:
sometimes-difficult to: determine :the identity .of an.inventor: at:
the.time the;dpplication-is prepared 'Delayin complying. with:
the requirements-has resulted:in loss of rights.to the applicationr
owner. . Such delay. would be more: serious: When the effectwe:-
filing: date is treated: as the date 0f 1nvent1on

The intent of this recommendation is to mmphfy the
formalities for ﬁhng an-application by aHOWlng the owner of the
patent: rights to’sign: and ‘file: the necessary papers Many”
~ detrimental delays thus: Would be avoided.: i B

14
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Before publication of the application, however, the assignee
must provide both a declaration of originality and a specific
assignment’ from the 1nventor to safeguard the 1nterests of the
inventor and the public. The present statutory exceptions which
allow an interested party to file an application when-the inventor
is~deceased; is- incapacitated, -cannot ‘be fotind or ‘refuses to
cooperate would be cont:nued to prevent forfelture of r1ghts

2. At present 1t is often dlfﬁcult to deterrmne Who should be
named as the inventor in any glven application. A contributing
factor is court ruhngs that for a valid patent to be granted to
Jomt .inventors, ‘each .person named must have been a ]oxnt'
1nventor Wlth respect to. each claim in the patent

Many complex 1nvent10ns result from the combmed efforts
of persons working separately, often at different times and in
different sections of an organization. - In such cases, adequate
protection may be impossible because all of the claims. required
for protection cannot be presented. properly ina: smgle applica-
tion, and the individual contributions: cannot properly ‘be made
the subject matter of sepavate patents; -

This reeommendation would simplify. thef>1nrt1a1 -determina-
tion of who should bé named s inventors 1n ;g_:lven apphcatlon

inventor of the mventlon aSSerted m 'each clalm' in a patent.

3. Today, a patent 1n Whlch g soIe 1nventor is 1ncorrect1y named
will be held-invalid. :In the case: of -joint inventors, the omission
or improper inclusion of a name will not necessarily:invalidate a
patent; however, correction procedures may be burdensome and
the issue of Whether correctlon is reqmred can become an item
.of costly htlgatlon o - LA

Thzs recommendatlon is 1ntended to av01d a holdmg of
invalidity, as above mentloned as We]l as to facﬂltate correctlon
of appllcatlons and patents P

13



s Th1s recommendatmn Would requ1re that .any - c]alm for a
pr10r1ty date based.:onan..earlier. U.S.-or. fore1gn :application
must. be: made at the t1me a. complete apphcatmn is-filed..  Pres-
ent practice allows a cla1m for pl'lOl'lty to be delayed untll the '
ﬁnalfeels pa]_d S SR S PSS U S el P

‘ Early knowledge of, the pr10r1ty date on Whlch an’ apph-
cant 1ntends to rely’ would become more important with the
adoption ‘of a first to- file-system. Such knowledge would" bé
necessary for propér’ determindtion;” without wasted® effort on
the part of the Patent Office, of what references may be used as
pnor art agamst an "'apphcatmn o '

‘Publlcatlon of a pendmg apphcatlon shall oc- T

< ctir‘eightéen to twenty-four months after its:

o - earliest:: .effective - filing ;- date, :or: promptly-

?it'ter allowance or: appeal whlchever comeS;;;r.
rst o

~..:An applicant, for -any. reason,: may: request.
. earlier:. pubhcatmn .of his. ‘pendmg complete_ —
. -;'apphcatlon

o _An appllcatlon shall. be “republished” prompt-.:. el
ly “after “allowance or appeal subsequent to.
__initial publication, and again upon issuance as .
el patent to the extent needed to update the
“oinitially” pubhshed appllcatlon and glve‘ ‘notie
of; lts status 1 e e :

Office”of “an apphcatlon is"that’ Whlch oceurs upon th ‘jssuarice
of a patent. Today, such publication can be" delayed signifi-

cantly Jbeyond two years from the effective filing date of an

_ This recornlniendati.enusets an ontside:‘;-liniits.on':thej;»tiirne;for
publication. An application, unless abandoned and kept secret,
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would be made available fo-all ;concerned. within a: reasonably
short t1me Early pubhcatlon could prevent nee_dless duphca-

tion prior to the time for publlcatlon and ‘vetain ‘the invention
in secrecy: :Alterndtively, an applicant couldhave-his applica-
tion published promptly -after’ ﬁlmg, with® or Wlthout abandon-
ment, which would make his d:sclosure ‘available “earlier for
prmr art or: 1nter1m l:ab111ty purposes However, the Commis-
sioner could T uch pubhcatlon Where the sub]ect matter is
nonstatubg;_'y moral or the. hke

In the case:of an applicétion-éwhieﬂ: is: given a tiotice of al-
lowance, or in which an appeal is filed to the Board-of Appeals,
W1th1n the e1ghteen to twenty-four months after 1ts earhest

Republication afte
appeal would be required if.amendments-to.the:claims or specifi-
cation’ are:made  after: the first - publieation.  Printing i costs
should ‘not be' incredsed ‘substantially since ‘republication “could
conmst merely ‘of a notlce, pubhshed m the Ofﬁc1al Gazette, Wlth
pubhc When con31dered appropmate by ‘the” Commlssmner
integrated cop1es of the spemﬁeatlon and drawmgs could be
prepared and made avai S :

Thls recommendatlon is ‘intended to 'prevent the‘repetltwe
ﬁlmg of dependent apphcatlons It is deszgned to eliminate
undue postponement of the pubhcatlon of the scope of protection
granted; bring. the United States into accord with international
practzce, and permlt moxe: eﬂ‘icxent Patent" Ofﬁce examination.

17



P10 WY rRUNMULE LR FIROGEESS U CUSKPUL CARDS

& ;Unless a later ﬁled appllcatlml lS

: nt; uatlon appllcatmn and is filed. be--',;“

e foxe'the occurrence of any of the followmg'i’_ o

“i‘evénts: (a) the abandonment of (b) the- -
allowance of all pending:claims in, or:(e) /v i
the filing of an appeal to the Board of Ap-

peals as.to any claim. i m, the: orlgmal parent

- ._*A contmuatlon-m palt apphcatlon and lS) c
Lo _ﬁled before the publication of any. of its- pal-_ G e
e :ent apphcatmns,m -

.8, A divisional apphcatlon ﬁled (a) on: one of: G
.. the inventions indicated to. be divisible in a
~restriction requirement and is. filed during <
the pendency of the application in which the ="~
- restriction was first required, or (b) during -
3 s.-:thtia: pendency of the orlgmal parent appll- 2ol
HCATION ] 0 i

The later ﬁled appllcatmn shall not be entrtled o

' parent if pubhshed “shall’ constltute piior art
‘ “agamst the later ﬁled apphcatlon B

Lo At present,. an. apphcant may serlally ﬁle contmumg ‘ap=
plicatmns,for .an -unlimited: period -of time:and:maintain: his:
invention in-secreey. - Such practice makes effective examination:
in the Patent Office. more: difficult and _expensive, .and. indefinitely.
prolongs the. time, before the .issuance ..of: a. patent: and the-_
' resultant pubhcatlon of the scope of protectmn granted

Permlttlng an apphcant to ﬁle a contmuatmn apphcatlon‘,
during the indicated portion of the pendency ‘of "his ‘original
parent application would provide some latitude for one who felt
that inadequate opportunity existed in the parent ease to reach
a clear issue. - At the same time, it would aveid needless effort in

preparing exammers responses to appeal brlefs a8 Well .a8
und‘ ]y prolonged prosecutmn of the same 1nvent10n ___'

“‘-Reqmrmg that 8 contmuatmn—m-part apphcatlon be ﬁled'-:‘-
before publication of the parent:application; as would- appear:to:

18
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-be reqmred if the provisions of the present Council of Europe
Treaty. and proposed Common.. Market Patent System.. were
observed, norma]ly would allow both the parent and continua-
tion-in-part. -applications .to -be - exammed contemporaneously,
possibly by the same examiner. Further, the public would.learn
sooner of the scope of patent protection that ultlmately might
be. obtained based on the mventlon d1sclosed in. the parent
_apphcatlon : : - P -

. Prov1d1ng that aIl d1v1s1onal apphcatlons must be presented
during the pendency of the orlgmal parent apphcatlon, .or_the
application in which restriction first was required, would shorten
the period of public uncertainty as to the scope of patent protec-
tion .that eventually may. be granted.on the .subject matter
dlsclosed in the parent application. On the other hand, . the
_apphcant wou]d have ample opportunity to- perfect an appeal
or to file a petltlon that may aﬁect the propr1ety of a restrxctmn
requlrement L P R e

"-"I"‘hel(jommiseion. clearly fe.vors a: high qhalitjf immediate
examination system if it can be maintained without a constantly
increasing backlog. Nevertheless 1t 1s recommended that

‘Standby: statutory authouty :should :be:-pro-
v1ded for optlonal deferred exammatlon

Although thls recommendatlon reﬂects the consensus of the
Commission, a split. exists among the. members as to when and
how such authorlty should be exerclsed BEE

One view favors optlonal deferred examlnatlon going into
. effect, on a pilot:basis, as'soon as appropriate legislation can be
enacted. --Proponents-of “this :view" feel" that early experience
with optional deferred examination is desirable, and that it can
be obtained effectively only by instituting:a pilot:program as
early as- poémble For. example, the pilot program could apply
to applications'filed within a gwen “period of time or to applica-
‘tions concerned Wlth some - glven subJect matter

19
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“The other view: favors:the: 1nst1tut10n of optlonal deferred
examination; whether ‘on--a; p110t basm or-in’whole,’ only if the
Statutory +Advisory. Couneil’ (Recommendatlon No XXV
should: find: that- a hlgh ‘quality” 1mmed1ate examlnatlon system-
-"no longer could be malntamed S :

s Just1ﬁcat10ns for an opt10nal deferred exammatlon system
are that not all apphcatlons for patents are of the same value,
that it is not good economic practice for the Patent Office to de-
vote :substantial “effort ‘to “applications- havmg little: value, and
‘that'the applicant and his competltors'are in the--'best pos1tlon to
select out such applxcatlons ' i

Such a system should reduce the number of apphcatlons
requiring prompt’ ‘examination. It is probable that a” number
of -applicants, such -as- ‘those ‘who ‘had ‘hot yet~ determined ‘the:
valué: of their inventions, would prefer to have examxnatlon of -
their applications deferred. To the extent that ‘applications
are deferred, the remainder should be reached for examination .
sooner. In some cases, examination might never be requested
.;and the. appllcatlons would become abandoned :

) :';"._::;:;.;_An optlonal defe1 1ed exammatlon system shall;:-ﬂ._,..:,._
. mclude the f ollowm g provisions: '

;1.',_The examination: shall be :deferred:-at: the
option: of the applicant; exercised by his:elec- ‘
tion not to accompany the complete appllca- '

- tion-with an.examination fee. : 5 St

‘Request for: enammatmn, accompamed b,
payment of an..examination fee,' may: be::: oo
made anytime within five years from the
effective filing date of . the ‘application i

2.:Asideferred: application shall -be: promptly--'.:
inspe&:ted for, formal matters and then pub— ki
- lishe SN, ,

: ..:Any';,aparty thhout belng 1equ1red :to dls-‘f'v-f B
.. close his identity, may proveke an examina-: -
.. tion upon request and payment of: the.fee,

4, Unless ‘made: spec:al upon-the-request:-of any:: -
party, an application initially deferred shall

3



1O 'PROMOTE THE -PROGRESS: OF USEFUL -ARTS 29

: be inserted-in. the queue of .applications. set: -~
~ .. for examination. in an order based on:the .
T date of payment of the exanrunatlon fee. G b

PSR Sl a:'--_Examlnatlon of: pendmg parent:or continu-- -
oo oo o ing: applications, shall: not: be deferred be-: - - - :
e ._zyond the time. when. examlnatlon is.requested: ...

'tt)f any of the parent or centmumg appllca-j..
ions.

A ﬁve year perlod should balance the interests of the pubhc,
the ‘applicants and the ‘Patent Office.” The’ public should learn,
within a reasonable time, about any patent protection.’ "Appli-
cants should have adequate time to ascertain the commercial
value of thelr 1nvent10ns before 1nvest1ng 1n an, exammatlon

exammatmn

2. A complete app which is panied by an ex-
amination fee.would be- inspected. for formal ‘matters immedi-
ately upon ﬁhng .‘The application would:-be classified under the
Patent . Office. clasmﬁeatlon system and.published at the ‘earliest
possible date.. - No prior airt search would be made before a full
examination -is -requested, :since: otherw1se the savmg of ex-
'amlners tlme wouId be mmlmal SR i e

3 By requestlng an: examlnatlon, a potent1a1 1nfr1nger or other
mterested party could receive a relatlvely promipt determination
of the mventlon 8 patentabﬂlty y

A thard party eould 1n1t1ate' the exammatlon Wlthout 1dent1-"
fymg himself to ‘the Patent’ Ofﬁce “As’a result, ‘the apphcant_
would: not be given any addltlonal advantage whien draftmg his.
claims, nor would the third party’ be 1nv1t1ng suit for 1nfr1nge-';
ment after 1ssuance of the patent‘ ) : '

4. The provision as to order of examination 1§ intended to as-
sure fair. treatment to those Who 1n1t1a11y pald for.an, 1mmedlate
exammatlon L S S Sy
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5. Concurrent eéxamination and: prosecution of the ‘entire fam-
ily of pendlng parent ‘and continuing appheatlons would be
required in those“¢ases where examination of one of such appli-
cations has been requested. If a:third party requests ‘and pays
the fee for examination of an application, the applicant would be
required to pay-the éxamination fee promptly for aIl other parent
or contmumg apphcatmns - :

This contemporaneous examination would provide. earher
determmatmn of the :scope of - the compo te monepoly to be. 7
granted '

To remforce the statutory presumptmn of vahdlty, "and;
to assxst 1n the preventmn of .the issuance of 1nva11d patents 3

The applicant shall have the burden of persuad-
. 1ng the Patent Oﬂice that a clalm i patentable. .

Unt11 recently, the Patent Ofﬁce has fo]lowed a pohcy ef-?
(a) instructing the examiner to ‘resolve-all reasonable- doubts’ ine
favor of the applicant, and (b) -prohibiting the“examiner from
indieating that he is-allowing a claim despite his doubt:as to its: .
patentability.  The Commissioner. has. instructed the examiners
to abandon this policy in obedience-to the views expressed  this:
year by the Supreme Court. Present experience is insufficient to
reveal how the.courts: d1rect]y rev1ew1ng Patent Ofﬁce practlce'
will treat this change e powvlenm, Boowe wivn feam ¥

Many have long recognized that resolvmg doubt in favor of
the applicant. is 1nc0nsastent with.giving a patent.a strong pre-
sumptlon of va11d1ty “Little Justlﬁcatmn exists for giving: welght'
to a dec1s10n made by the Patent Office when it resolves doubt i in,
thls manner, since it is passmg ‘the questlon of patentablhty on
to ‘the" courts instead of - exercising its judgment. Inasmuch ast
the examiner does not indicate ‘when he has apphed the rule of
deubt all patents may_ be questmned 1n thlS regard

- This recommendation” would requlre the appl:cant in all‘__
cases, to persuade the Patent Office by a preponde1 ance of proof"

22+
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that-his:claims. are allowable. By eliminating ~doubt :as: an
element favoring patentability; the overall: standards of patent-
ablhty apphed by the Oﬁice should be ralsed IRE

To increase the likeliticod ‘that all peitinent prior ‘art is
considered before issuance of a patent the followmg techmque is
prov1ded

-The Patent Oﬁice shall consxdel all ‘patents or -
. %publlcatlons, the pertinency ‘of which “is ex- -~ "
- :-plained in writing, cited against an-application: . .o
- anytime: until six months after the publication .- . .
. which gives notice that the application has heen -
“allowed or appealed to the Board of Appeals co
"If the Patent Office, after the citation period,
4 determines that a claim'should not be; or have
r‘-'been, allowed, the apphcant shall benotifiedand - = < -
given an. opportumty ex;parte both to rebut the - .~ .
determination and to narrow the scope of the
claim.. . The identity. of the _party,. citing refer-: -
ences shall be mamtamed in conﬁdence : '

Public use proceedmgs, as at }present may be'
instituted during the c1tatlon period.

_ P_r_esently, anyone who has reason to beheve that an ap-
to’ determme whether alieged pubhc use’’ or ‘sdle - should bar
issuance of ‘a patent, - “Also,’ pubhcatwns or patents may rbe
submitted for ‘ex parte ‘consideration by the Patent Oﬂice

This recommendatmn would provide a cxtatzon perlod of
at least six'months iri'which the publie, informed by publication
of the content of’ &h apphcatlon ¢ould submit patents or publica-
tions, together_ w:th ah explanat, n of thelr 'tmency Such

references ould be evaluated .and, to the .extent.found appli-
cable, used to reject c1a1ms eve 1f uch alm"‘ prev1ously were
allowed or under-appeal. =57 mlisiniay il b orronss

o1 Little: delay-in-the-issuande of -patents would ‘result ' from
this procedure. The applicability of ‘newly éited d¥t-would be

28
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determined. immediately after-expiration of the six month period
following the publication which: givés:notice of: allowance or. of
the filing of an appeal.: Moreover, the applicant need not suffer
from such delay since, under certain circumstances, damages
could be recovered for infringement during the period following
pubhcatlon (Recommendatlon No. XVII).. A

The recommended procedure could benefit both the apphcant.
and the public. The applicant could gain by the opportunity
to narrow his claims, when possible, to .avoid.prior art, rather
than having the claims.later. held. invalid. - Inasmuch as the
procedure will be.an-ex parte one, as. dlstmgmshed from a full
scale adversary procedure ‘the “additional ‘costof ‘ the citation
practice to an applicant would not be great. " The public should
benefit by the opportunzty to cite prior art. 1nexpenswe1y to the
Patent Office rather than. through costly litigation... Under this
procedure, both: -would benefit  from- the greater. reliance that
could be placed upon the vahdlty of patents 1n general

Cltlng, or fal_ ing to c1te pr1or art durmg th1s period
would not preclude 2 later challenge on that art

\ Indlspensable to the 1mprovement of the quahty and the
acceptablhty of patents bemg issued is the estabhshment of an
objective techmque for.. measuring the quahty of the work
product of . the - exammmg .CoTpSs. . The Commlssmn therefore
recommends that: .

o _,:,_The Patent Ofﬁce shall develop and mamtam TN
... .an effective control. program. to. evaluate ona . . .
“continuing basis, the quahty of’ the patents_-‘_. -
being issued by the examining groups and art
Cahits? therem, and to furnish information for =~ =~
- the:publication:of :an’anninalrating of the over-f' I
all quality of the patents issued each year.

, The Patent: Office. is. presentlyi in the process of puttmg mto
effect a quality control program;: e : LT R

2
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This recommendation is:intended:to: encoursge and expand
this effort-so that an effective quality measurement can be made,
on an objective basis, of the patents being issued by each of the
examlnmg groups and art umts Wlthm the Patent Oﬂice

DeveIopment of ‘an effeetwe patent quahty measurement
technique” should be followed by the publication of a rating
reflecting the quality of patents issued durmg a given period.
For. example, if effective quality measurement is achieved during
1968, the quality rating for that ;3 year could be used as a. bage of
comparison and set: at 100. Each year ‘thereafter, a quahty
rating could be determlned with this techmque and the trend in
the quality of patents bemg 1ssued observed. .

- Sueh ratmgs should: prove heIpful to the Patent :Office, the
pubhc the . courts, and the Congress in- maklng reqmred Judg—
ments concermng the patent system R

. The contlnual rev1ew by a Statutory Adv1sory Councll
(Recommendatlon No. XXVI) of the quality of patents being
issued and- the effectiveness of any quality control program.in
operation should: result in greater acceptability of the quahty
rating.and. the contrel program by all concerned o

25



irect Review of Patent Office Decision

Y Pa. ent Office ec1s1on refusmg a claim shall

Court of Customs” and Patent’ APpeals

0 The Patent Office' should be recognized:as:having: technical
and: legal expertise, important in-deciding: questions-of patent-
ability. While a reviewing:court 'certainly will-have- legal
expertlse, and perhaps general technical knowledge, it seldom
will possess the partlcular technical skill in the: art swith -which a
‘Patent Office examlner is- equipped: - Further, it+is-only: after
‘both ‘the examinet and’ the Board of Appeals have'.coneurred-in
the refusal of aclaim that the matter: comes before a reviewing
court. Such concurrence’ should mot: be -rejected- by theicotirt
unless the action is, in its judgment, clearly erroneous.

This recommendation should settle the conflict over “scope
of review,” by defining the court’s responsibility to be review
of the Patent Office decision, rather than substitution of its own
judgment. The court would determine only whether the Patent -
Office had reasonable basis for its decision, not whether a differ-
ent decision logically could have been reached on the same record.
The burden of pérsuasion would be on the applicant, and the Pat-
ent Office decision should not be reversed unless, in view of all of
the evidence, the court has a thorough conviction that there was
no reasonable basis for the decision. '

XIv

Either the applicant or the Patent Oﬁice may
appeal from a decision of the Court of Customs
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and Patert Appeals to the United States Court: - =7
'of Appeals: for the District of Columbia Cir- .-
+cuit, and from. a decision.of the latter .court .

fi_.r;elther may petltlon the Supleme Comt fora

" writ of certiorari.

An applicant presently may seek review by two alternative
routes from a decision by the Board of Appeals of the Patent
Office. He may appeal to the Court of Customs and Patent
Appeals (C.C.P.A.} on the record made in the Patent Office; or,
he may proceed in the United States District Court for the
District of Columbia where he may offer evidence and issues not
- considered by the Patent Office. Only a decision of the District
Court may be appealed, by either party, to the United States
Court of Appeals for the District of Columbia Clrcult

When the Court of Appeals and the C.C.P.A. render con-
flicting decisions reflecting a disagreement on a point of sub-
stantive Iaw, the Patent Office must choose one of the decisions
to follow, for the sake of uniformity within the Office. In
practice, the Patent Office generally adopts the guidelines in the
decision most favorable to the applicant, sinee it is the applieant
who selects the reviewing court.

The present procedure also has caused inconsistency in the
application of the law. As recently observed by the Supreme
. Court [Graham v. John Deere Co.], there is *“‘a notorious dif-

- ference between the standards applied by the Patent Office and by
the courts.” This difference results not only from the fact that
proceedings in the Patent Office are ex parte, but also because the
C.C.P.A., which to a large extent determines the standards
applied in the Patent Office, is a court which has neither general
jurisdiction nor jurisdietion in infringement cases.

Under the recommendation, all immediate direct review
of the Patent Office would be subject to further review by the
United States Court of Appeals for the District of Columbia
Circuit. Thus, a single court of general jurisdiction ordinarily
would be the final reviewing authority. This should produce
decisions wherein interpretation and application of substantive

27




law is more akin to that in.infringement suits.in. the several
judicial circuits. : Thus,. ‘the- public reasonably could expect that
the law relating to- patentabﬂ1ty as applied in-the Patent Office
would conform more nearly to that apphed m the 1nfr1ngernent
courts

28
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~‘Procedure for Amending and Cancelling Patents -

, Thls recommendatlon prov1des an_ ex parte administrative
procedure in the - Patent Office for cancellatmn of claims, Whlch
should be faster and less costly than court proceedlngs )

The Patent Oﬂ'lce, upon receipt of a 1e1at1vely"-"-' :
. high fee, shall consider prior art of which it
' 'is apprised by a third party, when such prior
art is cited and its pertinenicy explained in wxit-
ing within a three year period after issnanceof - .
the patent. If the Patent Office then deter- - . . : .
mines that a claim should not have been al-
: . lowed, the patent owner shall be notified and -
.. given an opportunity ex parte both to rebut the
_ determination and to narrow the scope of the
claim. Failure to seek review, or the affirmance
_+-_of the Patent Office holdlng, shall result incan- .
',_cellatmn of the claim. )

When the valldlty of a clalm is in issue before L
both the Patent Office and a court, the tribunal
- where the issue was first presented shall pro- -
" ceed while the other shall suspend considera-
~ tion, unless the court decldes otherwxse for_ o
* good cause. e

Anyone unsuccessfully seeking Patent Office =~
cancellation of clalms shall be required to pay
the patent owner’s reasanable cost of defending
such claims, -including attorney’s fees. The
Commissioner shall require an approprlate de-
posit or bond for this purpose at the start of

Lo the actlon ‘ Saon et el

o Presently, there is ‘no prov1s1on for the' Patent Ofﬁce “ad-
m1mstrat1vely to cancel any claim in an’ 1ssued patent Even
where a claim - appears to be clearly unpatentable in view of
newly discovered prior. art, only a court can. declare the claiin
1nva11d As a result, the patent owner can continue to assert
such a clalm because no one is. Wllhng or. able to expend the re-
sources necessary t0 obtain.a court dec1s1on
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To discourage~harassment and:to:‘promotethe:citation of
references prior to issuance (Recommendation No. XI}, a rela-
tively high fee would be required. Further, the patentee’s
defense. costs would be assessed agalnst any party who unsuc-
cessful]y sought cancellatlon "To insure payment, anyone initi-
ating such act1on Would be” requlred 1mmed1ate1y to - post -a
deposit or bond in accordance with a- schedule fixed by the
Commlsswner

ncellatlon proceed;h woqu bene-
fit even the patent owner smce he still: would have an. opportu-
nity to Narrxow: any.’ ims: found to have been erroneously
allowed k FUTR =

If a" party'were successful'm seeklng cancellatlon after
citing only’ prlor_art Whlch he prevmusly‘presented durmg the
oppos1tlon:,‘ erio “cangel. refy

A three year 1m1t on the time h;'n whlch a cance]latlon
procedure could be instituted should be suﬂiclent for most prlor
art to become readlly accesmbie ho

It would. be des:rable for the Statutory Adv1sory Couneil
(Recommendatlon No, XXVI) 'to review thig’ procedure after
sufficient time has elapsed to determine 1ts ef‘fectlveness and
to recommend any approprlate changes.

before the PatentIOﬁ‘lce Because of ‘this, the_ potentlal value
of early pubhc’ ion (Recommendatlon ] VII) cannof be
fully realized, -Sinee unclaimed disclosire in a pubhshed apphca'-
tion could not be’ used by the\pubhc free from the’ pos51b111ty that
it mlght be - protected by‘b _ader clalms in” the’ subsequently
iSsued patent. “The public' would have no gulde ‘othér than ‘the
entire disclosure, to determme £hé' limits of ‘Hnal® patent protec-
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tion. Possible claim’igcope could’ be divined only after the
interested party conducted his own examination of the prior art.

Hence, it is desirable that claims never be broadened after
pubhcatlon ‘whether presented in the publlshed apphcatmn or a
related continuing - or reissue -applicition.  However, an- all-
inclusive prohibition to this effect m1ght be impossible to enforce
Accordingly; this recommendation is dlrected ‘solely to ‘reissue
applications, where broadening of claims ecan 'be - prohibited
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For infringement of a claim which appears in
both an application as initially published and
in the issued patent, damages may be obtained
for an interim period prior to issuance. Such
period shall be measuared from after the occur-
rence of all of the following events: (1) the
initial publication, (2) a Patent Office holding -
that the claim is allowable, and (3) a transmit-
tal to the alleged infringer of actual notice rea--
sonably indicating how his particular acts are
considered to infringe the claim.

The applicant’s election to create such interim
liability, by his transmittal of notice, shall con-
stitute the granting of a reasonable royalty,
nonexcluasive license, (1) extending only until
the issuance of the patent for any infringement

_involving a process, and (2) extending to and
beyond issuance for any infringement involv-
ing a machine, manufacture or composition of
matter, which is made prior to the issuance of -
the patent.

In exceptional cases, damages for interim in-
fringement up to tleble 1easonable royalties
may be assessed.

Under the present statute, liability for infringement begins
on the date a patent is issued.

With a requirement of pre-issuance publication of an
application, absent this recommendation, anyone could copy the
invention and make, use or sell it until a patent is issued,
possibly even exhausting its commereial value.
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By this” recommendatlon ‘a patentee whose ‘¢laims are
1nfr1nged” ‘before the patent issiies; wotild have some degiee of
‘protéction, while dt" the same time the pubhc Would be prov1ded
5'W1th a clear 1nd1cat10n of 1ts poss1b1e 11ab111t' L ‘

The prov1s1on that 4 claim w111 not be he]d 1nfr1nged unless
it appears both in the application as first published and in: the
resulting patent should encourage the applicant, before publica-
*tlon ‘to present’ claims' he - considers patentable “The ‘further
‘Fequirenments ‘of an allowable pubhshed claim’ and actual notice
‘would’ 1eduee pubhc uneer talnty as to posszble 1nterrm hablhty
EAlso, an 1nfr1nger would be prov1ded Wlth an opportumty to
cease and desist before damages acci-ue. S

- In exchange for the rlght to recover damages during this
interim period, an.applicant would have to; glve up any right to
an anunctlon as to thmgs made prior to issuance;-and could
recover 1o more than 'a ‘reasonable royalty for any mfrmgmg
acts occurring prlor to the’ issuance of ‘the patent "Under any
c1rcumstances su1t cou]d not be brought before 1ssuance of a

If an. appheant should elect not to pursue an 1nfr1nger for
interim 11ab111ty, by withholding the: reqmred notice, present
remedies avaﬂable after the patent 1ssues Would remam
undlsturbed o

XUIII

The telm of a patent shall explre twenty yeals
afte1 1ts ear llest eﬂ:’eetlve U S, ﬁlmg date

The term of a U.S. patent now extends for a period of
sev~uteen. years. from -the .date- of - issuance: . Measuring the
patent term from this pomt encourages dehberate ‘delays in the
prosecution: of applications, particularly those filed primay: ily for
speculative- reasons.and those:having: 'little -immediate: value.
Another:effect can be the:filing of contmumg apphcatmns solely
to delay the start of a patent term ‘
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. .The proposed change would induce the applicant to present '
claims promptly that he believes. patentable and to.avoid delaymg
:the prosecutmn of the apphcatlon Slnce the term of a patent
same day as one issued on its parent apphcatlon, ‘there would be
lesg: incentive to use a contmumg apphcatmn for the purpose of
,-delay Iy Coee T n lienlin el i Shen

Measurmg the patent term from the earhest domestm
. ﬁhng date will brmg U.S.. practlce into closer conform1ty with
most fore1gn systems This would. become advantageous if ‘the
‘Paris Convention were to be modlﬁed to perm1t measuring from
the earliest forelgn ﬁ]lng date asserted (Recommendatlon No
XXXIV) _
: XIx : :: i

R The term of a patent Whose issuance has been
. i~-delayed. by reason of -the: application being. = -

. - placed undex secrecy order, shall be extended - ...
._for a period equal to the delay in issuance of = -
the patent after notlce of allowablhty o

At present Whenever pubhcatmn or d1sc10sure of an-inven-
tion by grant of a patent might be detrimental to national
security, the application ‘may" ‘be’ placed under secrecy order by
the Comm1ss1oner of Patents """ eI P

The apphcant pr0v1ded he receives a notlce of allowabllaty,
is entitled to compensation for use of the invention by the Gov-
ernment and for damages c¢atised by the secrecy. order. In
determining this compensation consideration has been given to
" the fact that the: apphcant may heneﬁt by a delayed monopoly,
running seventeen .yéars from the date of ‘issuanée of the
patent G s R C g _

Wlth the patent expiring - twenty years after its earhest
effective . U.S.: filing -date: :(Recommendation ‘:No. XVIII); an
applicant would - receive: no :such: benefit. . ‘Accordingly, -it:is
proposed to extend the:term.of such:a patent for-a period equal
to.the delay in issuance of-the patent: after not1ce of allowablhty
caused by the secrecyorder et S i T i
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L ‘The ﬁrhn'gzjof a ternnnal' ‘disélaimer shall have' o
" noeffect in: ovelcommg a holdmg of double :
=patentmg B VSIS U

“This recommendatlon is- 1ntended to endorse the' 1nterpre—
tation given the present statute, with regard to the filing ‘of a
terminal disclaimer to overcome a holding of double. patent-
ing, by the Court of Appeals for the District of Columbia Circuit.
A contrary decision by the Court of Customs and Patent Appeals
has created confusmn in thls area o -

The Commission supports the p031t10n that the grantlng of
more than one patent on a single invention, even if there is a
common inventor or assignee, would constltute inter alia, an
undue “extension ‘of monopoly ‘While ‘2 términal disclaimer
would prevent the extension of monopoly in t1rne, it ‘would not
preclude the undue extension of monopoly: in scope. .In this re-
gard, it would not keep the patentee from “blockmg” out a fleld,
by successfully: prosecuting: applieations: covering ‘otherwise un-
patentable var1at10ns ‘of what he already has patented Further,

patented _ mventlon by developmg modlﬁcatlons and improve-
ments. EE O S AL

The grantmg of more . than one patent on. obv1ous varia-
tions of a single inventive concept.also ‘would -minimize advan-
tages to be’ obtained: by the provision for: in rem - invalidity
(Recommendatlon ‘No. - XXIII). OtherWISe a’ patent owner,
even after claims in one such patent had been held invalid, still
could threaten suit on s1m11ar cIa1ms in hls other patents

XRL

The 1mportatlon into the Umted States ‘of a” e
* product made abroad by a process: patented in- -~
" the 1nited: States shall constliute an act of S
+inf rmgement : s

“The unauthorxzed lmportatlon into’ the Unlted States or sale'
or use, of a product made abroad- by a process patented in the
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United States, does not now constitute infringement.. A process
patent owner may seek to have the offending product excluded
from this country:undei:the:Tariff::Act of:1930; on.the ground
that importation: will: tend ito: cause ‘substantialinjury to an
efficiently and economically operated domestic*indlistry. = How-
ever, hecause of these requirements, the. -
pr s

.::Thls recommendatmn Would make 1t possthle to prevent

censable . nature of he rlghts granfe
" by a patent should be clarified by specifically
g ”fstatmg in the patent statute” that (1) applica-~
¢ tions” for- patents, patents, oFany’ mterests
. ;therein may be licensed :in the whole, orin:any
.-.specified part; of - the field: of use to-which the . ... .
~:subject . matter: of the claims of the patent.are,
'd_lrectly ‘applicable,.. and. (2).a patent owner .
_."'shall’ not be deemed guilty of patent misuse
' '”merely ‘bécause he agreed to a contractual pro-
vision or imposed a condition on a’ 11censee, '
* which has (a) a direct relation to the disclosure

i sznd- claims of - the patent,’and: (b) the’ perform- -
ance of ‘which:is:reasonable: under-the cizrcum-
- stances to secure. to the patent owner dhe: full
. benefit of his lnventlon and patent grant.:: This,
recommendatlon is mtended to make clear_ that.
~ ‘the’ “sule of re
: lme for determlmng patent mlsuse

There is no doubt in the oplmon of the Commissmn, of the
importance to the S .economy of :both .the .U.S,.patent system
and the ant1trust Each is essentlal and eac h-serves its own
purpose within: the framework of our econom1c structure.  How-
ever, conflicts between the two have arisen.But this does not
mean that the two systems are mutually excluswe, that a strong
patent system 1s a threat to the antltrust laws, or that the latter
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' cannot e efféctively’ enforced S0 long as a patent system grants
11m1ted monopohes e DI

i : '-contrary, the two systems ‘are fully compatlble one
checklng and. preventmg undes1rab1e monopohstlc power and the
other encouraging "and promotlng certain’ limited beneficial
monopolxes In'this’ Way, each may easﬂy achleve 1ts obJectlves
in’ :strong economy :

The- Commlssmn therefore does not favor any proposal
‘ “would weaken~ the enforcement of ‘the “antitrust®laws-or
whlch would curt'aﬂ in- any Way the power of ‘tHe® courts ‘to
deny rehef to'a’ patent ‘owner mlsusmg ‘the patent he seeks
to enforce. However, uncertamty exists'as'to the Precise nature
of the patent right ‘and ‘there is né cleay deﬁn1t1on of: the patent
misuse rule. This has” produced ‘confusion in’ the ‘public’ mind
and a reluctance by patent owners and others to enter info con-
tracts or other .arrangements pertalnmg to patents or related
‘11censes B . J -

‘ No useful purpose would be served by codlfymg the many
dec1s1ons deahng with patent mistise into a set of rules or
deﬁnltlons permlttmg or denylng enforceablhty of patents in
‘given mrcumstances The risk of unenforceab1]1ty is too great
and such a codification is Wholly unnecessary. All that the
Commzssmn beheves to be reqmred 1s exphcxt statutory language
. of the patent grant heretofore recogmzed under the patent
statute or by decisional law. This is; the right to exc¢lude others
from makmg, usmg and selhng the patented 1nvent1on

The ‘mere exermse conveyance.or hcense of these conferred
rights should not in itself constitute misise ‘'of :a patent A pat-
ent owner should hot be denied Felief agalnst 1nfr1ngers because
he either refused to grant a license or bécduse he has exercised,
transferred: or licensed -any of :the: conferred patent rights him-
gelf.” This should not. include immivnity ‘of ‘even-these conferred
patent rights from: the antitiust laws when the" patent owner
becomes involved in a conspiracy to restrain or monopolize com-
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which, must be d1st1ngu1shed from the excluswe
use and sell conferred. by the patent grant. Among these are
improvement grant-backs, cross licenses, package ]1censes, patent
pools, no contest clauses, and many others which are simply
matters. of. private contract, ancillary to . the. conveyance or
license :of a, patent right. As such, these condltlons and. Pro-
visions.. rnust be. judged, along with, other purely e mmer01al
practzces under the antitrust laws and the patent misuse doctrme
The Commission - does. not ‘recommend 1mmunlzat10n of any__ of
these other provisions. or condltlons from elther the an rust
laws or: the apphcatmn of the misuse rule '

: ThlS recommendatlon also makes it clear that’ a patent may
not be used to control commierce in subject matter beyond the
scope of the patent. For example, it could not be considered
“reasonably necessary” to secure full benefit to the owner of a
machlne patent that he attempt to control any of. the commerce
in an unpatented raw material to be used in ‘the machlne
Neither. could it be held that such an attempt had a direct re-
lation to the machine claims in his “paternit, - By the same
standards the patent owner could not control commierce in one
of the unpatented elements' of hlS combmatmn 1nvent10n where
hls c]alms are to the Wh mblnation L :

- xxm

. A ﬁnal fedelal Judlclal dete1 mmatlon declar-
+ing:a patent: claim-invalid:-shall be in- rem,and..

= the cancellation of such:-claim shall: be indicated.. ;..
... on.all patent. copies. subsequently di '

o the Patent Oﬂice'"' o

Under present law, ‘even: though oné or more- clalms of a
patent have been held invalid:in one Federal circuit, the patentee
may pursue a different defendant in.another c1rcu1t for 1nfr1nge-
ment of the. same- claims: : Mn g B hial s
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As a’result, a party may be held liable as aniinfringer or
required to pay royalties in one circuit, while his“direct com-
petitor- is practicing the  same invention .without restriction in
another circuit. Moreover the mere possessmn of a patent, even
though he]d invalid in one or more circuits, serves as a potential
threat to persons unwﬂhng or unable to defend a sult on the
patent T :

Under ‘the’ proposed recommendatlon ‘a c1alm onice’ held
invalid, would be treated as cancelled from the patent No ‘one
thereafter could be required, on the basis of a royalty agreement
previously made part of an iniringement judgment, to continue
royalty payments on the claim. ‘Furthermore, the proposal

would preclude a subsequent sult on’ a patent clalm prevmusiy"
held 1nvahd by a Federal court P .

A patentee, havmg been afforded the opportumty te exhaust
hlS remedy-of -appeal.froma holding:of - invalidity, has had-his
“day in court”.and should not be allowed to harass others on the
basis-of an invalid claim. There are few, if any, logical grounds._
for: permitting - him" to clutter crowded court: dockets and . to
subject others to. costly htlgatlon : ~

- XKV

i One of the most common grlevances called ‘to the Comm1s-'
sion’s attentlon, by all branches ‘of the' patent—usmg commumty,
has been the h1gh ‘cost” of patent’ htlgatlon ‘The : following
recommendatlon is directed toward the ‘pretrial’ permd now the-
occasmn for much expense and vexatmn Co

Oﬂices of “ClVll Commlssmnel” shall be created' SRR TSRS
in those U.S. district courts where justified by
.. the volume of patent litigation. In patent
- cases, unless otherwise ordered by a district
" ‘tourt judge for good caiise,” a” Commissioner
.7 shall conduct: prety ial hearings, presideat depe-
. ‘_51tlons of parties, supervise-discovery: proceed-. .. .-
_ings upon an accelerated and abbreviated basis, . -
‘make preliminary rulings upon the admissi-
bility of proofs, and be empowered to vary the
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buldens of ploof f01 good -cause m secrecy
. cases, . I T R

- The Wholesome eﬂ'eot of the liberal” d1scovery prov1s10ns of3
the Federal Rules of C1v11 Procedure (FRCP) is undenlable )
gach other so that’ tuals are conducted ‘more fully and falrly‘
Like any other right, however, the right of discovery can’ be:
abused and it has been used .to harass and oppress litigants.
Uncontrolled dlscovery in patent cases 1s 2 ‘prime cause of the

documents called for ‘under RuIe 34.. FRCP/ More thousands;
of documents and other kinds of mformatlon may be ‘required
to- answer. interrogatories. under Rule:33, FRCP, . In.the event
of g/ dlsagreement between the: parties  about: dlscovery, much: .
more time may:be-needed: for legal research, ‘brief writing and
argument before a coiirt; "I’ any event, ‘the: general Fiilé in ‘the
courts ‘is “that the ‘acknowlédged ‘burden of “a’ request for: dis-
covery is not a valid excuse to avoid’ producmg the 1nf0rmatlon :

‘Another source of conSIderable cost comes from taking
1ecto n.d managmg ag‘ 'ts of corporate partles 'I‘he w1t-
nesses; may. be examinéd over a wide subject area and for
protracted perlods of t1me ‘Rule.=.30(b) FRCP prov1des that,
a court may 11m1t or termmate,an examlnatlon if. it is, bemg‘,
conducted unreasonably or in bad faith. However this re-
course involves still imore time: andex’ense i

As a eonsequence,’ the hlgh cost, f patent lltlgatlon resuIts
invalid pateno
compromises;.-
only Justlﬁc

enormous; htlgatlon;;.e pense... .
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Adoptlon of th1s recommendatlon should reduce con31der-

3ab}y the” time and’ ‘expense to 11t1gants in patent cases.” The

provision of Civil Commissioners, who. would stpervise dlscovery
proceditres; should help 'correct ‘abuses -and’’ brmg about ‘maore
eﬂ"ectxve utlllzatlon of these procedures o

Ry

- The prevxous recommendatlon should substantlally reduce
the cost of htlgatlon _“However even the reduction so accom-
plished may not be sufficient to insure a “day in court” for the
individual or corporation of modest ~means. The following
recommendatlon is addressed to th1s problem o

S A party to a patent ‘case: seekmg to reduce hlS e
- i :litigation costs, with the consent of ‘the adverse =~ = -
.. :party, may submit his case to the court on'a .
.. -stipulation: of facts or.on affidavits:without . . -
~+ the usnal pretrial dlscovery This. procedure B
~ may be used where no m3unct1ve relief is asked
“‘and’ only limited damages are songht. Incen-
tives shall be provided to consent to thls pro-
. cedure, as set forth below. '

The Commission does not seek to discourage the settlement
of patent infringement controversies. On the contrary, public
policy strongly favors this method of resolving disputes. How-
ever, since there is always a public interest or aspect involved in
a patent license, a strong patent system requires that only good
and valid patents be the subject of licensing arrangements.
Attainment of this desirable objective is presently hampered by
the many settlements and patent licenses brought to pass in order
to aveid high litigation expenses. But just as it is contrary to
the spirit of the patent laws to recognize and pay tribute to an
invalid patent, it is also unfair to expect individual or corporate
patent-owners of limited means to settle, and accept less than
their just due, samply because they cannot aﬁord expenswe
htlgatlon : :

The Commlssmn believes that a truly Just patent system
should provide all patentees fair opportunity for a “day in

a
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court.”. Similarly; all alleged infringers should.have.an oppor-
tumty to test judicially the validity and scope of patents.asserted
agamst them. Neither should.be made to-suffer or be denied
Aaccess. to the courts because of 1ntolerab1e 11t1gat10n expenses

The expedited procedure recommended should "be made
applicable to both 1nfr1ngement sults and declaratory judgment
actions 1nv01v1ng patents.

As an 1ncent1ve for the a]leged 1nfr1nge1 to consent to this
procedure, any subsequent ]udgment favorlng the patent owner,
under this procedure, would omit any injunctive relief and would
be confined to a reasonable royalty license for future mfrlnge- :
ment and reasonable royaltles for past infringement. Royalties,
both past-and future; could. not.exceed:.a fixed amount, such as
$100,000;- unless.a: higher- ﬁgure is agreed to by the paities. In
addition, if-an a]leged infringer should:refuse to consént to this
procedure, and’ the patent owner, .after regular proceedlngs is
sueccessful, he would be entltled to a mandatory award of all
reasonable l1t1gat1on‘ expenses 1nc1udmg attorneys fees
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Stutulury Advrsnrv Counml
XXVI

L ;.A Statutmy Adv1smy Councll comprlsed of e
- public members selected to. 1epmsent the prin- -
~_cipal areas served by the patent system, and
" appointed by the Secretary of Commerce, shall ©~ -
"""be established to“advise him, on a contmu1ng*"_"-~ R
* *basis, of its evaluation of the current health of
.-the: patent system, and . specifically,-of -the .. - :
quality of patents being issued and the effec-
tiveness of any internal patent quality control
‘program then in operation, and whether an
optional deferred examination system should
_been instituted or terminated.

Every fourth year the Council shall pubhsh a
report on the condition of the patent system
including recommendations for its improve-
ment.

. The membeiship shall consist of not less than
twelve nor more than twenty-four. The term
of appointment shall be four years, with a
-maximum tenure of eight years. An execu-
tive director, and other support as deemed

\ necessary, shall be provided. '

Under thlS recommendation, a standing advisory body
would be created by statute with public members representing
the principal areas served by the patent system. This group
would meet at regular intervals and would be responsible, on a
continuing basis, for effectively analyzing the contemporary
condition and needs of the system. The Council would utilize
‘and suggest modern techniques for measurement and evaluation,
- and regularly report its findings and recommendations to the
Secretary of Commerce.

The composition and continuity of the Council should insure
objective evaluation of the quality of the patents being issued
and enable it to recommend the institution or termination of an
optional deferred examination system (Recommendation No.

13



In view of the great pressures on the patent system
brought by, for ‘example, the: escalatmg 1nformat10n explosmn

and the capac y=o : h yste to rres'f,mc-)nd 1s.:-1ndlspensable
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utent:'niﬁcé ﬂjaé'r_h‘!_"i'ﬁms."_ U s o

X

A quat 'support of th Patent Ofﬁc _
that; it properly may ‘performi its mission, How and“in’ the Tuture,
1rrespect1ve -of “the “nature ‘of " the patent exammmg system
utlhzed Therefor , 1t is ecommended that '

The Patent Oiﬁce should be eupported ade-
guately to insure ﬁlst-class staﬂing, housmg
« s and-equipment, and - ,

Patent -Office- financmg should be estabhshed
.- -on-the following basis:: = ..

‘v 21; The Patent Office’ should not be T irulred to
w v he-entirely self-sustainingr ¢ o007

/'The Commnssxoner of Patents should be au- _

-*f’-:?thorlzed to’ set fees for Patent Office serv-— 77
- jces - within -broad guidelines’ established by

.. Congress...Such fees shall be apportioned in:.

_,_(,’_accordance w:th prowdmg the-
' serv1ces

:?The Patent Oﬂice should. be authorlzed t0 -
~“establish- a  “revolving fund”_'___of all 1ts -
= -gfrecelpts to support 1ts operatl' " -

i~ The Comm1ss1on cannot emphasme too strongly that the
prime requirement for optlmum Patent Oﬂice_operatlon isa
dedicated corps of career employees possessing a unique com-
bination of:scientific-and. engineering:knowledge..and.the ability
to make sound legal judgments. Assembling-and retaining. such
a staff of hlghly trained. professmnal personnel:in a, compet1t1ve
manpower market requ1res among other thmgs -an 1ncreasmg
"expend1ture of resources - ;

CMaxifmim® utlllzatlon of ‘the ‘skills"of any staff requlre a
Workmg enviroiiment' conducive to-intélleetual output.  Supple-
menting such environment, the best available equipment must be
provided for’ obtammg, stormg, ‘and “retrieving pertment pI'lOl‘
art and for all"other required supporting Tunctions. °
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1. To recover 100% .of Patent. Office. operatmg expenses on a
sustained basis would require substantial fee increases. This
could reduce overall inventive: activity which, together with the
resultant loss of technological disclosure, could adversely affect
our. economy. . Limited: subsidization ‘of -the: Patent. Office has
substant1a1 Justlﬁcatlon The patent . system 8. incentive to in-
vent,. dlsclose innovate . and ‘market . new 1nvent10ns creates
cap1ta1 ‘jobs, and tax ‘revenues . Whlch more than. Justlfy ‘the
felatively small expendlture of tax funds required to support
Patent Oﬁice operatxons whosdtunde o ‘ .

2. At present Congress perlodlca]ly enacts Patent Oﬁﬁce fee
legislation which includes:a schedule specifically listing the fees
that the Patent Office must charge:for most of “the-services it
provides, : ‘The:fees.set. do.: not .necessarily :reflect the actual
expense to the ‘Patent Ofﬁee vin: rendermg .particular services.
Although Patent Office costs may rise, there is no-present pro-
vigion for a. correspondlng increase in its service charges. Hence,
it is unhkely that’any: long term:fixed-relationship between fees
received: and Ofﬁce expend1tures couId be 'ma1nta1ned without
continuinig prompt’ legislative adjustments. is ‘recommenda-
tion would permit the Commlssmner of Patents,, under guldellnes

1 by o ses for types .of services and
change them as condltlons may demand - This . would permit
recovery of any desired percentage of expenses and prowde a
more- equitable: fee: structure d1rectly related to 1the cost of
partzcular Serv1ces' P e ad T

3. At the present time, all fees recelved by the Ofﬁce must be
turned over to the: Treasury promptly’ anid the Patent Ofﬁce Tust
often’ seek supplemental approprlatmns because of cendltlons
beyond “its control. ~These include unexpected I'ISES 1n pr1nt1ng
costs and unpredictable increases in demand for services that are
furnished below cost. Consequently, it faces. perlods of uncer-
tamty and deIay in carrylng out needed programs -

_ Adoptlon of the present proposal would estabhsh a fund
conSIStlng of the fees pald for. Patent Ofﬁce serv1ces, for
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partially financing Patent Office operations. Congressional ap-

- propriations could supplement this fund as necessary. The

availability of thls “revolving tund” would: lessen’ the d1srupt1ve .
effects caused by delayed’ legislative” action on’ approprlatlonsf

Tt would also enable the Patent Office to offer additional ‘services

to the public on a reasonable cost recovery basis.

-~ The appllcant should be permltted to amend:
his case following any new:ground of objection
or re}ectlon by:the Patent Office; except where

‘the ‘new’ ground ‘of ‘objéction’ or rejection: is
necessitated by amendment of the appllcatlon
: by the apphcant '

The Comnnssmn beheves that the desxrable goal of reduc-
ing the backlog of patent apphcatwns reasonably. should be
balanced with the opportumty for an inventor to obtain a valid
patent of proper scope.. :Thus, the applicant should be prov1ded
a fair opportunity for reshaping his ¢laims to meet new rejec-
tions of the Patent Office, . On the other: hand,. it is desirable to
avoid prolonged pendency, which. ‘can’. be- caused: by successive
amendments that substatitially:shift the subjeet matter area
claimed. T 5

Apphed to’ spec1ﬁc problems wh1ch most co] monly arise in
Patent Office prosecution, a practice is envisioned in which: (a)
if, prior to.final reJectxon, the: applicant should introduce new

‘limitations: not found in' any of his or1g1na1 clalms the Patent

Office could cite a reference in’the. ﬁna] reJectlon to show these
new hmltatlons and refuse further amendment to. the case; and,
conversely, (b) if, following an amendment pI'lOI’ to final rejec-
tion, the: Patent Office should:cite a new reference which is a
better- antlclpatlon of - features  previously claimed, the’ Patent*
Office could not terminate prosécution of ‘the application. ™ "

AT



& To ‘accelerate the attalnment_ of.a system for the rapl_
eﬂ"ectlve retrleval _of pertment nf rmat10n _concernmg patents .

A study gioup comprising members from in- -
dustry, technical societies and government
should be established to make a comprehensive
study of the application. of new technology
to Patent Office operations and to aid in de-
veloping and 1mplementmg the specific recom-
mendations which follow o i
States, w1th, 0the1;_=

1; 'I‘he Umte : interested:

.- countries, .should strive: toward -the estab-.
. lishment of a unified system of patent classi--
__fication. which: Would expedlte and: im

“jts vetrieval of ) prlor ‘art. _

) The Umted States should expand 1ts pres-
ent reclass:ﬁcatlon ‘éfforts.

2 The Patent Oﬂice s uld bé ‘ericouraged ,and

~ ' given resources to continue, and fo intensify,
-1t efforts: toward the goal of a: fully mecha
ized search:system. .

-3 The Patént’ Office should acqulre and- ‘store
+ machine-readable scientific, and: techmcal in
. formation as it becomes: avallable :

The Patent Office should encourage volun- -~

tary submission by patent applicants of .
.. .. copies. of. their: appllcatlonS‘ in.. machme-*.-
. readablel form

4.-The Patént {Office; should investigate::the
-.-:‘-_desmabllltyn-:-.of!‘obtammg the services:of: .
1 i

l,f . Unt11 the advent | ofg.-fully automated searchlng, When all
prior.-art can_be; retrieved: readily, a classification; system will:
contlnue to be one of ithe.important tools for. conductmg a. prior:
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'art ‘geareh; i The present ‘divergity ‘among -niational: patent laws
‘and - classifieation systems resiilts in-a substantial amount of ‘du-

phcatwe effort in- examining: applications on the same- invention
filed in"move thati ‘one country. A common-classification system
wouldi move ‘the world ‘closer to: the désired international patent,

if prmcxples of patentability are similar (Recommendation No.
XXXV); since ‘each country ‘would kriow: what’ segment of prior

art ‘was previously iSearched by anethér patent office on an appli-

‘cation for: thesame invention filéd in that countyry. “Moveover,

it'would" insure that: spemahzed ‘data banks would be ore com-
plete: by ‘providing common “guidelines as to” What mformatmn
should be included in each of these data banks. R

2 As the amount of sc1ent1ﬁc and techmcal 1nformat1on ccn-
tinues to grow at a pace which makes the information unman-

- 'ageable manualiy, mechamzatmn appears to be the only solutmn

to’ obtaining rehable, ‘qualily ‘searchers of prior art. ‘Hénce, 1t
is imperative to utilize fully the eXIStmg techmques of mechs-
n1zed searchmg and to study new ones as they become avallab]e

The Patent Oiﬁce should cooperate W1t other : S‘ agencies
engaged in the development and 1mplementatlon 6f' mechanized
mformatlon retr1eva1-fsystems .to maximize their -value to the

The need for-'covperative effbbts with-Foreign nations and
active participation by the Patent Office in international orga-
nizations studying prob]ems of mechamcal 1nformat10n retrleval

Obtammg as much contemporary 1nformatlon g p0551b1e

-'1n the form :of ‘perforated-or-maghetic tape; o the like; would

permitcontinuous: bu11d-up offa’"data ‘bank" ‘stitable’ for’ ‘auto-
mated searchmg “This ‘would: avoid: the “futlive necess1ty ‘of

-‘tra*nscrlblng ‘at onetime huge amounts’ of ‘printed inforination
'1nto computer-usable form and: permlt ‘s “speedier and less: #x-
‘penisive change—over from e manua to an automated search
System B f' O oo, : i guhomnn E L E :
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* To-insure compatibility of information in machine-readable
form with automated data systems envisioned for future Patent
Office use, .industry, professional societies, government and. all
others generating:data should cooperate in setting up acceptable
.standards for format and medla for machme-readable data

Utxhzatlon on a- contract bams, of any knowledge, experl-
ence:. and - -expertise. of outside - organizations. . specializing - in
mechamzed information: retrieval. technologies. eould..serve as
an expeditious and economical means.for solving problems which
otherwise ‘would: require: very expenswe m-house trammg, ex-
perimentation and: delay. : R P e S T O

XXX

. To fac111tate the pubhc dlssemmatlon of technologlcal knowl-
edge, and other patent related mformatmn 1t 1s recommended
o The Patent Oﬁice should' R

I Proceed v1gorously mth the 1mplementmg
-+ of its: plan.for microform reproductlon of
..., all search files; and - Gl

2 Cooperate “with' forelgn natlonal patent o
offices and international’ pateént organiza- = -~
tions to develop a worldwide index of patents

i _and publlshed appllcatlons for patents

1 The Commxssmn recognlzes that any v1sual mlcroform
system is intended only as a bridge hetween the present. methods
of information storage and retrieval, and future fully automated
mechanized -search systems (Recommendation +No. XXIX).
Meanwhile, . however, there. ig the possibility . of. stormg great
amounts of -information on: small quantities: of - film, or cards,
-whlch .ean be - readily mspected with .semi-automatic . reading
dev:ces ThlS not only increases the capablhty of the searcher: to
scan more material in a given time but- also: makes: economlcally
feasible the placing of complete copies of classified search files
in locales outside the Patent Office. This would permit establish-
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‘ment of satellite public search facilities. throughout the United
‘States, resulting in greatly improved dissemination of the tech-
nolog'lcal and legal mformatlon contalned in patents :

~'On an average, pa.tents now-are granted in three dlfferent
countrles for each invention, and an average of 650,000 patent
applications are filed each year in eighty dlﬁerent patent offices.
These figtires lend substantial weight to the desirability of a
worldwide patent index. - Such an index would provide prompt
- and reliable: means. for. obtaining information relative to the
existence and status of partlcular patents or" apphcatlons in any
country in the world.- RO R SRS :
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... The:-legislation.. implementing : the proposed
. recommendations of ‘the COmmlssmn should .
."__become' _effectlve as soon as practlcal w1th3__}:

Many recommendatmns such -as: the presumptlon of correct-
ness to. be i given; Patent.. Offices decisions;: reasonably -¢ould- be
apphed to all pending applications. Others,:such as those Felat
ing to patent term and prior art, should not apply to pending
applications. Specifically, any application filed prior to the
effective date of implementing legislation, which is still pending
four years after its earliest effective filing date, or two years
after the enactment of such leglslatmn whichever is.later, should
be published in a manner similar to that of the recommended
initial publication (Recommendation No. VII),

Many recommendations, such as those concerning the Civil
Commissioner and the expedited procedure for limited cla1ms,
could apply to all patents, whenever issued.

It is expected that the legislative draftsmen will determine

the time each statutory change proposed may be implemented
most effectively. '
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Government-Pdtent Policy

-The Commission;has noted the increasing participation of
the Federal Government in. the ﬁnancmg of research,. -develop-
ment, testmg and engineering, and the many problems related
to the ownersh1p of patents resultmg from such Work '

The Comm1ssmn dec1ded not to address 1tse]f to the quest1on
of the distribiition’ of r1ghts Hn-Uinventions resultmg from
research”and development work ‘financed Wholly or in part by
the Government. This question is being considéred actively
elsewhere in_the, Exeeutwe_Branch and by Comrmttees of the

B it is the Commlssmn 8 hope “that a any actlon
Congress may ‘take’ in this regard will promote the purposes of
the patent system to encourage invention and 1nnovat10n and the
resultmg économic development and beneﬁts .
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-+ »International Action: -
| XXX |
“To'* promote more haimonjous - 1nternat10nal relatlons,

part1cu1arly W1th regard to the protectlon of 1ndus_trlal .
property Lo

The Umted States should take a posmon in -
- favor of the proposed: revision  of the Paris:.
Convention whereby a right of priority. may. ..i: o
.. be based on an apphcatlon for an mventor s L
- ertlﬁcate._ SN c :

Some member countrles of the Parxs Conventlon, _m par-
ticular the U.S.8. R. and some Eastern European countrles, 1issue
inventor’s certificates as Well as patents While some Conven-
tion countries, voluntarlly recognize ‘inventor’s certificates for
priority - purposes, there is no obligation under the Conventlon
to do so. At present, the U.S. patent statute’ prevents the
recogmtlon for priority purposes of anythmg but ‘an apphcatlon
for patent in another Conventlon country -

The proposaI for revision is on the agenda of the Stockholm
Conference, which is to be held in 1967. . According to the
proposal the date of an application for an inventor’s-certificate
in one Convention country would be recogmzed for priority
purposes in all Conventlon countries. It is noted that the pro-
posed revision is limited to inventor’s certlﬁcates from countrles
in which inventors have the rlght to apply for elther a patent
or an inventor’s certlﬁcate ' :

XXXW

Effolts should be made to have the Parls Con-‘

vention modified to remove any obstacle to
. measuring the term of a patent from an eﬂ"ec-
L twe forelgn filing date

"The present text of the Paris Conventlon requlres that
“Patents obtained with the benefit of priority shall have in the
various countries of the Union a duration equal to that which

5
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they would have had if they had been apphed for or granted
without the benefit of priority.”- : PR

. . Since the Convention forb1ds calculation of the term of a
patent from the fore1gn ﬁhng date, it prevents measurement of
the term from the effective filing date when' forelgn pr10r1ty is
claimed. Thus a forelgn ‘applicant ‘who ean claim & foreign
priority date would receive a longer period of protection’ thaii
an apphcant who filed a domestic: apphcatmn on such date. Of
course, a correspondmg advantage 1s accorded U S 1nvent01‘s
ﬁlmg abroad‘ R : e :

Movement toward a umversal patent system (Recommen-
datlon No. XXXV) Would be promoted if an entire international
famlly of related patents explred at the same time. - ThlS re-
quires a common measuring ‘point for the ‘patent tefm. The
effective (foreign or domestic) filing date, unlike ‘the earliest
domestlc ﬁhng date would constltute such a common measurlng

The Commlssu'm ‘believes:that the ‘ultimate 2
- -goal im. the protection of inventions should be . . -
« .- .the establishment of a universal: patent, ve- .
spected throughout the world, issued in the
light-of, and inventive over, all of the prlor ‘art
.. . of the world and obtained quickly and i inexpen-
- gively.on a smgle application; but only in re- -
~ _turn for a genuine contr,lbutmn to the progress_
*_'_-_'of the useful arts. '

‘To this end the Commlssmn speclﬁcally recom—
. mends the pursuit of : (1) International harmo- -
" 'nization of patent practlce, '(2) the formation of_
" “yegional patent system'groups, and (3) auni-- -
+ >versal. network::of- mechamzedl mformatlon..- .
- ..-.,_storage and: retrieval systems: - e

THere are great d1fferences today among ‘the’ patent systems
of the“various: cotintries. The invéntor who desires worldwide
or even iulti-national patent protection. for hisdiscovery-must
file 'a multitude of-applications, .each: governed by a separate
and distinct system of laws, rules, regulations and procedures.
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Even- after the patent hasibéen: obtained, the -inventor-is con:
fronted with diverse systems of maintaining: patent:protection:

set of long-range goals-to guidemthelr 1ntermed1ate and short-
range ‘movements. Any attempt by revolutlonary change to
) s_ent systems m favor of new ones in’'the Umted States

quality of the U.S. patent syste ',"?'such harmonization should be
introduced,é'as '”ﬁrst stepff; foward ;the:desited:: oal Thls con-

deveIop a mutua] respect for the: search and Judgmenf ‘capabili-
ties of the members earching

O

eifortkexpense and'del_a,
such:a:development:ii i
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Fmally, as an adjunct to achlevmg the ultimate goal of a
universal patent, the Commissi isages the establishment of
a universal network of mechanized information storage and
retrieval systems involving ail -of :the paten and other techmcal
.11terature of: theaworld mEeni O R e
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CHHBTS

Charts 1 through 5 illustrate a: number of recommended '
changes by providing a graphic representation:of procedural
steps and effects arising therefrom. Much of the wording used
is abbreviated and should be read in the context of the specific:
recommendation referred to by number.

The flow of events proceeds from top to bottom. Broad
arrows pomtlng into the system indicate condxtlons affecting
the system’s’ flow, ‘while broad arrows. pomtlng outward from
the sysbem, s1gn1fy results emanatmg from the systern 8 ﬂow
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. CHART.1 .

‘Filing An Application

B FILING DATE

ESTABLISHES EARLY
EFFECTIVE FILING
DATE

CRAL

) T R-XVAHL, XXXIV
PATENT TERM EXPIRES
20 YEARS FROM EARLIEST

o FILE
PRELIMINARY
APPLICATION

R-V
ASSIGNEE
OR INVENTOR
MAY FILE

v

[ ALTERNATIVES ~——e—p]

LF PATENTABLE,
PATENT ISSUES
TO FIRST TO FILE

67

FILE,
. FOREIGN
" APPLICATION

—

Y
FILE

COMPLET
APPLICATION

.| EXAMINATION

APPLICANT
MUST CLAIM
PRIORITY DATE



-CHART 2

Examination And Review
Within The Patent Office

APPLICANT HAS BURDEN
OF PERSUASION RE
PATENTABILITY

. UPON APPLICANT'S REQUEST,
OR...
. 18-24 MONTHS FROM EARLIEST

EFFECTIYE FILING DATE, OR . ..
. NOTICE OF ALEOWANCE, OR . ..

. HOTICE OF APPEAL,
WHICHEYER COMES FIRST.

v

COMPLETE
APPBLICATION
FILED

EXAMINATION
BEGINS

ANY C.1.P APPLICATION
MUST BE FILED

3

OPTIONAL BEFERRED
EXAMINATION
(SEE CHART #3)

v

ABANDON DEDICATE AND ABANDON
{KEPT SECRET) {PUBLISH)
¥ NOTICE OF ;. NOTICE OF
© ALLOWANCE APPEAL

PUBLIC HAS
& MONTHS TQ

CITE ART IN
CONFIDENCE

PUBLIC MAY BEGIN
TO CITE ART IN
CONFIDENCE

CONTINUE
EXAMINATION

PUBLIC HAS
& MONTHS TO
CITE ARTIN
CONFIDENCE




R-XT" r

v

v

NOTICE OF
ALLOWANCE

NOTICE OF
APPEAL

REPUBLISH

EBUBLISH

-

FINAL

[ CONSIDERATION-OF -
CITED PRIOR ART

PUBLIC HAS ADDIT!OAL
6 MONTHS TO CITE ART N
CONFIDENCE

.| CONSIDERATION OF

< -FINAL ey

CITED PRIOR ART

h 4 :
ISSUE- - -f-4" ap ANDON NOTICE QF;
PATENT-{-.|: . APPEAL

TTTRARY

CANCELLATION
PROCEEDINGS !
WITHIN 3V EARS
[AFTERISSUE

. R-XV & XVE
CLAIMS CANNOT

BE BROADENED

PATENT OFFICE
DECISION GIVEN PRESUMPTION

0¥ CORRECTNESS

r

ABANDON

r
AF?SAL UNCHANGED
COURT PATENT

NARROWED
PATENT _

i |soarmor |
APPEALS

APPEAL

y ¥ RN
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CHART 3

Standby Optional Deferred Examination (R-IX)

COMPLETE
APPLICATION
.. FILED

'_FULLEXAWNAT
ROCEDURE

ANY TIME WITHIN
5 YEAR PERIOD
APPLICANT CR

| THIRD PARTY MAY

B REQUEST EXAMINATION

\ 4
PUBLISHED
PROMPTLY

AFTER FILING

UPON PUBLICATION
PUBLIC MAY CITE
ART IN CONFIDENCE

ORDER OF EXAMINATION
BASED ON DATE OF
REQUEST

EXAM}NATlDN BEGINS

(SEE!CHART 43, EXCEPT’ l -
NO REPUBLICATiDN REQUIRE
UNTIL NOTTCE oF ALLOWANCE

ALTERNATIVES

5 YEAR PERIOD FROM
EARLIEST EFFECTIVE
FILING DATE

y

ABANDONS
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CHART 4

Review Of The Patent Office And Juticial L
Actioris Initiated By A Patent Owner o

EXAMINATION s L
IN THE ACTION FOR INFRINGEMENT
U'$ PATENT F ME
OFFICE
ISSUED
P parent

. R-XII
PATENT OFFICE RS
DECISION GIVEN

¥ PRESUMPTION OF
CORRECTMESS

APPEAL BY

APPLICANT { U §DISTRICT

*COURTS

U $DISTRICT I ‘ S B Y
COURT FOR THE lélfﬁgmﬁg _ EXPEDITED
DISTRICT OF PATENT APPEALS NS BN A " 0CtouRE
COLUMBIA SRR ‘ : AVAILABLE
____________ ] : UPON AGREEMENT

) B . OF PARTIES

TRIAL DE NOVO ONTHERECORD | - o - - 7 | . R,
LT ] PROVIDED)

APPEAL BY EITHER PARﬂY

. RXIvey
EARLY 17 Us:courRT OF
RESOLUTION APPEALS FOR THE,
WG aNI ( DISTRICT OF |
OPINIONS COLUMBIA T RXXIY.
R CIRCUIT e S

U 5 COURTS
DF APPEALS

U 5 SUPREME
COURT




Adminjsirative And Judicial Progedures
Tnitiated. By. The Publig (Thir

EXAMINATION

CHART:5..:.

R-XI]

THIRD PARTY HAS AT
LEAST 6 MONTHS TO CITE ART

iSSUED

PATENT.]....

THIRD PARTY MAY
REQUEST CANCELLATION
WITHIN 3 YEARS AFTER
PATENT ISSUANCE

NARROWED
PATENT

PATEN

CORRE

y
APPEAL

DECISION GIVEN
PRESUMPTION OF |

AL ALLEINTIRT AR S UL A LTLRS

3RD PARTY
DECLARATORY
JUDGMENT
ACTION

T OFFICE

CTHESS

EXPEDITED
PROCEDURE
AVAILABLE
UPON AGREEMENT
OF PARTIES

=% FINAL DECISIONS
BN OF INVALIDITY

B ARE I[N REM

{INCENTEVES
PROVIDED)

~US G

GURTS
OF APPEALS

U 3 SUPREME
COURT






