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On Wednesday, June 23, 1976, the
Director of the National Institutes of
Health, with the concurrence of the Sec-
retary of Health, Education, and Welfare
and the Assistant Secretary for Health,
issued Guidelines that wiil govern the
conduct of NIH-supported research on
recombinant DNA molecules.

The decision by the NIH Director to
release the Guidelines was reached after
extensive scientific and public airing of
the issues. The issues were discussed at
public meetings of the Recombinant DNA
Molecule Program Advisory Committee
(Recombinant Advisory Committee) and
the Advisory Committee to the NIH
Director. The Recombinant Advisory
Committee debated three different ver-
sions of the Guidelines during this period,
and made detailed recommendations to
the NIH Director on how this line of re-
search could proceed effectively with
maximum protection of workers and the
environment against possible hazards.

The Advisory Committee to the NIH
Director, augmented with consultants
representing law, ethics, consumer af-
fairs, and the environment, was asked to
advise on whether the proposed Guide-
lines balanced responsibility to protect
the public with the potential benefits
through the pursuit of new knowledge.
The many points of view expressed at an
open meeting of the Committee on Feb-
ruary 9 and 10, 1976, and in subsequent
correspondence, were taken into con-
sideration in the Director’s decision.

A number of public commentators
urged NIH to consider preparing an en-
vironmental impact statement on re-
combinant DNA research activity. They
evoked the possibility that organisms
containing recombinant DNA molecules
might escape and affect the environment
in potentially harmful ways. It should be
noted that the development of the guide-
lines was in large part tantamount to
conducting an environmental impact
assessment. For example, the objectives
of recombinant DNA research were con-
sidered and the potential hazards and
risks analvzed. Possible alternative ap-
proaches to the objectives were thor-
oughly explored, to maximize safety and
minimize potential risks. And an elab-
orate review structure to ensure safety
has been created.

The Guidelines are premised on physi-
cal and biological containment to pre-
vent the release or propagation of DNA
recombinants outside the laboratory.
Deliberate release of organisms into the
environment is prohibited. The stipulated
physical and biological containment en-
sures that this research will proceed with
a high degree of safety and precaution.

With a view to promoting public un-
derstanding of its issuance of the Guide-
lines, NIH conducted an environmental
impact assessment and prepared the

NOTICES

present draft environmental impact
statement in accordance with the Na-
tional Environmental Policy Act of 1969.
Notice of the availability of this docu-
ment appeared in the FEDERAL REGISTER
of September 2.

In order to extend the opportunity for
public comment and consideration, the
present draft environmental impact
statement is offered for general comment.
Please address any comuments on this
draft statement to the Director, National
Institutes of Health. 3000 Rockville Pike,
Bethesda, Maryland 20014. All comments
should be submitted by October 18, 1976.

Additional copies of this draft are
available from Dr. Rudolf G. Wanner,
Associate Director for Environmental
Health and Safety, Building 12A, Room
4051, National Institutes of Health, 9000
Rockville Pike, Bethesda, Maryland
20014,

Dated: August 26, 1976.

DoNALD S, FREDRICKSON,
Director,
National Institutes of Health.
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Additional information on the proposed
action, including technical documents perti-
nent to this statement may be obtained
from:

Dr. Donald S. Fredrickson, Director. Na-
tional Institutes of Health, 9000 Rockville
Pike, Bethesda, Maryland 20014, 7Tele-
phone: (301) 496-2433.

A copy of the ‘“Guidelines for Research
Involving Recombinant DNA Molecules’ is
attached. (Appendix D)

COMMENTS

The Department, in issuing this draft, is
requesting comments on the accuracy of the
factual information (including the absence
of relevant material) and projections con-
tained therein. Comments shall be submitted
by October 18, 1976, the Council on Environ-
mental Quality weekly notice in the FEpERAL
REGISTER. Address comments to Dr. Donald
S. Predrickson.
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FOREWORD

Recent developments in molecular
genetics, particularly in the last 4 years,
open avenues to science that were previ-
ously inaccessible. In the “recombinant

DNA” experiments considered here.
genes—deoxyribonucleic acid (DNA)
molecules—from virtually any living

organism can be transferred to cells of
certain completely unrelated organisms.
For example, the genes from one species
of bacteria have been transferred to
bacteria of another species. And genes
from toads and from fruit flies have
been introduced into the bacterium
Escherichia coli.

If the recipient bacterium is then
allowed to multiply, it will propagate
these newly acquired genes as part of its
own genetic complement. It appears
likely that any kind of gene from any
kind of organism could be introduced
into E. coli and certain other organisms.

This ability to join together genetic
material from two different sources and
to propagate these hybrid elements in
bacterial and animal cells has resulted
in a profound and qualitative change in
the field of genetics. Now, for the first
time, there is a methodology for crossing
very large evolutionary boundaries, and
for moving genes between organisms that
are believed to have previously had little
genetic contact.
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The promise of recombinant DNA
research for better understanding and
improved treatment of human disease is
great. There iIs also a possible risk that
microorganisms with foreign genes might
cause disease or alter the environment
should they escape from the laboratory
and infect human beings, animals, or
plants. However, in the absence of fur-
ther experimental data neither the bene-
fits nor the risks can be precisely identi-
fied or assessed. .

On June 23, 1976, the Director of the
National Institutes of Health released
Guldelines governing the conduct of
NIH-supported research on recombinant
DNA molecules (See Appendix D). Pro-
mulgation of these Guidelines followed 2
years of intensive discussion and debate
within the scientific community and NITH
itself, with public participation, concern-
ing the possible hazards of such research
and the best means for averting them, al-
though the possible hazards remain
speculative. The Guidelines prohibit cer-
tain kinds of recombinant DNA experi-
ments and, for those experiments that
are permitted, they specify safety pre-
cautions and conditions designed to pro-
tect the health of laboratory workers, the
general public, and the environment
should the putative hazards prove real.

The issuance of Guidelines establish-
Ing conditions and precautions with re-
spect to such experiments is viewed by
NIH as a Federal action that may
significantly affect the quality of the
human environment, and NIH Director
Dr. Donald S. Fredrickson ordered the
preparation of this statement pursuant
{0 the National Environmental Policy
Act.

Although NEPA assumes that such
Federal actions will not be taken until
the NEPA procedures are completed, the
Director of NIH concluded that the pub-
lic Interest required immediate issuance
of the Guldelines, rather than deferral
for the months that would be required
for completion of the NEPA process. This
was because the escape of potentially
hazardous organisms was more likely in
the absence of NIH action. Further,
prompt issuance of the Guidelines was
believed necessary in order to promote
thelr acceptance by sclentists in the
United States and abroad who do not
come under the purview of NIH.

Issuance of and compliance with the
Guidelines is, in itself, expected to de-
crease the chance of any detrimental
environmental impact. However, since
there has been little actual experience to
date with recombinant DNA experiments,
the indicated confidence in the Guide-
Iines rests essentially upon the judgment
of scientists. Their confidence is based on
two premises. First, it is believed that
the containment measures specified in
the Guidelines make the escape of poten-
tially harmful recombinant organisms
into the environment highly improbable.
Second, it is believed that, even if an
experiment performed in accordance
with the Guidelines does result in acci-
dental release of recombinant organisms,
adverse effects will either not occur or

not be serious.

NOTICES

In the absence of an adequate base of
data derived from either experiments or
experience, it must be recognized that
future events may not conform to these
judgments. There is some statistical
probability that recombinant organisms
will find their way into the environment
either from experiments under NIH
auspices or from the activities of others.
It is not difficult to construct scenarios in
which injury could result. Although the
possibility of significant environmental
conseguences is entirely speculative, the
chance of an event that could cause
severe injury, however low the probabil-
ity, must be treated as an environmental
impact.

The NIH Guidelines, in addition to en-
suring the safety of NIH-supported re-
searchers, the general public and the
environment, are serving as a model for
other laboratories throughout the world,
thereby promoting environmental pro-
tection beyond that achievable through
other actions available to the Federal
Government. And the experiments them-
selves may be expected ultimately to lead
to an increase of knowledge and the ad-
vancement of medicine and other
sciences.

Although the action in question—that
is, issuance of the Guidelines—has al-
ready been taken, the Director of NIH
belleves that the NEPA review will fur-
ther enlighten the public and focus at-
tention on the important issues involved,
in the Interest of gaining the under-
standing and views of the broadest pos-
sible segment of the American people. In
issuing the Guidelines, the NIH Director
pointed out that they will be subject to
continuous review and modification in
the light of changing circumstances.
Constructive modification could result
from information received during the
NEPA process.

II. AUTHORITY

The Federal action discussed in this
document is taken under the authority of
Title ITI of the Public Health Service
Act—General Powers and Duties of
Public Health Service; Part A—Re-
search and Investigation; sections 301
and 307 (42 U.S.C. 241 and 242]).

III. OBJECTIVE OF THE NIH AcCTION

The objective of the proposed action—
release of the NIH Guidelines—is the
protection of laboratory workers, the
general public, and the environment
from infection by possibly hazardous
agents that may result from re-
combinant DNA research. The Guide-
lines are meant to ensure that experi-
ments involving recombinant DNA
molecules and which are supported by
NIH, are carried out under conditions
and safeguards that minimize the possi-
bility of the harmful exposure of any
human being or other component of the
environment to these possibly hazardous
agents.

It is NIH policy that all work sup-
ported by NIH, either in its own labora-
torles or through grants or contracts to
various organizations, must be carried
out according to the Guidelines. As part
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of this objective, the Guidelines describe
procedures that will be used to ensure
implementation. A further objective of
establishing the Guidelines is to in-
fluence, to the extent possible, other
Federal, non-Federal, and foreign or-
ganizations in their efforts to assure that
recombinant DNA experiments will be
carried out with minimal risk to labora-
tory workers, the general public, and the’
environment.

IV. BACKGROUND

A. DESCRIPTION OF THE RECOMBINANT DNA
EXPERIMENTAL PROCESS

All living things, from subcellular
particles to higher organisms, require
specific information for their reproduc-
tion and functions. The basic source of
this information is deoxyribonucleic acid
(DNA), which is the principal substance
of the genes, the units of heredity (1).
Each cell of an organism is composed of
various organized structures, several of
which contain DNA. Figure IV-1 il-
lustrates a typical cell.

FI16URE IV-1

DNA plays two roles: (1) Provides in-
formation for the reproduction, growth,
and functions of the cell, and (2) pre-
serves and directs replication of this in-
formation and transfers it to the off-
spring. These two roles of DNA are com-
men to animals, plants, single-cell or-
ganisms, and many viruses. The DNA of
cells is mainly found in orgonized struc-
tures called chromosomes.

Intracellular DNA also occurs cutside
of the chromoscmes as separately rep-
licating molecules. Such DNA molecules
include the plasmids, found in bacteria;
the DNA of chloroplasts, common to
green plants; and the DNA of mito~
chondria, the energy-producing units of
the cells of complex organisms. These
DNAs, while not strictly part of the in-
herent genetic make-up of a cell, help
define the cell's functional capability.
Another type of DNA commonly found in
cells is the DNA of infecting viruses.

In the past 30 years the structure of
the DNA molecule has been studied in-
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tensively, and it can now be described in
much detail. The molecule may be com-
pared to a very long, but twisted step-
ladder with thousands to millions of
rungs (shown in Figure IV-2). The sides
of the ladder are formed of sugar mole-
cules (deoxyribose) attached end to end
through phosphate groups. At right
angles to each sugar molecule is one of
four possible bases—adenine, guanine,
thymine, and cytosine. The precise se-
quence of these bases, the rungs of the
ladder, codes the information content.
The “reading” of the code contained in
the sequence of bases results in the for-
mation of proteins which in turn permit
the essential functions of the cell.

A gene is a portion of the DNA mole-
cule which codes for the manufacture
of a single protein. In higher organisms,
much of the DNA may not serve as genes
tn this sense, but may regulate the
activity of nearby genes. It is possible to
break open cells and isolate DNA, free of
other cellular constituents.

FIGURE IV-2

In recombinant DNA experiments,
DNA is first isolated from two different
cell types. Each DNA is then broken into
segments. Each segment may contain one
or more genes, or it may contain a por-
tion of the DNA that lacks functional
genes. The breaking is-accomplished by
means of bacterial enzymes (restriction
endonucleases), which cut the DNA in
such a way that the chemical structure
at the ends of the segments permits in-
terchangeable rejoining when the two
different DNAs are mixed. In this way
single 'DNA molecules containing por-
tions of the two different DNAs are con-
structed. The DNA recombined in these
experiments can be derived from widely
divergent sources. The DNA from one of
the sources serves as a carrier, or vector,
for the insertion of the recombined DNA
into a cell, or host. The vector may be
DNA from a virus or a plasmid, usually
derived from the same species as will
serve as the host of the recombinant
DNA. From a growth culture of the host

cells, those containing the DNA frag-
ment of particular Interest are selected

NOTICES

and allowed to multiply. The resulting
population of identical cells is called a
“clone.” In some experiments the DNA
will be extracted from the cells for
study; in others, the properties of the
cells themselves will be investigated.

In the experiments discussed in the
Guidelines, the host cells are generally
single-cell microorganisms such as bac-
teria, or animal or plant cells that were
originally obtained from living tissue but
are grown as single cells under special
laboratory conditions.

The process of producing recombinant
DNA molecules and introducing them
into cells is illustrated in Figure IV-3.
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FIGURE IV-3

The cell represented at the upper left con-
talns chromosomal DNA and several sep-
arately replicating DNA molecules. The non-
chromosomal DNA molecules can be isolated
from the cell and manipulated to serve as
vectors (carriers) for DNA from a foreign
cell. Most DNA molecules used as vectors are
circular. They can be cleaved, as shown, by
enzymes (restriction endonucleases) to yleld
linear molecules with rejoinable ends.

At the upper right is another cell, repre-
sented here as a rectangle. It serves as the
source of the foreign DNA to be inserted in
the vector, This DNA can also be cleaved by
enzymes. The rectangular cell could be de-
rived from any living species, and the foreign
DNA might contain chromosomal or non-
chromosomal DNA, or both.

In the next steps, the foreign DNA frag-
ment is mixed and combined with the vector
DNA, and the recombinant DNA is reinserted
into a host cell. In most experiments this
host cell will be of the same species as the
source of the vector. The recipient cells are
then placed under conditions where they
grow and multiply by division. Each new
cell will contain recombinant DNA.

B. EVENTS LEADING TO DEVELOPMENT OF
GUIDELINES

On June 23, 1976, the Director, NIH,
released “National Institutes of Health
Guidelines for Research Involving Re-
combinant DNA Molecules” (see Appen-
dix D). This action was approved by the
Secretary of Health, Education, and Wel-
fare and the Assistant Secretary for
Health. The Guidelines established care-
fully controlled conditions for the con-
duct of experiments involving the inser-
tion of recombinatn genes into orga-
nisms, such as bacteria. The chronology
leading to the present Guidelines and
the decision to release them are out-
lined below.

It was some of the scientists engaged
in recombinant DNA research who called
for a moratorium on certain kinds of ex-
periments in order to assess the risks
and devise appropriate guidelines. The
capability to perform DNA recombina-

tions, and the potential hazards, had be-
come apparent at the Gordon Research
Conference on Nucleic Acids in July 1973.
Those in attendance voted to send an
open letter to Dr. Philip Handler, Presi-
dent of the National® Academy of
Sciences, and to Dr. John R. Hogness,
President of the Institute of Medicine,
NAS. The letter, appearing in “Science”
(2), suggested that the Academy “estab-
lish a study committee to consider this
problem and to recommend specific ac-
tions or guidelines, should that seem
appropriate.”

In response, NAS formed a committee,
and its members published another letter
in “Science” in July of 1974 (3). Under
the title ‘“Potential Biohazards of Re-
combinant DNA Molecules,” the letter
proposed :

First, and most important, that until the
potential hazards of such recombinant DNA
molecules have been better evaluated or until
adequate methods are developed for prevent-
ing their spread, scientists throughout the
world join with the members of this com-
mittee in voluntarily deferring * * * [cer-
tain] experiments * * *,

Second, plans to link fragments of ani-
mael DNAs to bacterial plasmid DNA or
bacteriophage DNA should be carefully
weighed * * =,

Third, the Director of the National In-
stitutes of Health is requested to give im-
mediate consideration to establishing an ad-
visory committee charged with (1) oversee-
ing an experimental program to evaluate
the potential biological and ecological haz-
ards of the above types of recombinant DNA
molecules; (ii) developing procedurés which
will minimize the spread of such molecules
within human and other populations; and
(ii1) devising guidelines to be followed by in-
vestigators working with potentially hazard-
ous recombinant DNA molecules.

Fourth, an international meeting of in-
volved sclentists from all over the world
should be convened early in the coming year
to review scientific progress in this area and
to further discuss appropriate ways to deal
with the potential bilohazards of recom-
binant DNA molecules.

On October 7, 1974, the NIH Recom-
binant DNA Molecule Program Advisory
Committee (hereafter “Recombinant
Advisory Committee”) was established to
advise the Secretary of HEW, the As-
sistant Secretary for Health, and the Di-
rector of NIH” concerning a program
for developing procedures which will
minimize the spread of such molecules
within human and other populations,
and for devising guidelines to be followed
by investigators working with potentially
hazardous recombinants.”

The international meeting proposed
in the “Science” article (2) was held in
February 1975 at the Asilomar Confer-
ence Center, Pacific Grove, California. It
was sponsored by the National Academy
of Sciences and supported by the Na-
tional Institutes of Health and the Na-
tional Science Foundation. One hundred
and fifty people attended, including 52
foreign scientists from 15 countries, 16
representatives of the press, and 4
attorneys. K

The conference reviewed progress in
research on recombinant DNA molecules
and discussed ways to deal with the po-
tential biohazards of the work. Partic-
ipants felt that experiments on con-
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struction of recombinant DNA mole-
cules should proceed: Provided, that ap-
propriate containment is utilized. The
conference made recommendations for
matching levels of containment with
levels of possible hazard for various types
of experiments. Certain experiments
were judged to pose such serious poten-
tial dangers that the conference recom-
mended against their being conducted at
the present time.

A report on the conference was sub-
mitted to the Assembly of Life Sciences,
National Research Council, NAS, and
approved by its Executive Committee on
May 20, 1975. A summary statement of
the report (4) was published in “Science,
Nature,” and the “Proceedings of the
National Academy of Sciences.” The re-
port noted that “in many countries steps
are already being taken by mnational
bodies to formulate codes of practice
for the conduct of experiments with
known or potential bichazards. Until
these are established, we urge individual
scientists to use the proposals in this
document as a guide.”

The NIH Recombinant Advisory Com-
mittee held its first meeting in San Fran-
cisco immediately after the Asilomar
conference. It proposed that NIH use the
recommendations of the Asilomar con-
ference as guidelines for research until
the committee had an opportunity to
elaborate more specific guidelines, and
that NIH establish a newsletter for in-
formal distribution of information. NITH
accepted these recommendations.

At the second meeting, held on May
12-13, 1975, in Bethesda, Maryland, the
committee received a report on biohaz-
ard-containment facilities in the United
States and reviewed a proposed NIH
contract program for the construction
and testing of microorganisms that would
have very limited ability to survive in
natural environments and would thereby
limit any possible hazards. A subcom-
mittee chaired by Dr. David Hogness was
appointed to draft guidelines for research
involving recombinant DNA molecules,
to be discussed at the next meeting.

The NIH committee, beginning with
the draft guidelines prepared by the Hog-
ness subcommittee, prepared proposed
guidelines for research with recombinant
DNA molecules at its third meeting, held
on July 18-19, 1975, in Woods Hole,
Massachusetts.

Following this meeting, many letters
were received which were critical of the
guidelines. The majority of critics felt
that they were too lax, others that they
were too strict. The committee reviewed
all letters, and a new subcommittee,
chaired by Dr. Elizabeth Kutter, was ap-
pointed to revise the guidelines.

A fourth committee meeting was held
on December 4-5, 1975, in La Jolla, Cali-
fornia. For this meeting a “variorum edi-
tion” had been prepared, comparing line-
for-line the Hogness, Woods Hole, and
Kutter guidelines. The committee re-
viewed these, voting item-by-item for
their preference among the three varia-
tions and, in many cases, adding new
material. The result was the “Proposed
Guidelines for Research Involving Re-

NOTICES

combinant DNA Molecules,” which were
referred to the Director, NIH, for a final
decision in December 1975.

The Director of the National Institutes
of Health called a special meeting of the
Advisory Committee to the Director to
review thesc proposed guidelines. The
meeting was held at NIH, Bethesda, on
February 9-10, 1976. The Advisory Com-
mittee is charged to advise the Director,
NIH, on matters relating to the broad
setting—scientific, technological, and
socioeconomic—in which the continuing
development of the biomedical sciences,
education for the health professions, and
biomedical communications must take
place, and to advise on their implica-
tions for NIH policy, program develop-
ment, resource allocation, and admin-
istration. The members of the committee
are knowledgeable in the fields of basic
and clinical biomedical sciences, the so-
cial sciences, physical sciences, research,
education, and communications. In addi-
tion to current members of the commit-
tee, the Director, NIH, invited a number
of former committee members as well as
other scientific and public representa~-
tives to participate in the special Feb-
ruary session.

The purpose of the meeting was to seek
the committee’s advice on the guidelines
proposed by the Recombinant Advisory
Committee. The Advisory Committee to
the Director was asked whether, in their
judgment, the guidelines balanced
scientific responsibility to the public with
scientific freedom to pursue new knowl-
edege.

Public responsibility weighs heavily in
this genetic research area. The scientific
community must have the public’s con-
fidence that the goals of this profoundly
important research accord respect to im-
portant ethical, legal, and social values
of our society. A key element in achiev-
ing and maintaining this public trust is
for the scientific community to ensure an
openness and candor in its proceedings.
Representatives of the international
press were invited to the Asilomar con-
ference, and the proceedings received ex-
tensive coverage. The meetings of the Di-
rector’s Advisory Committee and the
Recombinant Advisory Committee have
also reflected the intent of science to be
an open community in considering the
conduct of recombinant DNA experi-
ments. Notification of all the meetings
was published in the FEDERAL REGISTER
and all the meetings were attended and
reported by representatives of the press.
At the Director’s Advisory Committee
meeting, there was ample opportunity
for comment and an airing of the issues,
not only by the committee members but
by public witnesses as well. All major
points of view were broadly represented.

The guidelines were reviewed in light
of the comments and suggestions made
by participants at that meeting, as well
as the written comments received after-
ward. As part of that review the Recom-
binant Advisory Committee was asked
to consider at its meeting of April 1-2,
1976, a number of selected issues ralsed
by the commentators. Those Issues and

the response of the Recombinant Ad-
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visory Committee were taken Into ac-
count in arriving at the final decision
on the Guidelines.

The history of the events and discus-
sions leading to the development of the
Guidelines are described in greater de-
tail In the “Decision of the Director,
NIH,” published as a preamble to the
Guidelines in the PEDERAL REGISTER, Part
II, July 7, 1976 (See Appendix D).

C. DESCRIPTION OF ISSUES RAISED BY
RECOMBINANT DNA RESEARCH

1. Possible hazardous situations. The
stable insertion of DNA derived from a
different species into a cell or virus (and
therefore the progeny thereof) may
change certain properties of the host.
The changes may be advantageous, detri-
mental, or neutral with regard to (a) the
survival of the recipient species, (b)
other forms of life that come in contact
with the recipient and (c) aspects of the
nonliving environment. Current knowl-
edge does not permit accurate assess-
ment of whether such changes will be
advantageous, detrimental or neutral,
and to what degree, when considering a
particular recombinant DNA experiment.
At present it is only possible to speculate
on ways in which the presence of recom-
binant DNA in a cell or virus could bring
about these effects. It should be empha-
sized that there is no known instance
in which a hazardous agent has been
created by recombinant DNA technology.
The following discussion is speculative
and consider ways in which hazardous
agents might be produced.

a. The effect of foreign DNA on the
survival of recipient species (host cells
or viruses). The effect of foreign DNA
on the survival of recipient species is im-
portant to the discussion of possible haz-
ards of recombinant DNA experiments
because although a recipient species may
acquire a potential for harmful effects
as a result of the forelgn DNA, the possi-
bility that the harmful effect will occur
will depend on the survival of the recipi-
ent and its ability to multiply. If acqui-
sition of foreign DNA increases the prob-
ability of survival and multiplication the

-possibility of harmful effects will in-

crease. Similarly, if acquisition of for-
eicn DNA decreases the probability of
survival or multiplication, the possibility
of harmful effects will decrease. It is
important to recognize, in evaluating the
potential for harmful effects, that sig-
nificant infections of animals and plants
by bacteria or viruses may require con-
tact with either a large or small number
of the infectious agent. deprending on
the agent. .

There are various indications that bac-
teria and viruses containing inserted for-
eign DNA are less likelv to survive and
multiply than are the original organisms.
Natural evolution results in the survival
of well-balanced and efficient organisms.
Essential functions are carefully con-
trolled, and can be switched on and off
as needed. It iIs unlikely that uncon-
trolled, nonessential properties such as
might be introduced by foreign genes
would result in any advantaze to the
survival and multiplication of an cther-
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wise well-balanced organisms. It is more
likely that the new properties accom-
panying insertion of foreign genes will
confer some relative disability to the
recipient organisms. Therefore it is likely
that bacterial cells containing inserted
foreign DNA will multiply more slowly
than the same cells without foreign DNA.
Thus, in a natural competitive environ-
ment, bacteria containing recombinant
DNA would generally be expected to dis-
appear. The rate of disappearance will
depend on the relative rate of growth
compared to other, competing bacteria.
The following calculation demonstrates
this point.

Assume that a new organism constitutes
90 percent of a population, but grows 10 per-
cent less rapldly than its natural counter-
part. The new organism will drop from a con-
centration of 90 percent to a concentration
of 0.0001 percent (1 part in 1,000,000) in 207
generations. If the generation time of the
natural organism is one hour, this amounts
to about 81, days.

One example of a situation in which
the capability of recipient bacterial host
cells to survive may be significantly in-
creased as the result of the presence of a
foreign DNA is the case of resistance to
antibiotics and drugs. It is well known
that such resistance is often genetically
determined and genes specifying resist-
ance have been described. Furthermore
it is well known that such genes may be
transferred, by natural DNA recombina-
tion, from one species of microorganism
to another. Such natural events are in
fact responsible for the rapid and wide
spread of resistance to clinically im-
portant drugs that has been observed
during the last 20 years.

The ability of recipient bacterial host
cells to survive and multiply might also
be enhanced by acquisiton and expres-
sion of a foreign gene conferring the
ability to metabolize particular nu-
trients. In an environmental niche con-
taining the metabolite, such a recombi-
nant might compete succesfully against
organisms native to the niche. This
could result in destruction of an environ-
mental component—that is, the metabo-
lite. Also, if the native organisms were
performing beneficial functions, those
functions could be lost upon the success-
ful establishment of the recombinant in
the niche.

b. The effect of bacteria and viruses
containing recombined DNA on other
forms of life. The analysis leading to the
Guidelines centered on the possibility of
deleterious effects, since the concern was
the health and safety of living orga-
nisms, including humans, and the en-
vironment. Agents constructed by re-
combinant DNA technology could prove
hazardous to other forms of life by be-
coming pathogenic (disease-producing)
or toxigenic (toxin-producing), or by be-
coming more pathogenic or toxigenic
than the original agent.

There are two basic mechanisms by
which a recipient microorganism might
be altered with regard to its patho-
genicity or toxicity as a result of a resi-
dent recombinant:

(1) The recombinant DNA may result
in formation of a protein that has un-
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desirable effects. The case in which bac-
terial cells are used as carriers of foreign
DNA is discussed first. A foreign protein,
specified by the foreign DNA, might act
after being liberated from the micro-
organism, or it could function within the
microorganism and alter, secondarily,
normal microbial cell function in such a
way that the cell is rendered harmful to
other living things. Either means depends
on the expression of the foreign genes;
that is, the information in the foreign
genes must be used by the recipient bac-
terium to produce a foreign protein.
Examples of protein that might prove
harmful to other organisms are hor-
mones, enzymes and toxins.

The weight of present evidence sug-
gests that foreign DNA from bacteria of
one species, when Inserted into bacteria
of another species, may be expressed in
the recipient. For example, if the donor
of the foreign DNA produces a toxic sub-
stance, then the recipient call may pro-
duce such a substance if the gene for
the toxic substance is present in the re-
combinant. The recipient may or may
not be more hazardous than the original
donor organism, depending on the rela-
tive ability of the two organisms to grow
and infect an animasl or plant species at
risk.

The évidence available at present is in-
sufficient to predict whether or not for-
eign genes derived from a complex orga-
nism (animals, plants, yeasts, and fungi)
will be expressed in a bacterium.in any
particular instance. It may be that spe-
cific manipulations will be required to
permit bacteria to express information of
a foreign DNA efficiently. Faithful ex-
pression of a gene requires accurate func-
tioning of the complex bacterial machin-
ery involved in protein synthesis. At each
step, specific signals originating in the
foreign gene must be recognized by the
bacterial machinery. Evolutionar, diver-
gence has resulted in different signals in
bacteria and complex organisms.

Attempts to translate animal virus and
animal cell genes into portein, using cell-
free systems containing the protein-
synthesizing machinery isolated from
bacteria such as E. coli yield some pro-
tein-like products. The protein products
characterized to date were not faithful
products of the information in the genes.

In a few cases, intact bacteria contain-
ing recombined genes from complex or-
ganisms have been tested for evidence of
expression of the inserted gene. By and
large, accurate expression of the genes
has not yet been demonstrated, although
it may occur at a low frequency. In some
instances, a new protein has been found,
replacing one encoded by a bacterial
gene. This result is expected if a bacterial
gene is interrupted by insertion of the
new DNA sequence within it, and does
not necessarily indicate expression of the
foreign gene. DNA fragments from yeast
have been inserted into a strain of the
bacterium E. coli which cannot manu-
facture the amino acid histidine (5).
(Histidine is a component of most pro-
teins and therefore is required for the
growth of all organisms.) After insertion,
some cells no longer required histidine;

thus, the presence of the yeast DNA over-

came the requirement for histidine. This
is the first suggestion that a foreign gene
from an organism more complex than
bacteria may actually function in a
bacterial cell. (Although yeast is a single-
cell organism, it contains an organized
nucleus like cells of higher organisms.)
However, the detailed mechanism ex-
plaining this observation is unknown.

Analogous issues must be considered
for the case in which animal viruses are
the carriers of foreign DNA. Many viruses
are simply described as DNA molecules
enclosed and protected by coats of pro-
tein molecules. The protein coat protects
the DNA from environmental effects,
thus increasing the ability of the viral
DNA to infect a cell. If viral DNAs are re-
combined with foreign DNAs in such a
way that necessary viral genes remain
intact, then the recombinant DNA may in
turn be able to produce, and be packagrd
in, the coat of the virus. Inadvertent dis-
persal of such a viral particle outside of
the laboratory might then result in entry
of the recombinant DNA into cells of
living organisms. The foreign genes may
be expressed, resulting in the formation
of a protein foreign to the infected cell,
or the uncontrolled synthesis of a normal
protein. The likelihood of expression of
the foreign genes will probably depend on
the degree of relatedness between its
source and the infected organism as well
as its location in the viral DNA used as
vector. Currently, few if any relevant ex-
perimental data are available so that
estimates of the probability of expression
are, in these instances, impossible.

(2) The recombined DNA may itself
cause pathogenic or toxic effects. Foreign
DNA inserted in a bacterial gene, might
so alter the microbial cell’s properties
that it becomes harmful to other orga-
nisms. This might happen, for example,
through a change in the growth rate and
competitive advantage of the recipient
microbial cell, resulting in increased
virulence of a mildly pathogenic bacteria.
In general, one would expect the inserted
DNA to result in a reduced growth rate
and a selective disadvantage to the orga-
nism, as discussed in “a” above. Similar
issues arise where animal viruses serve as
carriers of foreign DNA.

It is also necessary to consider situa-
tloris in which DNA molecules themselves
may escape from the laboratory or from
the experimental host cell and enter cells
of living organisms with which they come
in contact. Although free DNA molecules
are themselves relatively fragile (and the
probability that they would survive, in a
significant form or for a significant time,
in alr, water, or any other medium, is
considered remote), they can be pro-
tected in nature in a variety of ways and
be released either into, or close to, a living
cell.

When a cell or virus dies, or comes
close to or invades the tissue of another
living organism, the recombinant DNA
may effectively enter a new cell. A haz-
ardous situation similar to that described
above might ensue if forelgn proteins
were manufactured in this “secondary”

‘recipient. The recombinant DNA might

survive as an independent cellular com-
ponent, or it could recombine by natural
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process with the DNA of the secondary
recipient. Various possible deleterious
consequences of such a recombination
may be considered.

If the secondary recipient is ancther
microorganism, the same considerations
described in IV-C-1-a apply. If the sec-
ondary recipient is one of the cells of an
animal or plant, different considerations
apply. The latter include alterations of
normal cellular control mechanisms, syn-
thesis of a foreign protein (such as a hor-
mone), and insertion of genes involved
in cancer production (if, for example, the
foreign DNA were derived from a cancer-
producing virus).

It should be pointed out that the like-
lihood of causing inheritable changes in
the offspring of complex organisms by
such a mechanism is extremely low in
animals because of the protection
afforded germ-line cells (eggs and
sperm) by their location. Thus, the pos-
sibility that recombined foreign DNA
would reach germ line cells at a time in
the life of such cells when secondary re-
combination can occur is extremely re-
mote. With one-celled organisms, plants,
or simple multicellular organisms, the
probability of causing heritable change
by secondary recombination may be
higher.

What is the probability of secondary
recombination between prokaryotes and
eukaryotes in nature? It is generally held
that recombination in nature is more
likely if similar or identical sequences of
bases (rungs in the DNA ladder) occur
In the two recombining DNAs. The
greater the degree of similar sequences,
the more likely is recombination. In gen-
eral, the more closely two species are re-
lated, the more likely it is that similar
sequences will be found in their DNAs.
Thus, DNA from primates has more DNA
sequences in common with human DNA
than does DNA from mice, or fish, or
plants. Recombination may also occur
between DNAs not sharing sequences but
at lower frequencies. :

It i1s possible that the capacity for
interspecies recombination between dis-
tantly related species exists in nature.
For example, bacteria in animal intes-
tines are constantly exposed to fragments
of animal DNA released from dead intes-
tinal cells. Significant recombination re-
quires the uptake of intact segments of
animal DNA and their subsequent incor-
poration into the’ bacterial DNA. The
frequency of such events is unknown.

There are very few available data per-
mitting assessment of the reverse proc-
ess—namely, the incorporation of bac-
terial DNA into the cells, or DNA, of
more complex organisms. Although there
are reports of experiments in which bac-
terial DNA was inserted into animal and
plant specles and production of the
bacterial protein followed, the process is
very inefficlent and many investigators
have been unable to repeat these experi-
ments (6-8).

There are certain well-documented in-
stances In which the DNAs of different
living things become more or less per-
manently recombined in nature. These
instances involve recombination between

the DNAs of nonchromosomal genes, such
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as those of viruses or plasmids, or re-
combination between the DNAs of viruses
or plasmids and chromosomal genes.
The former instance, for example, is the
mechanism behind the rapid spread of
resistance to antibiotics among different
bacterial species (9, 10). This spread ac-
companied the prevalent use of antibi-
otics in medicine and agriculture. Some
viral DNAs recombine into and persist
in chromosomal DNA of cells of recep-
tive organisms (11, 12) . Some viral DNAs
acquire, in stable form, DNA sequences
derived from their host cells (13, 14).
There is also strong evidence for re-
combination of the DNA form of RNA
tumor virus genes with chromosomal
genes (15-17).

2. Expected benefits of DNA recombi-
nant research. Benefits may be divided
into two broad categories: An increased
understanding of basic biological proc-
esses, and practical applications for med-
icine, agriculture, and industry.

At this time the practical applications
are, of course, speculative. It is impor-
tant to stress that the most significant
results of this work, as with any truly
innovative endeavor, are likely to arise
in unexpected ways and will almost cer-
tainly not follow a predictable path.

a. Increased understanding of basic
biological processes. There are many im-
portant fundamental biomedical ques-
tions that can be answered or approached
by DNA recombinant research. In order
to advance against diseases in inherit-
ance, we need to understand the struc-
ture of genes and how they work. The
DNA recombinant methodology provides
a simple and inexepensive way to prepare
large quantities of specific genetic in-
formation in pure form. This should per-
mit elucidation of the organization and
function of the genetic information in
higher organisms. For example, current
estimates of the fraction of this informa-
tion that codes for proteins are simply
educated guesses. There are almost no
clues about the function of the portions
of DNA that do not code for proteins,
although these DNA sequences are sus-
pected of being involved in the regula-
tion of gene expression.

The existing state of ignorance is
largely attributable to our previous in-
ability to isolate discrete segments of the
DNA in a form that permits detailed
molecular analysis. Recombinant DNA
methodology remove this barzjer. Fur-
thermore, ancillary techniques have been
developed whereby pure DNA segments
that contain particular sequences of in-
terest can be identified and selected. Of
particular interest is the isolation of pure
DNA segments that contain the genes
for the variable and constant portions of
the immunoglobin proteins. The analyses
of such segments obtained from both
germline and somatic cells should be of
inestimable value in determining the
mechanism of immunologic diversity.

A major problem in understanding the
mechanism by which certain viruses
cause cancer is how and where the in-
fecting or endogenous viral genomes are
Integrated into the cell’s chromosome.
This bears on the question of how the
expression of the integrated viral genes
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affects cellular regulation, thus leading
to the aknormal growth characteristics
of cancer cells. With the recombinant
DNA techniques for isolation and purifi-
cation of specific genes, this research
problem is reduced to manageable pro-
portions. It is possible to isolate the de-
sired DNA segment in pure form, Large
quantities can be obtained for detailed
study by simply extracting a culture of
the bacteria carrying the viral] DNA seg-
ment in a plasmid.

b. Potential practical applications for
medicine, agriculture and industry. Cer-
tain of the potential applications will
only be realized if the reproduction of the
recombined foreigh DNA in a recipient
host cell is followed by expression of the
genetic information contained in the
DNA in the form of synthesis of pro-
teins. Since the efficient translation of
eukaryote genes in bacterial (prokary-
ote) hosts has yet to be proved, these po-
tential applications are speculative at
this time. Applications that depend on
the expression of foreign prokaryotic
genes in prokaryotic recipient cells are
presently more certain.

(1) Synthesis of medically important
proteins and other substances. It has
been suggested that genes coding for
medically important substances be at-
tached to bacterial vectors, and that the
bacteria then be used to produce large
quantities of the desired material. A
number of costly and/or rare substances
would be prime candidates for such syn-
thesis:

Human insulin (a future shortage of cur-
rently used animal insulin appears to be
likely);

Human growth hormone (presently avail-
able only from human cadavers and in short
supply);

Clothing factor VIII
hemophilia).

Specific antibodies and antigens (for pre-
venting and treating infectious, allergic, and
autolmmune disease, and perhaps even can-
cer);

Certain enzymes, such as fibrinolysin and
urokinase (promising agents in the treat-
ment of embolism) and lysosomal enzymes.

(2) Endowment of plants with new
synthesis capabilities. Whole plants may
be generated from a single cell, and thus
insertion of recombinant DNA into such
cells might make it possible to endow
plant species with the capability of—

Improved photosynthetic fixation of car-
bon dioxide;

Nitrogen fixation by presently lnept species
(thereby reducing the need for costly chem-
ical fertilizers that cause pollution—e.g., eu-
trophication);

Producing a higher guality or guantity of
food protein.

(3) Some industrial applications. A
number of industrial processes utilize
microorganisms containing enzymes
(which are proteins) to produce impor-
tant chemicals (e.g., steroid hormones or
other drugs, vitamins) or foodstuffs (e.g.,
cheese). Such processes could be im-
proved through innovations effected by
DNA recombinant research. Completely
new biosynthetic reactions may thereby
become available, permitting the synthe-
sis of large amounts of complex and

«for treatment of
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valuable compounds with ease and at
low cost. :

Some highly speculative applications
relate to the area of energy production
and neutralization of pollutants—e.g., as
in oil spills. Genetic modification through
DNA recombination might it possible to
devise microorganisms tailor-made for
such important purposes.

3. Long-range implications. The exper-
imental situations treated in the Guide-
lines are those that appear feasible either
currently or in the near future. The ex-
periments primarily involve insertion of
recombined DNA into bacteria or into
single cells derived from more complex
organisms and maintained under special
laboratory conditions. It is only in the
case of plants that the Guidelines cover
experiments involving insertion of DNA
into cells capable of developing into com-
plex, multicellular organisms. The Guide-
lines and the discussions leading to their
development have focused on problems of
safety.

It is possible that techniques similar to
or derived from current recombinant
DNA methodology may, in the future,
be applicable to the deliberate modifica-
tion of complex animals, including hu-
mans. Such modification might have as
its aim correction of an inherited defect
in an individual, or alteration of herit-

" able characteristics in the offspring of
individuals of a given species. The latter
type of alteration has been successfully
achieved in agriculture for centuries, by
classical breeding techniques. It may be
that recombinant DNA methods, should
they develop in appropriate ways, may
offer new opportunities for specificity and
accuracy in animal breeding.

The deliberate application of such
methods for the correction of individual
genetic defects or the alteration of herit-
able characteristics in man raises com-
plex and difficult problems. In addition to
philosophical, moral, and ethical ques-
tions of concern to individuals, serious
societal issues are involved. Broad dis-
cussion of these problems in a variety of
forums will be required to inform both
private and public decision-making.

4. Possible deliberate misuse. In the
event that recombinant DNA technology
can yield hazardous agents, such agents
might be considered for deliberate per-
petration of harm to animals (including
humans), plants or the environment. The
possibilities include biological warfare or
sabotage. Because it is not known
whether recombinant DNA technology
can yield such agents, discussion of these
problems such as theft by saboteurs is
hypothetical and difficult. With regard
to biological warfare, a July 3, 1975 let-
ter to Dr. David Baltimore from James
L. Malone, General Counsel of the United
States Arms Control and Disarmament
Agency says, “you raise the question as to
whether the Biological Weapons Conven-
tion prohibits production of recombinant
DNA molecules for purposes of construct-

ing biological weapons. In our opinion
the answer is in the affirmative. The use
of recombinant DNA molecules for such
purposes clearly falls within the scope

of the Convention’s provisions.”
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V. DESCRIPTION OF THE PROPOSED ACTION

The Director, Natichal Institutes of
Health, has issued Guidelines that will
govern the conduct of NTH-supported re-
search on recombinant DNA molecules.
The Guidelines will apply to all NIH-
supported research on such molecules—
that is, molecules which are made by
comhining segments of DNA from differ-
ent organisms in a cell free-system and
which can be inserted into some living
cell, there to replicate. The objective of

the Guidelines is the protection of the
laboratory worker, the general public,
and the environment from infection by

.- possibly hazardous agents that may re-

sult from this research. The complete
text of the Guidelines is found in the
FEDERAL REGISTER, Part II, for Wednes-
day, July 7, 1876. As an integral part of
this Draft Environmental Impact State-
ment the Guidelines are found in Appen-
dix D.

The mechanisms by which the NIH will
implement the application of the Guide-
lines are outlined in the Guidelines them-
selves and are specified in greater detail
in Appendix C. Noncompliance with the
Guidelines will result in termination of
funding of research grants and contracts.

The Guidelines describe (1) safeguards
that protect the laboratory worker, the
general public, and the environment, (2)
the criteria for assessing the possible
dangers from experiments involving re-
combinant DNA molecules, (3) the cri-
teria for matching the assessed possible
dangers of individual experiments with
the appropriate safeguards, and (4) the
roles and responsibilities of principal in~
vestigators, their institutions, and NIH
for ensuring the implementation of the
requirements specified in these Guide-
lines. The emphasis on protection of lab-
oratory workers from infection reflects
the fact that laboratory workers are the
persons at the greatest risk of infection
and that the most likely route of escape
of possibly hazardous agents from the
laboratory is the laboratory worker.

The physical safeguards have been
grouped into four levels providing in-
creasing capability for containment.
The four levels approximate those rec-
ommended by the Center for Diseaseé
Control for the control of known in-
fectious agents that have been deter-
mined to be of (1) no or minimal, (2)
ordinary, (3) special, or (4) extreme
hazard to man and other living things.
These correspond to the terms Minimal,
Low, Moderate, and High risk, respec-
tively, as used in the NIH Guidelines.
The safeguards include usual and spe-
cial microbiologicAl safety practices,
primary physical barriers that isolate
the experiment from the Ilaboratory
worker, and facility installations that
either markedly reduce or eliminate the
potential for accidental dissemination of
recombinant DNA molecules to the en-
vironment. The four levels, designated
P1 to P4, provide increasing protection
against contact with or accidental re-
lease of microorganisms containing re-
combinant DNA molecules.

Additional safeguards are provided
by the use of host cells and vectors with
demonstrably limited ability to survive
in other than specially designed labora-
tory environments. This concept is called
“biological containment” in the Guide-
lines. In the case of bacterial host cells
and vectors, this means that particu-
lar strains of cells and vectors with
genetically determined and fastidious
survival requirements must be used. For
those experiments judged to be of poten-
tlally moderate or high risk, the proper-
ties of the bacterial strains to be used
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