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and provides an exemption for such experimentation, it iz doubtful -
that section 6 could be utilized-to ':equire registration. :. Otherwise,

the intent of Congress in-enacting the gxempr.ion,wduld te undermined.

DEPARTMENT -OF TRANSPORATION

) CENTER FOR DISEASE CONTROL, HEW

The' Hazardous Materials Tramsportation Act . (HMTA) and section 361 -
.of the ?HS Act give the Department of Transportation and rhe. Center for
Disease Control, HEW, respectively,. authority.to regulate shipment of—
Hazardous materials in Iinterstatecommerce. &/ -Tﬁe HMTA authorizes. the .
Secretary of Trarisportation to. igsue and enforce regula;:iuns governing
any safety aépect_: o.f th_e transportation of hazardous matgriais,,including
but-.n;::t limited to packing, repacking, handling, labeling, mailing, '
placa}'diﬁg, and routing, and the manut‘actﬁre, fabrication, marking,
maintenance, rec:onditi.oni.ng. .repalr, or testing of packages or containers
repraesented, _mariced, certified, or-sold.ﬁy ;Ertain persons for use in: -
the transportation of certain _Mzardnus_matérials. 5/ -

Section 361 authorizes the Secretary of HEW to ". . .make and

4/ Including intrastate commerce that affects interstate commerce,

5/ In the Federal Register for November 26, 1976, at page 52086, the
Department of Transportation has asked for public comment as to
whether it should expand the definition of “etisclogic agents” in
DOT regulations". . .to include bilological materials {such as
recombinant DNA) used in or derived from genetic studies.”
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enforce, - .'sucii'rég-ulatinns ‘ag in his-[the Sécretsty's] judgment are
necessary'ko preﬁent the'introductioﬁ; transmissibn._or spread of
communicable‘diseases; . -.from one State. .- .into any other Stgfe. e
Both DOT and CDC, in Implementing the EMTA and section 361 with )
respect to biological product-s‘_, ﬁa\re eésentia;l.ly.aimed Just at imposing
labeling, pack;xging, and shipping requi.remenr..s. fhis appfoa'ch is in
- 1ine with the statutory language'whiéh emphasizes; movement. - Sectfon 361
.could perhaps be Interpreted more broadly to serve as legal support for :
more comp;rehensive regulation, - Howevgr, in order to do so:there would
presumably have to be a reasonmable basis: for copclqding that the products
of all recombinant DNA re;iearch. cguse Or Way cauaé human digsease.  Such ;
a eonclusion would undoubtedly be }:enuous at best, and it is wnlikely .
that resul.ti_ng requirements could be effectively il.nposed and -enforced,
Inder section 353 of the PHS :&c.t,- howéver, (DG does have general
-authority to license and contrel the operation of clinieal laboratordes.
While this adthh‘rit}_.'would not in general -have a.pplicahility to research
laborgtories, CDC‘a:experienéé in ‘Implementing this legisilation, which
in:pc;ses conprehensive requi'.rements on cliﬁical laboratories, 'c.ould be
of value in the imp—lementat.ion of any néw_ legislation needgd to regulate

1aboratories .cqndu'cting recombinant DNA research.
OTHER ISSUES GONSIDERED

2, In the event- new legisla'ti.én is sought, a model for the
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registration requirement may be found i_.n th_e Federal Vllpse¢tricide,
Fungicide, and R:odent:icide Act (Publie Law 92-316); which sets forth .
a detailed procedure for registration of pesticides. .

2. On the igsue of prgteci_:ion of p:fop;:i,eg:ary information subm‘:'.r._l:.e;'l._.
_to the Gavernmen.‘t‘as_ part of .the registration process, while the Freedom, '.
of Information Act.(FOIA) provides in general that records im the ‘ .
-pnssess_ion. of Go\:rernmenr. agencles are available to the public upon
‘IEq_ue:';t, the FOIA does not apply to, aﬁang other :things, ,"_‘. . .trade -
seérets and commercial or fimancial information obtained from a'_persp'n
and privileged or confidential. - M _I(e:_:enq)tion 4).. . Moreover, 18 U.5.C." - .
§1905, part of the Federal criminal code, makeé it illegal for a .

". s .to any extent not .authorized

Govetrnment .employee to disclose
by law any information coming to him.in the course of his employment, ...
which information concerns or relates to the trade secrets, processes,

operations, style of work, Vor gppa.ratus..' .+ «0f any person, firm,

partnership, corporation, c;r .associa.!::i.un. e o W In Cﬁarles River Park-

AM Inc,, et al. v. The Department of Housing and Urban Development,
et al,, a 1975 decision, the United States Court, of Appeals for the

District of Columbia held thar, where an agency Tecord is exempt from . .
FOIa disclosure by virtue of exemption 4 and the record contains infor- ..
mation covered by section 1905, the record woyld be subject to the

prohibition againsf. dfsclosure in séetion 1905, .
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L Im Was'hir_lg't-on"RésEafch ?roj'éct, Inc., s Depér'tmenl: ‘of Healf:h

. Educatiun, and . H’elfare, ‘at al., t‘he sa.m.e cnurt had ruled :ln 1974 that

‘research designs aubmitted in certain NIMH grant appiicatinns are not
"trade secrets" wn:hin ‘the mean:h:g uf exemptinn 4, Howave.r, in that case
t‘he court noted“ . .the turden of showing the trade-or co’me"fcial char-

'r:::er of the research design information was on the agency, and. . .'it

did not intruduce 2 single fact.rélating toll.:he cémercial character of
any specific research project. + « " Thus, Washington Research Project
would noi‘:' appea'.r ‘to. govern situations in which the ‘ageney could show

that patentable information 6:'. similar proprietary matter was involved.

' 3. Wmile 1t would ‘be desirable from a gcientific ;tandpoiﬁt te
reta:l.';l the flexibility to modify a{: least some parts of t‘h'e Guidelines
without the.delays 'atte'nd;ant to the rulemaking process most regulatory
legislation must be imp'iemented by reguiations ptomulg'aied il:'.l accqtdance'-
with the Administrativé Procedures Act (APA) -or siailar rulemaking
‘procedures. One appr.nach which l;light overcomg this problem uould be
to publish regulations Which set forth general standards but rely on-
eross references to the Guidelines with respect to specific details.
However, t:l;i r.‘nul_,d.'present enforcement-problems because any enforcement
actlion based on s cross reference could be challenged for noncompliance
with the APA. For thls reason, a regular.ory'agency would p‘rubabljr insist

upon specificicy in its regulations.”
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“Customl Service) to do'so.

208
© 4o Ibowas the general’ concensus of all .attorneys present that,-
to the ext'ent nb’- s't'al:ut‘ory basis: ex'i's'ted férr 're‘guiétinlg‘ hoh-feﬂerallir'

iunded recombithant DNA labdratory research this could not: be achieved -

5. There .was a brief discussion of whether, if agency X could

'_regulate one type of recombinant DNA research and agem:y I could regulate

another type, agency Y could delegate its authurity to agency K so .

that there cou].d be” comprehensive regulation b)‘ one agency. No conclusion

was reached as to whether such an arrangement was 1Ega11y barred. However,

-the only instance of this which any. attorney could recall took place i.n -

the context of a specific statutory provision allowing the agency (the

§_I Particularly insofar as the entity conducting the research received-
-3 Federal. funds for other recombinant DNA research.. -
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‘ Appendix IV

. Environmental .

Defense . _

~Fund . 1525 18t Street, Nw, Washingian, D.C. 20096 » 202/835-1484
- Hovenber 11, 1976.

The Honorable Dawvid Mathews

Secretary .

Department of Health, Education & Welfare
South Portal Building, Room 615 F -
200 Independence Avenue, 5. W.

Waghington, D. C. 20201

Dear Dr. Mathews:

The Environmental Defense Fund and the Natural Resources
Defense Council hereby submit to you a petition. concerning
the regulation :of.recombinant DNA research and technology.
We would JYery much, appraclate your g1V1ng thzs matter prompt
attentiorn. . : )

’ Enclosed also are copies of letters from Dr. Robert L.
Sinsheimezr of the California Institute of Technology and
Mr. Alan McGowan, PreSLdent, Sc1entlsts' Instltuta for Public
Information.

Sincerely yburs.

Biske X 7

Burke K. Zi man, Ph.D.
Staff Scientist
Environmental Defense Fund

QFFICES s EAST SETAUMET. NY (MAIN OFFICE); NEW YORK CITY (PROGRAM SUFPOAT OFFICE); WAWON ©C; SEAKELEY. CALIFORNIA; OERYER, COLDAADD

Printed on 100% Keoyolad Peper
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CALJFORNILA INSTITUTE OF TECHNOLOGY

FASADENA, CALIFORNIA GIIZE

BIIBION OF BIGLOGY IEs 20

October 28, 1976

Dr. A. Ea.riu Ahmed :

Hatursl Resources Defense Council, Inc.
15 West Lkth Street

New York, New York 10036

Dear Dr Ahmed:

I am pleased to support the petition of the Ez-v:.ronment.al Defense Fu.nd
end the Hational Rescurces Defense Council to the Seeretary of Health,
Educaticn apd Welfare concerning recombinant DHA activities, . This petition
has two components:  the first requests the Secretary to: promulgate interim
regulations to meke the present NIH Guidelines concerning recombinant DNA
research binding on all parties engeged in recombineént DA research in the
* - United States. - The second requests the Secretary to conduet a "legislative-
type" hearing to obtain very broedly besed testimony which might guide =
reformulation of the present recombinant DNA Guidelines, teking into
considerstion issues not-addressed and points of wiew not presented during
their aevalopment. .

The Guidelines have been developeli out of the concept that there is s
potential hazard to public health in certain forms of récombinant DA
research, It is evident that this hazard is not restricted to recombinant
DNA resea.t.ch conducted with the aid of NIE {(or other Federzl) funds.

I therefore support thelr extension to cover all resesrch sctivity in this
field, however supported and wherever performed. This reseerchk does not
require elaborate facilities and large capiftal invesiment. There is,
therefore, no reason to believe that it will be limited to large institutions
or industrial concerns with provén records of responsibility. Further, the
virtual certainty of the development of new techniques end of the extehsion
of these technigues to additienal organisms and higher 1ife forms will reguire
8 Iree flow of information, a continuing updating of guidelines, and the
continuing serutiny of this field of research by a body which will endeavor
to reflect the publie interest.

~1'i1e need to consider the reformulation of the Guidelines derives from the

perception that they were developed from too norrow a perspective. In my
opinion the Guidelines were developed to address solely the immedizte medical
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br. A~ Kerim Ahmed

Gctober 28, 1976
Page 2

hazards that might arise in the conduct of such research. The-Guidelines

do not address whet I perceive as the larger, potential ecological and
evolutionary hazards implicit ia this research. -Nor do the Guidelines

address the potential significance of the availability of this new technology -
developed by sclentists 1o solve their own scientific problems - to other
diverse sectors of our society, which may wish to use it for their own ends.

I believe the Guidelines do not provide sufflcient recognition cf the i‘act

‘ that we are here creating novel living organisms -~ unprecedented in the -
evolutionary order. As living organisms they are self-perpetuating and, .
destined to their own individual evolution. I do not believe we can prediet
the properties of these organisms - created by the fusion of genes from )
disparate species ~ or their subsequent evblution, or their impact, present
and future, on the existent bicsphere. We do not lmow that there is a
hazard here but neither do.we know there is not. If suech hezard exists or -
develops it will be in this insftence uniquely irreversible. I believe a
~thoughtful #eformulation of the Guidelines to take these circumsta.nces into
account vould be most apnropr:l.ate. . .

. Singerely yours ,'

f’".ﬂ 40 A g e
Ro'bert L. Sinsheimer
Chairmen -
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Novémber 5, 1976 .

or. Burke Zimmerman

2 §taff Selentist’
. Environmental ‘Defense Fund

1525 18th Street N.W.
Washington, D. C. 20036

Dear Dr. Zimmerman:

The controversy over recofibinant DNA research
has brought one of the most important facets of bio-
medical research out into the open. Although there-
are substantial bernefits thit may accrue from the
research, there is also the possibllity of anormous
costs both shert and long term,

The public is being asked to support this research,
both with its tax dollars’ and by being ir the phvsical
vicinity of the recombinant DNA research laboratories.
Fortunately, scme public inquiry has begun in the form
of open hearings on the subject. These public hearings

‘have been held in Cambridge, New York City and San

Piego, and have expressed deep concern over how and

whether this research should be continued.

The public at large, however, 1s still in the
dark concerning the relevant issues in-the debate. The
seientifie jargon that accompanies the discussion with-
in the scientific community is, at best, confusing to
non-scientists. There is an overvhelming need for
accurate, up-to-date information, with the issues clearly

presented in terms understandable to all of us. The

public, povernment officials, and members of the Legis-

-lature are in need of this information. Only with sub-

stantantive understanding of all the issues will effective
programs and regulations be promulgated.
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Public hearings are absolutely essential in
this process of discussion and debate. The Scientists'
Institute for Public Information wholecheartedly supports
the petition of the Environmental Defense Fund. and .
the Natural Resources Defense Council for the conduct.
of public hearings on recombinant DNA research.”

Alan MeGowan
Prgsidqnt

cc: Dr. Karxim Ahmed
Natural Resources Defense’ Counc11
15 W. 44th 8¢,
New York, New York 10036
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" UNITED STATES OF AMERICA® '
'BEFORE THE"

DEPARTMENT OF ﬂEALTH;'EDUCATION:AND WELFARE

PETITION OF ENVIRONMENTAL DEFENSE FUND, INC.
AND ‘NATURAL RESOURCES DEFENSE comicIL, INC.

90 THE SECRETARY ‘OF HEALTH, EDUCATION AND WELFARE
TO HOLD HEARINGS AND PROMULGATE REGULATIONS UNDER
THE PUBLIC HEALTH SERVICE ACT GOVERNING RECOMBINANT
DNA ACTIVITIES S

The Environmental Defense Fund (EDF) and the Matural
Resources Defense Council (MRDC) ﬁéieby_pétitioh'fhé Secretary
of Eealth.ﬂxﬁﬁéétion‘ﬁﬁﬁ'Weifaré (hereafter “the Secretary"}
‘under the awthority granted him by §361 of the Public Health
Services Act (42 U.S.C. §264) to hold pubIlic hea¥ings and
promuléate'regulétiéﬁs”goiérnihg récombindnt'DNA; regearch
and technology in whlch fragments of DA from different’
_organ;sms, cells or viruses are combined in novel ways and

introduced into a llvmng host’ organism or cell.

i/ DNA - deoxyrlbonucleic acid, the.chemical substance which
contalns all genet;c 1nformatmon.
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Recombinant DNA technology:permjte the creation of organisms
or viruses with an unprecedentéd genetic make-up which may have
the. potent;al of causmng grave and .irreversible ham to humans
and the env1ronme§t. The extent ‘of our current knowledge does
not'aliow:MSato ffedict all.of. the possible results_og expexi-
ments involving the mahipulation of genes. .. Because mos£ of
the present and- proposed recombinant DHA research and. technology .
involves the- genetlc modlflcatlon of hacterla or. VLruses. there
exists the potential danger of creetlngwa hlghly.deleteripus

communicable infectious agent that could be introduced into ;

" and spread among laboratory workers and/or the'general ﬁppulaf

- tion  (see infra.'ﬁﬁ;JS - 12).

Recoganizing the potential hazards inhe;eﬁ;~in:recomb;nene'
DNA researchy the National Institutes of Health {(hereinafter :
"NIH*) on 23 Juhe, 1976 promelgated‘guieelinesl.whicﬂ
prohibit certain experiments where the potential :isks to
human health are deemed to be partzcularly hlgh, and require
[ graded set of safety procedures for all other exper;ments h
{see 41 ggg;-_gg. No. 131, part II, pp. 2?902e27943, July s
l9i6).VVHIH also filed a éiaft envirconmental impact statement .
(hereinafter the.“impact-stetement?)?cn 1 September, 13876,
which- sets forth:some. of the possible dangers of recqmbinanﬁ'ﬁ
DNA research and technology (see 1 Fed. Reg. No. lTF,'
pp. 38425f441:589t. 9, 1976). NIH indicated that the guide-.

lines are not a final statement: of public policy on

_/The petltloners take no position at this time concerning
the adeguacy of the safety standards set forth in these
guidelines. 46 -
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f;ecbmbinant DNA research afid technology but rather the -beginning
of'full'éublic'canﬁidefation-ofaéll-relevant issues.

The ‘quidelines apply only to recombinant DNA research
supported by the NiH. 'While Dr. pDonald Fredrickson, the
@irector'of NIH, has called'on:all.-goVernmeﬁtlagenciesfand‘

*all who support or conduct such research thxoughout the
.United States" (41 Fed. Reg. No. 131, p. 27906, July 7, 1976)
to voluntarily adopt thé-NIH guidaiines, only- the Nétiopﬁl
' Scighcefrqundation, Depaxtﬁent-of Defenée. and the Enexgy Research
and Deéelopment‘Administration ﬁave'ﬁormally_done so.” Therefore,
a sigﬁific&nt~portionfof recombinant DNA résearch.and technology
is not covered by any mandatory sét of éaféty procedures, leaving .
the public unprotected from its potential hézards; Furthermore,
it is the position of the petitioners that the bubiic did not
have an. adeq_u‘ate oéportu.ﬁity to participate in the basie policy -
‘decisions underlying the NIH Guidelines.
" For ihesé reasons, EDF and NRDC request that:
(1) a public hearing 6¢ broader scope than. those held this
year at NIH be held on the queéstions of ﬁo‘what ex#ent and-
wnder what coaditions recombinant DNA research and technology
should be allowed to proceed; {2) final regulations be
fromulgatad,based on the record of that hearing which would

apply to all recombinant DNA research and technology in the .-

* pr, Joe Perpich,-Rational Institutes of Health, personal
communication. ’

&7 -
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'United States; and (3) the present NIH guidelihes be promulgateﬁx
immediately. as interim relief 'regul_ations.governing all parties.

" conducting ox Suppérting such research, .

! ) This document 1nc1udes. .

I. A descrlptlon of the scope of thxs petltmon {p. 4),

11, A descrlptlonuof the 'petitioners (P-_51-_'

| JIIL. A discussion of the need to. Cortrol gebpmﬁinant'DNéu
research and technology in the interest of piblic health
-Ap. s _ ' _
v. A diséussion of the legal basis for tﬂé regulaéion:of:
recombinant DNA-research and technolpéy by ' the Secretary of
HEW (p."13): and

V. A descrlpt;on of proposed rellef {p.’ 15}

I. ‘Scope of the Petition

By this petition EDF and NRDC seek interim and
Final regulatlons which will protect the public from the
potentlal hazards of unceontrolled recomb;nant DNA research
and technology. '
In this éetitionrthe tezm;“recombinant:pN;-resaarch .
‘and technology" means . all procedurés in which DNA. fragments
from two or more éifferent organisms Sr viruses_wh;dhlﬁo not normally

. ¥ecombine in nature are. recombined in the laboratory and inserted

. into a living host cell or orxganism in such. a way. as to alter its
. genetic make-up. This includes, but is pot limited to, any'experi—
ments ipvol%ing transportation of or commercial use of recombinant

" 48
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DNA molecules or the products derived therefrom. - NRDC and EDF .
ueek regulations governing all recombinant DNA research and
‘technology 1nclud1ng, but not limited to: ‘

'(a) All experiments discussed in the "Guidelines
for Research:rnvblving Recombinant BNa Moleculés”
issued by the' Nationel Institutes of Health on
June 23 1976 and published in the Pederal Register

' Part T’ on’ July 7, 1976;

{b).- All experiments in which ehemically or
enzymetically synthe51zed DNA is inserted into
a 1iv1ng host, ‘plasmid or vmrus, “and

{c} All other procedures in which DNA from .
any two sources which do not normally exchange
geHEtic informetion‘hay function within the

sama tall.

NRDC and EDF seek regulations which would cover all persons and
erganizatioﬁs condﬁetiné or supporting teéombinant'DNA research
including, but ot limited to: ' -

1. Recipients of Research grants’ awarded by

'any agency within the Department of Health,

Education and Welfare,

2. Private corporations;

3. Prmvate and public universities; and .

4. Other departments and agencies of ‘the

Pederal Government.
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1X. Petitioners

Petlt;oner Env1r0nmenta1 Defanse Fund Inc., is a .
not- foruproflt pUbllc«beneflt membe:shlp corporatlon organlzed
and existing under the laws of the State of Hew York. 1Its
érincipal,office and pIaceLof-business is 1oéated_ét 162 0ld
Pown Road, East Setavket, New quk,__It_a%sé_mgihtains.qffices
in Washington, D.C.; New York, Neq.York; Deﬁver,rééioraqo;
and Berkeley, California. EDF has a natiqnwide_membership of
over 40,00b per?ons, eomposed pf_scien;istst educators;_lawyers,
and other_citizéns dedicated to the protéction‘of thé_éhvi:onf
ment and tﬁe wiée use of natural resources. Many of thege
persons and thexr chlldren will be subjected to the 1ncreased
_ risk ef adverse health effacts disaussed in at po. g -.12, 53553,1
if the Sec;etary‘¢oes not adopt effective regu*atlons conxrplling
the relevant procedures. By its activities, EDF seeks the
preserﬁation and restoration of enviroﬁmental quality and the
protectlon of the ecountry’ 's nateral, resources on behalf of
the,general publxc. Its objectives anlude comblnxng "the best
scientific findings with the most appropriate social action
discove¥ed by the social seiences and legal. theory in oxder
th;t practicalzdecisions shall be made which shall best promote
a quality environment.” (EDP By-laws, Art. 1:2{(d)).

Petitioner Natural Resources Defense Council,-Ine., is a
not-for—proflt, tax-exempt corporatlon orqanlzed undeyx the laws
of the State of New York, with offices at 15 West 44th Street,
_New York, New York 917 15th Street, N.W., Washxngton, D.C.;
and 2345 Yale Street, Palo Alto, California. HNRDC is a naticnal

oxganization dedicated to environmental protection, including
: 50 )
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protection of the human environment, NRDC Kas 24,000 membess and
contributers in the United States. Many of these persons and

their children will be subjected to the indrEased'fisk of adverse

health effects discussed in pp. 9 - 12, infra, if the Secretary does

not adopt effective regqulations controlling the re}evanﬁ'prpce-
dures. Arong the'mgthodé MRDG wses to achiave its objeétivés -
.ave: (1) inproving fede¥dl ‘agency decision~making which affects
the environment by commenting; furhishiﬂg information, partici~
'éatiﬁg'ié'gdministfétivé Proceedings, ‘and bringing lawsuits
where légal duties are not being fulfilled; and (2) improving’
federal agency deéiéidn-makinq:ypich:affecﬁg the environment -
_Sy encouraging ‘agencies to solicit ahﬁ:ﬁtilizé tﬁe views,

knowledge, and expertiseé of members of ‘the gensral public. '

ITT. fhe Need to Coiiftol Recombinant DNA Rasearch
.and Technolegy in the Interest &f Public Health

e The‘tecﬁniqqgs daf;ﬁgd above gnable_sc;ént;st;_to e
;gcgmﬁine thé.DNA‘frqutwo wnrelated spgcies and, thus, construct
org;nisms which may eXpress, genes f;qm‘bio;ogicgliy unrelated
sources. Becauseftﬁénp;dﬁértiesipf §uéh”§e;ib§#§t§;y_off e
accidentally constgggtgﬁ:prgaﬁ;shs'§?e'nﬁﬁnbwn_apq'max.;ep:egépt
hitherto nonexistent hazards both to human hea;ﬁh and the '

" ecology, members of the scientific community have raised the =
quesﬁions of whether or not procesding with this type of
.resear;:h ;at this time is prudent, and, if so, whethexr or not

the public ‘angd the envirohment'can be adequately protected
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from -potentially hazardous novel organisms which might arise from ..

such research.

Addre551ng these questlons, NIE formed a commlttee (the
Recombinant DNA_ﬂo;ecule Program Advisory Committee) composed-of.
aciéﬁtists,_many;of whom.wéfe di;gctly invglvéé in recombinant
DNA research,_ta:draft_éuidalines govgrning the‘conductiof_ .
recombinant DNA research and establish safeguards to protect

the puhii; and the environment from potential hazards. The

guidélines, applﬁing only to NIH supported research, wers made
public June 23, 1976. Recognizing the far-reathing environmental
consedquences wbich could result if_infectipushor otherwise . |
'ﬂangeroué organiéms able to compete succes;fully with_eiisfing..
organisms.wgfg to be produced by recombinant DNA yesearch, and.

in response to requests from the publie, NIH prepared a Draft

Environmenta;_Impac;‘Statemgnt which was released. September 1,

1976.

The Impact Statement, in discussing the alternative of "no

action, unamblguously concludes that regulatlon of recombinant DHA

research and technology is essentxal for. the protectlon of ‘the pub11C'

"the 'no action'' alternative would greatly
increase the prebability that possible hazardous
organisms would be reléased into the environment.
.« » - It is concluded that the 'no action' al-
ternative would not afford adequate protection
of laboratory workers, the general public, and
the environment from the pcssxble hazaxrds des-
cribed in section Iv-c-1 " tat p. 48).

Some of the poss;ble hazards which could arlse either
directly or as an 1nadvertent result of recomb;nant DA research

are discussed in Sectlon IV-C of the Impact Statement. Qnermay
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expand this list to inelude additional unteoward health effecks,
fhe folloying'ére examples of potential threats to human health
which could result from recombinant DNA research and technology:

1. Most of the proposed and ongoing recombinant DNA

research involves strains of the bacterium Escherichia

coli (E. coli) as a host for plasmids béntéining‘DSA
from other sources. :E. coli is a common resident of

the human coloﬁ, is responsibie for %3$r1y 100% of
-human uwpper urinary tract infections2 and for approxi-
matély 30-40%_0f—the=¢ases of sepsis {infection of

the huiman bloodstream), which is often fatal. While

the strains of E. goli used in_repombipant DNA research
(variants of straip K-12) do nbt normaily colonize the
human  golon, -they can-under wnuszal cohdihions, parti-.
cuiarly in patients weakenad by-anothefrdiseasé_state;, L
Perhaps more Eerious;‘hpwever, ié the capacity.of K-12
strains of E. goli toj%;change DNA with other similar

or ralated organisms. Genetic exchange between E. goli
qnd st;ginS'of'Salmonellaf a human pathogen, is-well
documented. Since the geaetié'dete:minants_in infec-
tivity and virulence of bacteria aie not understood,

one must consider the possibility that even a seemingly.
trivial modification of thé B. coli genome'might.greatlg
alter its capacity for infection and;propagation within

humans.
i/ B. D. DaVls, et al., Mlcroblologz 768 (2nd ed 1973)

2/ Dr. Halsted Holman - Oral testimony hefore a hearlng of the Sub-
committee on Health of the Senate Committee on LaboX and Puhllc
Welfare, Sept. 22, 197§ o

3/ DaV1s, et al,, sugra at 182-200.

Y 1d, at 194, 53
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In view of the ubiquitous nhture of E. coli, the fact
that-all strains including K-12 alrxeady have the capacity
for human infection, and E. goli's ability to ¢xchange’
genetic material with-other bacteria, éhe-deliberate
genetic modification of even‘"Weakgned"jstfains.of E. coli

poses a poﬁentially serioﬁs threat to human health.

2. DNA can be taken from oigapisms that produce toxins .
{e.g. botulnum} cieating the possibility that the host
orgapism, which occupies. a different ological_niche,.
 will acéuire the ability -to. produce the toxin.

This would be particularly serioﬁs if such genes were
expressed in strains of E. coli capabie of colonizing

the human col&n. _ .

3. Geng; which code for resistance to_antibiﬁtics*azg
transferred by some recombinant DNA expériments to

‘gtrains of bacteria that were not previously resistant.

4. The animal virus on which the most genetic information

is available 15 gimian virus 490 (SV-&D), which produces

. 4 tumors 1n some animals and infects humans, although apparently
with no patho;ogical symptoms, However, the .genetic
basis for the virus causing tumors in menkeys but not
humans is not.understood.’ Thereforg,.thefpossibility
exists that e?en an ‘apparently -innocﬁous modification
of SV-40 DNA could render the virus tumqfigenic or
otherwise .pathogenic to humans, thus creating a serious . . .

hazard to human health. Yét ir is 5V-40, and polyoma

54 - ST e

93-481 O - 77 - 18




270

virus, which also produces tumors ‘in anifals; which are the.
primary objects of recombinant DNA research in animal
~viruses. '

.5...Tﬁe virulence of inflienza virus, and the sponta-
néous occurrence in nature at certain ti@és-of devastating

- £lu epidemics (such as the one.of 1918) is appareﬂtly
controlled by the reassortmert in nature of the 12 sub-

units of the wviral RN}\-]-'-( Yet the genatic basis and the

mechanism by which these viruses aré rendered highly

virulent is not. wndersiood. Again, therefore, any .

recombinant DNA prdceﬁure.involving any'aﬂimal virus

or cells contﬁining such &2 virus must be considered

to pose the risk of creating highly virulent ox

infectipus strains. -

6. The éxpression of any fdréign.géne, however seemingly
-innbcuéus it may be in the cells of 'a human’ or other

marmal, wheéhér inserted bY'virai infection or some

other mechanism; poses the risk that a protein will

be ‘produced in the infected cells which has never been .

_seen by the host's imMine system. Thus tﬁe possibility

of-an autp immune disease exists (as in rheumatic fever

ox degeﬂerative kidney disease} in which the bedy prnducés

" antibodies against prdteihé within or produced by its

own cells, ultimatély destroying the eslls them%elves.

The NIH guidelines discuss "hammful” genes in the sense

of DNA specifying antibictie resistanée'factbrs'df-proteiﬁ toxing.
L7 TDavis, Bt al., supra at 1318. RNA = ribonucleic acid. Some
viguses contain RNA rather ghan-DNA. R o
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In the contéxé of ahtOsimmune disease, however, the gene speci-
fying any fdreign protein‘must be considered potgntially harﬁful.
7. The expreséion of even a "normal" metabolic enzyme
in human, animal or plant cells which was not undexr the control
'of the cgll‘g.normallcomplex regulato;y'mechaﬁism; could lead
to severe metébolic-disruptions and an ensuing digease
state, similéf to existing cases of metabolic disease
where the defgct is in a regulatory gene, ra;her than
6nce doding foxr a specific enzyme.: .
'Both the NIH guidelines and. the Impact Statement, recogn;zﬂ
that humans haxhorxng or infected by bacterla or viruses con-.
taining recombinant DNA may, -under gertain.conditiong,‘suffer ’

a variety of serious .adverse health effects. If such modified

bacterial or’;iralfggents can survive and Erégagate outside the.:
-laboratory and thus prﬁducernew identical crganisms capable of
'producing—infectioh;and/or'toxic effects on hum;n heings, there
exists the potegtiél for a “commupicabie disease” within the .
meaning of Fection 361 of the Public He&;th Service Act (42
u.s.C. 5264);‘(see:5ectiqn II above}.  Because some of the
organisms created by recombinant DNA research have‘nevgr_exigteq-
before, the health' and environmental effects of such novel

micreorganisms are inherently unpredictable. WNevertheless,  the:

danger of the creafion of.alpbtentially serioué‘commﬁnicahle

| disease organism makes.it.incpmbent.upon_tﬁe=uepa;tment.pfh..,u
Health, Education. and Welia;e¢to exexcise its_statutq:f;agthqrity;'
and take whateve:lyggu;atqry,mgasuresia;a necesgary_td protect.

the public health..
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¥While EDF_and NRDC commend the monumental effort. made by NIH
to regulate this potentially hazardocus branch of research within
its_ownw;jurisdictioﬁ, we aye disturbed by the fact that the
guidelinés.cover only NIH suppoﬁted research, leaving large
segmenfs of the scientific and industrial commhnifigs subjecf‘
fo ro required saféty procedures. Recombinant DNA :eséarch and
technoiogy is naﬁ being bursued and supported_by private corpéra-
tions, agencies of the‘Federai‘government, as well as scientists
at wiversities &nd priv;te institutions. o
Genefal Eléctric is trying to develop a Eacteria which can
degrade petroleum and couid ke used to consume 0il spilis.
Imperial Chemical Industries Ltd. (zcr) o.f:Brita.in is trying
to develop a virus wﬁich produces insulinf (Janicé Cfossland,
"Hands on the Code"., Enviropment lB:E,_Séptember lgié). _The.
drug industry in the United States has also exprassed interésﬁp
in the commércial'use of re;ombinant-DNA.techniques; ~Federal -
agencies such as the Department of Defénse may contemplate
conduct?ng experiments. Scientists_at.universities Qhether
they recei;é'governmeht grants 6r not afé éonducting recomhiﬁént
DNA research. Therefore; we,conéider a uniforﬁ set of regu-
‘laéisﬁs'coveringléil parties engaging in recombinanﬁ'DNA research

t6 be .absclutely necessary.

Iv. fThe Secretary of HEW Has the Autﬁoritf
‘To Regulate All Recombinant DNA Activities

Section 361 of the Public Health Services Act (42 U.S.C. §264) .
gives-the Secretary of Health, Education ahd Welfare -the authority
to regulate all recombinant DNA research and technolegy. The

_Section empowers the Secretary to:
*. . . make and enforce such regqulations as in
his judgement are necessary to prevent the intre-
duction, trans@ission, or spread of communicable
57
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‘diseases from. foreign countries into the States

or pogssessions, or from one State or possessxon

into any other State or possession .. - o
It further provides that: ) ' . .

for purposes of carrying out’and enforcing such .

_regulations, the [Secretary] may provide for such

inspection, e . disinfection . . :.-and other

measures, as in his judgment may be nccessary

Recomblnant DA research and technology could create novel
infectlouﬂ agents or increase the vmrulence and range of existlng
infectious agents. The praft Environmental Impact statement recog—r
nizes that recomb;nant DNA act;vztxe° could produce mlcroorganlsms
that cause’ dlsease in 1aboratory wo:kers and the general public.
in descr;blng the Guldellnes the Draft EIS stahas.

“The emphaSLS on protectlon of laboratory workers from

infection reflects the fact that laboratory workers are..

the persons at the greatest risk of infection and that

the mést likely rouke of escape of possibly hazardous

agents from the laboratory is the 1aboratory worker

(41 Fed, Peg.g38432) .
In descrlblng the highest level of physical. containment requlred
by the Guidelines to the Draft EIS states that such facilities are: .

"designed to contain mlcroorganisms that are extremely .
hazardous to man or may cause serious epidemic dlsease.

'The Kinds of dlsease Whlch may be caused by recomblnant DNA
acthltles are descr;bed in Sectlon III ¢f this petltlon (lnfra
‘at PP- 9 - 12) : . ]

The Secretary has defihed_“communicahle_ﬁiséaée? in reéulétions
© promulgated undex ééction 361 to. govern the importation of animals
and establish drinking water standards. For:the‘puréoées of both
these sets of regulations a communicable disease-is';hn'illness due
to an infectious agent or its toxic préduct . .'."'éransmitted'by_
persons, animals, plants or the inanimate environménti {42 C.F.R.
§§71.1{b}, 72.1(b)}. These regulatory definitions of cqmmunicable.

e i .58, S
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disease illuﬂtrateithat'the Secretary_has‘the‘authoritj under. §361
to regulate infectious agenta from- any eptrce, transmiﬁted'by any
,meane . ' ' :
Beeause micréorganismsiproduced~by recombinant DNA activities
may spread disease‘among”humane, it ﬁas.aleeady been fecognized
: that'reéulations promulgated pursuant to authoritf under'§36l.
control  transportation efaDNA-materials; SectionLII-C;of.the NIH
Guidelines-(él Fed.,Reg; 27914j statesrthat the shipmenﬁ of -
recombinant DNA materlals is governed by 42 C.F. R. §72.25 whlch
specifies safety requlrements fox the transportatlon of et;oloq;c
agents.l An "etmologlc agent" 15 defxned as ". . + a viable micro--
erganism or its toxin which causes, or may cause,.human disease."
;(42 C.F. R._S?Z 25{a) (1)} :Recombinant research and the commercial
use of recomblnant technology pose an. even greater risk that the
'publlc w111 be_exposed to infectious agents than does: transporta-
tion. The same risk-of'coﬁmunieable disease which gives Ehe
Secretary_the,authoriﬁy ta regulate t+he transportation of recombinant
materials under §361 gives him the authority to regulate all re-
'qgmgipant,euh‘activities. .

V. - Relief

By this petltlon EDF and NRDC seek the follow1ng relxef‘
l.. leglslatlve type hearmng to’ develop a pollcy on
recomblnant DNA research and technology. )
- 2. Regulatlons blndxng on all parties ccnductlng recombinant

DNA research or otherw1se engaged in recombinant DNA ;echnolpgy.

7 §72.25 applxes to m;croorganlsms listed in subsecf:on {€) which
Includes most microorganisms used in recombinant DA research such
as E. coli, Slmlan Viruses, Salmonella.-

39
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3. . As interim relief, reguliations which make the NIH guide-.

iines-bihding on‘ell'parties,engagediin‘xeqombinant;PNAjresearéﬁp-

and technology.

This relief is necessary to insure that. .the public has an... . .

adequate opportunity to paiticipate.in the .decision of whether
and under what conditions recombinant DNA reseaxch and-ﬁechnqiegy:
should be permitted and. to-iﬂsukelthat the protection*provided."
the publlc by the NIH quldellnes is 1mmed1ately extehded through
the appllcatlon of the NIH guldelznes ‘to all recomb;nant DV&

research and technology.

A, The Need for a Leqlslatlve Type - Hcarlng

The NIH duidelines, which .at present are the only statement:’
of government pelicy on recombinant DNA reseazrch and technology,.
are the prodyct of the.delibora;ions of ooientists who are now :
conduct;ng.:ecombiﬁant DEA research. The NIH guidelines had
their_origin.in the Asilomar Conference held in Pacific Grove, .
California in Pebruary .1975. Mony.of ohe participants at that -
conference were the foremost molecolar biologists from all over
the world. - The NIN Recombinant DNA Molecule Program Advisory -
Comﬁittee.translated the ;ocommenﬁations of that conference into
concrete proposaia which became the NIH guidelines. The first -
opportunity the public had to participate in the regulation of'
recqmbinant‘research was in Fébruary of 1976 when the draft :

guidelines were released for public comment, and the Advisory.
; : ) 2l .

.Committee to the Director of NIH held an cpen meeting.

1/This committee should not be confused with the NIH Recombinant

TNA Molecule Program Advisory Committoe, which drafted the guide-
lines, but is one assembled early in 1976 from representatives of
science, law, teaching, public interest groups, students, etc. to

adv;se the dircctor of NIH on the correctness or shortcom;ngs of

its efforts to regulate recombinant DNA research.
. B0
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“Although this meeting was mot well publicized, many
scientists, public interest groups and 1§ymen.were invited to
attend and to comment of thé guidelines. Additioﬁal input was -
sought from these same individuals dquring the two-month' period
£61lowing this meeting. ‘A coﬁsiderable body of material was:
received by commentators by the office of the Director of NIH,
and is summarized, in part; in the Decision of,the pirector,

NIH, té Release Guidelines fpr.Research-on Recombinant DNA
Molecules (see 41 Ped. Reg. No. 131, pp. 27902-27911, July 7,
1976) . - '

Little discussion was ‘devioted. to whether or not thesefexpe;i—-
ments ought to be pefformed at all, even though the guestion was
Aralsed both by concerned laymen and by pr0m1nent sc1entlsts.-i
That there is an intringic and even necessary good in recombinant
DNA reseaxch has been a tacit assumption on the part of the NIH
édvisory committee which drafted the guidelipes from the cnset
of its deliberations: We believe that this7is,.§t least in part,
a fefl@ction of the fact that many of thévcdmmittee.members are
now doing recombinant DNA research and have‘a vestgd interest. in
its future. In‘the public meeting held on February 9-10, 1976,
the request.was made that:such'potentially hazardous research
should at least await the development of = stramn of bacteria
'whlch is not a ubiguitous inhabitant of thé- ‘human_colon. E. goli
_is the current organism of choice simply because a largg-body of

genetic information exists. concerning this bacterium, This

2/ a copy of the commcnts subm;ttEd by LDF at that time are
attachcd as Appendlx 1. 61
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request was denied in an administrative decision by the director
of HIH and not e#en submitied to the advisory committee for
further debate in’ its April 1-2; 1876 meeting in which  final .. -
revisions of -the guidélines were made: | At'thié'meeting - all of .
the outside comments had beéen distilled down.to-ten: typewritten -
‘pages’ of gquestions forithe consideration of’the.recombinant DNA. . .
advisoxry’ comm;ltte;é'} ‘the same committee which- had drafted the
.w.orking version prépared early in-1976. Except for relatively
miner changes in wording, the committee dealt summarily with . .
the guestions fr-o:m the publie, and Ehe final version of the -
guidelines d:l.d ncét differ'.'slignificantlj(-. from‘the version pre-
pared prior to pﬁblic' ‘inputi - L
A The legislative-type hearing should’ consider -the following -
issues which wér:f. not adesguately congidexed ::.n---the NIi-I pro=- .
;:eedings which le&' to the‘promulgation of the guidelines: -
(a). Whether or-not recombinant INA research.on .any-
- ‘level should i:e permitted- at ‘this timein view
of our present state -of knowledge.
(b} 'If some arsas are to-be ,permiftéd; what are they .
and:what -precautions. are. necessary to adeguately. . . .
,Aprotect_‘:: the public.and the environment?  For . ... .-
-example, what degree of .physical containment. -
should be considered adequate in. light:of .

human : £allibility?

62
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(c} Whether or not:a strain of bactezia should be
sought and studied te replace E. coli as the
subject of most'reéombinant DNA experiments
before'this work be allowed to proceed.

(d) Whether or pot -an "eordinary” or normal, non-
hazardous gene from one organism might become
déﬁgéfbushif*expreSSed in the wrong placé:and
wrong tiﬁe-in the wrong brganiém-(thié‘important
question-was virtually ignored;by the advisory
committee) . ) .

A legislative-type héaxing conducied bﬁ'HEW is the best
 forum for full consideration of the issueszraised_by recombi-
nant DHA research and technology: In effect, such a hearing
would @mount to a broad-based public review of the existing_N;H
guidelines and would permit open. debate on'issues-given little
of no attention by the RIH Drafting CQmmitfee or. the office'of
the directer.. Whether the activity.is trangportation of
recombinant DNA materials, research, commercia; pro&uction or
use in the environment, REW has tﬁe authority to .regulate
corporations and scientists whether oz not they receive federal
regearch support. . Therefore, it is highly appropriate for HEW .
o hold such a hearing. '

B. Final Requlations Governing All Parties Engaged

Promulgation of the NIH guidelines reflects a consensus
that recombinant DNA ¥esearch and tecdhnology pose a sufficient
hazard to the public health and the environment to reguire the
prohibition of some experiments and the. imposition of séfety

63
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procedures for others. The hazards of recombinant DNA research
and technology are no different if the research is being con-

- ducted by sclentlsts employed by private corporatlons rather
than the NIH.. The risk that necessitated. regulatxon of

KIH grantees necessiates regulation of cther research and
technology. The need for regulation of. all part;es conductlng
recomb:.nant DNA research is parta.cula.r].y great because even

ong Ielease of a hazardous genetically altered bacterium, .
virus or plasmid could cause widespxead illness 6: disfuﬁtion '

~of the environment.

c. Interzm Rellef

‘During the per;od before the hearing ig held and flnal
regula;;ons are promulgated the public will be exposed to-the.
potential hazards of recombinant DNA research: and technology .
not now subject to NIH guidelines. fnd;viduais who do not
-regeive RIH grants or work for NIH are not effectively -
réstrained from cén&ucting any'6£.the-éxperiments-which NIH-
deened so éangeroﬁs‘thaf they should not be conduﬁted at all.
Nor are s¢ientists nhot now COveréd by the guidelines required
to practicé:phyéiéél and biological containment of organisms
with ;edombinant'DNA molecules, To protect the public until
final regulations_are promulgated{ EDF ahd NRDC regquest that- -
the Secretary imnediately promulgate_regulations:whiéh maké .
the NIH gujdelines hindinérqn all parties engaged in reéomr ’

binant DNA rescarch and technology.
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- Dr. FreoricksoN. With your permission, I would like to review
briefly some of the major elements addressedll-)ly the committee. The
committee determined that the Departiment of Health, Education, and
Welfare is the appropriate locus in the Government for the regula-
tion of the use and production of recombinant DNA molecules. -

The committee reviewed at great length the nature and scope that
potential legislation should have. There was general agreement that
legislation should be restricted to the use of recombinant DNA tech-
niques. : : : o

t%{e,c_z;ula:tion of the research aspects of recombinant DNA techniques

resents a serious problem because of the difficulty in determining the
rder between research and pilot production, Therefore, the commit-
tee recommended that regulation cover the production or use of re-
combinant DNA. molecules. Such language would include research
activity, and make immaterial possible concerns whether a given ac-
tivity was actually research, pilot production, or manufacture. -

The consensus of the committee is that registration of projects in-
volving the use or production of recombinant DNA molecules is nec-
essary. The committee also recommends that facilities be licensed and
that the terms of the license include acceptance of responsibility for
the particular activities and individuals at the facility. '

The committee concluded that licensure of the facility and registra-
tion of projects would be more feasible and would meet the needs for
safety monitoring rather than licensure or registration of individuals
engaged in research. : S

Because the potential hazards posed by the use of recombinant DNA
techniques extend beyond the local to the national and international
levels, the committee recommends that g single set of national stand-
ards must govern and that, accordingly, local law should be pre-
em£t3d to insure national standardsand regulations.

number of other recommendations are made, and I can discuss
them further if you should have any questions. I would like to empha-
size that the work of the Interagency Committee has been done in a
most cooperative and helpful way. It is paramount to legislation which
may place authority of regulation of these activities in the Depart-
ment of HEW, that the Department continue to cooperate and coordi-
na:tetewith relevant Federal departments or agencies in this important
matter. : : '

In conclusion, Mr. Chairman, I think this much is clear: The inter-
national and the national scientific community is in substantial agree-
ment that, until the potential hazards of recombinant DN A techniques
are better understood, a» common set of standards must exist every-
where for the use of these techniques. And the question being debated
now everywhere is how this is to be accomplished. :

In the United States, as we have discussed, this question.has at-
tracted far more public attention than in other countries. A number of
fioc}fal jurisdictions or States have been engaged in either actions or

ebates, : ' ; Co \

. I believe that it is a common desire that effective Federal standards
shall soon extend over all use of these techniques within this country,
and that such standards and their implementation within the United
States will form a useful example and a helpful basis for effective
international use of such techniques.



Finally, I want to note that biomedical research is entering « new
era in its relationship to society, as represented by the debate over this
legislation. Research is passing from an extended period of relative
privacy and autonomy to an engagement with what must be called
new ethical, legal, and social imperatives under concerned- public
scrutiny. o e o A
- The National Institutes of Health have responded to these concerns
b_y requiring the formation of review hoards to oversee experimenta- -
tion involving human subjects, animal care, and most recently for over-
seeing DNA recombinant experiments. Similar bodies may. soon have
to oversee other hazardous laboratory work. - . . o . .o

_These responsibilities are ineseapable adjustments to the rising de-
mands for public governance of science, though this need not—and,
indeed, I think should not—go beyond what 1s clearly required for
publi¢ safety, lest we inadvertently impede successful research and
hamper creativity. ERE o S

In the main, the progress of science will continue to depend on the

“initiative and insights—call it inspiration, if you like—of individual
~ sclentists. : .

Thanlk you, Mr. Chairman. I shall be delighted to answer-any fur-
ther questions you.or the committee might have.. .. o

Chairman TaorNToN. Thank you very much, Dr.. Fredrickson, for
your excellent presentation, and for the longer presentation which has
been made a part of the record. L G

At the outset, I would like to ask one question which was addressed
to previous witnesses, and that is: What 1s the rationale for drawing a
distinction in regulatory policy between recombinant DNA molecule
research and other forms of genetic engineering or genetic manipula-
tion which, while they might not meet the precise scientific definition
of recombinant DNA research, could, if I understand. it correctly,
result in many of the same hazards which are perceived by the public
as being consequent upon DN A research? - : -

T submit, for éxample, the General Electric experiments which m-
volved the transfer of plasmids which had not been recombined into
other bacteria, and which did have an effect upon the gene structure
of the host bacteria, but was not, as I understand it, technically re-
combinant DNA research; yet it seems to have many of the same
consequences? : _ . o -

Can you comment on how and why such a line should be drawn ¢

Dr. Frepricrson. Yes; that’s an extremely important question, and

~one which has been a matter of concern to all of us who both do science

and must be responsible for some of its administration. . .. )

I shall answer the question primarily in this way: As one deals with
the many aspects of genetic recombination, one comes to the realization
that there is almost.no boundary to this problem. As you are aware,
there ‘are techniques other than recombinant DNA for changing the
genetic material in species, simple breeding between-members of the
same species is'one example. I suppose the most outrageous example
is springtime itself, which is a fortunate, recurrent exercise In recom-

“bination, which is almost beyond. control, and clearly is something

which. is an example of the recombination which has resuited in our
being what we are today. . : : .
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~ There are other aspects, of course, which are somewhat more arti--

ficial: Cell fusion experiments, mutagenesis, which is induced in the,

laboratory, changes in DNA. materjal within single organisms; other :

aspects of recombination such as ybu have referred to: e

. I suppose nothing, however, seems so stark or Aramatic as a chang%
in man’s capabilities for affecting the genetic material of any speci
In the eyes of many people, we have a new ability to leap over a bar-

rier that may have existed since the beginning of evolution. Whether -

such a barrier is absolute, or actually has been crossed in nature many
times in millions of years prior to this, really represents one’of the
great unanswered questions. . RN SR
~-Chairman TaorNToN. Do you have a view with regard to that, Dr:
Fredrickson?. .« = . . S Y
Dr. Freprickson. Well, not professing to know for sure, I lean to-'

~ward the side of the evidence that suggests some recombination be--

. tween, say, bacterial DNA and that of the higher animals in which
bacteria may live has probably occurred. But it has occurred in a
fairly low order of probability. - S ' -

Given the length:of time we are talking about; I suspect that riature

has already tried out many recombinations long before our time. -
Chairman Tuornron. I have wondered if this might have happened.
Dr. Freoricrson: There are bits of evidence that supports this view.
One would like to know, however, mueh more about this, and I hope
that will be part of the new knowledge that can be obtained as these
techniques are nsed. o o L

But, to answer your question more fully, I think that there is a

i

dramatic difference involved in recombinant techniques, a difference -

which allows us little of the lengthy experience that has oceurred with
other experiments in recombination over many, many years, a lack of
experience which makes us unable to predict precisely what may be
the benefits or the hazards. - B ‘ o

In attempting to deal with this delicate guestion, it is well that we
have confined ourselves to a very narrow segment, because attempting
to regulate research is very difficult. Attempting to do it too broadly
at once, or in a clumsy fashion, might well be an extraordinarily de-
structive exercise. T L '

At the same time, I think that as we pursue this effort we do have to
set in motion-—and we have at NTH, and so have other bodies—
examination of:other aspects of genetic recombination, to be sure that
we understand as well as we can the hazards of these, and whether or
not we may need to issue some kind of guidelines for the conduct of
these techniques as well. i - E

_Chairman TrornToN. You hit upon one other question that I would

like to explore very briefly before recognizing Mr. Brown for ques- -

tions, and that is the difficulty of enforcement of regulations, and the
need for having an internationally accepted standard. ~ ' o
Obviously, if you do not have some agreement between nations all of
which are capable of conducting this kind of research;, presumably a
Gresham’s law might apply, where most of the research would go on
in the nations which had the lowest standards. - s
What mechanisms do you think would be necessary in order to hav
this type of international standard adopted and enfoiced ? .

\
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Dr. Freprickson. I qmte agres with that. The presumed or hypo-
thetical hazards of the 'use of these kinds of techniques do not know
any international bound?lmes, 50 what oceiirs in one part of the world
could easi ,aﬁ'ecb all parts of the world, and thus conformity and
uniformity’ is extremely desirable, In fact it’s necessary, if this is not

to become 2 charade.

As I indicated before, I find—and so do many others—that there is
ample evidence throughout the scientific community of agreement to
a certagéld get-of standards, the willingness to ablde by guldelm%‘, to be

Ia;

I think bhat the steps that must now occur toward progressiontoan -
international agreement are wise. and rational actions here in this
country, and in those other countries that are the leaders of the scien-
tific community that will offer effective and usable mechanisms that
could be adapted to every country There will be some dlﬁ’erences, of
course, w1th1n laws,

This is now an exercise in international law which is far more diffi-
cult to achieve than legislation within national boundaries. Neverthe-
less, the adoption of a sensible mode of dealing with this problem here
will have a dramatically helpful effect, in my view, on the ability of
other countries to persuade t! emselves, their scientists, their govern-
ments, and their. people that here 1s a mode of regulation which can
be used everywhere.

We are close to uniformity in the guidelines that are now - extant.
Only a week ago, we established through continuing conversations
Wlth molecular biologists in Britain and Europe a first meeting on
the definitions of physical containment that are so expllc1tly spelled
out in the NIH guidelines. Our-aim was to begin talking: Can we
develop a completely common language so that one set of escnptors
will mean the same thing in every laboratory around the world that
might employ recombinant DNA techniques? :

We have some distance to go, as is common in seeking dlplomatlc
solutions, in coming to agreement. But I see encouraging signs that
agreement will be possible. And, while this was a'trial which mvolved
only members of the European Economic Community and the United
States in very informal discussions, I'm convinced that through the
WHO and through the International Council of Scientific Unions, we
have the capability for involving other countries.

I think it depends very much on how well we carry off this dehcate
exercise here at home.

Chairman THORNTON. Thank you very much for that observation: .

‘Mr. Brown? -

Mr. Broww. Dr. Fredrickson, as Mr. Thornt()n has pointed out,
scientific effort to modify gene structures is not a new situation in this

country. It’s reflected in hybrid corn and high-yield wheat and race-

hotE8s dnd show dogs and a lof.of other things.

Is this not correct ?

Dr. Frepriceson. That’s quite true, Mr. Brown..

Mr. Brown. The difference between that and the recomﬂ:nnant sﬂ:ua-
tion is what? The time scale? We can.now do it immediately by the
proper gene manipulation ¢

Dr. Freprickson, Yes; there is a dlﬁ‘erence in time scale, that is,
one may be able to do it on- command within the laboratory setting.
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The. other difference may be, as I indicated, that we may by this
means be able to create recombinations that simply would not other-
wise have occurred in nature, through any other type of technique.

Mr. Brown, It’s broader then than what we do by the normal breed-
ing processes toalter genes? _

Dr. Freoricrson. It is potentially broader, Mr. Brown. It will de-
pend a great deal, of course, on whether recombinations reintroduced .
into a host are actually expressed. : :

Mr. Browx. Well, let’s take another example. Over the past genera-
tion we've experimented a great deal with the preparation of toxic
chemicals aimed at affecting biological life, as described initially by
Rachel Carson in *Silent Spring,” and now we see the effect it was
- having on the biosphere. Obvious genetic changes took place as a result
of chemical trauma on insects, plants, and so on. :

‘Tstherea difference of kind 1n this, in the recombinant gituation?

We had supercockroaches, for example, that resist DDT, and other
things of that sort.

Dr. Frepricksor. You can by many other techniques create so-called
genetic pressures which drive organisms to develop modifications
which allow them to survive. Clearly, mutagens—not only mutagens,
brut other chemical agents—can have this same effect. N

Whenever you introduce a new antibiotic into the practice of medi- .
cine you're creating genetic pressures which will automatically favor
certain organisms which have resistance to the antibiotic, for example,

Mr. Brown. We've seen some hazards of that sort, as reflected in
human beings, the thalidomide babies and other things of that sort.

hTh@ose. kinds of babies don’t normally occur in normal evolution, do
they?

Dr. Freoricxson. Of course, there is a major difference in that
tragic example, Mr. Brown, in that those babies will not reproduce
offspring with the same injury because the injury did not result from
induction of genetic changes, but changes during the stages of
differentiation. . ' ﬁ :

That may be why the use of recombinant DNA techniques have
excited so much imagination—perhaps excessive bursts of it—in that
presumably by changing the genes we may create new species which
will reproduce and find new niches in the environment.

Mr. Brown. Well, chemical agents can produce changes that will
reproduce and will not reproduce genetically.

Dr. Frevriceson. That is true. But there you were inducing usually
point mutations within the genetic substance of the animal itself, the
single species. Here you can add strands of DNA which are entirely
different genetic material and which may possibly be a much greater
leap toward change in the nature of characteristics of that organism.

Mr. Brown. Well, the thrust of my questioning, if we can go back
to the general problem of chemical mtervention in the biosphere, is
whether or not, since you emphasize so much the hazards and safety
aspects, there is a difference in kind between recombinant DNA re-
search and the kind of research that led to the development and wide-
spread application of chemicals to the biosphere. Many of these are
causing cancer, many other kinds of diseases, distorting all kinds of
vegetable and animal life, causing almost daily human deaths.

93-481 O~ 77 .19
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- This week “60 Minutes” had an example of a plant in Texas where,
if there were not deaths, there were severe illnesses, The Kepone situ-
ation is an example. : : : , .

Is there a difference in kind between the hazards reflected by this
kind of research and the hazards reflected by recombinant DNA
resegreh ¢ - ' . -

Dr. Freorickson. 1 suspect that the kind. of definition you are
using, Mr. Brown, by that there are not great differences.

- You ask the question in terms of “Can as much harm be done by the
introduction of a chemical, a single chemical, into the environment as
might be done by recombinant DNA. techniques?” It is my informed
guess and 2 value judgment that the introduction of some chemicals
might be much more harmful or widespread in their effect. ‘

Mr. Browx. What causes the difference in our attitude toward
recombinant DNA and chemical R. & D.? :

Oristhere a difference? Maybe I'm assuming too much. -

Dr. Freprickson. The difference is rooted in fact that you might
be able to create new organisms that would be dramatically differ-
ent from what you would get through either mutagenesis or by breed-
ing technigues, and that such a new organism might take up a new
niche in the environment. This type of thinking has led to great public
interest in recombinant DNA technology. : _

There are also romantic reasons why I think we are more concerned
about recombinant DNA. techniques, because there is a confused and
mistaken public perception that the use of these techniques will lead
automatically to different kinds of so-called genetic engineering, to
the cloning of one species of man. These are truly romantic distor-
tions of the capability of such techniques at the present time, and
have no relationship to the intent for which they’re now being used.

I think that perhaps it is both of these things that have led to this
extraordinary degree of concern about recombinant DNA techniques.

Mr, Broww. Modern science and modern man, in the pursuit of
efficiency and progress, have practically concentrated biological devel-
‘opment on a very small number of food plants and other useful plants,
on the order of a few dozen out of thousands of plants that constitute
the genetic pool. o : _

There is some indication that this may pose future hazards for man-
kind, that as we lose the diverse strains in the geneti¢ pool and con-
centrate on these genetically superior types that we have developed,
we may find ourselves running into real trouble sometime. -

Now, there’s no hazard involved in the kind of research that pro-
duced these—at least none that I know of—in the laboratory, yet
maybe the future of man’s health on Earth is threatened by it.

f the worst catastrophe were to occur and we were to lose the
genetic diversity thab exists in the biosphere, what does this say to
your concentration on laboratory safety as the only factor to consider
in dealing with DN A, recombinant DNA research ? _

Dr. Frevriceson. Well, I think you are quite correct. We've already
learned from the tragic experiments of a social sort in Germany in
‘the forties about the concentration on single genetic species, and we
know from many practical examples the virtues of hybridization.

I suppose from the laboratory standpoint, it is that the ability to
use recombinant DNA techniques that maximize the capacity for
hybridization. : : . : '
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Mr. Broww. And increases diversity, I presume? .

Dr. Freoriorson. Yes. There is an opportunity to test the maxi-
mum limits of increasing diversity and perhaps to determine far bet-
ter than we've ever understood before what controls that diversity,
what are the limits to expression of unusual genetic combinations.

Mr. Browx. Yet the guidelines, which have been developed, and the
other concerns with regard to regulation, are not concerned in the
slightest with the problem of either increasing or decreasing genetlc
diversity, but with safety in the laboratory. And that’s the point that
T’m reaching here. o

Shouldn’t we have a broader concern ? ' '

Dr. Freprioxson. Well, I think that we are at a first stage of that -
problem, in the sense that now that recombination is possible, it will
be possible to learn enough about its capabilities to then open up that
second debate, which you suggest. But we really don’t know enough
about the feasibility of using these techniques or the capability of
creating diversity to any effective degree, and we can only learn that
by the next step in the laboratory, and it is the purpose of the guide-
lines to take that next step safely, to confine any possible uncertainties
or hypothetical hazards to the laboratory. .

1f it works, Mr. Brown, then I can see a need for great concern with
the next stage.

Mr. Brown. There is sometimes dicussion in the Congress about
what would have happened if 100 years ago we had concerned our-
selves with the impact upon American culture of the development of
the automobile, and whether we might have pursued a wiser course
if we had analyzed the deaths, and the accidents, and the losses, and

- the changes in lifestyle, and all of the other things produced by the

auntomobile, and the petrolenm industry. )

 Now, concerned with regulating the safety of research in internal
combustion engines 100 years ago since there weren’t even many safety
laws in those days—and we obviously weren’t concerned with forecast-
ing the impact of a new technology on society. But if we had, we might
have done things differently

And I'm trying to get to a point today. We have new tools, we
have technology assessment procedures for example. To your knowl-
edge has any substantial effort been made to assess this technology
in terms of its impact 50 years from now on either American society
or the human race? :

Dr. Freprricesox. In a limited way we've had some experience with
technology assessment in the preparation of the draft environmental
impact statement context of on the issuance of the NTH Guidelines.

1t is extremely difficult to look forward a great distance in this area.
Tt is quite possible that 5 years from now we might discover that there
is so little opportunity or capacity for the expression of foreign genes
In organisms that what we have been debating here was a paper tiger.

I think that we really cannot make a useful technology assessment
beyond imagining various scenarios. Until we proceed far enough to
have a glimpse of the true power of these techniques, beyond the ca-
pacity to reproduce apparently pure genes in large quantity, we do
not have enough evidence to adequately assess this new technology. -
. Mr. Browx. I'know that it’s a difficult question, but I’'m sure there
would be no diffficulty in drawing up several scenarios that show the
whole structure of human evolution change. It might be useful to
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develop some of these scenarios, purely as a means of stimulating
further thinking about this matter.

Dr., FREDRICKSON Indeed, I agree with you, Mr Brown. We have
engaged in that privately. We have refrained and resisted the tempta-
tion to put too many of them into environmental impact stateinents,
simply because we have no way of assigning any probability to those
scenarios.

But we hope that we can begin to develop a basis for doing that as
this information unfolds. |

Mr. Browx. This committee, is realiy not so much concerned with
the regulation of recombinant DNA research as it is with the broader
seience policy issues involved. That is the reason for my questlon

- Dr. Frepricrson. Yes.

Mr. Brown. And, frankly, T don’t know how we get at these issues
except to pursue some rather simple procedures of using all of the
knowledge that we have and the best minds that we ha,ve, to avoid as
many future accidents, as well as present la,bora:tory accidents, that
Wa can.

Dr. FREDRICKSON. T am quite symp athetic to the oonumtt,ee S pomtmn
in this regard. | _ .

Mr. Browx. Thank you. .

Chairman THorwTox. Thank you Very much M. Brown .

I do understand that during the past Congress a group of 25 or 30
Congressmen-did petition the Office of Technology Assessment for an
assessment of the kind that has been deseribed. T don’t think that that
work has progressed to the point of expressing any conclusions. In fact,
if T understand correctly, that they are still trying to declde exa,c:tly
what issues they can address in that group.

Are you familiar with the OTA assessment procedure at a,ll Dr
Fredrickson ?

Dr. Freprickson. T'm qulte familiar with OTA Mr. Thornton.

Chairman TuorNTON. Are you familiar with this petition?

Dr. Freprrcrson. I'm not familiar W’lth whether they are mvesrbl
gating this particular issue. . . :

Chairman THorNTON. Mr. Yeager? :

Mr. YEacer. I think they are in » the situation, Mr. Chalrman, Where,
as you mentioned, are simply trying to develop a proposal that would
" make some sense of the areas in which they might conceivably make
a contribution. But that has not been developed to the point where it
has been brought before the Technology Assessment Board for the
Board to dlscuss, as to whether they should or should not do it.".

Chairman TrorroN. Thank you.

I would like, if I may, before recognizing Mr. Ho]lenbeck for ques-
tions, to accept one quotation which is in the prepared statement which
you have submitted, and to eall for such additional comment as may:
be appropriate With regard to that. This quotation is from the interim
report transmitted to HEW Secretary Califano on March 15. -

The Secretary in releasing the report on March 16th stated that
and I quote:

Legislation in this area would represent an unmsual regulation of acthtzes

affecting basie science. But the potential hazards posed by recombinant-DNA
techmques Warrant such a step at thls hme

He went on to say:
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I believe such a measure is necessary, not just to safeguard the publie, but
also to assure the continuation of basic research in this vital scientific area. We
are not saying that research should be halted, We are urging that it should
proceed - under caréful safeguards, unless and until we have a befter under-
standing of the risks and benefits posed by use of recombmant DNA techniques
without Government regulation.

Following the line of questioning suggested by Confrressman Brown,
1t seems to me that in confronting the unknown, in deahng with the
boundary between knowledge and i ignorance, there is a real danger to
make an assumption that we already know enough to say that we do
not need to know any more.

I wonder if we do have enough knowledge in this field now to be.
able to say confidently that we do not need to know any more.” = .

Dr. Freprickson. No, Mr. Chairman. I think we do not. In fact,
one sometmes hears a cry that we should have a moratorium unt1l
we get it all strdightened out.

But, as » matter of fact, we shall never get it straightened out until
we know more. In my view, it reminds me of a story about Kansas
- that was prevalent in the area of Colorado in which I grew up. The
story goes that in the State of Kansas there was a law that said when
two trains approach an intersection at the same time neither shall
proceed until the other has gone on.

Chairman TeornToNn. I’'m familiar with that law. It was a,ctually
on the statute books.

Dr. Freprrcson. And in some ways that would be the nature of
halting all search, all inquiry for more knowledge. I'm afraid that we
cannot proceed until we have gone on, and I think it is the attempt
of the NIH guidelines and of this move toward regulation to extend
them to all aspects of.the use of such techniques that represents an
attempt to do this with prudence and with as much care-—and per-
haps more excessive regulation than is necessary-—but nevertheless
with the public interest in mind in both regard to safety and the
possible use of this knowledge.

Mr. Broww. Mr. Chairman.

Chairman TrorNTON. Yes, Mr. Brown?

Mr. Brown. Could I just ask one supplemental question?

Dr. Fredrickson, all of us on this Committee are supporters of sci-
ence and friends of science. I don’t think our main problems, from the
standpoint of public policy, arise with the policing of science. But
dangers may arise in that interface where science and industry or
commerce get involved—with the-chemical industry, for example—
although there probably are some examples of where accidents oc-
curred in the R. & D. that led to the development of pesticides, and
s0 on—it isn’t nearly as severe as the sitnation that exists in industry .
in the manufacture and production and use of recombmant DNA
techniques,

Now, if we are to profit from the lessons of a generation of increas-
ing dissemination of chemical pollutants, we should be concerned with
the commercial use and production of whatever the products of re-
combinant DNA research are.

And I am wondering if we can visualize this problem clearly enough
now to say that we need to set policy lines for the utilization of this
technology, assuming that the R. & 1). does bear fruit of some sort. -
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Could you give us just a quick answer to that, and ma.ybe we could
follow it up in more detail in some other way ?

Dr. Freprickson. I believe that is absolutely essentml The NTH
guidelines, which, under the proposed legislation would be promul-
gated as the pmhmmary or initial standards, contain a prohibition
against the deliberate release of any recombinant product into:the
environment at this time.

Clearly the time will come in avrlculture. if it works there—and
undoubtedly in other aspects of mdustry_when the decision point will
have to be crossed, when do you release? And we're going to need an
extraordinary amount of wisdom in developing criteria which will
determine whether that should be done or not. It is not too soon to
begin to worry about how that form of I‘BO'LI]‘ltIOIl is actua.lly gomfr
to be handled. e

Mr. Brown. Thank you, Mr. Chairman. :

-, Chairman Trorxton. Thank you, Mr. Brown

Mr. Hollenpeck ¢

Mr. Horrexpeck:. Thank }ou, Mr. Chairman.

Dr. Fredrickson, on the subject of guidelines, certain groups have
claimed. that the development of your rruldehnes represents a con-
flict of interest on the part of some of the seientists involved in the
drafting because those same scientists may be h‘rel conductmg the
research. .

Can you address yourself to that accusation? ‘

Dr. Frenricxson. A portion of the scientist members on the tech-
nical committee that put these guidelines together are actually en-
gaged in molecular biology ; some are not.

The content -and faubstfmce of the gnidelines is so e*ctraordmarlly
technical that it would be absolutely anossﬂ)le not to have experts
who are engaged in the worle themselves primarily concerned ‘with
the development of the guidelines.

T think that our obhg‘ttlon is that the rest of us, who are in a sense
all lay people—even though we may have scientific backgrounds—but
lay people in this area of molecular biology, must take gremt care that
our opinions are as well informed as possﬂole There should be oppor-
tunities for the public to have a view of the people who put the guide-
lines together, because if we don’t understand the substance, we can
very often judge those that put them together and the sincerity of
their determination: to protect a broader interest than their own.

It was on this basis that we had a hearing, a widely announced pub-
lic hearing, at the time these guidelines came forward. And it is why
we have responded carefully to a whoie range of comments. -~ ~

T think that from the beginning, we have engaged the public in
the-opportunity to know the full %)‘1313 of the constl uction of these
guidelines.

As you may know, the NIIT took care to pubhsh in this thlck yellow
book [indicating] the complete hearing record of that public hearing’
in February 1976, and all letters to me thereafter concerning the na-
ture of the cru1dehnes And we shall do the same with the succeed-
ing documents so that there is available o all people, regardless of’
what they think; a clear understanding of what was the 1mture of the-
input on which these decisions were basecl :
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Mr. HorLeneeck. Fine. You are to be commended for that approach,
in my opinion. ' :

Now, there has been some mention made of accidents and the pos-
sibility of accidents with regard to this research. o

Has there been any feeling or any discussion in the scientific com-
munity with regard to establishing a strict Hability standard, of liabil-
ity of investigators, in the event of just such an accident ?

Dr. Freprickson. Yes; there has. There has been a good deal of
discussion, discussion that we have held with scientists, and discus-
ston within the Federal Interagency Committee, partly stimulated by
S. 621, introduced by Senator Bumpers and the companion bill by
Representative Ottinger. ' : o

It was the feeling of the Interagency Committee that the liability
portion of the Bumpers-Ottinger bill posed a serious block to the fur-
therance of this research, becanse it would require all institutions to

- attempt to get heavy indemnity coverage, and 1f they failed to obtain
it, they would have to cease all research of this kind, unless the Fed-
eral Government agreed to indemnify them. : :

It was the committee’s feeling very strongly that liability should be
left to State and to local laws. : .

Mr. Horuexprox, All right.

Thank you, Mr, Chairman,

Chairman TaorntOoN. Thank you, Mr. Hollenbeck,

I do want to pursue further the question of how effectively you
solicit the input of the public into the decisionmaking process.

T believe you responded that the results of the decision were pub-
lished. There has been concern expressed that the public is not in-
volved in the formulation of the decisions which are announced, only
that they are later advised. For example, I would like to ask whether a
notice of workshops or hearings was published other than in the Fed-
era(l51 Igiegister, or is that publication the only publication which is
made?

Dr. Freoricrsoxn. T’ll ask Dr. Gartland, with regard to the Recom-
binant Advisory Committee, how are those meetings published?

Dr. GarrLanp, At the present time they are announced in the Fed-
eral Register. We're giving serious consideration to a wider dissemi-
nation of announcement, perhaps through scientific and or public jour-
nals. But to date it’s been basically the Federal Register. :

Chairman TrornToN. I would submit that In view of the wide pub-.
lic interest in the subject that T’m pleased to hear you say that you are’
giving consideration to this. : : : .

Dr. Freoriceson. With respect to the February 1976 meeting of the
Director’s Advisory Committee that reviewed the guidelines in public
forum, we went beyond the Federal Register announcement and spe-
cifically invited some 20 organizations that we knew had a heavy inter-.
est, particularly in the environmental area, to thig meeting. We also
invited a number of people whose persuasions we knew were widely
different with respect to the guidelines. - S

- Chairman TnorsTon. Well, T just want to preface this question with
the statement that there has been a great deal of concern expressed
about whether the public is involved in the decisionmaking process.

I think it would be appropriate for you to be cognizant of this ex-.
pression of concern. And I take it that you are saying that you are

. going to Increase efforts to be sure that the public is involved.
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Is that correct? : : _ .

Dr. Freorrcrson. We are cognizant of that, and we certainly want
to present every opportunity for their invelvement, and we will.

_Chairman TrornTON, Especially with regard to this Program Ad-
visory Committee, which is in the process of now revising the guide-
lines. The public is involved in that, is that correct, sir?

Dr. Freprickson, The Director’s Advisory Committee meetings are
always open to the public. The meetings of The Technical Recom-
binant Advisory Committee are-also public. '

. Chairman TrornTON. Any questions, Mr, Dornan?

Mr. Dorxan: No questions, %Ir. Chairman. ‘ :

Chairman TraornTON. I'm going to invite Mr. Wydler, if you have
any questions—— ) . . C .

Mr. WypLer. I have no questions, Mr. Chairman. I appreciate it.

Chairman Tror~xToN. Mr. Yeager?

Mxr. Yracer. Just one, Mr. Chairman.

MadV?We have permission to request some further information for the
record o : .

Chairman Trorxrox. I will ask, Dr. Fredrickson, if you would be
willing to respond to such written questions as we may submit?

Dr. Freprrorsow. Most gladly. I°d be pleased.

Chairman THornTON. In recognition of your schedule, we would like
to invite you to continue to remain onboard if you can do so, but if your
requirements are otherwise we will now proceed to the next witness,
Dr. W. J. Whelan, Perhaps your other companions may remain if it
is necessary for you to leave. -

Dr. Freprrckson, Thank you, Mr. Chairman. I regret that I do have
to go. .

Chairman TrorrToN. May I then express, on behalf of our subcom-
mittee, our deep appreciation to you for your fine presentation and
your responsive answers to our questions. Thank you, Dr. Fredrickson.

Dr. FrepricksoN. Thank you, Mr. Chairman. _

Chairman TrHornTon. Qur next witness is Dr. William .J. Whelan,
chairman of the department of biochemistry, University of Miami
School of Medicine, Dr. Whelan helped to organize a very successful
symposium in January of this year, which was cosponsored by that
university and the Cancer Research Institute on the topic of molecular
cloning of DNA and genetic manipulation as it affects the cancer
problem. . '

We've asked Dr. Whelan to appear today, since he also serves as the
chairman of the Committee on (Genetic Experimentation, a scientific
committes established by the Imternational Council of Scientific
Unions. ' o . )

" 'We hope, Dr. Whelan, that you’ll be able to provide us with informa-
tion on foreign nations’ considerations of the DNA recombinant
molecule research issue. We appreciate very much your attendance.

“Youmay proceed. '

[A biographical sketch of Dr. Whelan follows:]

Dr. WILLIAM WHELAN

William Joseph Whelan, Ph, D, D. Se., 52 years old, Professor a',rad. Ghairg:aan_',
Department of Biochemistry, University of Miami School Qf Medlm_ne, Miami,
Fla. Dr. Whelan is the General Secretary of the International Union of Bio-
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chemistry and Chairman of the Committee on Genetie Eicperimeﬂtation
(COGEl_\I E), recently established by the International Council of Scientific Unions,
The primary focus of COGENE is on the recombinant DNA issue.

STATEMENT OF DR. WILLIAM J. WHELAN, CHAIRMAN, DEPART-

MENT .OF BIOCHEMISTRY, UNIVERSITY OF MIAMI SCHOOL OF
MEDICINE o : : : :

Dr. Werran. Thank you, Mr. Chairman. Thank you for inviting me.

As you say, I'm a biochemist, but I am not myself engaged in re-
search on recombinant DNA , :

The reason that I became involved is because I am the Secretary
General of the International Council of Scientific Unions, and the
members of that Union, along with members of other scientific unions,
have a keen interest in the new technology that you are discussing.

That led, in turn, to my becoming the chairman of this new Com-
mittee on Genetic Experimentation. It’s so new that it has not met yet.
It goes under the acronym of COGENE. And it’s a scientific com-
mittee of the International Council of Scientific Unions, which we
call ICST. Z :

It came into existence last October in Washington. The General
Assembly of TCSU held its biennial meeting at the U.S. National
Academy of Sciences, and COGENE came into being by the unani-
mous vote of the members of that assembly.

First, to tell what is YXCSU. It is an international, nongovernmental
scientific organization composed of 18 international scientific unions
and 64 national members. Any nation with any pretension to organized
science is a member of ICST. : :

Each union represents a seientific discipline, such ag chemistry. The
national members are not governmental organizations, but are usually -
the supreme scientific organizations of the member country, in our
case the T7.8. National Academy. Since IOSU was created in 1931,
it has adopted a policy of nondiserimination, affirming the rights of
all scientists throughout the .world—without regard to race, religion, .
political philosophy, ethnic origin, citizenship, sex, or language—to
join in international scientific activities. ‘

The principal objective of ICSTJ is to encourage international seien- .
tific activity for the benefit of mankind, and it does this by initiating,
designing, and coordinating international scientific research projects.
It acts as a focus for the exchange of ideas, the communication of scien
tific information, and the development of standards. e

The committees or commissions of TCSU are created to organize
programs in multi- or transdisciplinary fields which are not completely
under the aegis of one of the member scientific unions. A typicaland
topical example is the Committee on Space Research, which brings -
together 11 of the scientific unions ad 34 national members. . '

It was natural, therefore, that ICSU, taking note of the potentially
-enormous significance to mankind of the newly developed science of
recombinant DNA technology, should move to establish a scientific
committee to work in this area. As a relative latecomer to the scene,
ICSU gave regard to the fact that if this field of research suffers from -
anything it is not from lack of committees to examine it. '
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Nevertheless, the keen interest of so many. of the member unions of
ICST in recombinant DNA, and the proven effectiveness of ICSU in
coordinating scientific activities on a worldwide basis prompted, first

* of all, a study to recommend or not recommend whether a committee

should be created. I was the chairman of that ad hoe aroup.
T would like to submit for the record, Mr. Thornton, a copy of the

‘report of that group that proposed the formation.

Chairman TraorNTON, Yes, we have that printed report as part of
the material which has been submitted to 18, and we will receive it for
possible inclusion in the report of these hearings, without objection.

Dr. WreLax. Thank you.

1t also refers to annexes, which are rather bulky, but which are avail-
able, that to provide a very thorough study of the state of the tech-
no%otry and governmental actlons around the world as of the mlddle of
1976

Despite, as T have alreadv referred to, the many committees a}ready
in existence, this stndy group felt that there was a need for a truly
international, interdisciplinary, nongovernmental, and apolitical body -
that would help to solve some of the problems and would take appro-
priate initiatives.

This recommendation was accepted, and when it was accepted the
general assembly of TICSU deliberately widened the terms of refer-
ence of the committee to inchide genetic experimentation in general,
not just recombinant DNA research taking the line that we are inter-
ested in genetic experimentation in orenem] Often the different tech-
nologies are simply means to a common end, and there would be little
point in having a committee, a separate commlttee, for each branch
of genetic mampulatlon We begin with one committee which has
wider terms of reference, hut certamly will initially concentrate on
the recombinant DN A aspect.

The members of COGENE come from the major nations involved
in recombinant DNA research and include representatives of seven of
the member unions of ICST that have a cloge interest in the results
and applications of the research. Individuals who are members of the
committee inclnde: Paul Berg, whose name is well known to you;
and someone who was also mentioned this morning, acade,mlclan
Alexander Bayev, whoisthe chairman of the Soviet Committee.on Re-
combinant DNA Research.

- The potential usefulness on the 1nternat1ona1 seene of this new non-
governmental committee is attested to by the fact that UNESCO,
FAQ. and WHO have appointeed observers to attend the meetings of
COGENE, with the possibility of giving financial support to some of
the actwltles that we have in mind.

_In creating this committee, ICST did not have it in mind to preside
over the banmncr of research on recombinant DNA. Rather, ICSU
wishes to see the research proceed, recognizing at the same time the
widespread concern at the potential hazards, and the complex moral,
legal, and ethical issues for society that have been opened up by this
new field of seientific endeavor.

I referred to the fact that I, myself, have not engaged in the re-
search, but T hope I can help your serutiny of the issne and without
being redundanf if T pass on some information about what we hope
to do, making those remarks in the context, of the impressions that T
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formed during the recent discussions of recombinant DNA held at the
TU.8. National Academy about 3 weeks ago.:

"That Academy forum served as a most adequate exposé of the con-
* cerns coming from all corners of society. We heard of the problems
of regulating the research itself, the forbidden experiments, the safety
measures, the potential hazards to researchers and to.society in gen- -
eral, the moral and ethical concerns, with the fears that industry would
. carry out dangerous experiments behind closed doors and the con-
cern—or even outrage—that new forms of life, potentially the har-
bingers of doomsday, would be brought into being to fatten corporate
profits. : : : .

. But something seemed to me to be lacking from that debate. It was
-entirely understandable that the citizens of Cambridge, Mass., should
view with alarm the prospects of dangerous erganisms escaping from
the Harvard laboratories. It was equally understandable that many
of those present and the citizens of Cambridge wished such research
to be moved elsewhere than their city, that others should call for the
research to be confined to a few key installations or, at the extreme,
to be banned outright. ,

But I heard very little by way of concern at what might be happen-
ing outside of the United States. The arguments revolved almost
wholly around the domestic scene. ' L
Recombinant DNA technology has been likened in its potential im-
pact to the discovery of nuclear fission. But it has taken 30 years for
nuclear fission to come within the capability of the enterprising
graduate studnt or the terrorists, By contrast, recombinant DNA ex-
periments can already be carried out almost anywhere, using freely
available methodology and with relatively simple facilities, The ex-
periments that are still banned in the NTH guidelines can be conducted
readily by anyone lacking respect for the ban or who is ignorant of
the need for the ban. =~ . ' . '

Plagues and scourges caused by pathogenic microorganisins have
no respeect for persons or the boundaries of cities, States, or nations.
If the potenial hazards are real hazards, little would be achieved if
the research became outlawed only in the United States. It might be
-going on in Canada, or Mexico, or Albania, and if the research really
1s dangerous, that would be just as hazardous to the citizens of the
United States as if it were carried out at Harvard. ‘

As already alluded to by Dr. Fredrickson, there is a clear and press-
ing need for action on the international scene. The concerns of the
researchers are not national concerns, the applicability and the en-
forcement of guidelines is not merely a matter of seeuring observance
-throughout the United States, the problems of industry are not na-
tional, nor are the concerns of the lay public or the social issnes. All
of them are iniernational problems calling for international agree-
ment and regulation. ' ,

_ I do not presently see much by way of collective activity at the inter-
national level—and this is certainly not to contradict the remarks that
Dr. Fredrickson made, because the contacts are certainly there. But
T'm referring to organized activity which has a basis for continuity,
and because of this the kinds of things that this committee might do-
may seem, in their totality, to be overambitious. But they simply rep-
resent the collection . of the things we think ought to be done on the
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international scene; if others will do them, or if we can eata.lyzé others
to do them, we'll certainly be happy. We have no wish to try to take

on everything, ~ =

But, first of all, in talking about the things that we’d like to see
done, given our premise that the research should continue, we would
like to help secure universal agreement to safety guidelines and to
assist in securing harmeonization of guidelines so that there might
emerge an international code of practice, not so compromised by indi-
vidual exceptions as to become a set of pious hopes. o

We hope to act to link and bring together the many national and
regional bodies acting in the field, and be a means through which
they can communicate. We see also a clear and pressing need for
good training in safety measures to be available wherever the re-
search might be carried out, and we hope to work with the World
Health Organization to this end. ‘ o

~'We also see a need for the wide availability of good training in
the technology itself; not just in North America and Western Europe,
and we will work with UNESCO and other bodies to this end.

I go along with Mark Twain that it’s a terrible death to be talked
to death. I feel we have to-move away from the present situation where
the main tools of debate are guesswork; intuition, prejudice, and con-
jecture. We see the need to conduct risk-testing experiments, designed
to examine the reality or otherwise of some of the alleged hazards.

We are in touch with organizations which are already planning
such experiments and we have our own panel of experts now planning
experimental protocols, for experiments which are not presently
planned by other bodies. ' S T ey

We also see the need for a thorough examination of the ways in
which industry might use this technology on a large scale, with safety
and with due respect for industry’s need to protect its discoveries.
I hope that COGENE will succeed quite soon in organizing a dis-
cussion meeting in a representative international context. I already
have a potential financial sponsor and a potential national academy
to act as a host. ; C
- My own input into your deliberations then is'to express the hope
that actions be generated at the international level, a relatively ne-
glected aspect, I think, of the debate on recombinant DNA. I am
personally convinced of the need in the United Stites for Federal
legislation that will give the NIH guidelines the force of law in
all laboratories and that there shon'd he adequate public disclosure
and public serutiny of the details of planned and ongoing research.

T hope that the legislators will be sufficiently enlightened to build
flexibility into the regulations so that these may be changed with
the advent of new knowledge. ' o

Tn this regard T'd like to refer to the admirable report prepared
for you by Dr. McCullough. Looking there at a quotation frem Dr.
John Platt, T'd like to take exception to this comment, because he
seems to be calling for a crash program to provide solutions to some of
the problems. He uses the analogy for the need in World War II
for improved antisubmarine warfare. o _

I happen to have worked in that nrogram in World War II, and
T think the analogy is wrong. Recombinant DNA research may trans-



form the face of society, I don’t think it needs a crash program. I
think it needs a long, careful examination.

The United States has already rendered sipnal service on the world
scene by the actions of the National Institutes of Health in producing
the safety guidelines and the environmental impact statement, a
statement and guidelines that have universal applicability. I hope the
United States will continue its examination of the many other issues
also involved, such ag patents.

But I hope it will also take the lead in calling for universal respect
and concern for the impact of this new technology on society, for
safety measures, for the protection of the environment, and for com-
mon 1nternational sanctions on any misuse of the technology.

My impression at the moment—and it was formed after the Na-
tional Academy debate—is that I’'m afraid that the divisiveness one
sees in debates in the United States, and the apparent concentration
on problems as if they were only internal problems are causing people
to lose sight of the.larger issue; namely, international initiatives are
needed. ' ;

I hope that the United States will help to promote international
cooperation in this research, and make the basic and applied knowledge
freely available so that when the potential, and one has to admit
still conjectural, benefits of the research become available, they become
availabletoall.

Thankyou, - .

Chairman TwmorxroN. Thank you very much for your very excellent
testimony. We ‘will include the attachments to your testimony in the
printed record. - :

[The material follows:]
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REPORT OF THE 4p. #oc COMMITTEE ON RECOMBINANT DNA MOLECULES .

The ad hoc Committee on Recombinanf DNA Molecules, charged by the
General Commxttee with reportmg on the 1mpl|cat:ons and potential of research on

recombmant DNA

.fg&oninéncl:s that a Scientific Committee be established to monitor,
assist a.nd .repf-J.rt o;a'x‘esearcb .in. ‘tb.is brancﬁ of molecular bioiogy. - The
ad hoc Committee off‘ers i.ts report in the form Vof a ;preamble, a proposed
constitution of the. Scientifzc Committee, a suggested annual budget, plus the
mimtes of the ad hoc Comittee naeet.mg and annexes of papers read into the

record .of the meetzng.

PREAMBLE

In a preééntation to an Advisory Commitiee o the Director of - the U.S.
National Institutes of :Heal'th on 9 February 1976, Paul Berg stated that:

"The past 25 years have witnessed a revolution in our understanding of the
structure and workings of the genetic machinery of living cells. Although the
theoretical implications of this understanding were apparent to biologists and chemists
from the beginning, the possible practical benefits of this knowledge to medicine,
agriculture and industry have become clearer only recently.

' . One potential benefit that captured the imagination of scientists and
laymen alike was the notion of 'genetic engineering' - the directed modification, or
even construction, of new kinds of genetic constitutions for animals, plants and
eventually:man. But partly because of the exaggerated and of the misleading claims of
the popular press, and of scientists and laymen as well, the words genenc engineering
evoke concern as well as exc1tement "

The excitement stems from the possibilities of being able to analyse the
- molecular basis of gene expression and heredity in highef organisms and eventually to
create new orgamsms w1th desnred genetic characters. :

: The poss1b1|1t:es now open to the expenmenter drise from three advances in
technology, namely . the ability (i) to cleave the hereditary material of the cell (DNA)
at specific points, yielding fragments that control the synthesis of partlcular functions
of the cell, (ii) to rejoin mixtures of such fragments frém different organisms so that
packages of genetic material containing functions derived from the two species are
obtained and (iii} to introduce such semisynthetic genetic material into a cell so that .
the DNA. can multiply, as the cells multiply. The.cells thereby carry out new synthetic

1
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functions under the direction of the newly introduced DNA,

in the field of medicine this new technology opens up the possibility of
dealing effectively with genetic disease, and of using bacteria to synthesise molecules
of medical importance, for example human hormones and antibodies. In agriculture we
see the possibility of transferring to crop plants the genes of micro-organisms which
cause the fixation of nitrogen. - In industry we see the possibility of creating
microorganisms specifically designed to synthesise food protein, and other important
natural products. .

: The concern stems from the fact that at present we are not able to predict

in detail the behavior of new forms of life which are essentially hybrids between
species that do not normally exchange genetic information. This concern, shared by
the molecular biclogists themselves, led to a self-imposed limitation on the
exploitation of these new genetic techniques, while guidelines were drafted to regulate
the safety conditions under which this work should proceed.

The concern, which was first expressed in the U.S., was also shared by
scientists throughout the world.. Numerous national, regional and international
committees have been established to monitor and control the conduct of this research.
Because of the global implications of recombinant DNA research it seemed appropriate
that ICSU should examine what role, if any, it should play. A meeting of experts was
convened at Schloss Laxenburg by the ICSU Executive Board and it recommended the
establishment of an ad hoc committee to carry out a study and to report. The
General Committee endorsed this proposal and the ICSU ad hoc  Committee on
Recombinant DNA Molecules was established on 20 September 1975 under the
chairmanship of W.J. Whelan (U.5.A.). The Bio-Unions and other bodies were asked to
recommend persons to serve on the Committee and the other members appointed by
President Brown were;

W, Arber (Switzerland) E. Reich (U.S.AJ)

F.W.G. Baker (ex-officio} M.F. Singer (U.5.A.)

R. Curtiss (U.S.A) . © Y. Tazima (Japan) . .
G.P. Georgiev (U.5.5.R.) J. Tooze (B.R.D., Secretary)
1.C. Kendrew (ex-officic) . E. Wollman (France)

K. Murray (U.K.) . -H.G. Zachau (B.R.D.)

In addition the International Cell Research Organiéation appointed C. de Duve as
an observer and the World Health Organization sent K. Bogel as an observer. C. de
Duve was the only person unable to attend the ad hec Commlttee Meeting.

The herms of reference of the ad hoc Committee were to study and advise
on the following aspects of research on recombinant DNA:

{a)} to observe the development of publ:.c opmions and governmental
actions in relation to research on recombinant DNA. To serve
as a support to national and regional scientific groups in
their efforts to ensure the drafting of appropriate guide-
lines for research in this area. [This may initially be .
largely a *watching brief*, depending very much on future
developments in individual countries and areas. It is hoped
that these developments will provide favourable precedents,
but if not, there might be a need for strong. and autho::.tatzve
rapresentation at the highest possible .Ievel

b} #£o collect .information and to act as a central source of
information on the following topics:
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(i) the importame' of resea.rcb on recomb.'inant- DNA molecules;

{ii} . the need for such research to proceed under appropr.zate
" safeguards;

(ii1) recommendations on safety measures and specifications
¢ for containment facilities; .

{iv)  technical details concerning the avai.la.b.il.zty and
- choice of organisms and materials.

fec) subject to the foregoing safeguards, to encourage the universal

- availa.bihty of guitable strains. L.

{d) to foster international soientific exchange By acting as a
Iink between other. committees and correspondents, by personal
vigits, training courses, symposia and workshops.

{e} other objectives as may be recommended.

This ad hoc Committee met on 1-2 July 1976 in Heidelberg.The Committee
is unanimous in recommending to the General Committee and General Assembly of
ICSU that a Scientific Committee on Recombinant DNA Research (SCORD) should be
established. The work of such a Committee would be of major interest to several of the
Unions federated in ICSU, the subject is of the highest scientific  importance  and
demands the formation of a strong Committee. The importance of research on
recombinant DNA will only grow with time and will develop ramifications of certain
significance to science and society.” In every respect the subject fulfills the criteria
laid down in Article 16 .of the ICSU Rules for Smennhc and Special Committees whxch
reads as follows. ‘

16) The following criteria should be satisfied if a Scientific
Committee is to be created ¢

1. fThe work of the Scientific Cc:mittee is of major interest_
to not less than ‘three Scientific Unmns

2. The task of the Sc.ientif.icr caﬁmitfe'e regquires the
’ formation of a strong Comm.ittee to carry out the said task.

3. The programme. of the said task is of a .longr-term nature.

When the programme involved is of limited duration, and only the
First two c.riteria above are satzsf:.ed‘ & Special Committee should be Fformed
for the tas}:.

The ad hoc Cornm1ttee drafted a proposed constitution for the Scientific
Committee, together with a statement of membership, aims and purposes, and a.
suggested budget. - These - documents ~are attached. It is the unanimous
recommendation of the ad hoc Committee that the Genheral- Committee and General
Assembly of ICSU create a Scientific Committee and take steps to provide the
appropriate financial sypport. The ad hoc Copmittee believes-that it has fulfilled its
mission and should now be disbanded.- ‘ S : ’

. _ _ E;! c W.J. Whelan, Chairman

93-481 O - 77 - 20
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A ProPosAL To CONSTITUTE A SCIENTIFIC COMMITTEE

oN RECOMBINANTZDNA ReseArcH (SCORD)

l. PURPOSES AND OBJECTIVES

SCORD shall be a Scientific Committee of ICSU established for the following
purposes: . . o '
a) to serve as a non-governmental, interdisciplinary and international
council of scientists and as a non-governmental source of advice for -
the benefit of governments, governmental agencies, scientific groups

and individuals, in respect of research on recombinant DNA, the practical
benefits that may be derived therefrom and the need for such research
to proceed under appropriate and generally agreed safeguards.

b} to assemble, review and generally make availé.ble information on
safegua'rds, containment facilities and other technical matters.

c) to foster opportunities for the training of and international
scientific exchange between workers in the field.

d) 1o make itself available as a.medium through which the many
national, regional and other international bodies with interests in
recombinant DNA molecules may communicate,

e} to take note of the widespread concern over the possible deliberate
or inadvertent dispersal of agents constructed by recombinant DNA
techniques, to be vigilant regarding such possibilities and to attehpt
to foster public discussion of these situations should they arise.

II. MEMBERSHIP
The composition of SCORD should be as follows:

(a) One representative designated by each international union federated
in ICSU which desires to participate in the work of The Committee.

(b) " Further members shall be appointed by the General Assembly in order

-y . -
+*
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to achieve appropriate geographical representation and liason with
" other bodies active in the field.

SCORD mair appoint Sectional Committees and Working Groups to assist in discharging
its tasks, ‘ ‘

1. FUNCTIONS

To accomphsh the stated purposes and objectives ‘Thé Committee shall direct its
attention to the following tasks:

\. BOLICY CONSIDERATIONS

(a) To-observe governmental actions and to foster the development of

| : ) ' "informed public opinion in refation to research on recombinant DNA.

(b). .. To assist in establishing and harmonising national guidelines in order

te facilitate international cooperation in research in this fieid and
4 . to ensure appropriate safety measures. - s

(c) To provide through its member unions and associated bodies expert
advice on policy matters. )

(d To cooperate c!osely with other international orgamsanons in order to
reach all scientific disciplines concerned and to be available to all
legxslatlve and executive bodies.

2. INFORMATION SERVICES

As far as it is practical and usefu] to ‘collect and dlstnbute the followmg
information about research on recombmant DNA molecules-

(a) Beneficial applications

The benefits of research on-recombinar\t DNA moledules have so far
been entirely-in the realm of pure science, - It is believed, however,'
. that this research can be applied in medicine, agriculture and
industry to the benefit of society. Any such applications should be
made known, to facilitate their use and to inform the public.
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(b) Bvaluation of hazards

The hazards are at present conjectural and more information is needed
to evaluate them. It is therefore important to stimulate investigation
of the possible existence and extent of such hazards and to distribute
information relevant to the revision of guidelines for the safe

performance of this research,

(c) Bthical and legal issues
This research has evoked discussions on various legal and ethical
issues. Information on such debates occuring in one place should be
disseminated because of the possible relevance to discussions of similar

issues in other areas of the world.

(d) Physical, chemical and biological contaimment for safe conduct
of experiments
Infermation on gi.lidelines and containment procedures should be made
available to the scientific commmity for-the.uniformliy safe conduct

of this research,

(e) Sources of technical advice, eguipment and materials

Research on recombinant DNA molecules is a rapidly changing area
- of scientific investigation with opportunities for deve[dpment of new
*‘technologies. Information on sources of technical advice, equipment; :
enzymes, host-vector systems ete, should be made availabie through

-a central archive,

- (f) Laboratories engaged in research on recombinant GNA molecules”
A world-wide registry should be established of aboratories engaged

in this research, indicating the nature of the experiments bemg
conducted and the number of individuals engaged.

.(g)Publication of research
' The Committee should ‘encourage the inclusion, in all publications
dealing with recombinant DNA, of a description of the physical,
chemical and biological containnient procedures practised, to aid and

assist others who might consider repeating the work.
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3. TECHANICAL SERVICES

(a) Subject.to appropriate safeguards, The Committee should encourage
the universal availability of suitable host and vector system's',
perhaps by supporting a few centralized collections, or providing
help on a less centralized basis to those prepared to maintain and
distribute strains.

(b} It is in the interests of both safety and economy to reduce, as far as

possiblé, _thé repetition of certain types of cloning experiment. The
Commiftee may help by supporting at one appropriate centre the

. constru;:tion and maintenance of large populations of cloned segments
of, for example, mouse or human DNA.  Interested scientists cou_ld
then go to that laboratory and select clones for their own work.

_ 4. TRATNTNG AND EDUCATION

In the long-term interests of -safety and science it is imperative that all scientists
embarking on recombinant DNA research should be conversant with the practical )

application of safety puidelines and advanced experimental techniques. - Therefore The
Committee should promote the training of biologists in the techniques of recombinant
DNA research. These opportunities should be created for those who do not, at the
national or regional level, have access to training programmes.

These programmes might include (1} practical courses, (2) fellowships, (3} workshops,
and (4) lecture tours. | :

iV, BUDGET

The annual budget required for the optimal accomplishment of the recommended
tasks of The Committee is as follows:
Annual meeting of The Committee

If there are six members appointed by the General Assembly
the cost of attendance is estimated as: .8 6,000

Ziaison with other similar committees
It is envisaged that members of The Committee, or experts
designated by The Committee, would attend meetings of
other similar committees in order to provide proper
coordination. Three such visits per annum would cost: $ 3,000
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Information Services

This would require the recr.'uitment'_in whole or in part of

the services of a qualified scientist and a secretary. Their

-salaries plus the costs of collecting, maintaining and distributing
information are estimated to be: ' $ 50,000

Technical Services

(a} Maintenance of a strain collection, including materials,
handling, part-time assistance, the cost of distributing
strains, plus a $ 2,000 investment in equipment in the first

year would cost: : ' $ 18,000
(b) Support. of the clening experiments - 15,000 -
: 20,000

Training and Education

The annual budget would provide for one 3-week training course
for 20.students, fellowships for 5 trainees to attend courses and ‘
two 3-week lecture tours: _ _ _ $ 75,000

Total annual budget $ 167,000 -
$ 172,000



Minutes of the Meeting of the ad hoc Committee on Recombinant DNA Molecules

Heidelberg, 1-2 July 1976

‘The Chairman, W.J. \?helén_, welcomed the participants.

J.C. Kendrew explained that during a discussion with P. Berg, prior to the
Asilomar Conference on recombinant DNA, a suggestion had been made that the
importance of the subject warranted the creation of an international non-governmental
group of professicnal scientists which would include in its brief the questions of
harmonization of guidelines and information exchange. This had been put to the
Executive Board of ICSU which had 'convened a small group to discuss the question in
Schloss Laxenburg in September 1975, The report of this group, which included a
proposal for the creation of the present ad hoc Committee, had been accepted by the
ICSU General Committee at its meeting irv September 1975, The present group had
been asked to submit a report to the IC5U General Assembly, which would be meeting
in October 1976, The report should include a recommendation on the future role of
ICSU in this area and, if it was agreed that ICSU should create a standing committee
_or commission, draft terms of reference should be proposed. .

The WHO has a sub-committee on Safety in the Handling of Microcrganisms
-and Cells employed in Research, but this covers a much wider field. and is a
governmental body. '

M. Singer explained that a group of scientists at the 1973 Gordon
Conference on Nucleic Acids had expressed concern about the hazards of some
experiments that could be carried out by the new recombinant DNA technology. This
concern had been transmitted to the U.5, Naticnal Academy of Sciences and the Berg
Committee had been formed. _ L

E. Wollman drew attention to the parallel situation in the 1930's in the early
days of the development of huclear physics and to the fact that there had been a lack
of concern then about what might happen if the knowledge gained was misused. He
explained that the International Association of Microbiological Societies' ad hoo
Committee on Genetic Engineering had discussed the questions of hazards and misuses
and had indicated its readiness to prepate guidelines. He asked if ICSU had a role to
play in this field. C I

- J.C. Ke);dfew said that ICSU had not yet decided to play a rolet it ha_d
, asked the present group for its advice on this subject. He personally felt that there is
" a need for an internaticnal group. )

The Chairman suggested that an international group could play an
important role in providing information to the general public, to governments and
other decision makers, it would provide expert testimony, suggest an international
code of practice, guidelines, carry out surveys of the laboratories doing work on
recombinant DNA, help scientists by arranging training courses, bibliographies, lists of
techniques, etc. He suggested that ICSU had a role to play particularly in refation to
developing countries. ) ’ ‘

- 1.C. Kendrew gave a review of ICSU and of.its activities.. F.G.W. Baier
provided information on the IC5U committee structures, composltior_l and activities,

9
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1. Reports on Activities of Other Qrganizations Studying Recombinant DNA
’ E'uropea.n Molecular Biology Organization {EMB))

J. Tooze reviewed the situation in EMBO, whlch has a Standing Advxsory
Committee on Recombinant DNA, This provides techmcal advice to research councils,
national groups, institutes, etc. The Committee will meet to reconsider the NIH
guidelines and the report of the (U.K.) Williams Committee. As an interim measure
the EMBO Committee has recommended that the NIH draft guidelines be adopted.

The Committee intends to establish a voluntary registry of recombinant
DNA research in Europe,

J. Tooze had summarized the situation for EMBO and of other European
committes in Annex L.

Buropean Science Foundation (ESF)

J. Tooze explained that the ESF provides a forum for research counciis and
academies from'17 European countries. It has established an ad hoc Committee on
‘Genetic Manipulation with the tasks of surveying European initiatives relating to
recombinant DNA research and considering the scientific, social, legal and
philosophical implications of this research, so as to facilitate the development of a
common European attitude. This ad hoc Committee cooperated closely with the
EMBO Committee, and had also suggested as an interim measure the adoption of the
draft NIH Gu.ldelmes.

In response to a question as to what ICSU might do that was not bemg done
a.!ready, J.C. Kendrew suggested it could provide a useful function in (i} evaluating
guidelines and preparing a set of principles for workers in this field; (ii) assisting in
ensuring the availability of suitable strains and materials; and (iii) helping in the
provision of training, especially to scientists from developing countries.

Pederal Republic of Germany

H. G. Zachau indicated that the Deutsche Forschungsgemeinschaft was the
main agency concerned in the BRD. There is a Commission which includes in its
membership scientists from various biological disciplines and, as guests,
representatives from ministries, industry and the lay public. For the time being no
legislation is being prepared. He .provided a written report (Annex 2} About 40
questionnaires had been returned for the preparation of a registry. The next meeting
on 13 July would consider among other things, the NIH guldelines. There is however a
Law on Contagious Diseases which ‘might provide cover for some types ‘of
experiment.Projects would only be funded if the guidelines were adhered to. He
expressed some concern about the duplication, even triplication' - of some of the
initiatives and suggested that if ICSU created a commitiee it should be a global
techmcal committee and leave general questions to other natlonal and regional groups.

J. Tooze drew attentmn to an application in- Germany by a British company.
for a patent involving recombinant DNA. There was a discussion on the guestion of the
patenting of the results of research on recombinant DNA. This showed that patents
had been applied for in several countries.” M. Singer explained that some universities in
the U.5.A. take out patents to ensure either that the subject of the patent can be used
freely cor that the money from patent rights can be utlhzed for worthwhﬂe causes.

10
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Japan

Y., Tazima explained that the Science Council of Japan had set up a Sub-
committee on Plasmid Problems which includes scientists from various biological
sciences (see Annex 3).  An attempt had been made to try to obtain a consensus of
Japanese research workers with regard to research on recombinant DNA. There was
general agreement with the appeal made by the Berg Committee. The sub-committee
had organized two symposia, its first on Plasmid Engineering, the second on Safety in
Genetic Engineering. The latter had included a session on Inactivation of DNA, which
seemed to be a serious problem but comparatively simple to resolve.

He 5aid that he thought an ICSU Committee could serve a useful purpose.
Urited Kingdom ‘ -

K. Murray drew attention to the summary in the paper prepared by J.
Tooze for the Miles Symposium in June 1976 (Annex 1). He explained that the Ashby
Report had proposed a series of measures that had gained acceptance. The Williams'
working party had contacted a wide range of interested people and its report will be
* published shortly. The various Research Councils had been asked not .to sponsor work
which presented potentially serious hazards. : .
It was expected that the report of the Williams committee would recommend the.
establishment of a Central Committee which would consider proposals for research and
the technigques to be used. It was expected that there would not. be a rigid set of
guidelines, but there would be recornmendations on various categories of containment
facilities. There would be local safety officers who could perhaps stop research
pending further .inquiries. He drew attention to the facilitiés offered to universities
at Porton. These might be available to scientists from outside the U.K. :

Industrial work in the U.K. was to some extenf being overviewed by. the
Confederation of British Industry. - : = :

U.S.A.

R. Curtiss submitted a report on the activites of the NIH Recombinant
DNA Molecule Program Advisory Committee (Annex 4). He explained that the
Committee had made its final changes in the proposed NIH guidelines on 2 April 1976
and transmitted the revised guidelines to the Director of NIH who subsequently made
some further changes. The guldelines commenced to be distributed on 23 June. Copies.
were distributed to mémbers of the ad hoc committee. :

Nucleic Acid Recombinant Scientific Memoranda (NARSM): This is a publication from
NIH designed for rapid. dissemination of information on recombinant DNA research,
NARSM will be sent to any individual or group who requests fo be put on the mailing
list. H the number of reports submitted for inclusion increases, it will probably be.
issued monthly instead of quarterly. T . S

EK2 (Safer Host/Vector Systems): Expert subcommittees of the NIH Recombinant
DNA Molecule Program Advisory Committee have been established to. make
recommendations on certification of proposed EK2Z .host/vector systems. Five
contracts had been awarded for design and preparation of certain host/vector systems
and other contracts were proposed for testing such systems. Laboratories cutside. of
the U.S. could submit proposals for these. o : :

Courses: Two courses are ta be held in Sépterhber on biohazard containment c_ontrol.' L
He felt that it would be useful if ICSU became involved, to act as an

international focus for the consideration and development of guidelines., He suggested
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that an attempt. should be made to require that-original papers published in scientific
journals contain an indication of the containment facilities used.

. M.F, Singer gave an account.of the events which had taken place recently
in Cambridge, Massachusetts In relation to an application for the reconstruction of a
series of laboratories at Harvard University to provide a P3 facility. She explained the
need for scientists to be aware of such problems and to take appropriate acicn to
ensure that the public were better informed about the work being done and of the
risks, if any, involved. . '

U.5.5.R.

G.P. Georgiev stated that there Is at. present no state or scientific
committee for the regulation of experiments. There is a national committee forming
-under - the chairmanship of A.A. Bayev with: representatives of science, medical
science, and of the Ministry of Health. It can be expected that the NIH guidelines will
be followed. Some work would be carried cut on mammalian genes under P3 and P4
conditions. A P4 facility was being constructed in his institute, : i

He suggésted that.it would be useful tohave one global committee, so as to
provide one set of international guidelines,

W.B.0.

K. Btigel .said that the WHO Sub-Committee on Safety in the Handling of
Microorganisms and Cells employed in'Research had a major global responsibility, but
was not concerned with technical detail. Information on benefits and risks would be
collected, synthesized and.disseminated; the Organization has a special duty to inform
developing countries (see Annex 5).

There would be an expert group to advise WHO continuously on all
international aspects of laboratory safety and emergency services. A consultation
would also provide information on the benefits and applications of recombinant DNA
research in medical sciences.

He suggested that a number of fields relating to tropical parasitic diseases
had been neglected. He drew attention to some of the areas in which there might be
some overlapping between WHO and an ICSU group if formed.

Switzerland

_ W. Arber (Annex 6) explained that the freedom of scientific research was
maintained in the hands of scientists who made the decisions with regard to the degree
of risk and type of experiments allowable. In general the draft NIH guidelines were
followed, He indicated, however, that there were some problems with respect to the
industrial research using recombinant DNA. .

France

E. Wollman summarized the situation in France (see Annex I}, Two
committees have been formed, one moral-ethical, the other a technical control
commission. All research done in the recombinant DNA field is submitted to the latter
commission which uses the draft NIH guidelines. Research grants will not be allocated
until after thé proposed research has been submitted to the commission which defines
the safety conditions under which it should be conducted. Both the project leader and
the head of the academic institution in which the research is carried out have to agree
to follow the recommendations of the commission. A local safety committee ensures

12
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that the conditions required are actually met. Work published on recombinant DNA
experiments must indicate that it has had the approval of the commission. He drew
attention to the fact that the academic community had insisted that the same rules
should apply to eventual industrial or military research in the field.

2, The Brenner Concept

K. Murray drew attention to the concept of cloning a ‘total digest of mouse
or human DNA, This could be carried out at Porton and anyone. interested would
obtain the material they required. He suggested that such a facility should exist at the
international level and wondered if the EMBL might provide it. To do such clening a
central point would minimize the number of times a potentlaiiy risky expenment had
to be c:arned out. . .

3. Creanon of a Comm1ttee on Recombmant DNA

W 3. Whelan drew attention to the terms of reference of the ad hoc
Committee which inctudes the need to prepare a recommendation on the future role of -
ICSU, if any, and suggestions on ‘the Terms of Reierence of a contmumg body, if 1t is
recommended that one be created. :

E. Reich proposed that ICSU set up a committee with terms of reference
based on those of the ad hoc Committee. This was seconded by H.G. Zachau and
adopted unammously. ) .

I&. Drait Terms of Reference of the Proposed Scientific Comm1ttee

. The Commxttee adopted the proposed -terms oi reference glven inthe
attached report from the Committee. .

5. udge

The Commlttee suggested that a sum of about $l70 000 would be reqmred )
to carry out all the tasks foreseen (see report to President Brown).

It was felt that one of the first priorities should be in training and

education, but that ICSU should endeavour to obtain funding: for all parts of the
progtamme.

6. Any other business
'I’he Committee agreed that a second meeting'was not required.

The Chairman thanked ‘the members of the Committee for their work and-
1.C. Kendrew and J. Tooze for making the local arrangements

The meeting concluded at 13.40 on 2 July.

13. .
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List of Annexes

[
Ly

{a) European Responses to the Recombmant DNA Debate
.United Kingdom, France, The Netherlands, West Germany, Scandinavia,
other West European countries (Switzerland, Italy, Ireland) Eastern Europe
(b) Initiatives at the European Level
EMBO Standing Advisory Committee, European Science Foundation, U.S.
. Guidelines in Europe, Future developments in Europe

J. Tooze
2. Report on the Activities of the Committee on Safety in Recombinant DNA Research,
Federal Republic of Germany
. _ H.G. Zachau
3. Reports of Activities Displayed in Japan in Relation to Recombinant DNA Ressarch
Y. Tazima

4, Report on theé Activities of the NIH Recombinant DNA Molecular Program Advisory
' Committee, U.S.A,

R, Curtiss, Il

5. The WHO Special Programme on Safety Measures in Microbiology
: K. Bégel

6. The Activity of the Commission for Experimental Genetics of the Swiss Academy
of Medical Sciences
-W. Arber

Copies of the annexes are available to members of the ICSU General Committee and
General Assembly on application to Mr. F.W.G, Baker, ICSU Secretariat, 51 Boilevard de
Montmorency, Paris, France 750l6.

14




L)

The Committee on Genetlc Expenmentatlon
A SCIENTIFIC COMMITTEE OF THE INTERNATIONAL GOUNCIL OF SCIENTIFIC UNIONS

- U.8.A.
:  Dr. W J, Whelan Bluchemis!ry—UMED PC. Box 520575 Miaml, Florida 33152 ;
FROM THE CHAIRMAN Plrmne: 305-?;."-6265 Cabla: Bioguimica Migml Telex: 519308

The Internatlonal Council of Scieatific Unions has created a scxenty_f]_c cemmitr_e_a
on genatic experimentation (COGENE}, withk the following objectives:

a} To serve as a mon~governmental, mterdisciplinary and international
council of scientists and as a non-governmental source of advice for !
the berefit of governments, governmental agencies, 'scientific groups
and individuals, In respect of research on genetic experimentation, the
practical benefits that may be derived therefrom apd the need for such
: Tesearch to: proceed under appropriate and generally agread safeguards,

B r,a assemhle, rew.ew and generally make available information on safewuards,.
cnntalnment faciliries and other technical matters;

c) to foster opportunities for the training of and J.nte:national Sclentlflc
exchange between workers in the field;

d) to make itself available as a med1um through which the many national,
regional and other international hod:.es with interests in re.comh:mant DNA
wolecules may communicate;

/ e) to take noteof the widesgread concern over the possiblé deliberate or

{ inadvertent dispersal of agents constructed by recombinant DNA techmiques,
to be vigilant regarding such possibilities and to attempt to foster
public d:scuss:l.on of these sitvations should they arise.

The comm.ttee is compused of persuns appomtad by ICSU, aud by seven of the
member unions of ICSU (Biochemistry, Biological Sciences, Pure and Applied Chemistry,
Temunclogy, Rutrition, Pharmacology and Pure & Applied Biophysies). FAO, UNESCO and
WHO have appo:.nted observera.

. The members are:r - A.A. Bayev, (U.5.8.R.); 1’ Berg (U.8:A.), G. Bernardi (Framce},

SN, Co'han {U.8,A.), H.N, Munro (U.S.A.), K. Merray (U.K.), ‘N.K, Notani (India), E. Reich
"(¥.5.4.}, R. Rilaey {U.K.), C. Steinberg (Switzerland), J. Taoze (B,R.D.), X. Wztanabe
(Japan), W.J. Whelan (U.S5.A.) and E, Wollman (¥France}. The observers are A Bozzini (FAO),
S, Passman {UNESCO) and V. Sgaramella (WHO}.

The chairman is W.J. Whelan and the. secretary is Dr. J. Tooze (E.M.B,0., Postfach
102240, 69 U.e:_delberg 1, Federal Republic of Germany}.,

The first meet:l.ng of CUGENE w;Lll be held in Parzs 1n May.

March 1977
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- Chairman THornToN. We were reminded at an earlier set of hearings
that Mark Twain not only had comments about being talked to death,
but commented that Wagner’s music was not as bad as it sounded.
[Laughter.] ' ' _ ' o

I 'wonder if we may be faced with that same kind of problem in
connection with the area in which are dealing. There are serious prob-
lems to be considered, which require application of our best abilities
to think and to study and te evaluate the problems, not only as they
relate to one particular section, area, or city, but to all nations of the
world. We do thank you for your presentation. '

- Do you have further comment with regard to that?

Dr. Warrax. I think that a realization of the global nature of the
problem is coming, and I'm very encouraged by what I've heard in this

‘morning’s testimony from Dr. Fredrickson. I know that they’re very

anxious to take action at the international level. They have funds,
and we hope to work with them.

But I do wish that the temperature miglht drop a little, and T think
there’s a good deal more fever in the United States than oné sees
elsewhere. The mood elsewhere is calmer. It is a question of taking
practical action to determine what are the risks, because one can go on
debating forever—and the analogy Dr. Fredrickson used about the
railway trains in Kansas is a good one. And it’s time to determine
what are the risks, and hopefully remove some of the fears that people
have raised.

Chairman TwaorNtoN. Thank you very much.

Mz. Brown ? . -

Mr. Browx. Dr. Whelan, T appreciate your statement. T think that
there has been a tendency to give insufficient emphasis to the interna-
tional aspects of this problem, and you help us to focus on that.

You interjected a comment in your statement that we did not need
a crash program in this research, but a period of long and careful
development, The question that that raises is, how do we in this
country particularly, where there is substantial private sector interest,
as well as Government interest, bring about a carefully planned pro-
gram of long and eareful development instead of a crash program?

I'm thinking here of a situation where a private research organiza-
tion sees a promising commercial development and wants, and has the
capability, to devote substantial resources to it. And then of course
for commercial reasons they don’t want to reveal precisely what
they’re doing, and they make a breakthrough and they want to reap
the benefits of this breakthrough. ,

What tools do we have available, in comparison to the more-
eontrolled economies, to bring this into a pattern of long and careful
development instead of the possibility of sudden and rather dramatic
spurt in a particular—and possibly very narrow-—area, but still an
important area ? '

Dr. Waeran. I am very sympathetic to industry’s problems, and
T hope that their problems can be solved. If there are practical bene-
fits from this research, one would like to see them put into practice.

What I meant in saying that T don’t agree that a crash program is
needed is that if one introduces legisiation too hastily, legislation
which doesn’t have sufficient flexibility, this may hamper the possible
development of the practical benefits of this kind of research. It may
also hamper the progress of research in laboratories.
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I think one has to begin by making the guidelines applicable all
around, because at the moment you don’t apparently have any mech-
anism for controlling research outside tle laboratories funded by the
National Institutes of Health, That would be a beginning.

But after that, try to be helpful to what it is that industry needs,
but neither pander nor be expedient in giving in to pressures from
industry, nor should one hastily pass legislation which may be too
restrictive, I'm asking for steering the middle course. )

This technology is going to be with us for the rest of time. It might
even be argued that until there area real benefits to be seen, one should
not allow industry to.go ahead full steam. There could be a good
argument, for asking them to delay, to wait until there has been a care-
ful examination. ’ ,

Mr. Brown. Well, I would say, if prior experience is any indica-
tion, that if we enact regulations on private industry, it will ‘cause
some delay. I don’t know whether that’s necessarily good or not, but
it probably will happen.

TI'm not really so much concerned with the regulation of the re-
search, but I do welcome your view which is only reasonable, that all
of this research in whatever sector should be subject to a common
framework of legislation. But T am more coneerned about the situation
when we move from the research to the development and commer-
clalization stage, which I think is going to pose policy questions much
more serious. I would like to see us avoid those in a much better
way than we did in connection with the toxic chemicals situation.

We have just gotten to the point this last year of enacting compre-
hensive law with regard to the toxic chemicals, after a long struggle,
and after the industry has invested billions. The impact of that invest-
ment has had major 1impacts upon this country and the world. That’s
the sort of thing I would like to do a little better job of, if this area
of rgsearcll has the developmental potential that the chemieal indus-
try did.

I/Ir)r. WurLaN. As a comment, I would like to say that T don’t believe
the problems that industry sees are being articulated in an organized
fashion, and this is why we would hope ourselves to bring people
together and ask them what their problems are so that they can be
-openly stated. It’s certainly a very difficult situation, because there are
concerns within industry that some competitors may get ahead of the
other, that in one country they may decide to take risks in the hope
of getting patents. '

T was extremely disappointed to see a charge leveled that some of
the people who called for the moratorium did so in order that they
could get one jump ahead by patenting some of the results, When
the debate descends to that level, it’s extremely disappointing.

Chairman TrorNTON. Thank you, Mr. Brown.

Mr, Hollenbeck ?

Mr. Horrengecg. I'll pass, Mr. Chairman, '

Chairman Tuorxtox. I would like to ask a couple of questions.

With regard to your prepared testimony, you mentioned the need
to conduct risk-testing experiments designed to examine the reality -
of alleged or real hazards. You state that you're in touch with orga-
nizations which are planning such experiments, and you have your
own panel of experts now planning experimental protocols.

WrpieTog e Loome (e £ty eyt cteadn e R
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As you know, the proposed risk assessment experiment by Dr. Rowe
at NTH has aroused some local concern. It's g P4 risk experiment.

I would like to ask, with regard to-your statement, where those
organizations are, and who are the individuals or orga,nlzatmns that
are evaluating this kind of risk assessment ?

Dr. Wrkrax, The principal one that I have in mind is the European
Molecular Biology Organization Committee on Recombinant DNA
Research. We're in close touch with them, becanse the Secretary Gen-
eral of ICSU, who is Sir John Kendrew, i1s the director of the EMBO
Laboratory in Heidelberg.

They are constructing a P4 facility there, and that is one possible
site for some of the experlmentatmn

Chairman TrorxToN. Can you tell me what kind of experimentation
is proposed ?

Dr. WaeLax. They’ve discussed several. I think my colleagues here
might be more knowledgeable, because they’ve recently been in touch
with EMBO to share information.

Chairman TrorxToN. Do we have 8 volunteer to expand further on
this question ?

Dr. GarTLanp. Yes, Mr, Chairman.

I can’t speak speclﬁcally of the experlments which EMBO is pro-
posing to conduct, particulariy at their facility at Heidelberg, but in
this country the NIH is planning to sponsor within the next several
months a symposium on this whole question of risk-evaluation studies.

I think there’s going to be quite a bit of discussion as to what kinds
of experiments ought to be done to assess the risks. It probably does
not make much sense for people to be going off in different directions,
doing different kinds of experiments, if there is not a consensus that
when you get the answers that people are going to agree that they
were well-designed experiments that provided useful answers.

So the approach the NTH is taking, with the exception of one experi-
ment that Dr. Rowe is doing, is to have this workshop. And we are
poing to get input into that workshop from WHO, which has been
conductmg a survey as to what types of experlments different scien-
tists in Europe think ought tobe done.

Dr. WrEeLAN. I could give you, Mr. Chairman, for the record-written
statements of the experiments that are propmed taken from the
minutes of the EMBO meeting, and also our own COGENE-planned
experiments.

Chairman THorNToN. We will be. pleased to recetve those additions

.to your testimony, if you willsubmit them.

Without objection, they will be received for the record.

Chairman TrorxToNn. Dr. Gartland, Dr. Wald testified earlier this
]week that industry had shifted its pOSJtlon with regard to the guide-

ines

Are you in a- posﬂ;lon to evaluate whether such a shift oceurred, or
did you perceive such a shift in position ?

Dr. Garrraxp. No; I'm not really in a pOS1t10n to comment on that.
L have not perceived any great shift.

One of the problems is that industry in this country, specifically
with the recombinant DNA problem, has difficulty speaking with a
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common voice. The loudest voice is probably coming from the Pharma-
ceutical Manufacturers Association, which has said publicly at a num-
ber of hearings that they feel the NIH guidelines should be and will
be adopted by their member companies, with what they term “minor
modifications which will have no effect on safety.” That is about the
firmest position I have heard. And I haven’t heard them change that
position, - - ' - :

Dr, Tareor. If Imay speak. _

Chairman TrorNToN, Yes, Dr. Talbot.

Dr. Taveor. P've heard George Wald mention this before and cite
a news article, which T believe appeared in the Washington Post, a
report of a meeting held at the Department of Commerce with repre-
sentatives from industry, which stated that industry had shifted its
position. :

But I've spoken to other people who were at that meeting and who
didn’t hear it that way. I believe it’s an erroneous report in the press,
stating that industry did shift its position. Other people at that meet-
ing have relayed to me that what they heard industry say at that
meeting was not a shift in its position.

Chairman TmornToN. In any event, what you're saying that it's
3 matter of discussion or debate as to whether it was a shift in position
- or merely a restatement of position.

Isthat correct ?

Dr. Tacsor, The newspaper article gives the impression there was
a shift in position, but other people F've spoken to who were present
at the meeting say what they heard did not lead them to believe there
was a shift in position, -

Chairman Tror~xToN. Thank you very much,

We have discussed previously today the distinctions between recom-
binant DN A research and other forms of genetic engineering, and the
difficulty in drawing a line between these types of research.

If the United States, absent a world agreement to do so, were to
unilaterally ban further experimentation in recombinant DNA re-
search, can you address the question of what effect this would have
on our role 1n science, in basic biology, with regard to science in the
rest of the world ¢ .

Dr. Warrax. I could answer that from two points of view.

The first is that there is no question I think that very important
basic knowledge is certain to be gained from this research. It would
be a pity if the resources of American biologists—and, after all, the
technology began here—were frustrated in their attempts to pursue
those ends.

As regards the second question, that if the potential benefits become
reality—and they're still potential--T don’t see how the United States
could hold off participating. I don’t think it’s realistic to consider .
that the research could be stopped here. .
 Chairman TaornToN. Do you percelve a possible distinction and
perhaps containment—if T may use that expression—of research
efforts by permitting research activities to go forward, but not the
production or dissemination of any of the results of that research—
that is, not the release of products?

Dr. Waeran. It’s very difficult to answer that question. X think one
could only move ahead on the basis of experimentation. Certainly, one

G3-481 O - 77 - 21
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should be extraordinarily careful about releasing the products of these
experiments. : . ' ' :

On the other hand, I wouldn’t like to be challenged too much on
this one, but if one of the hoped-for examples were to come about,
namely that insulin could be synthesized by a bacterium, and the
bacterium was one that was so crippled that its survival outside the
manufacturing organization was virtually impossible, then T would
say there’s a good practical example. But that’s conjecture.

It’s very difficult to Jook more than a year ahead. :

Chairman Taor~NTON. I think that’s a very responsive answer. It
would depend entirely upon what the research showed. '

You are suggesting that if research efforts were successful in devel-
oping insulin, with a very weakened bacteriological agent producing
the insulin, this might be the kind of thing that should have an early
release? : ' :

Dr. Wurernawn, Yes. : _ -

Chairman THorNTON. I assume that nitrogen-fixing bacteria for
agricultural uses might be another example.

I have a great deal of difficulty in knowing what part of the dispute
is really conjectural and what research is presently being conducted
in the research facilities. ' : - :

We were told on Tuesday that the chromosome of a fish stretched
out might be 1 meter in length. You know, that’s an awfully long
. stretch of genetic information to be compressed in one cell. _

And if I understand the nature of the recombination efforts that
are now proceeding, you're splicing just & very select set of gene in-
formation, which might be just a fragment of that long pattern that

-consists of the instructions for building & fish, You’re dealing with
just one little fragment of that, and putting it into a bacteria.

Is that the present level of recombination activities? Can someone
help'me on that? - - S

Dr. Garrraxp, Yes, Mr. ‘Chairman, in general that is the type of
experiment that is being conducted right now. Taking your example,
it would ‘be taking a bit of the DNA out of that 1 meter of fish
chromosome DNA and putting it inte a much simpler system, such
as K. coli, where one would be able to study that gene, and perhaps
how it functions, in a much simpler genétic background, which is the
type of experiment which would be very difficult, if not impossible,
to do on a whole fish. o =

Chairman TaornToN, And the E. coli with the fragment of that
gene information implanted does not become a fish?

Dr, Garrraxp. No, it does not become a fish. But this is the whole
crux of the controversy, namely can one convey to that E. coli any
properties that could cause ecological damags. o

“Dr. 'TaLsor. The E. coli has a few thousand genes, and at the most

you're putting in one or two genes, in this instance fish genes. You
still have 99.9 percent E. coli and 0.1 percent added DNA, so you don’t
have a fish ; you have an E. coli which contains a little bit of fish DNA.

Chairman TzorwTon, Now, except for the fact that this is manipu-
lated—and the word “manipulated” has the word “man” in it, that
1t is man-caused, 1s this something similar to what happens when an
E. coli gene hag a mutation that alters that structure somewhat? Of
course that mutation may not be an addition of a particular gene;
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it may be an omission of a gene, or a failure of a stop/start mechanism
to work properly ¢ ' ;

Am Iin the ball park with my understanding ? .

Dr. Tareor. Most natural mutations involve either a change in
the DNA or a deletion of DNA, and don’t involve additions of DNA,
as in this case. We are adding the extra fish DNA.

Dr. Waerax. But we're really talking here about adding something
that E. coli never had before, so the normal kind of change that one
talks about, mutations, wouldn’t bring about the effects that the re- .
combinant DN A methodology would. ~

Chairman THorNTON., You are changing a property of the organ-

-ism, I suppose; or you’re changing its genetic information, so that it
does carry that property forward? A :

Dr., WaELaN. Yes, such as endowing it with the capacity to syn-
thesize insulin, which we don’t think it presently has, and we add that
to the capability. of the bacterium, and that represents a difference
from the normal type of mutation that may delete or release a capacity
that the organism has.

Chairman TrorxToN. May I inquire whether you would be will-
ing to respond to such written questions as may be addressed to you
following the hearing ? ' e :

Dr. Wazeran. Indeed. I'd be very happy to. _

Mr. Browxn. Mr. Chairman, while you're cogitating, could I pursue
a question or two? : ' - :

Chairman TeorntToN. Please. Go right ahead. -

Mr. Broww. You have mentioned the possibility of commercial ex-
ploitation of a bacteria’s capability to synthesize insulin.

Is this something that could conceivably be imminent, that is,
within a period of 5 years? S

Dr. WraErawn. It’s already been claimed last November by scien-
tists ‘at the University of Minnesota. But I've seen no followup to
this. They elaim they had put the human gene for insulin synthesis
into veast, and the rather brief account of this went on to say that no
disclosure of how they did it was being made because they were seek-
ing worldwide patents, . ’ : :

I heard no more about it, and I wonder if any of my colleagues
have. This was in Science News last November. ‘

Dr. Garmrano. No,

Dr., WuazrrLaw. I think it’s surprising that it allegedly happened so
SOOI : o

Mr. Brown. You see, this does raise the question of the imminence
of the need for not only safety regulation of research and develop-
ment, which is essentially under the guidelines and is what they pur-
port to do; but also raises the question of policy with regard to the
permitting of commercial production involving this kind of a process.

Now, can we separate the genetically altered bacteria, which we’ll
say can synthesize insulin, from the product insulin? Is that insulin
such that if it goes in to normal market channels, there is none of
this recombinant DNA that could be a part of that insulin? I ask
the question out of pure ignorance. : :

Dr. Tarpor. I would assume the company having this bacteria would
1solate the insulin from the bacteria and attempt to sell the pure insulin
free of all recombinant DNA materials. This would be subject to the
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Food and Drug Administration regulations for the sale of any bio-
logic material. FDA has current authority to inspect that material
and make sure it is what it’s supposed to be before it’s sold in the
marketplace. B _ _ _

Mr. Brown. So there is 4 possibility—although we have many cases
of commercial exploitation-—that there would be a minimum of hazard,
of introducing a recombinant DNA molecule into the environment,
assuming that our purification processes were adequate?

Dr. Taior. Assuming the purification process was adequate, the
only problem will be an accidental release of that organism into the
environment, just as in laboratory experimentation. o

_This would not be a case where the company would want to delib-
erately release the organism into the environment. They would want
to separate the insulin and release that. -~ ... ~— . .. =

Mr. Browx. Well, I'm interested in this because I think much of our
thinking has been shaped by consideration of a situation in which the
actual recombinant molecule needed to be released into the environ-
ment in order to achieve the goal. . . R

For example, the nitrogen fixation situation would be in that class.
‘And maybe there are others. I have no idea really. But these classes
pose two substantially different kinds of hazard questions to the publie.

. Dr. Tareor. Absolutely.. = . R
 'Mr. Brown. The question I was going to raise is, what, degree of
precaution would be necessary to be sure that a recombinant DNA
molecule contained in a bacteria or any other substance, once released
to the environment, posed no hazard to the biosphere? = . . -

Dr. Tarrsor. Well, the current NIH guidelines prohibit the deliberate
release into the environment of any organism containing recombinant
DNA molecules. o A o

Mr. Brown. Right, But I'm posing the question in terms-of future
commercial development which requires that this be done. .

What processes would be necessary to insure safety? Iave we in-
vestigated this problem—because this is a much more complex prob-
lem than merely insuring laboratory safety : L

Dr. Wazrax. They've not been examined, and one can.think of
good examples, in addition to the nitrogen-fixing gene. ST

I should say, before I forget, by the way, that insulin as synthesized
in the recombinant DNA scenario would be different from present
commercial insulin, because surely it would be human insulin that
would be chosen for synthesis. Presently we rely on beef insulin, which
has a somewhat different structure. from the human product. So, to
that extent, it would be an improvement. . e :

But one could think of food proteins, single-cell protein, for. which
there’s a great need. I don’t see how you could avoid distributing the
organism. You might be using the whole organism as the source of
protein, because you could presumably engineer an organism which
had the minimum nucleic acid which is undesirable in that type of
product and the maximum of protein with the maximum of the es-
sential amino acids. o :

But there’s a whole range of products where as long as the contain-
ment facilities were good, there would be no disposal of the recom-
binant DNA molecules. Part of the pressure that’s coming from in-
dustry is due to the fact that they see very well—and have for many
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years—the tremendous possibilities in the use of micro-organisms for
new products, either for food protein, but particularly for enzymes.
_ An example is a new technology in which the United States is lead-
ing at the moment, one that happens to be causing trouble in the
sugar industry in Hawaii, because Iowa corn is being used to produce
at lower cost a product which is identical with a sweetening agent
normally made from sugar. And it’s a large operation—6 billion
pounds a year—that uses beautifully sophisticated enzyme technology.

One could see very clearly how enzyme technology could be im-
proved still further by recombinant DNA techniques. And it wouldn’t
involve the release of the recombinant DNA molecules.

. Mr. Browx. But another very common example is some sort of a
recombinant bacteria which eats oil, for purposes of oil spills. Take
- that as an example. Obviously, to accomplish cleaning up the goal of
cleaning up the oil that’s spilled on a waterway, we have to release
the bacteria, which introduces into the biosphere a very large quantity
of strains that perhaps have never existed before. ' :

And I get back to the guestion : Do we have techniques for ascertain-
ing the environmental impact of this kind of a situation? Have we
sought to explore this problem in detail ¢ '

Dr. WaeLan. I believe the techniques are there, but the testing
would be a long and lengthy process. Certainly any of these new
creatures would have to be subject to exceedingly thorough testing.
I appreciate very much the concerns of the people who are appre-

- hensive about turning these things loose.
I don’t think they should be until there’s been an exceedingly

thorough examination. - '

Mr. Browx. I can imagine the problem that would exist if we had
to worry about one of these new strains of bacteria and its inter-
action with every other strain of bacteria to which it might be exposed,
and what the possible genetic development might be down several
hundreds of generations. It might be an unsolvable problem.

I'm just trying to visualize what it would be.

Chairman TrorNToN. Thank you very much, Mr. Brown,

Mr. Hollenbeck, do you have any questions?

Mr. HoLLexeeck. No. '

Chairman Tuornton. We do have a vote signaled on the floor of
the House. -

At this time I want to express appreciation on behalf of the sub-
committee to each of the witnesses this morning. '

Dr. Whelan, your testimony and your responses were very fine.

We will achedule further hearings on this subject; to be announced
at a later time. This hearing is adjourned. o

[The hearing was adjourned at 11:35 a.m, to reconvene at the call

of the Chair.] : '
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The subcommittes met, pursuant to notice, at 10:14 a.m., in room
2318, Rayburn Hoeuse Office Building, Hon. Ray Thornton (chairman
of the subcommittee), presiding.

Mr. TaorNTON. Good morning. Today we resume consideration of
science policy implications of DNA recombinant molecule research.
We began hearings on this subject March 29, 30, and 31 and during
those hearings received testimony from a number of distinguished
scientists on the basic biology of this research, on the potential risks
and benefits of this research and on actions being taken so far by the
Federal Government and the governments of other nations to regulate
the research. Those hearings provide us with a good bit of background
information which we felt we needed before considering the broader
science policy questions that are of major concern to this committee. -
Today we are going to explore further some of the concepts touched
upon in our eariier hearings, particularly those scientific facts from
evolution and epidemiology which are relevant to the DNA recom-
binant molecule issue.

The subcominittee believes that these aspects of the issue deserve
fuller public discussion. Seme people have suggested that DNA re-
combinant molecule research is tampering with evolution or that it is
creating new DNA sequences which have never before occurred in
nature.

Two of our witnesses this morning are engaged in basic biological
research which is central to these issues and it is at the forefront of
research in this field. We would especially like those witnesses to ad-
dress the the potential for natural recombinant DNA and the concept
of evolution at the moleenlar level,

Some people have also suggested that risks of new, unknown, and
unpredictable diseases are too great to permit DN A recombinant mole-
cule research to continue except under the strictest containment meas-
ures or perhaps even not to continue at all. .

We have two witnesses knowledgeable in the field of epidemiology,
the science which deals with the incidence, distribution, and control of
disease. We have asked them to address this argument by presenting to
us those facts which might be related to the potential spread of some
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infectious DNA recombinant molecule should a laboratory accident
occur.

Our first witness this morning is Dr. George Pieczenik from Rutgers
University. T am going to call upon Mr. Hollenbeck, the ranking mi-
nority member of this subcommittee, and Representative from New
Jersey, for the purpose of making the introduction.

Mr, HoLuewsxrck. Thank you,ng. Chairman. Today and in the past
there hag been concern in the public about this issue. As we begin
our second phage of hearings today on the science policy implications
of this area of genetic engineering, our study is going to be expanded
to include, T hope, relevant testimony concerning evolution and epi-
demiology, subjects which have not been widely discussed before us
until now. '

In this regard, I am very pleased to have the opportunity to intro-
duce our first witness, Dr. George Pieczenik. He is a scientist at Rutgers
University, the State University of New Jersey. He has recently jogged
the scientific community with a researched and published theory which
questioned and challenged the entire basis for the current concerns over
recombinant DNA research and genetic engineering:

He has worked at the Cambridge Laboratory ofg Molecular Biology
for the past 6 years with such scientists as Francis Crick and Sidney
Brenner. Recently his position has been presented in the Journal of the
Origin of Life, and he has received recognition for that in several
science publications and other publications such as Time magazine.

[The article referred to follows:] - :
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A SPECULATION ON THE ORIGIN OF
' PROTEIN SYNTHESIS*

F. H. C. CRICK, §. BRENNER; A KLUG; and G. PIECZENIK **

. Medical Research Council, Laboratory of Molecular Biology,
Hills Road, Combridge, England

Abstract. It is suggested that protein synthesis may have begun without even a primitive ribosome if
the primitive tRNA could take up two configurations and could bind to the messenger RNA with
five base-pairs instead of the present three. This idea would impose base sequence restriction on the
early messages and on the ear]y genetic code such that the first four aminc-acids coded were glycine,
serine, aspartic acid and aspargme A pessible mechanism is suggested lor the polymenzatmn of the
early message. .

1. A Speculatlon on the Origin ‘of Protem Synthosls

The orlgm of protein synthems is a notoriously dlfﬁcult problem. We do not mean
by this- the formation of random polypeptides but the origin of the synthesis of
polypeptides directed, however crudely, by a nucleic acid template and of such a-
nature that it could evolve by steps into the present genetic code, the expression:
of which now requires the elaborate machinery of activating enzymes, transfer
RNAs, ribosomes, factors; etc.

One solution is that the original mechanism was:made mainly if not emlrely of
nucleic acid so that to express the earliest version of the genetic code (which was
probably at. that time both. partial and rather inaccurate) little or no protein was
required. It was suggested by Smithies (quoted in Crick, 1968) that in the beginning
no activating enzymes were necessary because each primitive tRNA had a special
cavity to hold its own amino acid. Woese (1967) made a similar suggestion. We
shall not concern ourselves with this aspect of the problem here. It has also been
suggested that the original ribosome was made entirely, or almost entirely, of nucleic
acid. The hope has been that whern the three-dimensional structure of the nucleic
acid in the two portions of the present day ribosomes becomes known it may be
possible to guess the structure of the primitive ribosome. For example the first
ribosome may have consisted only of the ancestor of the present 5§ RNA.

2. Protein Synthesis without Ribosomes

Here we consider an even more drastic simplification. We shall assume that
originally no ribosome at all was necessary and that the ordering of amino acids
in protein synthesis was accomplished using only messenger RNA and a few primi--
tive tRNAs. This possibility has already been mentioned by Woese (1967 and 1972).
The justification for this approach is that the synthesis of the basic clover-
« leaf structure of tRNA is not, on reasonable hypotheses, as improbable as
might -at first sight appear. This argument, first published by Orgel (1968} has

* This paper is dedicated to the memory of Dr. Aharon Katzir.
** Present address: Department of Biochemistry, Rutgers University, New Brunswick, N.J. 08903, U.S.A.

Origlns of Life T (1976) 389-397. Al Rights Reserved.
Copyright © 1976 by D. Reidel Publishing Company, Dordrecht-Hoiland
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been made into an ingenious game by Eigen {1973). It is thus plausible to consider
that in the primitive soup molecules existed not unlike the present tRNA mole-
cules (though naturally without modified bases) many duplicate copies of which were
produced from a nucleic acid template by some unspecified primitive copying
mechanism.

3. General Requiréments

There are a number of general requirements for a . primitive system of protein
synthesis. These are all aimed to reduce gross errors in the process while not
necessarily removing minor errors. For example, the message must be read fairly
consistently in the same phase since if the phase slips too often during the reading
the resultant polypeptide will differ too much from the ideal one without any
errors. On the other hand an occas;onal mcorrect amino acid will not necessarlly
be unaceeptable,

It seems likely that one such requlrement is that, at any moment, the partlcular
tRNA molecule to which the growing polypeptide chain js attached is bound to the
messenger RNA by sufficiently strong bonds such that the two will not usually
comie apart until the polypeptide chain is transferred to the amino acid attached to
the next tRNA. Otherwise polypeptide synthesis would be repeatedly interrupted
and, worse, would usually resume again at the wrong place in the message.

The tRNA attached to an incoming amino acid, on the other hand, need not be
bound to the messenger RNA so strongly and could perhaps come off and go on
again before receiving the polypeptide chain since this would only slow the process
rather than make a gross error in it.' A tRNA with no amino acid attached should
bind rather weakly, if at all, so that it will not mtcrfere too much with the syntheuc
process. :

- It is possible to devise several rather involved schemes whereby each primitive
tRNA was bound to the primitive messenger RNA by only the three bases of the
anticodon. Since such an attachment by itsell is unlikely to be stable one must
invoke complicated interactions between tRNA molecules, adjacent on the message,
in order to get a stable complex and in order that the rhessage be read systema-
tically in one direction. We shall not consider such schemes further here but will
instead explore schemes in which the tRNA holdmg the polypeptide chain 1s held
by 5 tather than by 3 base patrs.

4. Theoretical Assumptions

Our idea contains three main elements:

(1) That under the conditions then existing of temperature, salt, etc a tRNA
molecule making five base pairs with a messenger RNA (rather than the present
three) is stably attached for a sufficiently long time.

(2) That the anticodon loop of each primitive tRNA could take up twe con-
figurations. In the first of these {called by Woese (1970) the FH configuration
because it was.originally proposed by Fuller and Hodgson (1967)) the five bases at

the 3’ end of the seven base anticodon loop are stacked on top of each other. In .
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Fig. 1. The two configueations postulated for the anticodon loop, shown symbolically. (a) The seven
bases of the anticodon loop drawn in a straight line. (b) The configuration praposed by Fuller and
Hodgson {FH} is shown on the left. The other, the hi configuration suggesied by Woese, is on the
right. Each vertical line represents a base. The thick lines show the three bases of the present anticodon. * -

the second (labelled by Woese the hf configuration) the five bases at the 5’ end form
a stack (see Figure 1). The possibility of such a transition playing an important
part in protein synthesis was first put forward by Woese in the ingenious paper
quoted above. He also {Woese, 1972) suggested it might play a part in the primitive
environment.

(3) We assume, following Woese, that when an amino acid is attached to a tRNA
molecule the latter takes up the hf configuration; when a peptide is attached the
configuration flips to FH. When neither is attached we make no special pre-
diction - possibly both configurations can exist i equilibrium.

There is a fourth postulate which, il not absolutely necessary, makes the im-
portant conformation energetically more favourable.and thus ‘several undesired
arrangements less favourable. This assumes that there is a weak unspecific interac-
tion between two tRNA molecules which are adjacent on the messenger RNA, the
first being in the FH configuration and the second in the hfone,

5.- The Suggested Mechanism

With these four assumptions the outlines of the mechanism are obvious. Consider
first the state in the middle of the synthesis of a polypeptide chain when the tRNA
(in the FH configuration) is held to the mRNA by five base pairs (the bases in the
anticoden loop being unmodified) as shown in Figure 2A. The tRNA bearing the
next amino acid coded for then enters the adjacent position, in the hf configuration,
also making five base pairs, as in Figure 2B. Then, by proximity, probably aided by
a genteral non-specific catalyst, the polypeptide chain is transferred to the new amino
acid in the usual way, resulting in Figure 2C. This causes the tRNA which now
has the polypeptide attached to flip to the HF configuration (Figure 2D) thus
causing the previous tRNA to be held by only three base pairs, so that after an
interval it falls off the mRNA. The process then repeats.
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Fig. 2. Each vertical line represents a base. The dots on the messenger RNA show the phase in which
it should be read. The representation of the tRNA molecules has been greatly oversimplified. {A} The
tRNA in the FH configuration with the nascent polypeptide, P,, attached, sits on the mRNA making
five base.pairs. (B) The tRNA carrying the next amino acid, A, goes onto the mRNA in the hf configura-
tion, also making five base-pairs. (C} The polypeptide chair is transferred to the amino acid 1o give the
polypeptide P_ ;. (D) The tRNA carrying the nasceat peptide flips.to the FH configuration. The tRNA
which has given up its amino acid is now held by only three base-pairs so that it will shortly fall off,
givirg a situation similar to that of Figure 2A but moved along three bases. These figures are pusely
explanatory and show neither the correct scale nor the refative orientations of the components.
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The primitive code, on this theory, was therefore a partially overlapping quin-
tuplet code, the number five arising because a loop of seven bases (which we take '
.as given) can have a stack of five bases on one side and two on the other, so that’
5 = 7'— 2, The movement -along the mRNA of three bases at a time 13 produced
because of the flip mechanism, since 3 = 5 — 2. '

It is almost essential, as has been emphasized before (Crick, 1968} for the
primitive systém to have moved along three bases at a time {rather than, say, two
bases at a time) because of the principle of continuity. The fact that a sequence of
five adjacent bases must be recognised places important restrictions on the base
sequences of the early messages and of the primitive anticodons.

"6. Possible Primitive Genetic (fodes

We must now consider the implication of these ideas for the primitivé genetic code.
Here a fair number of possibilities exist. We:shall only 1ilustrate a few rather simple.
and indeed over-simplified possibilities.

We shall tentatively ‘assume that the restrictions on the (unmodified) base
sequences found in the present anticodon loops (Barell and Clark, 1974) are relics
from the pt‘lmltl\'e tRNAs. These restrictions can be written

3 NRafyUY

~ {where the anticodon sequence is written backwards, with the 3" on the left) using
the usual notation (and ignoring modified bases).

N = any of the four bases, A, G, U, Or_ C
" R =a purine, A or G
Y = a pyrimidine, U or C

and where the o, §, v stand: for the threc bases of the present anticodon, the third
{or wobble) position (y) being on the right.

To simplify discussion we now assume that some degree of “wobble™ (that is,
UJ = G pairing) was possible in all positions and also that in the primitive tRNA
the Y at the 5 end of the loop was a U (and not a C) Thus our primitive family. of
anticodon loops can be written

3 NRopyUU.

We now need to put restrictions on the messenger SequUence so that five base pairs -
{(normal or wobble) are always possible on both the FH and hf configurations of the

tRNA. (The constraint arises because the bases adjacent to the anticodon must

also pair with the message). Thus for the message we deduce the repeatmg family

of sequences

..... » RRY, RRY, RRY, .

(where the commas ‘are written to show the correct phase of readmg) and for the
anticodon the family

¥ UGYYRUU' .
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the triplet part of the anticodon being in italics. Note that this symbolism does not
imply that the message repeats exactly in groups of three but that the message must
obey the purine-pyrimidine restrictions shown. ertten out in full this becomes,
for the mRNA

AAU  AAU . AAU: .., .
GGC  GGC GGC :

and 3" UGRS3 UU for the anticodon loops whcre & represents Aor G etc.

The base pairs allowed are always either A=U, G=C or G=1U or their
reversals. The pair A — C s not allowed, norare A = G and G — C (see Crick, 1966).

Notice two points:

(1) This restricted base sequence although written with commas for convenience
of illustration, is comma-free (in the sense of Crick, Griffith and Orgel, 1957), that
is, a tRNA with any of the possible loops specified above cannot go onto such a
message in either-of the two incorrect phases and make five base pairs whether the
loop is in the FH or the hf configuration. The advantage, at this stage of the
problem, in having a comma-free code is not just that the message cannot then be
read in the two incorrect phases (which would only improve efficiency by a factor of
three} but that a {RNA cannot go onto the message, out of phase, just ahead of the
growing point and either block the whole process or shift the phase of reading.

(2) The codons allowed are those found in the present code in the bottom right-
hand corner (as the codon table is usually written) and stand for

GGY GAY AGY AAY
gly asp  ser asn

so that for example, the anticodon loop for the glycme tRNA would be
¥ UGCccGUU

This is encouraging as most people would be willing to believe that at least three of
these (gly, ser and asp) are among the more likely primitivé amino acids, =~

The assumptions of wobble in all positions produces an asymmetrical lack of
precision. Consider the two triplets coding for asn which are AAY. These w111 be’
read unambiguously by the tRNA for asn havmg the antlcodon ’

¥ UGuUuguUU

and by no other tRNA of this limited set. Thus AAY will code unambiguously for
asn. The other three sets of codons will be read wtth varying degrees of ambiguity
depending on how much wobble can occur in each pdsition. Thus bccause of wobble
the presumed anticodon loop for serine :

3 UGUCGUU

will read not only the codons AGY but also, with less affinity, the codons GGY,
and thus occasionally insert serine by error into a glycine position.

These ideas should not be pressed too far. Our discussion is naive sifice we have
madeno allowance for G = C pairs being stronger than A = U pairs, nor for stability
being affected by stacking effects depending on base sequence. Further experiments
are needed to allow correctly for these and other effects. '
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If we are prepared to relax the rule that there must always be five good base
pairs in both the FH and the hf configurations then we can use for the anticodon
loops the family ‘

3 UGNYR(UYU

which corresponds to the set of codons N3, at the cost of occasional U = C and
U = U pairs (which may be possible but rather weak (Crick, 1966)) in the position
marked with a bracket. In the present code this adds the amino acids tyrosine,
cysteine, histidine and arginine. A less likely alternative is the family

3. (U)GYNRUU

which corresponds to the codon set SN The additional amino acids for these codons
are at present isoleucine, threomne, vahne and alanine. Both of these codon sets,
separately, are comma-free. The second set is less attractive in that the possible
weaker base pairing occurs not only in the hf configuration but also in the FH con-
figuration. This lafter is the configuration needed. to hold the growing polypeptide
chain to the mRNA and on¢ might expect it to be the most stable of all. Note
however that these codons might have included GCY which now codes for alanine,
another likely candidate for a primitive amino acid and that, since three G =C
base pairs would give extra stability, the use of the codon GCC, combined with the
four mentioned previously; is. not unattractive. Whatever the details, the point is
that new anticodons can be introduced by relaxation of the original rules.

7. A Difficulty

There is one possible difficulty with the type of scheme outlined above which should *
not be overlooked. The comma-free conditions largely prevents a tRNA going on '
in the wrong phase; that is, displacéd by 1,2, 4,5, ... bases, but'a tRNA can quite
happily bind with 5 base-pairs d]splaced by 3 bases from the proper position, If it
persisted there mdeﬁmtely, and if the nascent polypeptlde chains could not be trans-
ferred to the amino acid of this tRNA then further synthesis would be blocked.
This difficulty is not so great il there is a weak nonspecific affinity, as we have
assumed, between two adjacent tRNAs, but not between two tRNAs spaced one or
more bases apart on the mRNA, Indeed it would be better if a single tRNA in the
hf conﬁguratlon did not bind too strongly so that it could float away from the
mRNA, after 2 moderately short time. If this were so polypeptide synthesis would
only b delayed rather than stopped completely should it have gone on in the wrong.
place. The additional binding of the entering tRNA, with its amino acid, when in
the correct position next to the previous tRNA (having the ‘nascent chain atiached)
would help stabilise this important complex,

In the latter stages of the evolutlon of the code a prlmmve ribosome mlght
make it unnecessary for a tRNA to interact with more than. three base pairs and all’
comma-freé constraints ‘would theri be removed. At the same time modification of
the anticodon loop might remove unwanted pairing outside the anticodon triplet.
itself, as is found in many tRNAs today. Once the comma-free restraints were removed
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many other codons’ would be brought into play as these were demanded by mutauon
in the original rather simple messages.

Returning for the moment to the family of codons of the type A% notice that
the two possible out-of-phase readings of this class of message given the codon sets
A% and {43 . The former is related to the present start codons UG while the
- latter includes the present stop codons which are U3% if we ignore tryptophan
(UGG) as being a later addition. Thus starting and stopping codons may originally
have been evolved when the copying of the primitive message, with its restricted
family of sequences, slipped out of phase. ‘

8. Messenger Synthesis

Finally, we should consider-how this original message, of the form ..., RRY, RRY,
RRY, ... was synthesized. Apart from some repeated-slippage mechanism in the
replication process a less obvious possibility is that the mRNA was initially formed
using the anticodon loops of the .existing tRNA’s molecules as partial templates.
This would be especiaily attractive if, under appropriate environmental conditions,
there were a weak attraction between adjacent tRNA molecules and if tRNAs
{without amino acids) could shift easily between the FH and the hf configurations.
Thus all that would be needed to get polypeptide synthesis started would be a
single type of tRNA molecule to which a single amino acid was attached, though
this would only produce a repeating homopolypeptide, such as polyglycine, from
an equally simple message. By gene duplication and mutation (especially transitions)
new, slightly different anticodon loops would be produced to pair with related codons
and, hopefully, to attach to themselves new amino acids. Such simple pieces of
chemical apparatus might well be ¢enough to produce from a mutated message (or
one synthesised by the mechanism sugpested above) a few primitive proteins an
occasionial one of which might act to increase the accuracy and speed of the whole
_process. Given replication, natural seiection couid do the rcst

9, Concluding Remarks

Theories of the origin of life are usually fairly speculative and ours is no exception.
The basic idea would be mote credible if it could be shown that during present-
day protein synthesis the tRNA does indeed occur in both the hf and the FH forms.
At present the evidence on this point is weak and conflicting and so will not be
reviewed here. I this flip mechanism turns out to be correct it may be possible to
achieve template-directed synthesis, in contemporary test-tubes without ribosomes
by using (unmodified) tRNA molecules with carefully designed loops and having
the appropriate amino acid attached to each one. This assumes that primitive tRNA
molecules were very similar to present-day ones. The theory is thus to some extent
open to experimental test. '
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T am grateful to him that he came down here to address us and to the
university for permitting him to do so. I would like to welcome him
here today. ) ) )

Mr. TrHorNroN. One of the colleagues of Dr. Pieczenik, Dr. Sidney
Brenner, has recently been honored and has been selected as one of the
15 foreign scientists who are designated as foreign associates of the
National Academy of Sciences. '

Please proceed. _ .

[ A biographical sketch of Dr, Pieczenik follows:]

DR. GECRGE PIECZENIE

Born: Deeember 19, 1944 in Havana, Cuba to Dr. and Mrs. Srul .David.

Pieczenik. .. .. . .. L . ‘ . .

Bducation: Phillips Academy Audoner 1961; Harvard University A.B. 1965;
University of Miami M.8, 1967 ; New York Univ. Ph.D. 1972 ; Rockefeller Univer-
sity 1972-74; M.R.C. Lab. of Molecular Biology, Cambridge University—1970-1;
1973, 1974, 1976, 1977. - . . N .

1975 to present: Assigtant Professor, Department of Biochemistry, Rutgers
University. The State University of New Jersey, New Brunwick, N.J, 08903.

Area of Interest: Genotypic Selection and nucleotide sequence analysis.

‘STATEMENT OF DR. GEORGE PIECZENIK, NELSON BIOLOGICAL

LABORATORY, RUTGERS STATE UNIVERSITY, NEW JERSEY

‘Dr. Prreczenix. Chairman “Thornton, Representatives Hollenbeck
and Dornan, members of the Subcommittee on Science, Research, and
Technology, I would like to thank you for inviting nie to appear as a
witness before this committee. ' : ' T

I also have with me my brother, Steve Pieczenik, Deputy Assistant
Secretary of State for Management. ' : : -

Mr. TrorNTON: Weare pleased to have him at the hearing. :

Dr. PieczeNnik. Tt is my understanding that the basie biclogy of
DNA recombinant molecule research has already been reviewed and
therefore I shall address myself to the scientific question of mélecular
evolution, - S ' ' : ‘ T

I willtry to demonstrate that DN A recombinant moleciile research is
a form of artificial nucleotide selection nd therefore a guestion 6f in
vive molecular-evolution.~ =~ - - o S

- On July 1,1858, Darwin and Wallace presented a joint paper at the
Linnaen Society describing their concept.for the evolution of species.
Wallace derived his concept by fevered inspiration, Darwin arrived
at a concept of evolution of species by observing patterns of similarity
between species and variations within species. -~~~ © - .

Thesimilarity between species led him to the concept of descent from
a cornmon ancestor. We have taxonomic similarity to éther life forms,
because we all come from a common ancestor. oo

The variation within & species led to the concept of competition for
resources and the survival of the fittest. These variants having com-
peted and survived leave more progeny. These progeny carry the
genetic cha_mcteristics that allowed their ancestor fo survive in'a par-
ticular environmental situation. This process Darwin called natural
gelection as opposed to artificial section. o T

At this point we can ask ouselves; if DNA recombinant research is
a form of artificial human selection of nucleotide sequences, is there a
natural equivalent process? : oo L
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Darwin contrasted. artificial selection with natural selection in his
“QOrigin of Species.” He states: _
Man can act only on external and visible characteristics; nature if X may be

allowed to personify the natural preservation or survival of the fittest cares
nothing for appearances, except insofar as they are useful to any being.

This history of science shows that Darwin did not know nor under-
stand the genetic constraint placed on the degree of inherited variabil-
ity. Gregor Mendell’s work on the indepenﬁent assortment of genes
passed through Darwin’s hands unread. o '

Therefore, Darwin’s theory is the simplest econstruct that explains
the observed similarity between species and the variation within
species. The explanation he offers rests on the belief that the observed
characteristics are inheritable and the number of progeny an organ-
ism leaves behind reflects its ability to survive as well as to mate in a
particular natural environment. ' o :

Though Darwin clearly states in the guote given above that nature
cares nothing for appearances, in actuality the competition he describes
1s phenotypic. The phenotype is that part of the organism that can
be acted upon by the environment. In most cases it is the whole
organism. The definition of phenotype as an expression of genotype
was developed by the neo-Darwinians. The discovery of mutation and
its later localization in DNA allowed an explanation of inheritable
variation. . - : S

It is at this point we can ask ourselves the question, “What are the
phenotypic- characteristic of nucleotide sequences or what are the
phenotypic characteristics of the genotype ?” :

The neo-Darwinian concept of evolution is as follows: a random
mutation occurs in DNA, It is transcribed into mRNA, it is then
translated into a variant protein, This protein affects metabolic or
structural components in such a way as to create some change in the
whole organism, : : : :
- - Whether that variant organism’s genes are passed on depends on
its competitive advantage to the other organisms in leaving progency.

The environmental conditions in which the competitive or mating
takes place determine whether that variant organism’s genetic con-

tribution survives. If one samples that progeny population and finds
that the variant organism’s traits have become a significant propor-
tion of the new population, then a neo-Darwinian would insist that
the variant characteristic has conferred a selective adaptive advan-
tage—even if he doesn’t know what that advantage is.

Non-Darwinians have challenged the neo-Darwinian interpretation
by saying that the fixation of a gene in.a population is a consequence
of small population size and drift. That is if an individual is a variant
in a. population of 100 individuals then the frequency of the gene
he carries is 1 percent of the population. If he and two other indi-
viduals move to another island. then the frequency of that gene is -
now 1 out of 8 or 30 percent, ' . : Cn o e ‘

No selection has occurred to increase the gene.frequency simply
by reduction of the effective breeding population size. These muta-
tions that are not selected, or neutral mutations, according to Kimura,
are those which have either synonymous codon assignments and/or are
similar amino acid replacements in proteins. - : . :

This non-Darwinian theory quantitatively explains the constancy
of mutation rate and the high degree of protein polymorphism.
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We can now ask ourselves the same question about artificially in-
serted DNA sequences, “Does the insertion of a foreign piece of
DNA confer an advantage or is it neutral to the ability of DNA to
replicate :

The data Darwin was working with was basically descriptive gross
morphology of organisms; the data Kimura worked with was protein
sequences, which he considered a phenotypic measure, Both however
would predict, but for exactly opposite reasons, that if one could
examine nucleotide sequences directly they would be random.

The Darwinian rationale is that t::e variant is a historical aceident
that worked, as well as the observation that there are so many steps
between the mutation which is considered to be random and its
expression as an-adaptive phenotype that essentially the complexity
make the relationship between nucleotide order and phenotypic
adaptiveness intrinsically nonpredictive and random. '

The non-Darwinians believe that every mutation occurs randomly
and is expressed, if neutral, and survives in a population as a con-
sequence of random drift. : : : ‘

Almost -all molecular biologists, geneticists, and biochemists fall
into a spectrum between these two views, depending on whether they .
think about this question in the first place. Evolution is the basie

. dogma of life. DN A sequences must find their proper place in evolution.

If Darwin had lived in this generation, he would have had access
not to finches on the Galapagos Archipelago but to DNA nucleotide
sequences. That is,if Darwin had direct access to genotype instead of
to phenotype would he have seen them as random? Or would he have,
seen patierns of similarities between specles as well as variability of
sequences within species? : :

My contribution to molecular evolutiorr was to study both the
Darwinian and non-Darwinian approach and to disregard their cer-
tainty in the essential randomness of nucleotide sequences and approach
nucleotide sequences as Darwin might have. : _

I was able to find evidence for various types of patterns at the
nucleotide sequence level. These patterns I called constraints or
restraints depending on whether the pattern was a consequence of
syntactical funetion or structural function. Examples of such patterns
are the simple symmetry pattern of palindrome—ATUUAAAGUUG-
AAAUUA —the internal terminator constraint, and the recently
published constraint on messenger RN A sequence as a consequence of
a postulated tRNA interaction which makes the genetic code a
partially overlapping triplet code. .

The last constraint implies that though the genetic code is universal,
messenger RN A translation is specles specific. : . :

In order to explain the existence of these patterns at the nucleotide
level it was necessary to postulate the existence of a gpecific type of
selection which acts at the nucleotide level. Whereas natural selec-
tion is predominantly phenotypic, the existence of order at the nucleo-
tide level suggests that there is a natural selection that is genotypiec.
This I call genotypic selection. - .

In genotypic selection it is the DN A molecules themselves which
compete for their substrates, their ability to be replicated, transeribed
and translated, This type of selection occurs in the intracellular milien.

Genotypic selection imposes strnctural as well as syntactical con-
straints on nucleotide sequences. That each sequence is derived from
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a previously selected sequence also imposes a. historical constraint on
Progeny sequences. ' : :

_Genotypie selection is to artificial DN A sequence selection, or recom-
binant DNA work, as natural selection is to artificial breeding. There-
fore a DNA sequence which has survived in a milien of let us say
mammalian DNA polymerases, mammalian RNA. polymerases, mam-
malian tRNA, et cetera, will have a hard time adapting to an Z. coli
environment, with Z. cof polymerase I, IT, II1. &. Coli RNA polym-
erase, &, coli tRNA, and so forth. The machinery of expression
1mposes constraints on that whieh is to be expressed. _ :

For example, if a Congressman wishes to introduce a bill which is
of great benefit to the public at large he must first demonstrate to
each committee, Congressman, and aides how that bill is of direct
benefit to them individually or their constituents before that bill
has a chance to become Iaw. E : .

So, too, with DNA sequences. DNA sequences must first have
all the proper structural and syntactical characteristics for replica-
tion, transcription, and translation before the protein products are
made. DNA. polymerases will replicate certain sequences better than
others; only those sequences have a chance of heing transcribed.
RNA polymerase will recognize certain sequences more efficiently
than others, only those will be expressed; and, ribosomes will bind
certain sequences and not others, only those that are bound have a
chance to be translated. Transfer RNA will interact with codons
in their context, et cetera. : o ' '

My perspective of the chance of an extreme taxonomic cross of
DNA expressing its information, is the equivalent of a bill passed
in the Korean Congress becoming U.S. law. It would require careful
planning and extreme manipulation and if passed, irrelevant. .

Mr. TrornTon. I think your example is a good one. '

Dr. Pirozentk. Tt is a double-edge example. -

Therefore, given the perspective of genotypic selection the hazards,
as well as the benefits, seem less dramatic, However, there is the observa-
tion that DNA is a historical molecule and may contain vestigial in-
formation that goes back 4 billion years. It is the expression of
vestigal sequences that may now become a reality. : :

The conseqnences of vestigial or even random expression of small
polypeptides is unknown and yet highly likely at the present stage
of technological competence. o L

At present, I do not see the clear and present hazard or benefit
from artificial DNA selection, DNA recombinant work will be a small
part of significant nucleic acid research. Most. of the significant work -
will revolve around studying naturally occurring nucleotide sequences.

I believe the only contribution that this round of experiments wil}
demonstrate is that messenger RNA and tRNA coevolved. -

At present I would prefer to see a clean hands policy in regard
to the regulation of recombinant DNA work. That is: :

One: Those involved in regulating, as well as advising which
experiments are to be sanctioned should not be scientists with a
financial, whether direct or indirect, interest in the area. i

Two: That the regulating board consist of informed lay public,
journalists, political representatives, union representatives, and
scientists not involved in nucleic acid work, genetics, or molecular

biclogy. '
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Three: The background of members of the scientific advisory board
be investigated to make sure that they do not have a history of morally
repulsive experimentation. Nor should they, like Caesar’s wife, give
the appearance of wrongdoing, . '

Four: In order to avold coercion within laboratories I would suggest
a head of laboratory rule. That is, the principal investigator of the
grant have the legal and direct responsibility of doing the actual DN A
restriction, mixing, ligasing, insertion, and transfection if a plasmid
.is used; of infection 1f a phage vector is used. This responsibility

should not be an assignable one. This will allow those that do not
want to do the experiment, the freedom to decline. The organizational
structure of funding at the present time does not allow the freedom
to decline. This will also force more careful thought in design of the
experiments and hazards, ' .

In summary, my perspective of genotypic selection suggests that
the first experiments-that should be done are those that test the in-
trinsic mutability of cloned DNA and the fidelity of its expression.

These can be done without hazard or cost. Unfortunately, the
scientific. establishment in the United States has the financial con-
straint which makes it unlikely that the cheapest experiments will
override the more expensive; or the disposable experiment override
the capital intensive one. : ' _

‘However, this is, uniquely my perspective, based on a study of
naturally occurring nucleotide sequences. The contemporary view
of all molecular biclogists, especially those that have appeared as wit-
nesses is that the expression of DNA is universal and passive. It is
to them a piece of instruction and its expression is unaffected by the
mechanism of expression. Time and more research will tell.

As a slight digression, if genotypic selection exists then Donald

Fredrickson is wrong and a magiec bullet for cancer is possible, but
that is another story.

Thank you, ' L

Mr. TuorxToN. Thank you very much, doctor. This is the first time
that a witness has given a statement more rapidly than T could read
it. That is a new experience. I do commend you for a very scholarly
presentation. I would like to ask you, with regard to your statement
that evolution and not DNA is the basic dogma of life and biology,
whether you are tending to exaggerate that by characterizing those
studies as dogma., _ S

I personally do not like to assume a dogmatic position. I think
that tolerance of views is necessary, that the difference between the
Darwinians and the non-Darwinians may not reflect that either is
wrong, but that both may be partly right, and partly wrong.

I wondered ‘if you would Jike to clarify that statement to any
degree? Was it an overstatement, or do you think that it is an article
of faith ? : : o )

Dr. Preczenik. Yes. Tn biological research evolution is an article
of faith. You explain phenomena in biochemical observations in terms
of their adaptiveness. That is why we can sav: Why does thls molecule
exist here? We can ask why questions because we believe that there
is a dogma of evolution. _ o

Otherwise we would ask questions of sodium chloride, table salt.
One does not ask why do we have salt. But we can ask why do we
have collagen as a structural protein :
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Why does DNA. consist of four nucleotides? The reason we can
ask “why” questions is we live and analyze these molecules as if they
belong to the construct developed by Darwin.

Mr, TuornToN. Do we ask why they are polypeptides?

Dr. Pmeczexix. Yes, That is a reasonable question. We can ask
that. Yet basically we are talkmg about chemicals, That we can
ask that why question implies that we are asking it within a construct
and that construct is the dogma of evolution.

Scientists that don’t work within this construct don’t ask those
guestions,

Mr. Trorvton. Well, I think perhaps you are using the word
“dogma” in somewhat a different

Dr. Pmmozentk. It is not a political dogma.

Mr, TrorntTox. I suppose, like Lewis Caroll, we will have to arrive

“at some definition of what the word means, rather than to -assume
just what either of us intends it tomean.

Dr. Preczenix. There is a concept of evolution called the Red
Queen model that comes from “Alice in Wonderland” and it says that
in order for some person to gain, someone else has to lose. Much like
in the Red Queen land, you have to run twice as fast to stay where

ou are.
Y Mr. TaornToxn. There are methods Whloh have been suggested Wh}.ch
have later been discredited. I believe Lysenko’s theories, which set
back Russian biological research by many years suggested that ac-
quired characteristics could be inherited. I wondered if a bacteria,
E. coli, which acquires a characteristic by genetic manipulation or in-
sertion of genetlc information into its structure, can pass on that trait.

And if so, is Liysenko right but on a different level? Is that an ac-
quired or added trait ?

Dr. Pmozenis. Liysenko did not believe ‘that DNA was the genetic
material, The acquired characteristics were crossed phenotypic char-
acteristics which he felt then wounld be genotypically inheritable.

When do you insert DNA and it becomes adaptive within the bac-
‘teria and it survives in the bacteria '

Mr. TrorNTox. Is that an acquired characterlst;m for that pa.rtlcu-
lar bacteria?

Dr. Prrczrntx, 1t is acqu 1red by the bacteria or given to it.

Mr. Trorwron. It is inheritable ?

Dr. Pieczenix. Yes.

Mr, TaornTox. In the resarch whmh “you have done and the- testi-
mony which you have brought to our attention, are you operating upon
a theory that perhaps the same rules of inheritability, adaptability,
survival which apply in gross to organized species also may apply at
the molecular level ?

Dr. Pruczexix. That is the idea T have introduced.

That is the idea that T believe is correct and should be tested.

Mr. Trornron. I think it is an interesting concept and I am looking
forward to further discussion with the other panelists. Mr. Hollenbeek ¢

Mr. HoLLengeck. Thank you, Mr. Chairman. Doctor, I would like
to expand more upon your answer to the chairman’s last question. I
would like you to address yourself to the statement you made at the
beginning of page 4 that at present you do not see the clear and present
haza.rd or benefit from artificial DNA Selectmn
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Is that a conclusion based upon the answer to the cha,u-ma,n s_
last question ?

Dr. Pinczenik, It is a conclusion based on the concept that there is
a competition of molecules and also the belief that cloned DNA. does
not have a competitive advantage over natural DNA in its milieu and
the observation, now, that no cloned DNA has had faithful expression
and extreme spe01es crosses into a plasmid have had no expression. The
hemoglobin gene that was put in a plasmid did not make hemoglobin,
So far there is no evidence, and it has been 5 years of experimental
work, that there has been faithful or proper expression of the DNA.

That does not point out the fact that small polypeptides—small
functions that could have functioned once, isn’t happening. Small
polypeptides seem to have powerful functions. Things that you don’t
expect to be made, become the hazard, not the things you do.

Mr. Tuonrwrox. I think it might be useful if we go ahead and
hear the other witnesses and then open the hearing to discussion with
the entire panel. Can each of you stay aboard for that schedule? T
appreciate that.

Next, I would like to introduce and call upon Dr. Robert Jf. Ryan
of the depa,rtment of molecular medicine of the Mayo Medical School.
Dr, Ryan has had a distinguished career and-has made some discoveries
which may or may not—and I am not sure what the testimony will be
or the ultimate outcome will be with regard to that questlon—wbe
examples of natural recombinant DNA.

We are very pleased to have you with us. We look forwa,rd to your
testimony. .

[A blographlcal sketch of Dr. Ryan follows o

DR, RORERT J. RYAN

Academic rank : Professor.
Mayo appeintment ; July 1, 1967. G.8. Status B
Medical field ; 1. )
Section assignment : MOLECMD 50 A.
Date and place of birth : July 18, 1927, Ciheinnati, Ohio
Retirement date : September 1092,
College/medical school training with degrees and mstltutmns confernng them
Xavier University, Cineinnati, Ohio, January 1945 to October 1045,
Xavier University, Cineinnati, Ohio, February 1947 to August 1948’
University of Cincinnati, C1ncmnat1 Ohio. M:D., September 1948 to June 1952
Internships : Henry Ford Hospltal Detrmt Mich., July 1852 to-June 1953
Residencies: .
Tniversity of Nlinois, Chicago T1L.. July 1953 to June 1954,
Resident and educational hospitals, Chicago, I11., July 1954 to June 1956,
Resident and educational hospltals Chicago, Ill Chief resulent July 1956
. to Yune 1957.
Tufts University, Boston Mass ‘T ulv 1957 to September 1958
Professional preparation/academic experience:
University of Illinois, ingtruetor in I, July 1956 to June 1907
University of Illineis, assistant professor of ‘I, January. 1958 to- Septem-
ber 1963.
TIniversity of INinois, Assoclate professor of I, September 1968 to .Tuly 1967,
Mavo Clinie, consultant in physies. July 1967 to Jannary 1968,
 :Mayo. Graduate School.:associate professor of T, January 1968 to Julv 1971
.Mavo Graduate School. professor of I, Tulv 1971 to Mareh 1973
"‘Mayo Meilical School, professor of 1, March 1978.
Intramural activities:
Research committee, vice chairman, 1972 _
- Building committee, research liaison, 1974
Molecular medicine, chairman department, J uly 1974—
Research committee, 1970-1971.
Endocrine research, chalrman department 7\*nvember—lr uIy. 1971—1974
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Extramural activities— (memberships, honors ete.) :
American Association for Advancement of Se.
Enduerine Society and International Endo Soc.
Society for Exp Biology and Medicine.
Central Society for Clinieal Research.
Sigma XI.
Bociety Clinieal Invest,
Bociety for Study of Reproduction.
American Society Biological Chemists, member,
Lecturer, Laurentian Hormone Conference, 1969—
National Pituitary Agency, Conadotropin Subcommittee, 1970-
American College of Physicians, Research Fellow, 1957-58.
Journal of Endocrinology and Metabolism, editorial board, 1968-73.
NTH, Reproduction Biology Study Section, Chairman 1972, 1970-73.
National Pituitory Agency, medical advisory board, 1970--73.
The Endocrine Society, council, 1974—
Pro;edural Society Experimental Biology and Medicine, editorial board,
- 1973 :
NICHD, population centers committee, 1974
Ford Foundation, advisory review committee, 1975-
Research Interests : ]
Human Genadotrophic Hormones.
Hormone Receptors.

STATEMENT OF DR. ROBERT J. RYAN, DEPARTMENT O0F MOLECULAR
MEDICINE, MAY0 MEDICAL SCHOOL

Dr. Ryax. I do not regard myself as having expertise in the area of
recombinant DNA. I am an endocrinologist with a particular interest
in reproduction, My interest in recombinant DN A arose from a serendi-
pitous event as described in my written statement. In summary, the
written statement makes the following points:

One. The bacterium, pseudomonas maltophilia, specifically binds
the hormone human chorionic gonadotropin—hCG—with properties
similar to the hormone receptor site found in mammalian ovarian
tissue. :

Two. This binding phenomenon has been found with pseudomonas
maliophilia obtained from two sources and with brucellus suis, but
not with a variety of other bacteria. '

Three. The culture media from pseudomonas maltophilia gave evi-
dence for bacterial production of an hCG-like material in several assay
systems—radioimunoassay, radioreceptor assay, stimulation of rat
ovarian adenylyl eyclase enzyme activity and progesterone production.

Four. Other investigators had reported production of an hCB-like
molecule by bacteria.

Five. Efforts to purify the hCG like activity from the pseudomonas
culture media lead to the discovery of a protease enzyme.

Six. The bacterial protease, as well as other serine proteases, was
able to mimic the effects of hCQG in the assay systems previously men-
tioned.

Seven. Because of the protease activity, as well as change and size
differences between this molecule and hCG and the two submit nature.
of hCG, we doubt that this phenomenon represents an example of a

recombinant DNA. '
- Eight. Because of the importance of the problem and because all -
available data cannot be proven to be due to protease activity, we are
exploring the possibilities of a plasmid and the presence of mammalian
DNA within the bacterial DNA.
[The full text of Dr. Ryan’s statement follows:]
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BAC;'I‘ERT_A AXD RUMAN CHORIOXIC GOXADCOTROPIN

Dr. Nancy De Richert, working in my laboratery, undertook
a study of rat ovarian cells grown in tissue culture specifically to
determine their ability to bind radiclodinated luteirnizing hormone (18)

or human chorionic gonadotropin (hCG). These glyéoprotein horrones

regulate gpecifig ovarian cells and induce them to produce the s_teroidr
horwone, progesterone, which is reqﬁir_ed for the maintenance of
prﬂgﬂﬂl'lc}’q A .variet:sr of purified materials were added to the culture
media_in an effort to maintain hCG bindix;;g accivi_ty. b'1_:t_ te ne availr. _
Crude mixtures derived from various biologlec sources wers then used
and one of these wasp nvarian follicular f£luid, obtaiﬁed from pigs.
'I‘he c&ltures containing follicular fluid Bhowed excellent binding of
hCG even after bein.g grown in a flask for 5—7 daya.

Subsequent examination of the follicular fludd conta:.ning
cultures Tevealed that. hCG binding was not to the. rat ovarian cells .

but to a contaminating microorganism. The organiqm was isolated and

identified as the bacterium, Pseu_domonas_ maltophilia, ) Siuce the binding
of a protein horr;:oné to a micr.norganiém:had not been ;‘.ound ptteviou_sl__y? ‘
we decided to study r,his phenomenon. 7 - -_ .

' The resulte of ‘this study were published :Ln the "farch 197?

issue of The ?roceedings of thé National Academy uf Seiences, U,S5.4.

These findings indicated that the bacteria specifically bound hCG and

hCG-like molecules with characteristies similar to, but not identical

~ with, 'hCG receptors {or binding sites) found in ovarian znd testicular
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cells from a variety of species. Moreover, this pheromenon vas restricted

to a few sr;ra.f.ns of bacteria., Binding was found with Pseudomonas

maltophilia (either our isolate from the f.ollicular £fluid or the strain
cbtained from the American Type Culture Collection wh.ich was originally
isolated from a patient with cancer} but not ether Pseudomonas, E, eoli,
ete, We have i:ei:entlf, however, .foux;d an hiG bindinglsite on Brucella
EE.:.L.Es an organism responsible for infectious a.horr.inn i'n swine.

These observations provoked us to ask why these bacteria have
2 binding site for a mammalias protein hormone? One interesting possi-
bility was that the hacter.ia produce an ﬁ(;.G-like ‘mole.cul'e which‘might serve
a5 a mechanism for intercellular commﬁnication; This possibility seemed .
gomewhat feasible since there were twe i:eport::.s in the lit;arature concerning
hCG production by bactexia.

Dr, Virginia Livingston repurted in the Annals of the New

York Academy of Science (Vol. 36, p, 569, 15974) the iaolation of a
microorganisﬁ from many patients with cancer that produced an hCG-
" like material, The Livingston 'organism‘ had variable characteristics

with respect to its staining properties and she named it Pingenitor

cryptocoddes. Doct:érs Cohen and Strampp reported .:Ln' The Proceediﬁgs of

the Society of Experimentzl Biology and Medicine (Vol. 152, p. 408, 1976)

the i;olation of an érganism £rom the urine of a patient wir.ﬁ caﬁcer
that preduced a4 material that had the following characteristics of hCG:
1) Cross reaction in a radioimmunoassay for hCG, .
.-2-) Competition in a receptor assay for hCG,
3} Iﬁ wvitxo sti.niulation of testosterone secretion- by rat
testicular cells, and

) The'pi'ésen;:e of carbohydrate.
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~

Doctor Cohen originally described this as a gram-negative
-mor.ile rod that was not fur;her classifie.d. He has subsequently told me
-in a personal comunication‘_that the organism 48 the same as that
isclated by Doctoxr Livingston and is classified as an epldermal

staphylococbus.

Our own studies on the culture media from Pseudozoras waltophilias
have yielded the following information:

1) - Culture media caused a dose-related decrease i:;.;the

amount of 1251—hCG bound by antibodies to hCG or the B subunit

of hCG,
2) Culture media caused a dose-related decrease in the amount

of 125

I-hCG bound by rat ovarian receptors for hle,

‘ 3) Culture media, at loy doses, stimulated the rat ovarlan
adenylyl cyclase enzyme in a manner sgimilar to hCG but at
high doses caused a loss of the. activity of this enzyme.

fo_) Culture media clearly stimulated progesterone production
by immzture rat ovarles, in vitro, en one occasion. On“
other occcasions the Etimuj.atibn of progesterone production
has been questionable.
These observations prompted ns to bélieve thét the bacteria
. were indeed producing an hCG molecule and led to two additional 1ines
of irwéstigaticn. The first was an s_:ffor: to igolate the molecule with
hCG activity from the bacterial culture media; The second was to deter—
mine if the bacteria contained marmalian DNA capable of coding for hC&
or hCG receptor. ] '
Attempts at purifical:ioﬁ of the hCG-like materiai from the

culture media were warked by a number of inconsistencles. First, there
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was great variabilicy fz.:om one batch of media to another. Second, the
vario.us.a.ctivi'ties dgscri.béd above were associated with molecules of .
differing sizes, none of whichk were the same slze as hiG, 'These ine
consisteﬁcieé appear to be due to the presence of a prote.ois.rti(.; eazy.me.
in the culture media. Furtherﬁore, the proteolytic .enzyme in the media,
as.well as other serine proteases from 'bor;h bacterial and mammalian

" sources mimic hCG in several of the assays mentiot;ed above. Sf)ecifically,
they: ‘

1) Decrease binding of 125

-hCG to antibodies to hCE and to
rat ovarian receptors for hCG unless a protease inhibitor
is present, and

¢

2) They a.cr.ivar.e the :cldenylai:e cyclasé .en.zyme in tl;1e rat
ovary Ea.s‘ deseribed above and again this action 1s blocked
by pro};eas'e in};ibit:o'fs. . -
These observations héve 'gnade us sot;neuhat skeptical about the
bacterial érodﬁctibn of hCC, This skaf.ticis.;m ié'.énha'ﬁce‘d by several
additionai considerations: ' o
iy As pointed out above, the actj.vitie:s found in thé culture
. medié 4o not correspond im size {or charge) to the
properties of thn.j . .

g) The heG molecule is composed of two sui:un-:lts and both are
required to be assoctated to lf.oﬁu the active h.crmbne.
Avaiiéble data é;uégeét i:E;at _these subunits are synfhesized

as a consequence of two separate genes, If this proves .

to be trve, then 1t may réquire that a strain of bacteriaz

" acquire twe genes Tather than ome.’
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Despite this.skepticism, there fs one point with respect

to our data that we cannot explain and sbme additional observations from

the literature for which the data are imsufficient to offer an explanation, |
First, we have observed radioimmunoassayable hCG activity in some batches
-of ¢ulture media, even in the presence of protease inhibiﬁ)rs. Sacond,

there are no data to say that the explanations offered above apply to

the orpganisms isolated by Doctor Livingston or Doctor Cchen,

‘ We eimply do not have conclusive proof that the Pseudcronas
maltophllia organism has or does not have the DNA for making the mammalian

‘ hermone hCG, ' The same may be sgald for Progenitor crvptocoides or

epldermal staphylococcus. We have, therefore, begun studies to obtain
this proof, These studies take twe forms: .

_J_.) A Pseudomonas maltophilia cul_ture has been sent to Dr. Stuart Levy

of Tuft University who will analyze for the presence of
a plasmid, If a plasmid is found, 1t will be tested for
hCG productien and hCCobinding zctivity,

2) Dr. Rorald Cox of our Department at Mayo Is preparing the
mRNA for hCG from placeatal tissue. He will .then prepare
radioactive cDNA to the mRNA. The bimding of the labeled

cDNA ko Pseudomonas maltophilia DNA will then be tested acd

should give evidence for the preéence or absence of the
mammalian genome. The same cDNA can be used to test the \_:
othe.r nrga.nisms ‘that have 'been reported to produce hCG.
It chould be mentloned that hCG is mot the only candidate 7
that may be inpiicated_ as -a possible example of a natural re;ombinant DNA,
The hCE binding site 1ls also a possibility as are a variety of mammalian

antigens found on bacterial surfaces {see Markowltz, Treunds in Biochemical

Science 1,161, July, 1978, for a review).
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The above narrative illustrates a well—known fact of scfentific

1ife r.ha.t: is often overlooked in preparin,g budgets to support research.

You cannet predict where new observations will arise nor can you accurately

foretell the tonsequences and relevance of new observations until they
have been examined in scwme detail. Unfortunately, the earmarking of
'Feder-al research funds in the biomedical area to specific diseases

ﬁnd practical missions has limited the funding to a:.reas of basic re~
pearch where these new observations and insights are perhaps most

apt to arise. One examﬁle of this is the decrease in funds available
for support ¢f research in Endoerinology from.the NIAMDD. This whole
Institute, as wrell as tﬁe Institutes of General Medical Sciences and

.

Allergy and Infectious-Disease, are suffering financial restrictions.

Rotert J. Ryan, M.D.
Chairran
Department of Molecular Medicine

Maye Medical School
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Mr. TaorNToN. It is very interesting how research in another area
could lead you to the field which is the subject matter of these hearings.
Furthermore, this resulted in your needing to isolate the product in
order to test whether the bacteria- hag the capacity of producing a
mammalian protein, to require the tools used in DNA recombinant
research in order to evaluate whether or not that characteristic is or
is not present. : _ :

I think that is an interesting bit of information in itself, quite apart
from the resolution of the question before us. .

Dr. Ryan. There is a point with respect to that that I would like
to make although it is somewhat irrelevant to this committee. It is
very difficult to predict where scientific discovery is going to come
from. I.think one of the tendencies on the part ofy Congress has been
to-channel: money into rather highly specific areas like cancer and
- various other diseases. I think one of the consequences that financial
support in. basic areas of research where the serendipituous event is

more apt to occur, tends to be restricted. I hope that you and your
colleagues can bear that in mind. ‘

Mr. TaorNTOoN, When you speak of serendipity I think that often
we need to be able to discover what we had not expected. After all,
that is also a part of scientific inquiry, not only to look at the results
that were the major reason for doing the experiment, but also to
observe other things that happen and to ask why those things hap-
pened. And maybe not to accept any particular theory as being

“unequivocably true in making that kind of Inquiry.

The thing that also struck me as I read and listened to your testi-
mony was the question of mimicry which you alluded to. We have
had some good testimony in other hearings before this subcommittee
about surface phenomena, the properties of certain atoms and mole-
cules that act as receptors to hold or to cause certain patterns to
develop which can thenbe used in various ways,

Do I understand properly from your testimony that a possible
theory is that such a pattern may exist in connection with this bacteria
which causes facsimilies of the mammalian protein to attach them-
selves or to be produced ? -

Dr. Ryan, Yes, I think this is a possibility, You can think about it
in this way. There is a lot of diversity in nature, but probably nature
has a limited number of ways of domng certain things. For example,
in these protein hormones that we have just discussed, there is an
amino acid sequence that turns out to be identical to an amino acid
sequence that is present in cholera toxin and all of the serine protease
enzymes: We don’t know the purpose-of this common sequence in these
diverse proteins, It is concetvable that there are limited numbers of
ways in which a protein can interact with another protein or interact

- with somethine else Yike a cell surface receptor and thus this common
sequence, mimicked, if von will, in a variety of proteins, mav serve
‘a2 very common purpose. There may be limited numbers of ways in
which a protein will bend iteelf and it might require a common amino
acid seanence in orderto do that bending.

Mr. Trornron, Thank you. Mr. Hollenbeck ?

Mr, HoLieneeck. At page 2, yon said vou asked why these bacteria
have a binding site for a mammalian protein hormone. Are you sug-
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gesting there is a possibility that the bacteria can use this hormone or
benefit from it ? : '

Dr. Ryan. Well, what we are suggesting here—this is purely specu-
lative and it 1s out of my area of competence—but how does a bacterial
culture know when to grow and when to shut off growth ? Maybeé there
is a need for some kind of a signal between bacteria to say let’s all
divide or let’s die. It may be some other subtler kind of communica-
tion. What we are suggesting is that the presence of a binding site
and a hormone, if you will, might be a means for executing this com-
munication function. :

Mr. Trornron. I doubt that the self-destruct syndrome would be
inheritable. [Laughter.] :

Dr. Ryaw. That I could not answer.

Mr. TaornToN. Qur next witness is Dr.-Patricia Charache. We are
lQ%aased to have you with us. Dr, Charache is at Johns Hopkins

ospital. R

We would like to have your initial presentation at-this time.

STATEMENT OF DR. PATRICIA CHARACHE, JOENS HOPKINS
HOSPITAL =

Dr. Craracue, I was asked to comment on several aspects of infec-
tious diseases, and infection control that impact upon recombinant
research. _ _

I am associate professor of medicine and laboratory medicine and
the medical director in charge of microbiology laberatories at Johns
Hopkins Hospital. I am a member of the Biohazards Safety Commit-
tee of Johns Hopkins University, which is under the direction of
Roger M. Perriot and responsible for safety of DNA research at Johns
Hopkins. Because of the range of topics that can be considered in
infection control relevant to DNA research, I am going to comment
© very briefly on a range of subtopics which could be explored in further

detail as desired. ' ' - '

I have also suggested to Dr. McCullough several other people with
extensive experience in epidemiology and infection control who per-
haps could contribute a great deal to such hearings.

In consideration of the risk of infection, given an accidental spill of
bacteria, I think it is critical to appreciate that bacteria are not all
alike and that they differ very widely in risk of colonization or infec-
tion, just as other species vary in the degree of hazards which they
present.

As an example, tigers are more hazardous than guines pigs, and
the same is true relatively in terms of bacteria. The reasons for the
differences in bichazard between microbes are well understood in some
instances but very poorly understood in others.

Bagcteria can irduce infection through disparate organisms. A non-
invasive organism can produce disease through toxin production as
in the case of botulism. DNA research involving such organisms has
been proscribed under the NIH guidelines so that £. coli cannot be
used to produce a lethal toxin. : :

There are toxin-producing strains of Z. ¢olé that appear in nature,
that appear to be plasmid associated, and that can cause a cholera-

93-481 G - 97 - 23
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like illness in man-that is being extensively studied. Most bacteria
cause illness—— ' ' S

Mr. TrornTon. May I interrupt just for a question at that point?
Is the theory that the Z. coli is modified by the introduction of a
plasmid in order to produce that type of illness by some natural means?

Dr, CraRACHE. Yes, . '

Mr. Tror~TON. Thank you. Please continue. _

Dr. Caaracae. The type of disease produced which can cause either
a localized infection or a general systemic disease is in part a function
of the microbe and due to species characteristics of the organism, and
in part due to the individual patient and the relationship he establishes
with that microbe. . : .

The organism can gain entry through a number of routes. They can
be inhaled. They can be ingested. They can penetrate the skin either
directly or through a cut or puncture. Laboratory accidents may in-
volve any of these routes and, as you know from previous testimony
presented here, such aceidents have occurred in a number of instances.

E. coli, although they have been among the most extensively studied
organisms have rarely presented laboratory problems either in the
research laboratory or in the clinical laboratory because it is so rarely
pathogenic to normal man,

Laboratory technicians in clinieal laboratories such as ours at Johns
Hopkins. will process tens of thousands of specimens of Z. coli on
open benches under P, Iaboratory protective conditions, and, because
of the nature of the organism, we do not have an infectious disesase
problem in the laboratory. _ : '

Healthy adults, exposed to this organism in the laboratory setting,
have not had proi)lems with it. Normal healthy volunteers who were
fed the virulent strains of E. ¢of have been shown to colonize with
this more virulent strain only if massive numbers of organisms are
ingested. . '

These strains have been shown to be usually shed by the people
who ingest them between 1 and 10 days after ingestion. In reviewing
a bibliography of over 1,500 laboratory accidents in which infection
was reported, I found one report in which Z. coli was incriminated
and this was with a toxogenic strain. One case was reported of a worker
who developed a diarrheal disease associated with a toxogenic strain
1 year after this had been isolated from some travelers.

The E. coli created to the reecipient strains in DNA recombinant
research are being engineered to be variants that are far less virulent
than wild-type strains and they are designed to fail to survive outside
- the laboratory. :

I would like to emphasize that genetic recombinant standards are
not new, nor is genetic recombinance limited to laboratory experiment.
Twenty-five years ago, before DNA had been fully characterized, a
semipurified DN A was shown to pass genetic characteristics between
oTganisms. o - .

Twenty-five years ago, experimenters deliberately designed their
studies to require the nuse of safe biological markers. )

It became recognized also that bacteria normally exchange genetic
information under natural, nonlaboratory conditions. Thus for ex-
ample, wild-type spread of information between bacteria has resulted
in major medical problems at the present time. -
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Bacteria .carry the plasmids that contain the ability to transfer
antibiotic resistance. Over 20 percent of those acquired infections in
some hogpitals are now acquired -by such genetically altered strains.
The plasmids convey genetic information that leads to resistance to
multiple antibiotics. We have had patients tliat are resistant to all
currently available effective antibiotics, returning uns to pre-1930’s
level of awailable care. The prevalence of plasmids that convey
multiple drug resistance is influenced by antibiotic usage; the more
antibiotics are used, the more likely this reaction is of oceurring.
Such plasmids, however, have been found in nature in bacteria that
were isolated before antibiotics had ever been discovered by man.

It has become very clear that due to spontaneously occurring
plasmid-associated resistant strains, old infectious disease control sys-
tems must be modified because these measures were primarily designed
to permit control of individual strains of bateria rather than plasmids
which are a relatively newly recognized problem in infectious disease
control. This required attention goes beyond that of DNA recombinant
research problems, and involves agriculture and commerce as well as
research. : :

Control of possible DNA recombinant infectious problems is being
approached through implementation of the NIH guidelines. Applica-

“tion of these guidelines in the university setting can be made precise
and effective. In our institution, about 20 projects have been reviewed.
About half of these have been approved as submitted. Most of the
remainder have been approved after correspondence, although some
required a change in protocol to different microbial plasma combina-
tions, and others were postponed pending availability of improved
laboratory facilities. '

‘We review all proposals annually, more frequently if changes are
proposed. The bichazards surveillance officer certifies the facility and
personnel as appropriate for the work proposed, reviewed on an an-
nual basis according to written current guidelines.

As written by the NTH committee these have been found to be
implementable. I do not wish to imply by this that I don’t feel that
they should never be modified and extended. But they have been prac-
tical as designed by the microbiologists and other scientists who are
employing these techniques. : .
 In summary, E. coli is a relative nonhazardous organism. Strains
designed for improved recombinant research are even safer than
the wild-type strains. Genetic transference is important in the uncon-
trolled state as well as the laboratory setting. DNA recombinant
control in their current NITH-recommended form appear to be practi-
cal and enforceable. : _ _

Thank you. . : .

Mr, TaorNToN. Thank you very much. What capacity for research
do you have at Johns Hopkins? Do you go to P3 or P4 levels of con-
tainment? : L

Dr. Cuaracae. We go to P3 but not to P4. The P4 facilities are
to be limited in the number of institutions that will be using them.
We have six laboratories working in DNA recombinant regearch.

Mr. TaornTon. Thank you very much for your excellent testimony.
I am looking forward to further questions and exchanging views after
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we finish hearing Dr. Samuel Formal, Chief of the Department of
Bacterial D1seases, Walter Reed Army Institute of Research.

We are very pleased to have you with us today. We are looking for-
ward to your testimony with anticipation.

[A biographieal sketch of Dr. Formal follows:]

Dr. SAMUEL BERNABD FORMAL

Born: August 28, 1923, Providence, R.1
Education:
Classical High' School Prov1dence, R.I, 1941.
Brown University, A. B class of 1945
Brown University, Sc’\:[ 1948,
Boston University, Ph. D 1952,
Military service: U.S. havy, 19483-48—Xieutenant (junior grade).
Married: Rosamond Anne Mariin (A. B. Smith, 1947, ScM Brown, 1949)
October 27, 1951.
Children : Christopher Stuart, born 1933, David John, born 1955, James Martin,
born 1959,
Positions held :
Bacteriologist, Food and Drug Administration, 194849,
Microbiologist, Walter Reed Army Institute of Research, 1952-56.
Chief, Department of Applied Immunology, WRAIR, 1956-76.
Chief, Department of Bacterial Disease, 1976—
Memberships : .
American Society of Microbiology.
American Asgociation of Immunoclogy.-
Ameriecan Association for the Advancement of -Science.
Society Experimental Biology and Medicine.
Sigma Xi
Infectious Diseases Society of America.
Boeards and Commisstons :
American Academy Microbiology.
Professional Lecturer, Georgetown University Schools of Medmme and
Dentistry.
Bditorial Board, American Journa! Epidemiology, 1966-72.
Commission on Enteric Infections, Armed Forces Epidemiological Board.
WHO Scientific Group on Oral Enteric Bacterial Vaecines.
Editorial Board, Journsal of Reticulo-Endothelial Society, 1974—
" Project Director, U.8, Army Enteric Diseases Program, 1972—
American Academy of Microbology, Civil Service Subcommittee, 1972-75.
Board of Civil Service Exammers, 1968—

STATEMENT OF DR. SAMUEL FORMAL, CHIEF DEPARTMENT' OF
BACTERIAL DISEASES WALTER REED ARMY INSTITUTE OF
RESEARCH

Dr. Formar. Thank you, Mr, Chairman.

I am Samuel Formal of the Walter Reed Army Instltute of Re-
search. I was educated at Brown University and received a Ph. 1.
degree from Boston University. I am a laboratory research scientist
who works on diarrheal disease.

T have been asked to discuss the potential of Escherichia coli to canse
disease. Organisms belonging to this genus are present in competition
with manv other micro-organisms be'onging to the intestinal tracts of
many animal species and of virtually all human beings.

The usual levels of £. ¢oli found in normal human adults is ap-
proximately 1 miflion to 10 million cells per gram of feces. :

They are by no means the predominant organism in the intestinal
tract and make up less than 0.1 percent of the flora. Studies have shown



353

that three or four distinet strains of Z. coli veside together in the
bowel; they remain and multiply for periods of 2 to 4 months being
replaced from time to time by other . colé strains.

The factors which are responsible for this colonization are not
fully understood. In addition to the resident Z. coli flora, transient
strains from our food and water appear, but these do not persist and
are isolated from the stool for only short periods of fime.

It is difficult to predict how a particular E. coli with normal cell
wall components will behave when introduced into the gastrointestinal
track of a given individual. Such an organism may not be isolated
from the stool or it could become a resident strain.

As an example, table 1 gives the results of an experiment done in
eallaboration with Dr. R. B. Hornick’s group at the University of
Maryland School of Medicine in which an £ ¢oli strain originally iso-
lated from a healthy laboratory worker was fed at two dose levels to
healthy volunteers. ' '

It is evident that multiplication occurred and in some individuals
the organism was excreted for a long period of time. In contrast; Dr.
E. S. Anderson obtained different results when he fed comparable
doses of the common laboratory strain 2. coli K~12 to volunteers in
England. None of the individuals shed this particular strain for more
than 7 days. -

Strain K—12 is deficient in cell wall components and is the parent E.
coli from which Dr. Curtis prepared strain 1776, the strain to be used
as a host for recombinant DNA experiments.

While most strains of E. ¢oli are considered to be nonpathogenie,
certain strains may be isolated from the bloodstream of patients with
underlying illnesses, others are the most common cause of urinary
tract infections and additional strains produce diarrheal disease, The
special attributes which £. ¢ofé must possess to cause bacteremia or
urinary tract infections are only now being studied. On the other hand,
there is information available concerning the mechanisms involved in
E, ¢oliinduced diarrheal disease.

The organism either must be able to multiply in the small intestine
and elaborate an enterotoxin or must be able to penetrate the intestinal
epithelium and multiply in the tissue. . .

When these diarrheal disease mechanisms were defined, attempts
were made to confer pathogenicity on originally avirulent Z. coli
straing. Dr. H. Williams Smith in England transferred both the abil-
ity to elaborate K-88 antigen—required for the organism to reside in
the small intestine of piglets—and the ability to elaborate enterotoxin
to certain avirulent strains of £. coli. -

He showed that these laboratory-constructed organisms caused diar-
rhea in piglets. However, when these same two virulence factors were
incorporated into Z. coli K12, this strain failed to multiply and re-
mained nonpathogenie. ' _ -

Clearly, additional attributes are required to render E. coli K-12
pathogenic. Qur group at Walter Reed has been attempting to prepare
safe oral vaccines against bacillary dysentery. We have transferred
the ability to synthesize cell wall components of virulent Shigella
flexmeri 2a to K. coli X-12. Not only did this hybrid strain fail to
cause disease, but when fed to volunteers—again in collaboration with
Dr. Hornick—it was shed, table 2, in the stool to no greater extent
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than was the wild-type K-12 strain administered by Dr. Anderson to
volunteers in England. : : : :

Additional studies are required prior to concluding with confidence
that . coli K-12 or derivatives of it such as 1776 cannot multiply and
survive within human intestines and within other hosts. Nonetheless,
the complexity of this process predicts the necessity of a multitude of
genes, all functioning in concert, which confer upon bacteria such
ability for survival. '

We know that a large number of laboratories have worked with a
wide variety of highly virulent and contagious micro-organisms which
as pathogens have this capacity to survive. On the basis of past ex-
perience, there has been no evidence of spread of any disease to the
surrounding communities. : .

There is no reason to believe that laboratory altered strains of the
already weakened Z. coli K~12 will escape from a proper containment
faeility to the population at large.

[ The documents referred to follow :]

TABLE 1.~DURATION OF SHEDDING FOLLOWING INGESTION OF E. COLI STRAIN HS BY HEALTHY VOLUNTEERS

' Duratfon of
Dose (cell$) excretion {days)

Volunteer:
1 12
2 0
3 16
4, 60
5. 45
6. 105
7. 21
8 __ 7
g 24
10 75

TABLE 2,—DURATION OF SHEDDING FOLLOWING INGESTION OF E. COLI K-12—SHIGELLA FLEXNERI HYBRIB STRAIN |

: : Duration of
Dose (celis) excretion (days)

Velunteer:

b U1 e G S D

Dr. Formar. On table 2, patient 6 should be 10 to the 10. Thank you
very much. ' :

Mr. Trornrton. It has been suggested that the lack of identifiable
spread from these facilities may be because insufficient records were
kept. Do you have any comment about that ? ‘

Dr. ForMar, Spread of nonpathogens would be diffieult to monitor.
However, scientists in the United States have worked, over the years,
with a wide variety of highly virulent and highly infectious agents.
Although laboratory accidents have occurred, mfections of the popu-
lation in the vicinity of these laboratories have not been reported.
Considering the ease which infectious agents can be detected, they
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would have been identified and reported if they had been responsible
for clinical disease in the surrounding population. It seems unlikely
to me that the laboratory-altered wealkened E coli K-12 strain will
escape from a properly contained facility.

Mr. TrornToN. No pattern has been identified, however, which
would lead you to that conclusion ?

Dr. Foryar. The only evidence we have is the negative data which
I have just cited. The Fort Detrick laboratories have worked for a
long time with agents causing such diseases as Rocky Mountain spotted
fever, plague, tulatemia, and anthrax. Fort Detrick scientists have
had close liaison with the local hospital and the local health anthorities
in order to be made aware of any unusual disease in the community:
Yet, not a single case of disease in the community. Yet, not a single
case of disease traced to these laboratories has occurred in the town
of Frederick, Md. Other laboratories work with additional highly
lethal agents. Llassa fever is a good example. There is no evidence of
escape or organisms from these laboratories, :

Mr. TuorxroN. Lassa fever has been studied only under the P-4
conditions, is that not correct ? . ! '

Dr. Formar. I mentioned under proper containment facilities.
Even there, Mr: Chairman, you work with dysentery bacilli at our
laboratory at Walter Reed. : '

None of the family members of our laboratory workers have ever
gotten bacillary dysentery. We have monitored the families very
carefully over 20 years and we have not had a case. I think it is difficult
to say that we will never have a case. R

Mr. Tuaoryron. Is it your thinking that the reason for the failure
of E coli K-12 which has had pathogenic characteristics added to it—
maybe not in the sense we are talking about here, but in other biological
senses—because of the failure of the organism itself to survive?

Dr. Formar. Our present evidence would indicate that, yes, sir.

Mr, TuornTON, Isthere any reagson for concern that some character-
istics of the organism might be picked up by other E coli which do not
have the K-12 weaknesses of the cell wall, thereby creating a surviv-
able E coli?

Dr. Forstar. Yes. I think that there is legitimate concern that this
might ocecur. There is evidence that E coli K-12 carrying a transmis-
sible plasmid will transfer this plasmid to other members of the
Jintestinal flora of volunteers. On the other hand there has been no evi-
dence that transfer has occurred with the same K coli X-12 strain
which harbors a nontransmissible plasmid. More work is required
before one can be assured that the latter will not take place.

Mr. TaorntoN. I think that is a very important distinction for
us to make, between the transmissible plasmids and the nontransmissi-
ble ones which do oceur. Do you have any further comment with regard
to this distinction ? - : .

Dr. Craracus. Just to emphasize that point, in determining degrees
of containment and degrees of risk, the question of which transmissible
agent is employed is as critical as which recipient is used. These are
being selected as being unlikely to cause propagation of an undesirable
trait. ' ' :
Mzr. TuorntoN. T think one thing that concerns many people who
read the literature which is publicly available on this issue is the
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fact that the host which is being used for this experimentation is a
variation of a bacteria which does exist within the human system.

I think I understand that the reason that this particular host is
the subject of experiments 1s because it is well understood and pre-
dictable, and varieties have been developed which have low. sur-
vivability. : _ L _

Still, how would you address the question of whether this is the
appropriate microorganism for use in this kind of research? Should
there be some thought given to perhaps selecting another organism ?
There are a lot of lay people who might be more comfortable if
experiments were being conducted on nitrogen fixing bacteria that
infect plants rather than with %, cofz, .

Dr. Formar. Certainly other organisms could be used and of
course this possibility should be pursued. Nonetheless, geneticists have
had 30 years of experience working with this K-12 strain. I believe
that it would not, be wise to discard these 30 years of experience.

Mr. TrorNToN. I am not suggesting that that should be done.

Dr. Cuaracme. There is so much known about E. coli. It is often
safer to use what you knowand understand than what you are guessing
about. When you ean construct variants that will not survive outside
of the laboratory because of your knowledge of the organism and you
know what its stability is, it becomes much safer to use than using
something that you don’t knowabout. - . A .

Dr. Pzczenix. Did it try K-12 with the plasmid containing anti-
biotic resistance markers ? . o

Dr. Formar., These experiments were done by Dr. Anderson using
E. coli K-12 sirains carrying either transmissible or nontransmissible
plasmids which code for tetracycline resistance. ‘ . :

Dr. Pirczextk. Has this bacteria been able to colonize in a patient
taking tetracycline? :

Dr. Formar. That has not been done. o

Dr. Pmczenix. Don’t you think it would be able to colonize?

Dr. Formar. I do not know. It is an experiment which will have
to be done before one can get an answer. :

Dr. Pieczenie. Would not K-12 eontaining antibiotic resistance sur-
vivebetter? . .

Dr. Formar. It might, but that is an experiment which will have to
be conducted. . _

Dr. Preczenik. In the expertment, in which the bacteria was
possibly shown to contain mammalian product, the bacteria should not

have been growing in the media. There was antibiotics in that
media. That means that the bacteria was resistant to the antibiotics.
Antibiotic resistant bacteria adapt, and they have quite a capability
to survive in our world. In fact, T would think the use of antibiotic
resistant plasmines as a vector is uncalled for; because you give the
bacteria an environment that is already saturated with antibiotics.

Mr. Tmorxnron, I think that is a very useful observation.

The use of a plasmid conhtaining other bacteriological resictance
would not be beneficial. However, I do think it is also interesting to
note, as has alreadv been mentioned, that genetic engineering of sorts
has been accomplished by growing bacteria in atmospheres which
contain antibiotics and thereby causing selected bacteria to develop
resistances to those antibiotics and to change genetically.
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T think that is a kind of genetic engineering which was not intended
at all, but which nonetheless did occur. -

Dr. CraracHE. Perhaps I could also comment that the NTH guide-
lines have taken into account both pointsjust raised, the question of the
investigator taking antibiotics and the question of the use of anti-
biotic resistance as a marker.

The NIH guidelines proscribe an investigator performing DNA
recombinant research personally during the time he is on antibiotics
_ and for a period of time after he is off antibiotics. Also, you cannot use
antibiotic resistance markers that do not naturally oceur, and that have
a potential for usefulness in the management of infectious diseases.

Mr. TaornTow. You referred to the NIH gpi’delines. T would like
to ask whether those gnidelines are generally in accordance with your
perceptions of what would be necessary in the control of disease, or
whether your perceptions may have been'changed by the guidelines.

What I am asking is, do you as a professional find that the guide-
lines are on track with your perceptions of risk?

Dr. CaracHE. I would say yes. I think they are extremely thought-
ful and they do answer the problems which are raised by this type of
research. I think they have been very useful for the ingtitution as
guidelines for how we might improve construction and practice.

There are a couple of areas in which perhaps they could be clarified.
For example, the guidelines that people working with DNA recombi-
nant research shall have training in aseptic technique. It might be
helpful to specify how extensive that training should be.

'hPerhaps there should be some suggestions as to what is meant by
that. '

There might be also some statement indications that the annual re-
view of these laboratories shall include monitoring of equipment such
as the biohazard safety hood centrifuges, and so on to be sure they are
still functioning as they were when they were put in,

Mr, TroryTon. I would like to ask each of the other witnesses to
comment with regard to that question. Dr. Formal, what is your
evaluation ¢ E

Dr. Formar. Ithink they are very conservative.

Mr. TaorNToN. When you use the word conservative, do you mean
restrictive or safe?

Dr. Formar., T used congervative in the best sens¢ of the word. The
guidelines given us the necessary degree of safety.
© Mr. TaorNTON: Mr. Hollenbeck? : _

Mr. HoLieNBECE. Just maybe to make it a little more expeditious,
I will add another question on the chairman’s guestion. It is this:
What is your opinion as te whether or not the NIH guidelines would
be effective in curbing wild experimentation or terrorist use of DNA
or just some accidental experimentation as has been alluded to today?

¥ would like you to address yourself to that subject as well. '

_Dr. Formar. I think that we can never be insured against the possi-
bility that terrorists might use these techniques. In regard to the
problem of “wild experimentation,” I believe that we shall have to
put the responsibility for monitoring this work on the universities
and the laboratories themselves. This will be the most efficient way to
administer the work. : : S -
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Mr, TaornToN. Dr. Ryan, would you comment on this line of ques-
tioning ? : : ; _

Dr. Ryax. My comments are based purely on what I have read. I
have no practical experience. It seems to me that they are adequate
as near as I can judge. I would say in response to the last question that
if somebody is going to deliberately misuse the guidelines, they are
going to misuse them, and there isn’t very much you can do about it.

Dr. Pieczenik. The possibility of doing the worst experiment can
be done for about $150. You can buy SV40 DNA commercially for

-about $30. You can buy the plasmide for about $30. You can buy the

restriction enzymes for $55 and you can shotgun it into the colony in
about 3 hours. : : . . . :
So all the components are commercially available to do the worst
experiment. _ : o
Mr. TuorNTox. I think perhaps one of the greatest inhibitions
against the selection of this particular technique by terrorists is the

fear that they might be their own first vietim.

Dr. Pmczenik. Given my perspective, it would not work anyway.

Mr. TeornToN. The hazard of self-destruction might be one. Then
I think some consideration would have to be given as to what other
tools might be available, having a more predictable result. ‘

Dr. Preczenik, Sidney Brenner in Cambridge is trying to adapt
E. coli to live in an environment of heavy water, rather than a natural-
ly occurring water. If he can adapt an E. coli in that manner, the
chance of that escaping and finding an ecological niche is very rare.
The refined approaches to the types of vectors used—-but let us say
carefully and genetically designed vectors would be more appropriate.

Mr. TrorntoNn. If I may pursue the terrorist point to my next
question which concerns some inadvertent recombination might un-
lease & catastrophic situation by developing an organism or a process
which is not yet known. I think your testimony is appropriate to that
discussion. - .

We have been told by other witnesses that this is a significant risk.
It is one we are concerned about, Would you address yourself to that
question ? T -

Dr. Perczenig. At present I feel that as I said before, the possibility
of direct expression is unlikely in extreme species crosses. If you
design a vector or a virus carefully, and in time we will be able to know
how to design one, that can bypass or accommodate the intracellular
selection, then, the possibility of an artificially engineered virus that is
viable and can be used as a weapon or a tool becomes quite likely.

But I would say that this is 10 to 15 years away. :

Until we understand the sequences and their advantages, we won’t
be able to design it. ‘ o

"Mr. TaornTow. Are you saying it would not likely occur aceidentally
but only through a long purpeseful design ¢ S

Dr. Preczenik. With purposeful design, I imagine it is possible.
Without design I feel it is unlikely, o :

Mr. TeorxTON, I think this is an area in which there is a good deal
of concern expressed and maybe disagreement as well. Dr. Ryan?

Dr. Ryan. One of the areas that is of great interest in endocrinology
today is the matter of gene expression and the role of steroid hormones
in inducing gene expression. This seems to be related in part at least
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to some of the proteins that coat the DNA. To what extent are genes
regulated and to what extent deo you think that a recombinant DNA

~would be regulated or unregulated ? .

Would the proteins that cover that recombinant DNA. inhibit its
expression ¢ : - o

Dr. PreczeNik. The question of a gene at the mammalian level and
its relationship to a single piece of DNA, a contiguous piece of ex-
presed DN A isstill not defined, . .

A gene may be sequences of DNA at various places. Therefore, the
actual direct interaction of a particular peptide with DNA or with a
particular subset sequence of DNA may not affect the total gene as we
see its final product. It may affect part of its expression. I think you
are directing yourself to an analogy where protein molecules actually
repress or actlvate the expression of RNA. This is used as an analogy
from the prokaryotic system to the eukaryotic system but: there is no
direct evidence for exactly what expression is at the eukaryotic system.

This is the hope of genetic engineers. But they won’t be isolating a
gene. They will be isolating a piece of DNA. The gene may be expressed
over many chromosomes because the gene is the inherited characteristic
that we can measure.

Gene is a concept that is a genetic measurement. DN A is & biochemi-

. cal observation. We know that genes are made of DNA. But a particu-

lar gene.may not be a contiguous set of DNA sequences. So even isolat-
ing a particular piece of sequence may not be isolating that gene.

Mr, THORNTON.. You just opened a window for me. I appreciate that
additional bit of information. You are saying that a gene may consist
of genetic information in the form of combinations on the DNA mole-
cule, part of which may exist at one end of the structure and part at the
other. Some move in the middle and then over here on the side, correct ¢

Dr. Pirezentx. Dr. Ryan’s protein may have two genes coding for it.
Most likely they are not contiguous. Therefore if you wanted to iso-
late the gene for that particular product, you would have to have two
plasmines and hopefully you will get the combination, In that com-
bination, it will be expressed. A gene is a genetic measure and has the
characteristics that if you take progeny, that characteristic can be bred
and its source independently. o

It is a measure at the progeny level, and genetics as opposed to DNA
work requires the viability of the organism. A phage geneticist counts
bacteria phage and from that number of bacteria tries to deduce back
to what is happening at the DNA level.

Here we are talking about DN A molecules.

Mr. TrornTow, Iunderstand. : '

\. Dr. PIEczENTR, A gene is 2. concept of viable expression. A gene at
the eukaryotic DNA level is still quite undefined. -

Dr. Ryan, Suppose you took a piece of DNA and put it into another
organism. One would presume in‘that organism it would be coated by
histones and acidic proteins to a greater or lésser extent. Do recom-
binant DNA’s become coated with acidic proteins? :

Dr, PmczeNik. The histones don’t coat the DNA according to the
Kornberg method. DNA actually winds around the histones and the
histones form a core. Histones don’t act as a regulatory protein but as a
structural component. It constrains DNA ‘to a very characteristic pat-
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tern ‘of about 200 nucleotides. The nonhistones protein might be
involved.

Ninety-nine percent of DNA is not coding at all. One can ask the
question why ¢ Ninety-nine percent of the DNA isn’t even made into
messenger RNA. We will be looking at a universe of DNA.

Mr. Traorxron. I wish you would have said that in the first place.

Dr. Preczenie. We are only looking at 1 percent or mnaybe 2 or 3
percent of what exists at the DNA level in terms of protein function,

Dr. Ryax. Suppose you did put in a piece of DNA and it wound
around the histone, would that DNA be expressed ¢ .

Dr. Pieczentk. In what, the enkaryotic systems ¢ :

Dr.Ryan. Yes. - o

Dr. Pieczenik. I would guess not. I would think that the transerip-
tion start signals are quite different. The question of whether a pro-
moter exists in these sequences is unknown. At the prokaryotic levels,
it is a contiguous set of signals prior to the messenger RNA. It could
be ectopic DNA fibers that link various chromosoines together and you
activate them and several chromosomes simultaneously.

The whole question of that is completely unknown at this stage.

Dr. Ryan. What that would imply is that prokaryotic DNA got
transferred to a eukaryotie, it might not be expressed and might not
be as hazardous as you might first think? ' .

Dr. Preczenig. That 1s right. However, the sequences have a his-
torv—thev still have “gill slits”. Ontogeny recapitulates phylogeny.
That is reflected in our development. These sequences might reflect
the same type of sequence. - : T -

These might be reactivated. There might be prokaryotic type se-
quences in eukaryotic DNA. When you put them into prokaryotic
systems, they might be expressed. In fact there have been experiments
done where you can take prokaryotic messenger RNA and bind them
to eukaryotic RN A and it will recognize the same binding sites as the
prokaryotic. o :

However, if you go the other way, take eukaryotic messenger and
give it to prokaryotic ribosomes, they will not bind, :

They will not be recognized. So the signals may go in one direction
and not in the other. : :

Mr. TrorNTON. Isn’t the basic point here that you are dealing with a
subject matter which is so complex, where the potential combinations
are so immensely variable that the field of ignorance about the proc-
ess is much larger than the field of knowledge at this stage?

Dr. Pieczenti. That 1s true. In research, the idea is to be at the
front lines and to be ignorant at all times. You should not know any-
thing but you should understand everything,

It is not answering the question, it is first defining the problem. Once
we can define the problem, answering the question becomes simple.
The cure to cancer is a poorly defined scientific problem. That is why
we don’t have an answer. The moment that problem is defined, then
there will be an answer. : :

Mr. TrorNron. I want to recognize Mr. Hollenbeck for some ques-
tions. This has been a fascinating discussion, but I would like to give
him an opportunity to lead the discussion for a time.

Mr. HoLrensrck. Mr. Chairman, I have a question of Dr. Pieczenik
which involves his suggestion with regard to regulation of recombinant
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DNA work. You outlined four areas in some detail but rather quickly.
I would like you to expand for us on your thinking or on your philoso-
phy behind that. ' _

1f you will, we have had some testimony in prior hearings ag to the
international effect of our stopping DNA research and so on. I.would
* like you to try to relate that with the experiences you have had alludin
specifically to any relations or procedures which they have in Englan
for this type of research. : :

Dr. Preczenik. First, the regulation in England has been—I will
speak on the idea of Dr: Brenner mainly. The English in their fashion
decided to call it a pause instead of a moratorium, and instead of set-
ting a set of guidelines, a large compendium of regulations and rules,
they decided to leave it undefined. :

However, they set up an administrative structure which they call
GMAC, which is genetic manipulation advisory committee, and this is.
composed of an informed lay publie, editors of scientific journals,
union representatives, scientists that are not involved .in genetic re-
combination, o Co

This body meets and discusses and hag final ruling on experiments
proposed by another body called GMUC, genetic manipulators users
committee, which is.a lobby for scientists that wish to do the experi-
ments, -

They present the experiment they want to do to GMAC, and GMAC
decides whether it should be done or not and at what level of safety.
They have also given themselves much more freedom on the choice
of vector and have not thrown away attachment site as we have in
substitution for antibiotic resistance.

They are designing basically veetors in which the vectors them-
selves recombine out the restriction fragments that are necessary
and encapsulate them within the bacteriophage. That means' there
is another level of containment.

The bacteria hopefully will be adapted—adaptive both for its ability
to not survive in the environment as well as to require a particular
nutrient in order to survive. There is a double cross-check. S

Containment will be done in small boxes. Dr. Brenner made the
analogy if we want to work in the cold, we can go into a cold room.
But if you look at supermarkets they don’t put their food in a cold
room. They actually have open-air freezers in which, this cold air
is contained. This work can be contained in very simple boxes. We .
know then what the hazards are.

We know how to define them. These boxes can be engineered and
designed almost for any level of containment such that you are never
in direct contact with the material you are working with. The ques-
tion of fractionation probably can be avoided by designing experi-
ments cleverly. Basicaﬁy the English believe, I think, not to set down
their set of regulations but to work on precedent and experience and
in an adversary relationship. : '

Mr. HoLLeNBECE. Are you basing your suggestion today on the
English experience? - '

Dr, PiEczenix. Somewhat, My suggestions reflect more the moral
policy set down recently in our Government. There is a legal question
of clear-and-present hazard. I think that the regulations were evolved
around that legal issue. There is also legal concept that is called
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“clean hands.” You don’t enter the court having committed a crime
in the area in which you are suing for justica. -

I would like a clean-hands legal policy basically for the regulators
as well as the experimenters; meaning that there is not a clear or vested
interest that this experiment. work. L :

That is eight personal, financial or for scientific reputation.

Mr. Horreneeck. I am very interested in your second topic. You
look to a lot of public input from different segments of the publiec,
whereas we have heard a lot of testimony so far suggesting that the
GMAC consist of scientists who are engaged directly in this work.
I wondered why you have chosen that? '

Dr. Pieczentx. 1 believe in the people. The other thing is that basic-
ally science is tax money. It is people’s money. There is no account-
ability. Are we publishing paper monuments to our own research?
What is the accountability on the research? Let us say this does not
work. At what point do you say look, this has been a waste of money?
Or, what happens to the equipment that is given to researchers by
NIH after the researcher retires? That stays in various laboratories
and never gets recycled. o

I am not sure whether there is a class of scientists. But in any case’
those working in research receive public money and therefore there
should be public accountability. None of these issues are that complex
and if they are complex, if they are clearly understood, they can be
explained. .

Mr. HovLrenseck. I see some disagreement at this end of the table,
Dr. Formal. : :

Dr. Formar. I have worked for 25 years as a research scientist in a
Federal laboratory. During this time public funds for research have
increased tremendously. At the outset, we had few experienced scien-
tist-administrators. Over the years, we have been fortunate to have
many capable scientists become experienced administrators, and as a
laboratory worker, I respect their achievements. A worker doing
fundamental research is held accountable for his work, and I think
that most Iaboratory workers believe that we owe a great debt to the
public for supporting our endeavors. e —

As funds get shorter and competition for funds get more keen, that
accountability will become better also. I am really not discouraged
over this. I think most of us feel certainly over the past 10 years a
great debt to the public, '

Dr. Cuaracue. I would agree with that. I have seen this operating
also in our own institution and at the National Institutes of Health
where a peer review concept is being explored for the work that is
done intramurally even though this is not formally required.

T think there is an increasing desire to be sure that the investigator
is accountable. T think the same is true in terms of the management
of the NIH guidelines. Not everybody on the committee of bio-
hazards has anything to do with recombinant research. '

Other people have responsibility to be sure that the scientists have
considered all agpects of the work. The responsible scientists have been
foremost among those who wish to be responsible. They are the ones
at greatest personal risk, : ‘

Mr. TroryToN. Pursuing that line of thought for a moment, were
you as careful in this type of research before the NIH guidelines were
announced as you are now? Do you think that the mere presence of
NTH cuidelines. avan far crionficén medk asomceedioe i Rl
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i1_"gase=ztérch money, may have a useful effect in urging additional cau-
ion ? - o
Dr. Craracae. I think one of my concerns is how these guidelines
will be applied industrially and by other groups that are not con-
trolled by Government funding. I would guess that responsible in-
stitutions will respond the way the scientific community has that are
being reimbursed by NIH.

The NTH guidelines called to people’s attention conditions which
were suboptimum in microbiology laboratories of many types.

Mr. TrornTON. There have been institutional changes which re-
sulted from the operation of the gnidelines? '

Dr. Craracse. Yes, These extend beyond the DNA recombinant
research area. By using the Center for Disease Control criteria for
P1, P2, P3, and P4 infectious agents and having established ‘these
thoughtful and conservative guidelines in terms of what constitutes
a proper containment for these agents, we find that a lot of laboratories
who were working with agents which should have been controlled
better than they were controlled, and this is a spinoff of this procedure.

Mr. Traornton. Who set up the operating procedures for Johns
Hopkins Biohazards Committee ? A '

Dr. Cuaracne., There has been a biohazards safety committee for
many years. I don’t know how long, I have been on it for 8 or 9 years.
This involves all divisions of the university and.has been expanded
for the DNA recombinant work to include undergraduate school as
well as the school concerned with health sciences. '

The guidelines and the application of the NIII guidelines have been
under Dr. Roger Herriott’s direction. The commitfee is a very broadly
based one which ineludes scientists from the school of medicine, un-
dergraduate school, and so on. '

Mr, TrornTon. Thank you for yielding.

Mr, Horreweeck. Dr. Pieczenik ?

Dr. Pizczerik. The question was whether funding and research is
adaptive. I am a little surprised that in P3 facilities, undergraduate
students will be working. ' '

Dr. Craaracue. It is t%leir professors who are working on it. - .

Dr. Pieczenik. That is the point about the fourth issue, what I call
the head of laboratory role. Let the person with the legal responsibility
be the one that does the experiment. I forgot to mention, in England
it is a criminal offense punishable by 2 years in prison and unlimited
fine if you violate the guidelines of 2 letter set down by GMAC. That
regulation is assignable to a subofficer. But then he has punitive powers.
It seems peculiar that I, who believe there is no hazard, should argue
for more careful or direct responsibility. _

Mr. HonEnsEck. You are talking more about the nature of the
experimentation than you are about the safeguards, isn’t that correct?

Dr. Preczenik. Both. o o

Mr. HoLueNBECK. Your guidelines seem to be directed, though, at'an
advisory board of noninvolved scientists and the lay public having,
say, over the nature of the experiment and, to a certain extent, over the
regulations. You are not quarreling with present safety setups and
present methods, is that correct ¢ - )

Dr. Pieczentk. No; I don’t feel the NTH guidelines reflect a sufficient
spectrum of use. I think they reflect the spectrum of use by the persons
that put the guidelines together, - T
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Each country has its own plasmids and they work according to
guidelines under which they want to work. It is a logical constraint,
I do think for the nature of the experiments, they are sufficient.

I think one P4 facility can be built and all the experiments can
be booked there. This is much like you book a cyclotron. I think money
should be spent in other types of research. '

Mr. Horieneeck. I see we are running late. I don’t know what
everyone has on his schedule, but I would like to hear if anyone has
a final comment to make, or a comment on something someone else
has said, or something we may have overlooked in our questioning.
We would weleome that at this time with the Chair’s permission.

Mr. TaorxTon. Yes; I think that is very appropriate. IT-did notice
that Dr. Ryan perhaps has a commitment for which he may already
be late. Therefore, I would invite you if you have any concluding
remarks to state them, and then you may be excused.

Then we will let each of the other witnesses have such remarks as
they may have. L .

Dr. Ryan. The only thing I would ask is a clarification. T assume
that by asking for a generalized and lay review that you are not
excluding peer review in this process? In my own personal opinion,
you require both. I think you need somebody to make the judgments
on scientific ground and I think you then need a broader committee
to make judgments-on moral and ethical issues.

Dr. Preczentx. Seclentific judgment will be made by the committee
presenting the experiment. : ‘

Mr. Tuornron. Dr. Ryan, I have just been advised that the person
with whom you are scheduled to have a meeting is not going to he
available for that meeting right now. You may want to stay aboard
for awhile. - R

Dr. Ryawx. All right. : : '

Dr. Craxacue. I have one comment on one of the points made by
Dr. Pieczenik. X think it probably would not be wise to require that
the responsible senior investigator be the one to wield the equipment
because a highly trained technologist can often do a much safer job
of it than perhaps the old scientists. :

I think the critical thing here is a sense of responsibility on the
part of the scientific community and -on the part of the people who
are insuring that the motives of the scientists are, in fact, met by
their practical approaches. '

Mr. THornToN. I think that that is a useful observation. |

Dr. Foraar. T would just agree with that. _

Dr. Pmczenix. 1 disagree. In England, it is the senior scientist
that does the work. Brenner designs:his vectors himself, Sanger -
sequences. T think that tradition should be brought to this country.
On the other hand, in tradition where the experiment is left to a
technician, the freedom of choice is gone. I think he should have a
choice. '

Mr. Trornton. I rather doubt that this particular issne will be
addressed by Tegislation, but it is a very interesting element of
public .policy. T would hate to deprive science, though, of an indi-
vidual’s mental capacities because of his lack of physical capacity
actually to carry out.certain thinking processes. ) ) .

I wonld assume that you would agree that such situations may
be possible—you would not ? o



365

Dr. Pmozentg. No. He can then simply suggest the experiment
he wishes to do to a head of a laboratory in which he has confidence.
Mr. TwornToN. Beethoven was able to write music although he
could not hear it, isn’t that correct? He should not be able to if he
cannot hear it, for your theory to be accepted, '
Dr. Pmczenik. IHe could write music and he could internally hear
it. : :
Mr, Taorntox. But he could not physically hear it.
Dr. Pmozenix, Actually he could hear it beecause he has induction
from the piano to the bone structure. [ Laughter. ]

Mr. TrorNTON. I am not sure that anyone here can now testify
as to whether Beethoven heurd his own music internally or not, but
according to reports he did not hear it physically, At least that is
the historical version, ‘ :

Dr. Ryaw. I am sympathetic to your point of view, but I think
what you can require is that the Senior Scientist at least be present
at the experiment, ' '

Mr. Taorron. Oh, yes; and completely accountable for the work,
I don’t think that I would disagree at all as to the purpose which
you are trying to express, that is, to require strict scientific account-
ability for the work which is pursued. That does not riecessarily mean -
that this scientist must physically go out to Pittshburgh or wherever
it is done and blow the glass to make the test tube which he uses
for part of the experiment. C :

Dr. Precozenig. The recombinant work is trivial technology. The
tricky part is analyzing the product you have made. Actually re-
stricting the fragments can be done by an undergraduate. It does
not require great competence. The point is that perhaps this would
foree heads of laboratories to decide very carefully whether they
want to gear up their laboratories to do this work.

If you are going to offer a scientist a $10 million laboratory to do
recombinant work or $15,000 to analyze nucleotides, he will say, I will
do the recombinant work. ' -

I don’t think the scientific validity has been demonstrated for-the
work. I have not seen an experiment that has been proposed using this
technology—— . ' .

Mr. TeorNTON. Are you saying that a reverse Gresham’s lasw applies,
that heavily funded research drives out other types of research?

Dr. Pieczentr. Yes. Crick’s grandfather published a manuscript
with Soddy saying that overfinancing in science has a tendency to
killit, - .

Mr. Traornrton., One other expression of my concern is that you
would eliminate scientists from the panel which you suggest. You
would not have those who were most informed about the field in-
volved ¢ Rt o '

Dr. Preczexik. The question of most informed is a question of how
much do we know about the area at this stage. ' o .

Mr, Tuornton. The regulating board you propose consists of in-
formed lay publie, journalists, union representatives, and scientists
not invelved in nucleic acid work, genetics, or biology.

Dr. Preczentk. That is people without an ax to grind. : :

Mr. TaoRNTON. Well, do you assume that anyone who has knowledge
of this field necessarily adopts a philosophical or political viewpoint
toward the research, as distinguished from pure scientific inquiry?
TIs that the reason?

93-481 O - 77 - 24
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Dr. Pirczexik. I find that you can find scientists on either side of
any issue, Therefore, let the scientists lobby and let it be decided
by & representative of the public. : '

Mr. Tuornron. If scientific fact is to be demonstrated by deba
before a lay public body, which then announces the decision as a jury
would announce a decision, then I am very concerned that the pos-
sibility that the truth is not represented by either side of the issue
may be overlooked. By characterizing scientific arguments as the
opposition of a right and a wrong posttion and deciding between those
two positions, if that is the basis for developing the field of scientific
knowledge, I am very concerned about it.

I think that isthe way to develop dogma. :

_ Dr. Pieczenix. There is not a right and a wrong position. There
18 a position of those that wish to do the experiments and these are
not scientific issues that are being questioned.

" These are basically moral, whether the experiments should be done.
Since it is a moral, a political issue, let it be a moral, political body
that decides it. : ;

M. TaornTon. X think, that insofar as these issues relate to moral,
political, and philosophical judgments, that all segments of society
must be involved. But I would be most hesitant to assume that those
people who are most knowledgeable about the subject matter should
be excluded from that process. _ :

I find that very hard to accept. I think that we should review their
contribution with a great deal of care and concern, in view of the fact
that it might be biased, and to try to overcome the possibility of such
bias. : ' ' o

I did not mean to get into an argument with you about it. But I
was concerned about your suggestion that the people most knowledge-
able should be excluded from the board.

- Dr. Preczenix. Well, I question whether—I will accept that. The
question.of knowledgeability in an unknown area—there is no exper-
tise in an area that has not been experimented in. Everybody’s
opinion is as good as everybody else’s. : :

" Mr. TroryToN. Everybody is starting pretty much even.

Dr, Preozenik. At this stage, let’s give the public a chance.

Mr, THorNTON. T see. .

Thank you. : E

Do any of you have any further comments ? [No response.]

I want to think you. The response has been stimulating, way over
my head most of the time, and I think it has really given us some
material which our strong staff can assimilate and report back to us
in language we can understand.

Thank you very much. - o

Dr, Pmozextr. Thank you, Mr. Chairman.

Dr.Ryax. Thank you. - )

Dr. Craracre. Thank you, Mr. Chairman.

Dr. Formar. Thank you. :

Mr, TaornTon. We are adjourning to reconvene tomorrow at 10
o’clock in this room to discuss those aspects of this issue which are
of concern to industry. '

‘We are now adjourned. ) g

[Whereupon, at 12:30 p.m., the subcommittee adjourned, to recon-
vene at 10 a.m., Thursday, April 28, 1977.] :
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House or REPRESENTATIVES,
Commrrree oN SCIENCE AND TECHNOLOGY,
SUBCOMMITTEE ON SCIENCE, REsEakcH anp TECHNOLOGY,
Washington, D.C.

The subcommittee met, pursuant to adjournment, at 10:10 a.m. in
room 2318, Rayburn House Office Building, ITon. Ray Thornton,
chairman of the subcommittee, presiding.

Mr. TrornToN. The hearing will come to order.

Good morning. We are continuing today our hearings on the science
policy implications of the DNA recombinant molecule research issue.

This is our fifth day of hearings in this series. We have touched upon
today’s topic in earlier hearings but we would like to provide a
forum for a fuller decision. o

Today, we are going to be discussing the many aspects of DNA
recombinant molecule research which are of interest or concern to

industry, the private sector, ' .

I would now like to recognize the ranking minority member of our
subcommittee, Mr. Hollenbeck, who will introduce our first witnesa
this morning. - ' .

Mr. Hollenbeck. .

Mr, HorrzNeeck. Thank you, Mr. Chairman. ‘

We are fortunate to have with us today two gentlemen from the
Pharmaceutical Manufacturers Association who have a background
and knowledge in the field we are concerned with today. )

They have prepared testimony which we have had the opportunity
to see in advance, and I would like to introduce, first, Dr. John G.
Adams, who is the vice president for scientific and professional rela-
tions, and Mr. Bruce J. Brennan, vice president and general counsel
for the Pharmaceutical Manufacturers Association.

Welcome, gentlemen. I would like to join in welcoming you to the
subcommittee and to express our appreciation for the prepared tes-
timony which you have submitted.

Without objection that prepared testimony will be made a part of
the record in its entirety, and I would like to ask you now to proceed
to summarize and give us your views on this issue.

. [Biograpbical sketches of Dr. Adams and Mr. Brennan follow:]
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Dxr. JoEN G. ADAMS

Born January 81, 1921, in Pittsburgh, Pa. Educated in Pittsburgh Public
Schools; B.8. in Pharmacy, Dugquesne University, 1947; M.S. (Pharmacology)
University of Illinoig, 1952; Ph.D. (Major: Pharmacology; Minor in Medicinal
Chemistry) University of Illinois.

During World War IT served with 80tk Infantry Division, Third U.8. Army,
R.T.0., 194245, Bronze Star, Distinguished Unit Citation.

Owned and managed Adams Pharmacy, Pittsburgh, Pa., 194548, Instructor,
School of Pharmacy, Duquesne University, 1947—9; Bristol Research Fellow in
Pharmacology, College of Medicine, University of Illinois, 1849-52; Assistant
Professor of Pharmacology, School of Pharmacy, Duguesne University, 1952-54 ;
Agsociate Professor of Pharmacology, School of Pharmacy, Duqguesne University
1954-55; Professor of Pharmacology, School of Pharmaey, Duquesne University,
1955-61; Assistant Dean, School of Pharmaey, Duguesne University, 1954-55;
Dean, School of Pharmacy, Duguesne University, 1955-61; Professor of Phar-
macology, School of Pharmacy, University of Connecticut, 1961-65,

Joined the Pharmaceutical Manufacturers Association staff in 1965 as Director,
Office of Scientific Activities; Vice President, Scientific and Professional Rela-
tions 1968 to present.

Married to Mary Margaret Wagoner, two daughters. Biographical dats may
be found in American Men of Science. ) i

Member of Phi Delta Chi (honorary) and Alpha Zeta Omega (honorary)
Fraternities. Also member of Sigma Xi and Rho Chi Honor Societies.

Memberships are held in the American Pharmaceutical Association, American
Agsociation for the Advancement of Science (Fellow) and New York Academy
of Sciences. : . )

Member, Executive Committee, American Association of Colleges of Pharmaey,
1959-61; Viee Chairman, House of Delegates, American Pharmaceutical Associa-
ticn, 1960 ; Chairman, District 2 Boards and Colleges of Pharmacy; Vice Presi-
dent, Rho Chi Society, 1963-65; National President, Rho Chi Society, 1966-68;
Chairman, Committee on Permanent Organization, American Pharmaceutical
Association, 1960-63; Committee on Curriculum, American Asscciation of Col-
leges of Pharmaecy, 1956-1959, Chairman, 1957-59; Exeecutive Cominittee, Penn-
sylvania Pharmacentical Association, 1955-1961; Committee on Predictive Tests,
American Association of Colleges of Pharmacy, 1959; Joint Committee on
Hospital Pharmacy, American Association of Colleges of Pharmacy—Ainerican
Society of Hospital Pharmaeists, 1959 ; Committee on Student Chapters, Ameri-
can Pharmaceutical Association, 1961; Committee on Selection of Recipients,
American Pharmaeceutical Assoclation Foundation Awards, 1961; Governor's
Advisory Committee on Civil Defense, Comomenwealth of Pennsylvania, 1960-
1961, Visiting Lecturer, American Association of Colleges of Pharmacy, 1963

1965.
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BRUCE J. BRENMAN

Born: November 24, 1930
fducation: Holy Cross College, Georgetown University {A.B. 1953)
Legal Education:  Georgetown University Law Center (LL.B. 1959)

Professional Background:

1960-1963 Trial Attorney in Office of General Counsel, Food and
Drug Adminisiration and Bureau of Deceptive Practices,
Federal Trade Commission

1964-1968 Private practice in Washington, D. C., specializing in
matters relating to the Federal control of foods, drugs,
cosmetics and advertising

April 1969 Vice President and General Counsel of the Pharmaceutical
to present  Manufacturers Association

Memberships:

American Bar Association, Chairman, Drug Law Committee, Section of
Corporation Banking and Business Law, 1970-1972

Recent Activities and Publications:

Member of U. S. Delegation to United Nations Commission on Narcotic
Drugs, January 1970, Geneva, Switzerland

Editorial Adviscry Board, Food Drug Cosmetic law Journal
The Right to Self-Medication -- A Continuing Conflict Between

Congressional and Agency Policy, 23 Food Drug Cosmetic Law Journal
487 (October 1968)

Federal Regulat1on of the Drug Industry: Proceedings, Short Course on
Drug Abuse, Southern Methodist University School of Law {April 1970)

The Need for Cooperation of Industry, Physicians and Government in
Regulaton of Medical Devices, The Business Lawyer, Volume 26, Page 365
(November 1970)

Self-Evaluation -- Legal Aspects and Scope: Proceedings, Conference on
Drug Efficacy Evaluation and Self-Evaluation by Pharmaceutical Industry,
University of Wisconsin (October 1971)
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The Drug Trademark on Trial -- An Omen for A11 Consumer Goods: .
Proceedings, 95th Anpwal Meeting of the U. S. Trademark Association,
San Diego, Califernia (May 21, 1973)

How the Kennedy Drug Bi11 Could Affect the Physician's Practice, The
Journal of Legal Medicine (July/August 1974) .

Drug Substitution -- Boon to Consumers Versus Legal Trap for the
Professional, The Journal of tegal Medicine {March 1976)

Receni_: and Pending - Drug Regulatory Legislation - Survey and
Overview: Proceedings,. Marnagement Science Conference for the

Pharmaceutical Industry, Purcue University, West Lafayette,
Indiana {September 20, 1976) :
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STATEMENT OF DR. JOHN G. ADAMS, VICE PRESIDENT, SCIENTIFIC
AND PROFESSIONAL RELATIONS, PHARMACEUTICAL MANUFAC-
TURERS ASSOCIATION, ACCOMPANIED BY BRUCE J. BRENNAN,
VICE PRESIDENT AND GENERAL COUNSEL, LEGAL, PHARMACEU-

. TICAL MANUFACTURERS ASSOCIATION ' '

Dr. Apams. Thank you, Mr. Chairman and members of the
committee. _ ' .

This is a brief statement, Congressman Thornton, and if you have
no objection, I will follow the text very closely, '

Mr. THORNTON. Very good.

Dr. Apams. I am John G. Adams, vice president for scientific and
professional relations of the Pharmaceutical Manufacturers Associa-
tion, an organization of 129 firms that discover, develop, manufacture,
and market most of the prescription drugs and a large percentage of
%}Eetdia,gnostic reagents and medical devices available in the United

ates. : :

Accompanying me is-Bruce J. Brennan, PMA vice president and
general counsel. We appreciate the opportunity to appear before the
subcommittee to offer our comments.

It is important, we believe, to place the involvement of the drug

. industry in recombinant DNA research in proper perspective in order

to avoid any misinterpretation or misunderstanding of our position
such as has been expressed in hearings before this subcommittee and in
articles or statements which have appeared in the lay press and
elsewhere.

At present three PMA member firms are directly engaged in such
research, and three other member firms are supporting academic
research. All of them are committed to voluntary compliance with the
NTH guidelines.

The PMA. became directly involved in discussions concerning re-
combinant DNA research on June 2, 1976, at a meeting convened by
Dr. Frederickson of the National Institutes of Health. As a spokes-
man for the PMA at the June 2 NIH meeting, I indicated that copies
of the NIIT guidelines would be immediately referred to an expert
committee of drug industry scientists for study and comment and
that our comments would be reported to NIH promptly. I also in-
dicated that a survey of PMA member firms would imemdiately be
undertaken to determine the extent of their involvement in DNA
research, either in their own facilities or through grant or contract
support.

The results of these two activities were made public in hearings be-
fore the Health Subcommittee of the Senate Labor and Public Wel-
fare Committee in September of 1976, and were provided concur-
rently to NIH officials. Formal comments on the guidelines were
submitted to NIH in November in response to the Federal Register
notice of July 7, 1976. ,

We also testified at hearings convened by the attorney general of
the State of New York in October of 1976, and most recently in hear-
ings convened by the Subcommittee on Health and Environment of
the House Interstate and Foreign Commerce Committee, the Sub-
committee on Health and Secientific Research of the Senate Com-
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Eittee on Human Resources, and by the Environmental Protection
ency. o ' :

n addition, we participated in a meeting of industry representa-
tives and officials of the Department of Commerce in November 1976
and have met with representatives of NIH on several occasions. Our
purpose on each of these occasions was to state the position of the
assoclation on recombinant DNA research which, contrary to some
allegations, has not changed since our first public statement in Sep-
tember 1976. T believe that it is clear on the record that the drug in-
dustry has acted cooperatively and responsibly in seeking the best
possible solution to this most important public policy issue. Copies
of the aforementioned documents are appended to this testimony,
and we respectfully request that they be made part of the record
of this hearing. o

Mr. TaornTON. Without objection, those documents will be in-
cluded in the record of the hearing.

Dr. Apams. They were included in the copies sent to you.

[The documents are ag follows 1]
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. Statement on Recombinant DNA Research
on Behalf of the
Pharmaceutical Manufacturers Association

' Before the )
 Science Advisory Board
Environmental Protection Agency

April 5, 1977

Mr, Chairman and Members of the Comfnittee:

Iam John G. Adams, Vice President for Scientific and Professional
Relations of the PMA, an organization cémpqsed of 129 member firms that
dia;over, develop, manufactl‘.u-e and market most of thg préscripﬁon drués-;
and a large percentage of the medical devices and diagnostic products available
in the United Stal:eg. I'am pleased.to appear before the Committee today a.ndl
offe:r.our comments on the areas of inquiry which were outlined in the Federal
Reéister notice of March 16, 1977. My comments will be b?{ef, but I hope
responsive to your request, |

Since the initial meeting of industry representatives with officials of
the National Institutes of Health on June 2, 1976, we have ;arefull_y followed
and closely cooperated with v;aric!us {federal gover;xment agencies, inéluding the
Departments of Health, Education, aﬁ& Welfare an‘drcomr_ne.rce in their efforts
to d:eveh?p sound public policy on the éubject of recombinant DNA z;ese_arch.
We have also testified at hearings cmlwened by the Subcommittee on Hgalth of
the Se;aate Labor and Public Welfare Committee and the Attorney General of_
the State of New York and, more recently, by the Chairman ‘of the Subcommittee
on Health and Envi_ronrf!ent of the House Cémrﬂittee on Inter stéte and Foreign
Cor_nlmerce. We shall again testify tomorrow before the Subcomumittee on Health
and Scienti.ficr _Ilteéearch of the Séna,te Committee on Human Rescurces, the new

designation for the former Subcommittee on Health chaired by Senator Kennedy.
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On all of these t;vc:'::as'l'm-ls,E we have stated that _meml.:.er firfns-of our Associa-
tion engaged in recombinaﬁt DNA research would \;olu!itarily comply wiéﬁ tile
NIH Guidelines, We did request some clafificatiop of the Guidelines relative
to the protection of industrial property rights, and to the eventual need for mod-
ification of the volume restriction should cormmercial scale-up hecome a Lrealitjr.
However, we stated unequivocally our intention te voluntarily comply with the
physical and biological containment provisions, We have met with officials of
the National Institutes of Health on several occasions in the interest of mbdifying
the Guidelines to recognize the need for protection of confideatial informa.tion,
particularly in the case of industrial firms engaged in such resear.ch. We feel
that these meetings have been productive and that our concerns were adeqﬁate’ly
addressed in the Report of the Interagency Committee,  Most recently,l we have
endorased the need for legislation and regulations promulgated thereunder to
provide additional agsurances to the publi.c..

I believe it is irﬁporta.ni‘. for this Cornmiﬁee to be made aware of the
present level of involvement by industry. At the request of Dr, Fredrickst.m,
Chairman cof the Interagency Committee, we updated an earlier survey of our
member firms. Contra;:'y to allegfations'in the press ‘and in recent Congressional
hearings that the drug industry is heavily engaged, our survey showed that_ozﬂy
three firms are conducting recombinant DNA research in theizr own facilities,
and that three additional firms are gponsoring academic reseaxch in the field.

A sirr;lila.r survey was conducted by the Industrial Research Institute and as re-
ported. in the Wall Strelet Journal, three additional non-drug industry firms were
involved. Resulte of both surve.ys have been submitted to the Chairman of the

Interagency Committee,
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In the case of the drug industry, it is important fox the Cornmitteel
to bear in mind the vast experiencé we have accumﬁlated in the handling of
hazardous biological materials, such as are involved in the production of vac-
cines and other biological products, Our faéiliti.ea and personnel are probably
the most sophisticated in the entire scientific community in this type cf re-
search and producﬁoﬁ technology and the outstanding record of the industry in
the handling of these materials offers testimony te that expertise and experience,

Our comments in response to the two specific areas of inqﬁiry- by theé
Committee will necesa.arily be brief.

It is our cgn.sidered opinion that appropriate legislation and regulation
will provide the immediate safeguards lwhich are needed in this en:ierging field
of research. _We are s.atisfied that the neécessary elements of- such legiélatiOn
have been incorporated into the Report of the Interagency Committee. . We shall
oifer specific comments on the Administration Bill; 8, 1217, infroduced b-y' .
Senator Kennedy on F:;'_iday in tomorrow's hearings, and I shall be pleased to
make copies available to you. The Bill provides essential requirements for
licensing of facifli.ties, registration of projects, interim and final standards for
physical and biologi_cal ‘containment, inspections and reports. Responsibility
for compliance and enforcement of the propnsed legislation and fegulations is
vested in the Secretary of HEW. Further, there is a reqﬁirement in the Bill
for consultation with a number of government departments and agencies, includ-
ing the Environmental Protection Agency. Full compliance and enforcement
of the physical and biological containment provisions of the existing NIH Guit;le-

lines, or as they may be modified in regulations promulgated following the
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passage of legislation will, in cur opinion, assure the avoidance of any unreason-
able risk to the public, or to the environment. It is for this reason that we
foresee no immediate cause for concern or invelvement by the Environmental
Protection Agency. As experience is gainecj in the field, or at such time as
there are developmeﬁts that suggest risks greater. than are now known or an-
ticipated, there may be need to consider additional controls. In‘guch case, we
feel the Interagency Committee, or a similar advisory body, would be an ap-
propriate forum for such consideration and that delegation.of additional regula-
tory autharity could be determined at that time.

It is the considered opinion of our experts in the field that the preésent
system of physical and biological containment as required by the Guidelines: of-
fer adequate protection of persons and the environment, We are aware of the
controversy surrounding the selection and monitoring of the presen.tly available
host-vector systems but are satisfied that with appropriate physical containiment
the risks invalved can be minimized or eliminated. We are hopeful that Te-
search in the field will result in the development of even more anfeebled host-
vector systems but in the meantime, there does not appear to be aﬁy undue risk
in the appropriate use of EK! and EK2 systems. There may be a need to estab-
lish markers for existing and new strains of host cells or of host-vector sys;tems. .
Whether there is a need for targeted research in this area is a matter which
must be determined by experts in the figld. Résponsibility for such reseax;c:h is

_a matter that probably lshould be referred to an appropriate advisory body. It
will only be through such research that the necessity or feas.ibili.ty of monitoring

can be established.

Mr, Chairman; this completes my brief statement. I shall be happy

to answer any questions you or members of the Committee may have.
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) C. JosepH STETLER, PRESIDENT . ;
- PHARMACEUTICAL MANUFACTURERS ASSOCIATION
' BeFore THE
SUB§0MMITTEE oK HEALTH AND SChENTIFIC ResEARC
£ OM

NATE COMMITTEE ON HumMaN ReSOURCES :
_ OoN :
S. 621, S, 945 anp S. 1217, 95TH ConGRESS
Aer1L 6, 1977

Mz, CHAIRMAN AND MeMBERS oF THE COMMITTEE:

I am €. Joserd STETLER, PRESIDENT OF THE PHARMACEUTICAL
MANUFACTURERS ASSOCIATION, AN ORGANIZATION COMPOSED OF 129 MEMBER
FIRMS THAT DISCOVER, DEVELOP, MANUFACTURE AND MARKET MOST OF THE
PRESCRIPTION DRUGS AND A LARGE PERCENTAGE OF THE MEDICAL DEVICES AND
DIAGNOSTIC PRODUCTS AVAILABLE [N THE UNITED STATES. ACCOMPANYING ME
ARE DR. JoWn G. ApAmMs, PMA Vice PRESIDENT, SCIENTIFIC AND PROFESSIONAL
RELATIONS AND Bruct J. BrENNAN, PMA Vice PReSIDENT AND GENERAL COUNSEL.
WE ARE PLEASED TO ACCEPT THE SUBCOMMITTEE'S INVITATION TO PRESENT OUR
VIEWS oN §. 521, S, 945 anp S, 1217, 95tH CONGRESS.

RecoMBINANT DNA RESEARCH, THE SUBJECT OF ALL THREE BILLS, OFFERS
GREAT PROMISE IN MANY FIELDS, INCLUDING THE TREATMENT AND PREVENTION
OF VARIOUS DISEASES. FOR THIS REASON WE FEEL THAT ANY LEGISLATION
ADOPTED SHOULD ENCOURAGE AS WELL AS REGULATE SUCH RESEARCH.

|AST SEPTEMBER, WE TESTIF1ED BEFORE YOUR SUBCOMMITTEE ON THE
INVOLVEMENT OF PMA MEMBER FIRMS IN RecomMBINANT DNA RESEARCH, AT THAT
TIME, WE COMMENTED ON THE NIH cuisELINEs of JuLv, 1976, POINTING OUT
THAT WITH SOME MINOR MODIFECATIONS, THE PHARMACEUTICAL INDUSTRY WOULD
VOLUNTARILY COMPLY WITH THEM,
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SINCE THAT TIME, WE HAVE CONTINUED T0 WORK WITH STATE AND' FEDERAL
LEGISLATIVE AND REGULATORY BODIES AS THEY MAVE WEIGHED THE NEED FOR PUBLIC
INVOLVEMENT IN THIS FRONTIER FIELD OF SCIENCE.. WE OFFICIALLY COMMENTED
To THE DEPARTMENT OF HEW 1N NoveMBER oN. THE NIH GUIDELINES AND REITERATED '
THE INTENTION OF PMA MEMBER FIRMS TO VOLUNTARILY COMPLY WITH THEM. MWE
HAVE ALSO SOUGHT FROM NIH A CLARIFICATION OF THE CONFIDENTIALETY OF
INFORMATION ASPECTS OF THE GUIDELINES,

EarLY In MARCH OF THIS YEAR, WE AGAIN SURVEYED PMA-MEMBER FIRMS TO
DETERMINE THEIR CURRENT INVOLVEMENT IN RECOMBINANT DNA RESEARCH, {ONTRARY
TO SOME ALLEGATIONS THAT THE DRUS INDUSTRY 1S HEAVILY ENGAGED IN SUCH
RESEARCH, OUR SURVEY FOUND THAT ONLY THREE PMA FIRMS ARE NOW S0 ENGAGED
IN THEIR OWN FACILITIES, THREE OTHER FIRMS ARE SPONSORING SUCH RESEARCH
THROUGH GRANTS OR CONTRACTS. ' ADDITIONAL DETAILS OF OUR SURVEY HAVE
BEEN PROVIDED TO i1H, AND WE SHALL BE PLEASED TO MAKE THEM AVAILABLE TO
THE SUBCOMMITTEE IF YOU WISH. o

ALTHOUGH WE ARE CONCERNED ABOUT CERTAIN PROVISICNS OF fHE PENDING
PROPOSALS, WE AGREE THAT LEGISLATION SHOULD BE ENACTED IN ORDER TO
PROVIDE AQEQBATE SAFEGUARDS, ENFORCEMENT MECHANISMS, AND RESEARCH
ENCOURAGEMENT. IN ORDER TO SATISFY THESE INTERESTS, UNIFORM‘_NATIONAL
STANDARDS SHOULD BE ESTABLISHED FOR ALL RECOMBINANT DNA RESEARCH, WHETHER
CONDUCTED UNDER PUBLIC OR PRIVATE AUSPICES, INDIVIDUAL FACILITIES AT
WHICH SUCH RESEARCH 1S CARRIED ON SHOULD BE REGULATED BY THE DEPARTMENT
oF HeALTH, EDucATION, AND WELFARE, THE SECRETARY OF HEW SHouLD ALSo
BE GIVEN AUTHORITY TO INSPECT THOSE FACILITIES FOR COMPLIANCE WITH
SAFETY AND OTHER REQUIREMENTS. WE ALSG FEEL THAT FEDERAL LEGISLATION
SHOULD REQUIRE THE ESTABLISHMENT OF INSTITUTIONAL REVIEW COMMITTEES.



379
S 1217, 95TH G _

THE LEGISLATIVE PROPOSAL TO WHICH WE WOULD LIKE TO DIRECT OUR
PRINCIPAL ATTENTION IS §, 1217, THE "RecoMBImaNT DNA ResuLaTlon Act” KE
FEEL THAT THE BASIC R