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I. ‘Background |
A.'eThe.Teehnology_and the Threat

In 1973, researchers at Stanford.Universify and.the Univefeity
:ofléalifornia reperted the construction in a test tube of biolegiCally
: funetionel DNA‘moleoﬁlee that.combined genetic.jnformation from two
_.different sources. They dubbed the comp051te molecules DNA "chimeras"
- because they were conceptua1ly gimilar to the mythologlcal chimera
a creature w1th ‘the head of a llon the body of a goat and the'tallﬁ
of a serpeﬁt and were the molecular eounterparts of hybrld plant
| chlmeras produeed by agflcultural graftlng A DNA chlmera can re-:
pllcate itself and express genetle information of both parent plaSﬂlds.

~ The mefhod has potential for ereatlng a wide- varlety of novel-

genefie comblnatlone in hlcroorganlsms. The. method has thus been B
. termed ”genetie engineering.” Genetic engineering also.makee'it
possible_to censtrucf Bacterial celle that_ean_be grOwWn eésily ahde
ine#peneively to synthesize a variety of biologicallj_prdduced'eub—
stances' such as proteln and polypeptldes (1nclud1ng Ihsulin), amlno'
acids, ‘Vltamlnu, antlmlcroblal drugs ete. .

Genetic EHglneerlng also has the_pefentiél'ef preduciﬁg |

novel biological combinations fhat, if accidentally releesed, may



préégﬁt Qarying.degrées of'éotehfial risk from innocuous
to cataclysmic. This potential fbr bioéhazard_is resulting
in sélfgpolieing‘b? thé Wofldwide scientific-eommunity'ahd
Federal ﬁguidélinés."' The Science and safety aspects of
:genétie engineeriﬁg ére discussed in more detail iﬁ the_'
following séleetedﬁattachments: |

1. 'Aéilomar Conference on Réeombiﬁanf DNA.

'Moleéules,'by P. Berg et ai, Science,:
6 Jume 1975. '

2. The Manipulation of Geﬁés;-b& 5. N..Cohen,f'

_Seientific American, July 1975,

3. The Frankenstein Paténtf__And.GE Created'

" Life, and It was Hungry, Rolling Stone,
1 Japuary 1976. 7

L. The Genetic Engineers Still Await Guidelines,

New York Times, 15 February 1976.

' 5. Genetic Engineering Will Fight Disease,

San Francisco Cﬁrohicle, 15 April 1976.

_EBillRigﬁts in Inﬁention

 :ﬁpon iﬁvestigatibﬁ,.it.was_determined inventors;.for
7purpose$ of the.ﬁatent, would be. Dr. Stanléy Coheﬁ Qf_Stanf0rd
_a#d Dr. Herbert Boyeﬁ of the Uﬁivérsity of California. Tt was
also determined that'the_researéh whichdléd_té'the fnvention
.was:aocomplishéd with support of the_Améfieén.Cancer Society,
the bépartmént'of Health, Education & Welfare, and the National -
o Scienee Poundatidn.  Agreément_was'rea¢hed with;thé reséérch
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_sponéors and thé Uniﬁeroity of Caiiforﬂié to éllow Sfanfdraj.
'.;to undertake a program of 110en51ng the genetlc englneerlng.

technology ta 1ndustry and to share equally net royaltles

with the,Unlver81ty of Callfornla.

IT. objectives |

The objeotlves of the universities are to develop and

'lﬁplement a lloen51ng program whloh (8) will be eonsmstent

.w1th_th9 public service ideals of unlver51t1es, (b) will

'orovide the-appropriate incentirés to industry to Ering_fhe.

potential of the genetic engineering technology forward to
'publlo use and beneflt inlan adequate and'timely manner,
-and () Wlll minimize the potentlal for eontroversy beoause

of the biochazards 1ssue.

III. Market

 Genetic Engineering is a landmaerk technical achievement

in the field of moleeular_bioohemistry; and can forﬁ rhe
bééio for arbroad'oumbor of commercial applioafions of_
Qnormdusrootentiél; 'The largestHinduotrial morkets include
"-ehzymology (formentatioﬁ) and iﬂdustriol.miorobiology. fThé'
: following are a list of general oategoriés of compooitioo 
'_which could form.the basis for field of use lioensingr These.

'oétegories also have the potential for being broken down into




éubcategofies: |

1. Protein énd polypéptides,_particulétly5smail.bély—'”f
peptide hormohes'suéh és-parathyrbid hormone and growfh'hormone;
.Othér hormbﬁéé éuéh as the conadotropins (FSH; luteinizing
hormdné, and:eohorionogoﬁadatropin andlglycoprotéihs). Certain.
horménes such as thyroxin and triiotothyrininé.ére iodiﬂe—'- ”
_céntéining amino aciés and ﬁight.bé best covéreﬁ undef_aﬁino.
'aéidé;_jinsulin, ACTH, and somafostétin should probably be
Consideréd.aS'separate éXamples. o |

"2. .Aminp'aeids}. |

3. ‘Vifamins, such as Vitamin 3;12 andlofhef mémbéfs of

the B vitamin compléx._ In addition to the water soluble

._Vitaminé;.thé Fat soluble vitémins might represeht'a sebaraté'
P  --.céteg0ry.
" 4. Antimicrobial drjugs. (this involves putting genes for
.curreﬁf-n'anfimierébial agents into:bacteria: that Will_produee 
a 'high_er'_ antibiot_ic yield and also the design of"ﬁew anti-
f'microbial'dfugs thaf are insensitive to inactivétion by
'“rééistanée" eniymes.) .
'5. Otﬁér chemofhérapéutic ageht55.éueh'as éntituﬁor drugs,
'inféfferon,_etc. Many:of thésé are biblqgiéally.synthesized
agehfs..'- ” : | B
.l_; 6. ﬂuman-eﬁzymes suéh as fibrinolysip and.ﬁfﬁkinasé.
Alsb heﬁérin,'antiheﬁophilia.protein,:etc.

T, 'Immﬁhological agents, such as:immunbglobulins.



8. Nitfogen fixation genes to new hostsf

: Q.- Diagnostic reagents for diseases like thalacemia,
e : P

lOf :Energy—produoing gene'oombinations into more.feadily
.'grown bacteria (photosynthe51s hydrogen.production eto.).

We are also aware of ong01ng programs of researoh and

development not now us1ng genetlo engineering, for speolflo.
commer01al appllcatlons as dlsoussed below |

1. Antlblotlos, Hormones and Animal Care’Products

'Industrial mioro-organisms father then eynthetio
‘methods ave used to p%odﬁee'host antibioties:and animal care’
products. The-prineipal'advantage fob_using miorobee lies in
their'efficient pfoduotion,_whioﬁ resulfs in signifioahtgoost
.sevings.. The large multinﬁational pha:meQEUticel'eompénieS
such és Pfizer, Merck; Upjohn, Lilly and.Ameriean Cyanamid
Qould be farget compahies'alfeady doing-extensiye researoh
_ ..en'd dexielopment in this ar‘ea. |
In addltlon the produotlon of hormones for medloal
' researoh and treatment purposes is exteemely llmlted.beoause of_
inefficient extreotlve methods. If the reoomblnant DNA process
is shown to be adaptable for hormone productlon then Syntex _.

‘ mlght be the ideal target comparny .

- 2. Industrlal Enzymes

The seoond largest oommerolal fleld lles in the pronl

duction of 1ndustr1al enzymes, _Agaln,_mlcrobes are used as'



the'prinCipal'means for producfion.' The Japanese companies,
which are the world's largest producers of amino acids and -
other industrial enzymes, would be the ideal target companies.

' Specific companies include Ajinomoto, Takeda Chemical, and

Hayashibéré.'

3.  Environmental Applicatiéﬁs; Single_tell Protein
The large oil companies are &oing_egtensive research
'-fo.develop'better_microbes, which are used fo clean up
chemical waste material. As a by—prdduét of this-research,
British Pefroleumfand American 0il are.actively deveioping
'thé singie—céll'protein; Also, GE has'deﬁelopeaué micfohé
_whiéh digests 0il. An éttachment, "The frahkenstéin Patent--
And G.E. Created_Life, and It Was.Huﬁgry"ndeséribes this wbrk

and its potential.,

,Q.“'Nitrogen—Fixation Microbes
Dow and DuPont are doing extensive work in the

development of baéteria'with nitrogen—fixation'propérties

for grain cbops. HowéVer, extensive resééréh is necessary

for understanding the fundamental mechanism of the-ﬁifrogen—.
._fixation property_és well aé geﬁétic réSeérch'before_sueéeés—_'
ful commercial devélbpment would émergé_..

5. . Yeast, Cheese, Liquor Production

-~ The bread, cheese and liquor industries depend upon

natural_fermentatibn as a key step in'théir prodﬁction'of'gOOds.



.__:Hoeever;it.isteerteinly not elear how eﬁtensive their reseerch
lis ih molecular bioehemistry. Tt is most likely government
funding'for industrial research in this areas wouid bé neeessary
for applioation of the proeees to emerge.

iV; Hezards..' |

A. The Biologieal Hazard

As observed earlier eertain:ehimeraé.e0uld'be'oe§eloped
'_ whlch could be eceldentally dlssemlnated to bacterial populatlons
in humans and other species with dangerous eonsequenees The
”sclentlfle communlty has been very eoneerned w1th the p0351b111ty
that potentlally hazardous experlments mlght be performed
Largely through the leadershlp of Professor Paul Berg of Stanford,
eminent selentlsts from around the world were brought together
in Asilomar in February of 1975 to review the progress-in this
_field of_reeeareh:and to formulate goidelinee for continuedt
researehiin.this area in order to eliminate or'reduee.poteﬂtial
for-(a) the'ereation of, and (b) the'eseape of;ieny hazardous

organisms.

'.Atteehmenteﬁ from the -New YorkﬂTiﬁee tells of the eurrent
_statué-bf the guideliﬁee. The last paragraph of'that article’
.beare'repeating- "Even if the N, I.H adopts etriet'guidelines.
'_1t is hard to see how they will apply--exeept perhaps morally—~
- to such other government areas as the Defense Department or
to prlvate reeeareh.‘ The greatest need for regulatlon may
reéily lie elsewhere: 'outside.of.N.ILH;,_oots;ae‘the bio-
medical'commuﬁity;.end'outside of any regulatoryiﬁroeedure

yvet deﬁised."_



It.ie reesonebie fb consider tﬁat lieensihg by

Stanford of tﬁe Genetic Engineering process will be efeeome
.ralue_in.inhibitiﬁgfeemmereial.rEseareh into.hazardoﬁs areas.
- That is, a company wouldlnot be prﬁdent to eonduct.aﬁ extensive
research program 1nto developlng a produet if it could not be
assured of obtaining proprietary rights in order to market
that_product."Stanferd, iﬁ_its role as licensor.of propriefary
__rights; cannof,'however, by'e licehse agreement, legislafe
ﬁorality; nor prevent a licensee from conducting research in .
an area of potential haéard,'nor'preVeﬁt_an aecidehf by a
liceﬁeee in releasing.a'biologﬁcally hazardoﬁs substance.

B does appear reasonable, heweVer,.te'seek from_”'
'lieensees prior to igsuing a lleense ‘an expre551on of
_thelr understanding of the: potentlal hazards 1nvolved and
'the1r agreement to take approprlate preeautlons_to eonfomn:
_ w1th both law good sense, and common ethies.

_The Public Relatlons Hazard

'It is unlikeiy that licensing by'Stanford-aﬁd the
ﬁniverSity of California.will have anyrprectieel.effeet
whatsoever iﬁ iﬁhibiting a scientist from_conducring reeearch
which might‘result iﬁ:an_”Andromeda Strain" being unleeehe&
uben the world. However AF fhat oceurs :regardless of
whether the lleen51ng by.the unlver81t1es had anythlng to
do with elther (a)_the development qf the mlcrobe‘or (b)

its acecidental release,'the[fact'that the uniVersities.can



be.perceived to he.profiting from genetic engineering may'
cause the univerSitles to be tarred with the same brush as

the researcher or organization whloh develops the Andromeds
Strain;' It is also apparent that even if a dangerous_organismf
is not developed the potentiﬂl will still ex1st and “bad
”press" is p0551ble

In a certaln sense, "patents” are an unknown to memhers -

~of the moleonlar hiology scientific comhunity. . One scientist
has argued that because it is such a basic prooess,.itvshould

" be left.in the "public and seientific community dOmain.and not'
" be patented " The important role'of patents in bringing B
scientlflo achievements to puhlic use and beneflt is not
generally known. Often, patents are con51dered "secret n
ehereas_the.primary intent of the patent-system which was

established during the industrial revolution is to prov1de

- ~to an inventor the incentive to freely disclose his technology L

-to.all rather than relying on secreoy, 1n_return for receiv1ng
the patent‘"grant",: The'"érsnt?.gives the inventor proprietary
~rights in his technology for a limited period of'time; It i57
.analogous to a cop&right_to prevent plagiarism of an author's
'worksl. The specific soientists most directly involved Drs;

. Boyer and Cohen, have expressed concerrn that licen81ng not
adversely reflect upon thein qoientific reputation._ Dr--Paul'
Berg of Stanford has also expressed concern of the possible
mlsperoeption of his role in the initial moratorlum while

Stanford was atsthe same time fillng a patent.



10.
Notw1thstand1ng thls potentlal for bad press it is
: clear that 1lcen51ng of the proPrletary rlghts can serve.
_not only to enhanee early utlllzatlon of the benef1c1al
aspeots of genetlc englneerlng for publle use and beneflt
but also has the potentlal for royalty income for edueatlonal
and research purposes with the potentlal.fbr.produelng yet_
other landmark sqientifig'ééhieveménts for_thé‘puﬁlie iﬁ

a self-regenerative fashion.



