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The public controversy over use of recombinant DNA tech-
niques has called into guestion one of the sacred cows of scienee:
that the nature of hasic research—the guestions il asks, the
formm it takes, and the safeguards it requires——is best lefl up Lo
the scientists who are most intimalely connecled with it

When the Cambridge (Mass) City Council held public
hearings in June 1976 on Harvard’s proposed moderate risk P3
laboratory designed primarily for recombinant TINA research,
Lhe long-tradition of hlind trust between citizen and scientist
was severed, For some this portends to be a new politicization
af seience that threatens to wealken the 1.5 lead in biological
research. (thers see this as a maturation of public participa-
tion—the citizen review process coming of age,

[ want to review the process by which Cambridge citizens
tackled this technical scientific controversy, discuss how Teaw
the issues while serving on the Cambridge Experimentation
Tteview Board (CERB), and provide some of the reasoning be-
hind the board's decision. Finally, T will dizcuss federal legis-
lative requirements for regulating recombinant DNA technol-
OEY.

Cambridge cifizen review process

After two lenglhy sessions of heated debate in the chambers
of the Cambridge City Council on the risks and benefits of re.
combinant DA research, a compromise decizion was reached
by the nine-meamber counci] to estahlish a citizen review board
Lhatl would study the issues.

The city manager determined the composition of the com-
mittee. At the time, it was difficult to find individuals with
exiensive knowledge of microhinlogy who had nol laken a public
stand on the controversy, The manager consciously avoided
chousing a commiftee of adversaries sines, with such a group,
there was no room for deliberation. He selected a board of eight
Cambridge residents, evenly divided hetween men and wormen,
By choosing a lay review boavd, the manager committed himsell
Lo the principle that those least likely to have vested interests
in the research, or in the institutions in which the research was
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“Where research places the
community at risk, science
must be accountable to the
citizenry”

Dr. Sheldon Krimsky
Tufts University

Public must regulate
recombinant research

being proposaed, could best be trusted to render an objective
opinion on the appropriate course hetween risks and hene-
fits.

The citizen members included a physician (hoard -certified
ininfectious disesses), a philosopher of science, a fuel oil dis-
tributor, a structural engineer, a clerk, a nurse, a social worker,
and & housewife.

The board visualized itsell a= a eitizen jury whose responsi-
hility it was to examine the controversy within the sclentific
community. CERB met twice weekly for three-hour sessions.
It eatahlished a schedule wherehy research opponents and
proponents teatified on alternate weeks. [t drew in testimony
from outside the local community through epen-line telephone
conversations, It called upon scientists to explain Llechnical
concepts, present simplified models of biochermical events, and
draw upon analogies to foster understanding of the technology.
In & five-hour marathon mock-courtroom session, board
members served in a jurvlike role, while advocates on hoth sides
af the controversy presented arguments, cross examined one
anather, and responded to gquestions raised by the citizen board,
The adversary format enabled board members to evaluate the
responses of scientists to the eritical issues.

In itz final report CERB emphasized its seli-image as a cifizen
court. and cited the potential applicability of that mode] for
other science policy debates: “The uze of a 'citizen court’ in areas
of controversy within science that have significant hearing on
public wellare is guite new and untested. It encouraged dis-
cussicns amony board members about where justification rests,
Al issue was whether proponents of the research must prove
that it is safe bevond all reazonable doubl or whether the ap-
ponents must prove that if recombinant DNA research were
undertaken there would be sipnificant potential hazards.™

Accountability lo the public

Whal responsibility does science have to the lay public? Is
it not of greater overall benefit to society to encourage autonomy



by scientistz in the choice of research programs, rather Lhan Lo
call upon the public to certify a particular area of research?

Itis important to keep clear the distinction between freedom
of inguiry and the right (o engage in experimental research. [n
the former, we recopnize the established right of scientists as
scholars to exchange freely in the market place of ideas, Wilh
experimental research, however, the scientist is doing more than
creating theories and testing hypotheses. The scientist is in-
tervening in nature. There iz a specialized public interest es-
tablizhed when elements of nature are modified, where labo-
ralory containment 2 not poszible, and where productz of re-
search—polentially hazardous to human societv—are capahle
of self-replication,

Where there are areas of experimental research-which cannol
be carried out without placing the community at some risk,
seience must be accountable fo the citizenry, In ifs report to the
city, CEREB proclaimed that: “Knowledge, whether for its own
sake or [or ils potential benefits to humankind, cannot serve
as  jusiilication for introducing risks to the public unless an
informed citizenry 15 willing to accept those risks, Decisions
regarding the appropriale course between risks and benefils of
potentially dangerons scientific inguiry must not be adjudicated
within the inner civcles of the scientilic establishment.”

Arguments against recomhbinant DMNA research fall into four
Clegories;

+ Health hazards, These are specifically defined hazards
associated with the creation of new pathogens or nes niches for
DMNA that codes for toxins or oncogenic vieises.

+ Species barriers. Homankind should not exploit the power
of crossing species barriers hetween eucaryetes and procarvoles,
and thus Lake inte its own hands the future of evelution on the
planat.

+ Gengtic enginesring, Recombinant DMNA Lechnigues will
eventually lead to haneful farms of genetic engineering, wheeehy
the solution to zocial problemsa will be sought in the alteration
ol the human genome.

« Misplaced prioritics. The henefitz of the research can he
ahtained through less risky procedures, Furthermore, propo-
nents, in diseussing benelits, are asking the wrong questions and
misplacing national pricrities. For example, the claim that the
research might provids some clues 1o the enigma of cancer
simply places the emphasis on the individual and not on the
soctal causes of cancer. The money to he allocated to chiz re-
search is hest spent in reducing the levels of environmental
CHICINOZENE,

The Cambridge review board. on the direction of the city
manager, focused exclusively on the potential health hazards

“Decisions between risks and benefits
must not be adjudicated within inner
circles of the scientific establishment™

to the community, It left the other three arguments o another
type of review process, Thus, in ils recommendations CEREB
issued o plea that the social, political, and maoral implications
af the research be taken up in a national dialogue, with broad
public participation.

MIH guidelines

After nearly one and a hall years of study, NIH issued
guidelines for recombinant DNA molecule research an June 23,
1576, The guidelines were written expressly for lechnical people
by technical people, most of whom were intimately connected
with the rezearch. Public input was not commensurate with the
magnitude of the public's investrment as the hearer of potential
rigks.

The puidelines relativieed the risk assignment lor a range of
experimentls and provided a taxenomy of permissible genetic
recambinations. Fach potential doner of TDINA was assigned a
containment space consisting of a physical and biological con-
taiment parameter. This two-dimensional containment space
can be represented by the matrix on this page, Ineluded are
few examples for each containment coordinate, P1 o Pd rep-
resenl inereasing levels of physical containment, expressed in
more elaborare laboratory facilities and procedures. K1 to
EIG represent increasing degrecs of hiological containment,
pupressed in more attenuated straing of Eacherichin coli as the
hiost organism,

Une of the technical issues that CERE did not tackle in its
investization was Lhe scientific hasis for the risk assignments.
Why, [or example, do experiments involving DNA from celd
hlooded verlebrates receive containment coordinate ERZ
Pa?

It was clear that NIH s relativized risk assignments were
gulded by some principles. Organisms that are known Lo ex-
change DINA with £, coli are considered low risk for recombi-
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“Many of the risks are unknown, and
more data are required before any con-
clusive risk assignment can be made™

nant experiments. Donor species clozer to humans on the
phylogenetic scale were given higher risk assignments. Some
donors were douhle listed, Primate DINA can be implanted into
E. coli under EK2 + P3 conditions or under EK2 4+ T4 condi-
tiens. An BE2 and an BK3 host are substantively the same ov-
canism. FH2 becomes an EK3 when it has satisfied certain
Tesls.

Critics raised a concern that the taxonomy of risk assign-
ments wag, boosome degres, 2 reflection of the special inleresls
of those researchers who did not want Lheir pet projects assigned
a conlainment coordinate thal was oo high, Tt 15 certainly not
obvicus that BEE3 4 P3 containment affords the zame level of
protection as B2 + Pdeontainment. 1f iz also not clear why
recombinant experiments involving bird DNA are considerad
significantly more (potentially) hazardous than similar exper-
iments nvolving frogs or insects,

These izaues were never resolved in the Cambridge review
process, CERE spend most of its ime Urying 1o understand the
effectiveness of biolegical contaimment, the nature of laboratory
procedures, and the pessibilities of mwonitoring the escape of
cxperimental creanizms,

Biological confainment

One of the strongesl arguments against carrving out gene
recombination experiments in Cambridge iz that £ coll was
gelected as Uhe host arganism. Opponents cited B coli’s survival
capacity in a variety of niches: Many strains of E. coll are found
Lo inhabit the human gut, and some varieties are capahle of
infecting humans.

There were alzo arguments advanced in faver of E. cole, Sinee
the purpese of recombinant DMNA technology is to determing
the relationship helween structure and function of segments
of penes, il 35 essential to the researcher that the host organism
offer o well-delined environmeant to the implanted DNA. Since
no hacterinm is better known than K. coll, it i clear why aci
entists were cager to initinte the experiments with it as host—at
least until a safer organism is found whose genome is as well
cefined.

But the most important argument proponents offered was
Lhal they were not using any old variety of B, coli. The selected
hest was an enfeebled atrain called K12, (EK1 is identical with
K12, EK2 and EK3 are further attenuated forms.)

[t was widely accepted that K12 could not he made patho-
genie. Also cited were experiments that attempted to get K12
to colonize in humans, bul which proved unsuccesstul.

There were still many unanswered guestions, The fact that
a seleeted number of fries has Tadled Lo improve the survival
advantlage of B, coli K12 was notl assurance that it could not
happen. Mareover, all is not known about the nature of path-
ogenic arganisms Many of the argumentz offered to CERB were

“There are too many stories of sloppy
lab procedures. Lab workers may feel
too intimidated to report grievances™
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hyhrids—a mixture of empirical resultz and a priori assump-
tione. Scientistz disagreed about the interpretation of data and
the projectability of data to novel situations.

Omne of the arguments presented [ eall the guantity/guality
argument: “The chances are minuscule that by medifving the
DIMNA of an innocuous bacterium by one tenth of one per cent,
it could be changed into a pathogen.” We were also told: =1t is
extremely unlikely that man can create a bacterium that can
b more virnlent than those nature already has brought us”
Another argument, backed by evolutionary theory, claimed that
by moditying the DINA of a bacterium we would in most in-
stances reduce the survival advantage of that organism.

We not only had the difficult task of separating fact from
speculation and from fetion, bul alse of judeging when gener-
alizations seemed justified. The lact is Lhat many of the risks
are unknown, and more data are required before any conclusive
risk assignment can be made, These uncertainliss were ex-
pressed by the director of NTH when he issued the gpaidelines.
“In many instances,” he said, “the views presented to us were
contradictory. At present, the hazards may bhe suessed af,
apeculated about, or voted upon, but they cannot be known
absolutely in the absence of firm experimental data—and un
fortunately, the needed data were, more oflen than not, un-
available,”

The taxonomy of risks established by NIH iz thus a hy-
pothesiz, not a result. There are several distinet points where
something could go amizs.

The NIH guidelines offer one approach for reducing (he
likelihood of such mishaps. To see this consider what the re-
combinant DNA rechnology iz doing, There is a donor from
which the mvestigator appropriates the DNA to he recombined.
There is the bost (E. colt) which accepts the gene sepment. And
there is the vector which serves as the vehicle for introducing
the DMNA into the host.

Propenents have asked us to accept the following claims: For
all permissible combinations of donors, vectors, and hosts

+ The modified £ colt will nol reegive a survival advan
Lage.

« There will be no unsuspected emergent properties for the
host; the newly transplanted gene will either be made 1o express
itself, or do nothing at all.

« Seoments of DNA capable of prodocing substances
harmiul to humans will ned be implanted into £ coli inadver-
Lently,

+ Antibiotic-resistant genes will not be released inlo the
enviranmant.,

« IINA segments implanted in . call which are ingested by
the investigator will not conjugate with other varieties of £, coll
in the inveatizator’s gut,

+ FEwven if the recombined DINA were released Lo another
prganism in the human gul, the DNA would not transform that
secondary organiam fo a pathogen.

Until the above statements ave secured upon a solid bedrock
of evidence, the public would be remiss in not taking appro-
priate precautions, The citizen review hoard in Cambridge was
nob satisfied thatl all the evidence was in, CEREB viewed the
major shorteoming of the WTH puidelines (aside mom the fact
that it only covered NTH-funded projects) to be in the area of
laboratory monitoring.

Recommendations of CERB

A modest propesal for the introduction of any new fechnology
12 that there be a feedback svstem that signals us when some-
thing goes amisz, It wasz very dizconcerting that the NIH
guidelines placed such litlle emphasis on monitoring under
laboratory conditions.

CERB was uncomifortable with the NIH puidelines for having
given the principal investigalor the major responsibility for
everseeing laboratory salely, There was no assurance that such
a prineipal investizator would reguire the highest standards of
safely, There are too many stories of sloppy laboratory proce-



dures, And lshoratory workers may feel Loo intimidated to re-
porl grievances to an institulional biohazards committee,

CERE called {or more intensive monitoring and struck dewn
the concept of self-regulation in favor of a local citizens bio-
hazards committes. Throughout its investigation, CEER ac-
cepted the technical assignment of potential risks developed
in the NIH guidelines. However, it sought more assurance on
the credibility of claims about the effectiveness of attenuated
straing, and the nontransferabilicy of DNA frapments to other
OUEZANISME,

The key elements of CERB's recommendations, subsequently
incorporated into a cily erdinance, are:

+ All experiments undertaken at the P3 level of physical
containment shall require an NIH-certified host-vector system
of al least an EK2 level of biological containment.

» All modified organisms resulting from recombinant DNA
experiments shall be tested for their resistance to commaonly
uzed therapeutic antibiotics.

= As part of an institution's health monitering responsihil
ities, it should monitor for any survival and escape of the host
OTEAnISm.

+ A rity biohazards cornmittee should be created to oversee
all recombinant DNA research in the city.

In addition to itz recommendations to the City Counecil,
CERE called upon Congress to provide uniform federal
guidelines covering all possible uses of the technology in re-
search institutions and industry; to include health monitoring
a5 part of the funding for any proposal that plans to use re-
combinant DNA technigues; and to fund research to determine
whether host organisms that find their way to the human in.
testine can survive and escape under laboratory conditions.

At the present time, no set of guidelines or institutional
structure is adequate to regulate all applications of the tech-
nology. Several bills are before Congress, and the likelihood is
that zome regulatory legislation will be passed.

Two eritical issues must be considered in such federal legis-
lation. The first concerns the options of local communities to
impese more rigorous standards than what will be offered in
tederal legizlation. The second concerns the appropriate farum
to deal with the ethical and social conzequences of the tech-
nology.

There are seriows problems with having each local munici-
pality or state establish its own regulations on how the research
is tor be undertaken. Unless it is clear that there are dilferences
hetween municipalities or states that bear relevance Lo the
substance of the regulations, local options could create disorder
within scientific and industrial establishments. The impulse
would be to move Lo Lhat locality with the least stringent reg-
ulations,

1 do think it appropriate, however, for local communities to
be lefl with the two options—to have authority to exclude
certain classes of research that the community deems Loo risky,
and to have authorily Lo establish local hichazards commitrees
for overseeing recombinant DMNA research in the city or
tow.

I would make an analogy with the siting of nuclear power
plants, where those closest to the plant bear Uhe greatest risk.
If 8 community perceives risks with genetic research that it
dogsn't wish to bear, then it should have the option to exclude
such research,

“If a community perceives risks with
genetic research that it doesn’t wish
to bear, then it should have the op-
tion to exclude such research”
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“We must as a nation begin facing up
fo the social and ethical consequen-
ces of recombinant DNA technology™

Finally, we must as a nation begin facing up to the social and
ethical consequences of recombinant DNA technology, [t is net
premature Lo estahlish a national dialogue Lo consider what, if
any, limits should be placed on the research and what controls
should be placed on itz industrial and clinical applications. Thus
far, these issues have been overshadowed by dehates over im-
minent hazards,

Same of the more far-reaching applications are estimated to
be only 10 to 30 vears away. Some apponents of the research
argue that there iz a direct cavzal link between recombinant
DMA in the 1870 and banelul forms of genetic engineering in
the year 2050, T believe we have zome options hetween the alpha
and the omega. We must begin considering who is going to be
aceountable to the public for how this research is used.

Pharmaceutical companies are very keen to develop this
technology, as it may allow them to produce certain hormones
cheaply or make acarce blood factors or odd combinations of
plants and insecls where species properties are interchanged,
All one has to do is to think back to the beginning of the pet-
rochemical industry. We know that almost anvthing can he
marketed. The production seclor doesn’s simply respond to
demand; it creates it. Much of what has heen marketed in the
name of progress should never have lell the research laborato-
ries—TPCE's (polychlorinated biphenyls), HCB (hexachloro-
benzene), carcinogenic flame retardants, and DES (diethyl-
stilbestrol), to name a fesw.

To deal with issues of regulation and technology sssessment,
the Cambridge Experimentation Review Board has recom-
mended the creation of two national commissions. The first
would be ermpowered Lo establish guidelines, health monitaring
standards, and licensing procedures for all institutions under-
taking the use of recombinant DNA technelogy, A second
commission would consider the social and ethical implications
of the use of the technology in research, as well as its industrial
and clinical applications,

We are most fortunate in this historical episode to have had
sulficient warning to address the full range of technical and
social issues, Given that there are potential costs in not doing
the research {opportunily costs) and potential risks in doing it,
our first responsibility is Lo disclose fully the implications of the
technology for the public, to define and empirically evaluate
the unknown risks, and tozet up appropeiate forums for public
participation,

DOr. Sheldon Krimsky, 35, is associate director of the Graduate
Program in Urban Social & Environmental Policy and leciurer
in political seience at Tufts University. He recelved a B.S.
degree in physics and mathematics from Brookiyn College,
City Universicy of New York, and an M.S, degree in physics
from Purdue University, He earned an AM. and PO, in
philosophy at Bosten University, specializing in the pheilozn-
phy of selence, and did postdoctora! studies in ecaromic Lheary
and urban and environmental policy al Tufis. He has taught
philosophy at the University of Sowth Floride and Boeston
University. Krimsky served nctively as a member of the
Cambridge (Mass.) Experimentation Review Board from
August 1976 to Januery 1977, This citizen board was estab-
lished by the Cambridge City Council to review the potential
hazards of having a P3 laboratory facility in Cambridge for
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REBUTTALS

Dr. Sheldon Krimsky

Regulation no threat to free scientific inquiry

The essays of Dr. Chargaff and Dr. Davis epitomize the char-
acter of the dialogue on recombinant DNA research that has
been taking place over the past several vears, On one side, there
are scientists calling for a slowing down of this research effort
until society has had an opportunity to assimilate the full im-
plications of the technology, On the other side are those who
wish 1o push forward.

epresentatives of the latter group of sclentists divide the
1ssues inte a series of “what-can-go-wrong” arguments, Then,
in the grand Cartesian tradition of science, they subject each
of the component arguments to an analysis—mixing theory,
fact, a priori assumplions, conjectures, analogies and intu-
itions--which demonstrates that the risks are vanishingly
small,

In Charzgafl'z remarks there iz a refreshing medesty about the
limits of science and a keen sense of awareness of Homo sapiens’
place in the inlricate web of nature. Chargafl emphazsizes our
ignorance. Davis emphasizes our knowledge, At times there may
be vagueness in the assessment of danger by these in apposition
to the research, But this is accompanied by a rational skepti-
cism. After all, the spokesmen for science have, on more than
one oceasion, led us through the muarky paths of self-deception.
Heason is all we have to guide us. But there is ne monopoly over
first principles or the acceptable strata of fact and theory rel.
evanl to the izaue of eisk.

1 shall begin with some comments on Davis’ interesting and
provacative remarks. Specifically, I shall locus on three of his
many arguments, in order that the presuppositions upon which
they resl can be made explicit. Since T am not technically
equipped te render a judgment on the empirical validation of
these tacit propositions, [ raize them for the general interest of
the reader. My experience on the Cambridge cilizen review
haard has made me aware of the divergence of opinion on key
issies that bear upon the assessment of risk,

Consider the following argument by Dravis:

« A mammalian denor eall haz on the order of 109 gene
equivilentis.

« I there ave any dangerous genes in the mammalian doner,
they wonld he small in number.

» The probability iz exceedingly low of randomly selecting
a small gquantity of dangerous genes from a normal tissue of a
marnmalian donor.

= Therefore, the probability of inadvertently transferring
a dangerous gene serment to a host organism iz exceedingly
Lovw,

Assuming that the premises in the above argument are cor-
rect, there iz one presuppozsition that stands cul; A gene that
is henign in the donor will be benign in the host. There are two
correlative statements to the ahove, The lirst is that there iz an
isomorphism belwsen gene strocture and gene product. If a gene
segment G, prodoces protein Py in environment By, and if
iz placed in enviranment ., then Gy will either produce Py or
nol express itaelf, .

Iz it possible that there is a polyvmorphism rather than an
isomorphism between gene structure and gene product? What
iz the likelihood that new and unspecified properties will
emerge? Will there be more than one way of reading recombined
gene segmeniz? OF course, even if there were emergent prop-
erties, these novel products might not be dangerous,

The second correlative statement is that the risk of human
contact with recombined genes iz independent of the locus of
contlact. Suppose we conzider an experiment in which zovhean
DNA iz transferred to Escherichio coll. Do we have good reason
to helieve that the experiment will be safe bevond a reasonable
douht? After all, haven't humans been ealing sovbeans lor many
vears with no reported deleterious effects?

Is the benign conlacl we have with sovbean DNA through
digestion (however Lhal DINA iz finally broken down) sufficient
evidence that seybean DNA implanted on a plasmid, inserted
into & eoli, and taken into the human gut will alzo be benign”
In other words 15 the route of contact a factor in assessing
risk’

In a second argument Davis claims that there i good evidence
that natural recombinations are cccurring in the buman gut all
the time. The example he cites refers to exchanges between
hacteria. Can we azzume Lhat the evidence for procaryvote to
procaryote DNA exchanges implies anything about evcarvole
to procarvole DMNA exchanges?

In s third argument Daviz implies thal adding foreign DNA
to an organism will ordinarily decrease its adaptability o its
present environment. Furthermore, the mare foreign the DINA
is to the species, the more unlikely it is that the organizm will
improve its fitness, {This Darwinian analvsis iz reminiscent of
the medieval view that God doesn't change sinee He is by ne-
cesaity perfect and He could only change to something less
perfect, which is a contradiction.)

The argument raises the issue of whether bumankind can
take a zhorteul in evolution. Can we assume that any organism
is already at itz peak of suitability 1o its environmeni? Can
human devices help evolutionary fitnesz? s it a generally ac
cepted result that by implanting kigher-ovder genes to lower-
arder organisms we will almost certainly reduce the fitness of
those organizms to Lheir present environment?

[+ the theory of evolution comsistent with Davis” statement
or does the theory entail iU? [L is, of course, possible for a general
theory to be consistenl with each of two statements that are
mutually contradictory, Auxiliary assumptions play a crucial
role in moving from general theory to particular slalements,
The guestion [ raise is whether these auxiliary assumplions
have been made explicit and appropriately validated.

Perhaps it will be acknowledged by experts that answers to
the above guestions are trivial, given the present state of
knowledge, or that the answers are irrelevant to the question
ol risk, Bt the controversy itsell should be nurtured and not
swept under the rug, Public confidence can be established only
when the izzuez are debated openly and honestly, even when
those not privy 1o the technical knowledge awkwardly frame
the guestions.

Chargaff's remarks prompt me to gay a few words on the
subject of freedom of inguiry, since it has been raized as an
argument against repulating recombinant DMNA research, Op-
ponents of regulation, waving the banner of freedom of inguiry,
exhibit an acute blindness Lo the fundamental distinetion be-
tween establishing limits on how scientific knowledge may he
oblained and establishing limils on what soientific knowledge
mav he obtained.

Since it is the right and obligation of government to protect
the public wellare, there can be no dizpute about the principle
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underlyving limits on how knowledge may be obtained. Where
the routes of inguiry place the public al risk or compromise
human rights, science musl be accountable to the public. We
have paidelines protecting human subjects and for experiments
with human letuses. We regulate the use of radicactive mate-
rials in research. [ am perplexed, therefore, when there is talk

ahout the demise of seicnce in connection with the prospect of

licenzing recombinant DN A research.

In his annual report of April 26 to the National Academy of
Seiences, s president, Dr. Philip Handler, stated: 1 view wilh
great alarm the prospect of any law that would authorize gov-
ernment afficials Lo determine what subject maller it is par-
raigsible o investigale as well as the manner in which research
ia to be conducted.™

The issue iz not whether we are setting a dangerous precedent
by regulating recombinant DINA research. The question is
whelher the research technology is sufficient]y hazardous Lo
warranl regulation. Furthermore, we must ask who should
regulate research——the investigators themselves, the agency
that promoates i, or representalives of the public interest?

Support of limits on how scientific knowledpe may be ob-
tained in no way commits one to limils on what sclentific
lnowledge may be obtained. For further elucidation, T divide
the latter condition into two propoesitions:

= A culy constituted government has the right te prohibic
the use of public resources Tor selected research areas. As re-
gards this proposition, it iz debatable whether the greater social
good is achieved by having researchers define the priorities of
basic research, as contrazted with a process involving broader
public participation. An affirmative response to this proposition
does not imply that the public interest should influence what
is goond seience or what theories are acceptable.

« A duly constituled sovernment has the righl Lo prohibic
entry info certain areas ol knowledge, irrespective of where Lhe
funding cviginates. This proposition implies that there are areas
of knowledge thal may he termed dangerous. It raises the

gueztion of whether there are absolute rights of scientific in-
UKy,

Freedom of scientific inguiry holds a high position in our
architectonies of rights. The pursuit of scientific knowledge
includes that general avea of activity characterized by the search
for explanations, the discovery of laws, the development of
theories, the collection of data, and the promulgation of ideas.
Lo assurmang, for the sake of simplicity, thal in Lhis proposition
wa are not dealing with any maodes of inguiry or technologies
that subject the public to appreciable hazards, What is alleged
t he dangerous about this class of knowledge are the ideas
themselves (their direct impact on zociety) ar the use to which
the knowledge may be put.

Let's not forget that freedom of sclentific inquiry does not
stand above our right to free speech. Although both rights are
mdegral to a free saciety, they are nol unlimited in scope, Where
thers is a clear and present danger, our right to free speech is
limited. Likewize, one could tmagine certaim aress of knowledge
which, if pursued, could place society in grave and imminent
danger. [ don't see how one can discount this possibility.

1 share Chargaft’s despair about the development of nuclear
energy. | would gladly trade off the knowledge of nuclear science
presently possessed by human societies for the opportunity to
live without Lhe anxiety of a nuclear holocaust or the rapid
spread of radicactive materials,

The guestion over whether to proceed in & new area of po-
tentially hazardous research is complicated by the Gact that we
liwve in a world of independent, competitive, and antagonistic
nation states. Shall we give up claims o certain areas of inguiey
while watching the research accelerate in other countries, or
should we take the lead in learning where the hazards lie? Can
we venture a senzible prediction on the overall balance of good
and evil when we stand at the Lthresheld of new knowledge? The
fact Lhal these questions raise many difficalties should nol be
an invitation to forge ene’s social reaponsibility to examine the
expecled ouleome of & new research program. 0

Dr. Erwin Chargaff

Recombinant research may be just a waste

Hawving had the opportunity of seeing the contributions by Dr.
Davig and Dr. Krimaky, [ must emphasize that what | sav here
is not at all meant as a rebuttal [n the case of Krimsky's paper,
there could he no thought of a rebuttal. Quite the conteary: [
have Lhe greatest admiration for the manner in which Cam
bridge eitizens attempted Lo arvive at an informed opinion,

I am less certain that the decision they reached was correct.
But what elze could they do? How could a tiny group withstand
the enormouzly powerful trend that seems to decree that
whenever we have Lo choose between two evils we take both'!

Also as concerns Davis” paper, no rebutial iz possible, but for
other reasons. Pozsitions have been taken and will not be given
up easily, The arguments ollered in favor of one or the other
poinl of view are made Lo look like sclentific ones, but in reality
they are partly moralistic, partly political, and very often util-
itarian. In times of extrems secarcity of acientific funds, only a
molecular angel could resist the lure of easy and plentiful sup-
port for a lashionahle project.

| hope L am wrong—I believe | am righl—in expecting some
very unpleasanl mishaps, There is, of course, an even greater
probability, namely, that nothing will happen, nothing goad,
nothing bad; that the enormous sums being spent on this kind
of research simply will he wasted, with no other ill efTects than

on the public purse; that the only consequence will be an out-
potring of many Lhousands of papers of a quality similar to that
of the contribulions azsembled in the recent issue of Science,
To the extent Lhat seience has become a WPA (Works Progress
Administration} for scientists, such d development may even
be welcome.

(ne point has not, [ believe, been stressed sufficiently, [ have
been brought up in the belief that one of the prerequisites for
the validity of experimental science is that its findings be fully
reproducible. [ zhould say that this still is, to a large extent, troe
of physics, chemistry, and most other disciplines, but it no
longer holds for many areas of molecular biology and especially
for “gene” transplantation. One has only to look at many papers
in this field Lo see how repugnantly unigue and indescribably
private much of the experimentation has become. [ wonder how
many of the specialized findings have been, or can be, dupli-
caled, This has nothing to do with the honesty of the individual
workers, which 1 have no reason to doubt. But it shows that we
are dealing here with & new category, no longer confinabls
within the ancienl boundaries of the natural sciences.

The present moral and scientific climate malkes impossible
an adequate diseussion of the ethical problems raised by penetic
engineering, of which thers are plenty. The idiot laughter with




