o

‘assembly of the oligosdechuride-lipid, litle
s yet known about the membrane glyco-

proleins, and possibly sccretory glycopro-
teins, that arc formed via this pathwuy,
The elucidation of the structure and the

-function of these g]ycoproluns remaing as
- a formidable challenge to bmchcmlsts and

cell biologists.

Note added in proof Yery recently, ex-
periments with intact oviduct cells in sus- -
pension (47) showed that the surface of-
these celfs contains enzymes that catalyze
synthesis of both mannosyl phosphoryl
dolichol and oligosaccharide-lipid from
exogenous GDP-mannosc. In refation to
the question of the participation of lipid
linked intermediates in glycosylation of
sceretory glycoproteins, evidence indicat-
ing that this may indeed be so in the case of
the kappa-type immaunoglobulin  light -
chain has very recently been reported (42).
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L. Introduction and General Cenclusions

This meeting was organized 1o review
scientific progress in research on recombi-
nunt DNA molecules and to discuss appro-
prigte ways to deal with the potential
bivhazards of Lthis work. Impressive scien-
tific achievements have already been made
in this ficld, and these technigues have a te-
markabfe potential for lurthering our-un-
derstanding. of fundamental biochemical
processes in pro- and eukuryotic cells. The
use of recombinant DNA  methodology
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 tical utility in the future.

_area,

promises to revolutionize the pl‘dClILL of
molecular bmlogy A]thou;,h there has as’™
“yet beer no practical application of -the

new techniques, there is every reason Lo be-
licve that they will have clgmllmn[ pric-

Ofpdrlu.uldr concern 1o the pdruup ints

“at the mecting was the'issue of whether the

pause in certain aspects of research in this
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~if 50, how the scientific' work could be un-

dertaken with minimal risks to workers in

" laboratories, to the public dt large, and to

the animal and plant specics sharing our
€COSyslenIs. -

The new techniques, which permit com-
bination of genctic information from very

* différent organisms, ptace us in an area of

biology with many unknowns. Even in the
present, more limited conduct of rescarch
in this field, the evaluation of potential
‘biohazards has proved to be extremely dif-
fieult. 1t is this ignorance that hus com:-
pelled us to conclude that it .wo'uld be wise

10 cxercise considerable caution in per-

forming this research., Neverthcless, the
participants at the Conference agreed that
most of the work on construction of re-
combinant DNA molecules should pro-
ceed; provided | that appropriate safe-

guards, principally biological and physical”
-barriers adequate to contain

the newly
created organisms; are employed. More-

-over, the standards of protection should be

*Summary statement ‘of the. report submitied 0 the
Asyembly of Life Sciences of the Nationul Academy
of Sciences and upproved by its 1) xectlive Commitlee
on 20 May 1975, .
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greater at the beginning and modified as
improvements in the methodology occur
andt assessments of the risks change. Fur-
thermore, it was agreed that there are cer-
tain experiments in which the potential

risks are of such a scrious nature that they -

ought not to be'done with presently avail-
able containment facilities. In the longer
term serious problems may arise in the
large-scale application of this method-
ofogy in industry, medicine, and agricul-
ture. But it was also recognized that future
research and experience may show that
many of the potential biohazards arc less
serious and/or less probable than we now

- suspect.

EL Principl.es Guiding the

Recommendations and Cenclusions

Although  our assessments of the risks
involved with cach of the various lines of
research on recombinant DNA molecules
may diffcr, fow, if any, believe that this
methodology is free from any risk. Rea-
sonable principles for dealing with these
polemial risks are: (i) that containment be
made an essertial consideration in the ex-
perimental design and (i) that the cffec-
tiveness of the containment should match,
as closely as possible, the estimated risk,

Consequently, whatever scale of risks is

agreed .upon, there should be a com-
mernisurate scale of contuinment. Estimat-
ing the risks will be difficult and intuitive at

first, but this will improve as we acquire.

additional knowledge; al each sluge we
shall bave to match the potential risk with
an appropriate level of containment. Lx-
periments requiring large-scale operations
would secem to be riskier than equivalent
experiments done on a small scale and
therefore require more stringent contain-

ment procedures. The use of cloning vehi-
cles or vectors (plusmids, phages) and bac- -
terial hosts- with a restricted capacity to -

mulliply ‘outside of the laboratory would
reduce the ‘potential biohazard of a partic-
‘ular experiment. Thus, the ways in which
potential biohazards and different tevels of

containment are matched may vary from

time to time, particularty as the contain-

ment technology is improved. The means -

for asscssing and balancing risks with ap-
propriate levels of containment will need
to be rcexamincd from time to time. Hope-

fully, through formal and informal chan-

“nels - of information within and between

nations of the world, the way in which po-
tential biohazards and levels of contain-
ment are matched would be consistent.
Containment  of polentially = bio-
hazardous agents can be achicved in sev-
eral ways. The most significant contribu-
tion to limiting the spread- of the recombi-

nant DNA’s is the use of biological bur- -

riers.” These barriers arc of two types: (i)
fastidious bacterial losts unable 1o survive
in natural emvironments and (i) non-
transmissible and equally fastidious vec-
tors (plasmids, bacteriephages, or other vi-
ruses) able to grow only inspecified hosts.
Physical containment, excmplified by the
use of suitable hoods or, where applicable,
limited access or negative pressure labora-
tories, provides an addiiional factor of
safety. Particularty important is strict ad-
herence 1o good microbinlogical practices
which, to a large measure, can limit the cs-
cape of organisms from the experimental
situation and thereby increase the safety of
the operation. Consequently, education
and training of all personnel involved in
the experiments is essential to the effec-
tiveness of all containment measures. In
practice, these different means of contain-
ment will complement one another and

documented sitbstantial improvements in -

the ability 1o restriet the growth of bacte-
rial hosts and véctors could perniit modifi-
cations of the complementary physical
containment requircments.

Stringent physical containment and rig-

orous lahoratory procedures can reduce-

but not eliminate the possibility of spread-
ing potentially hazardous agents. There-
fore, investigators relying upon “‘dis-

armed™ hosts and vectors for sdditional -

salety, must rigorously - test the cffec-
tiveness of 1hese agents before accepling
their validity as biological barriers.

111 Recominendations for Matching Types

of Containment with Types of Experiments

No classification of experiments as to

risk and no sel of containment procedures .

can anticipate all situations. Given our

.preseni uncertainties about the hazards,:

the parameters proposcd hicte are broadiy
conceived .and meant e provide provi-

sional guidclincs for " investigators and

The authors are members of the Orpa nizing Commiltee for the international Conference on Rcwmbm A\t DNA
Motecules, Assembly of Life Scicoces, Nalionul Acy wdemy of Scienees Nagiondl Rescarch Council. Washington,
D.C. 20418, Dr. Berg is chairman of the committee and he is ;:rok,w)r af biochenistry, Pepartment of Biochem-

istry, Stanford University Medical Cenrter, Swnford, California. Dr, Baltimore is American Cancer Socicty Pro-.

fessor of Microbictogy, Center for Cancer Rw.m_h Massachuseits Institute of Technology, Cambridge, Mus-

sachuselts. Dr. Brenner is 0 member of the Seientific Stalt of the Medicul Research Counéit of the Unized King--

dom, Cambridge, England. Dr. Rohiin is professor of microbiology and moteeular penctics, Harvard Medical
Schoul und assistant bwlmulugnt Inlectious Bisease Unit, Massachuscits Generad Hospital, Boswon, Massa-
chusetts. Dr. Singer is head of the Nucleiv Acid J.ymolug,y Section, Laboratory of Biochemistry, Nulional
Cancer Tonstitute, National institutes of Health, Bethesda, Maryland. .

492

agencies concerned with research on re- |
~combinant DNA’s. However, cach investi- §
“gator bears a responsibility for determir- -
ing whether, in his particular case, $pecid |-

circumstances warrant a higher level of
containment than is suppested here,

Al Type_s of Containment

1) Minimal risk. This type of contain-
ment is intended for experiments in which
the biohazards may be accurately assessed
and are expected to be minimal. Such con-
tainment can be achieved by foliowing the
operating  procedures. recommended for
clinical microbiological laboratories. Es

sertial features of such facilities ure no

drinking, eating, or smoking in the labora-
tory, wearing laboratory couts in the work
area, the use of cotton-plugged pipettes or
preferably mechanical pipetting deviees,
and prompt! d:smfmhon of conl'lmmalrd
materials.

2 Low risk. Tln'slcvcto{conla:mmnlls
appropriate for experiments which genes-
ate novel biotypes but where the available
information indicates that the recornbinanl
DNA cannot alter appreciably the ecologh-

- cal behavior of the recipient specics. in-

crease signiﬁcamly its pathogenicity, or
prevent effective treatment of any resubling
infections. The key features af this con-
tainment (in addition to the minimal pro-
cedures mentioned zbove) are & prohibi-

-tien of mouth pipetting, access limited to

Inboratory- personnel, and, the use of bio-
logical safety cabinets for procedures

likely to preduce acrosols {for example,

blending and sonication). Though existing
vectors may be issed in conjunction with
low-risk procedures, safer vectors and
hosts should be adopted as thcy become
available.

3) Moderate risk. Such containment [z
cilities are intended for experiments in

“which there is a probability of generating

an agent with a significant potential for
pathogenicity or ccological disruption, The
principal features of this level of contuin-

ment, in addition to those of the two pre- |
" ceding classes, are that transfer operations |

should be carried out in biological safeiy
cabinets (for example, laminar flow

-hoods), gloves should be wom during the

handling of infectious malerials, vacuem

lines must be protected by filters, and nep-

ative pressure should be maintained in the
limited access laboratories. Morcover, ¢x- &
periments poslng a moderate risk must be ;‘
done only with vectors and hosts’ that have :
an appreciably itnpaired capacity to multi E
i

‘ply outside of the laboratary,

4y High risk. This level of containment
is mlendcd for (.xpt,rlmcnls in which the’

i
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’ potc'nliu! for ccological disruption or path-
ogenicity of the modificd organism. could
be severe and therchy pose a serious bio-
hazasd to laboruatery personnel or the pub-
lic. The main features of this type of facil-
. ity, which was designed 1o contain highly
infectious microbiofogical agents, are its
~isolation from ather areas by air locks, a
negative pressure environment, a require-
“ment for clothing changes and showers for

entering personnel, and laboratories fitted
. with treatment systems Lo inactivilte or re- -
move biological agents thal may be con-

taminants in exhaust air and lquid and
solid wastes. Alt persons occupying these

‘areas should wear protective laboratory:

clothing and shower at each exit from the
containment facility, The handling of
agents should be confined to biological
safely cabinets in which the exhaust air is
incinerated or passed through Hepa filters,
High-risk containment includes, in addi-
tion to the physical and procedural fea-
tures described above, the use of rigorousty
tested vectors and hosts whose growth can
be confined to the laboratory. '

“Accurate estimates. of the risks asso-

ciated with different types of expetiments
- are difficult to abtain because of our igno-
rance of the probability that the antici-
pated dangers will manifest themselves,
" Nevertheless, experiments involving the
construction and propagation of recombi-
nant DNA molecules using DNA’s from
(1} prokaryotes, bacteriophages, and other
plasmids; (i) animal viruses; and (iii) eu-
karyotes have becn charucterized as mini«
mai, low, moderate, and high risks to guide
invesligators in their choice of the appro-
" priate containment. These designations
should be viewed as interim assignments
~ which will need to be revised upward or
~downwaurd in the light of future experience.
- The recombinant DNA molecules them-
selves, as distinct from cells carrying them,
may be tnfectious to bacteria or higher or-
ganisms. DNA preparations from Lhese ex-
periments, particularly in large quantities,
should be chemically maclwalcd before
disposal.
1Y Prokarvotes, bacteriophages, - and
bacterial plasmids. Where the construction
of recombinant DNA maolecules and their
propagation “involve prokaryotic agents
that arc known to exchange geretic infor-
mation naturally, the experiments can be
performed. in minimul-risk * contuinment
facilities. Where such experiments pose a
potential hazard, more stringent contain-
ment may be warranted. '
l:xpmmmts tnvolving the creation and

B. Types of Experiments
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propagation of recombinant DNA mole-

cules from DNA’s of species that ordinar-

ity do not exchange genctic informiution

generaie novel biotypes. Because such ex--

periments may posc biohuzards greater

than those associated with the original or-

ganisms, they should be performed, at

least, in tow-risk containment luciites. If

the experiments involve cither pathogenic

organisins or genelic’ determinants that”

may increase the pathogenicity of the
recipient specics, or if the (ransicrred
DNA can confer upon the recipien} orga-
nisms new metabolic activities nol native
to these species and thereby modify its
relationship with the environment, then
moderate- orhigh-risk containment should
be used. :

" Experiments extending the range of re-
sistance of estublished humuan pathogens to
therapeutically useful antibiotics or dis-

infectunts should be undertaken only under -

moderate- or high-risk contuinment, de-
pending upon the virulence of the org(mmm
involved.

" 2) Animal  viruses. Exg‘:crimcnls in-
volving finkage of viral genomes or pe-
nome segments te prokaryotic vectors and
their propagation

systems huaving demonstrably restricted
growth capabilitics outside the laborutory
and with moderate-risk containment (acili-
lies. Rigerously puriflied and characterized
segments of nononcogenic viral genomes
or of the demonstrably nontransforming
regions of oncogenic viral EINA's can be
atlached 10 presently existing vectors and

propagated in moderate-risk containment -
facilitics; as safer vector-host systems be- -

come available such cxperiments may be

performed in low-risk facilities.
Experiments designed 1o introduce or

propagate DNA from nonviral or other

low-risk agents in animal cells should use”
only low-risk ‘animai DNA’s as veclors

(for exumple, viradl or mitechondrial), und

" manipulations shouid be confined to mod-
-~ erate-risk containment facilitics.

}) Eukaryotes. The risks associated
with joining random fragments of cu-
karyote DNA to prokaryolic DNA vectors
and the prepagation of these recombiniant
DNA’s in prokaryotic hosts are the most
difficult o asscss.

A priori, the DNA fmm wirm-blooded
vertebrales is more likely to contain cryp-
tic viral penomes potentindly pathopenic
for mun than is the DNA from other cu-
karyotes. Consequently, attgmpts Lo ¢lone
segments of DNA from such animals and

particularly primate genomes should be

performed only with vector-host systems
having demtonstrably restricted growth ca-
pabilities oulside the laboratory and in a

in prokaryotic cells
. should be performed only with vector-host

_moderate-risk’ containment facility. Until

cloned scgments of warm blood vertebrate

DNA are completely churacterized, they’

should continue to be maintained in the
most restricied vector-host  system in
moderate-tisk containment laboratories;

when such cloned scgments are character- .

ized, the may be propaguted as suggested
above for purified scpments of virus ge-
nomes.

"Unless the organism makes a produu
known to be dangerous (for example, &
toxin or virus), recombinant DINA’s from
cold-blooded vertebrates and  ali
lower cukaryotes can be constructed and
propagated with the safest vector-host sys-
tem available in low- rn,k containment fa-

«cilities,

Purified DNA from any source lhdl per-
forms known functions and ean be judged

1o be noatoxic may. be cloned with cur-

rently available vectors in fow-risk con-
tainmerd  Facilitics.” (Toxic here includes
potentially oncogenic products or sub-
stances that might perturb aormal metabo-
lismm if produced in an animal or plant by a
resident microgrganism.)

4} Experiments ro be deferred. Therc
are feasible experiments which presert

" such serious dangers that their perform-

ance should not be undertaken at this time
with the- currently available vector-host

systems and the presentiy available con- -

tainment  capability, These include the
cloning of recombinant DNA's derived

_from highly puthogenic organisms {that is,

Class IHL, 1V, and V ctiologic ageats as
classified by. the U.S. Department of
Health, Education and Welfare), DNA
conmining toxin genes, and large-scale ex-
periments (more than 10 Jiters of culture)
using recombinant DNA’s that'are able to
make preducts potcnu.illy harmful to man,
dnmmis or plants.

Y. Implementation

In many countries steps are already
being tzken by national bodies to for-
mulate cedes of practice. for the conduct of
experiments  with  known “or potential
biohazard (2).. Until these are established,
we urge individual scienlists 1o use the pro-
posals ia this document as a guide, In addi-
tion, there are some recommendations
which coufd be immediately and directly
implemented by the scientific community,

A. Devélopment of Safer Vectors and
Hosts

“An 1mpor1‘|n1 and cnmunpmg accom-

plishment of the meeting was the realiza-
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“tion- Uit special bacterin . vectors,
which have u restricted capacity to multi-
ply oulside the laboratory, can be con-

“structed genetically, and that the use of
these organisms could enhance the safety
of rccombinant DNA  experiments by
many ‘orders of magnitude. Experiments
along these lines-are presently in progress
and, in the near fulure, variants of M bac-
teriophuge,. nontransmissible  plasmids,

. and speciud strains of Escherichia coli will
become available, All of these vectors
could reduce the potential biohazards by
very large factors and improve the meth-
odology as well. Other vector-host- sys-
tems, particularly modificd sirains of Ba-
cillus subtilis and their relevant bacterio-
phages-and plasmids, may aiso he uschul
for particular purposes. Quite possibly sale
and suitable vectors may be found for eu-
karyotic hosts such as yeast and readily
cultured plant and animal cells. There is
likely to be a continuous development in
this area, and the participants af the meet-
ing agreed that improved vector-host sys-

combinanl DNA rescarch. will he made
freely available to all interested investiga-
tors.

B. Lahoratory Procedures

It is the clcar responsibility of the princi-
pal investigator to inform the staff of the
laboratory of the potential hazards of such
experiments, before they are initiated, Free
and open discussion is necessary so that
-each individual participating in the experi-
ment fully understands the nature of the
experiment and any risk that might be in-
volved. All workers must be properly
trained in the containment procedures that
-are designed to control the hazard, includ-
ing cmergency actions in the event ol a
hazard. It ts also recommended that ap-
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propriate heahth surveillance of all po . son-
nel, including serological monitoring, be
conducted periodically.

C. Education and Reassessment

. Research in this area will develop very
quickly, and the methods will be applied to
many different biclogical problems. At any
given' time it is impossible to foresee the

~entire range-of all potential experiments

and make judgmenis on them. Therefore,
it is essential to undertlike & continuing re-
assessment of the problems in the light of

new scienlific knowledge. This could be

achieved by a scries of annual workshops
and meetings, some-of which should be at

the international fevel. There should also

be courses Lo train individuals in the refe-
vant methods, since it is likely that the
work will be taken up by laboratories
which -may not have had extensive experi-
ence in this area. High priority should also

- be given 'to reseurch that could improve
tems: which reduce the- bichazards of re- -

and evalunte the containment effectiveness

of new and existing vectos-host systems,

" V. New Knowledge

This document represents our first as-

sessment of the potential biohazards in the
Tight of current knowledge. However, tittle

is known about the survival of taboratory
struins of bacteria and bacteriophuges in
different ecological niches in the outside

world, Even less is known about whether

recombinant DNA moiccules wiil enhance

-or depress the survival of their vectors and
hosts in nature. These questions are funda-

mental to the testing of any new organism
that may be constructed. Research in this
arcu needs to be undertaken and should be
given high priority. In general, however,
molecular biologists who medy construct

mecessary to facilitate collaborative e
“search between them and groups skilledin
“the study of bacterial infection or céologi

DNA recombinant molecules do nol un- ¥
dertake these experiments and it will bef

cal microbiology. Work should also be un
dertaken which would endble us to nmonitor
the escape or dissemination of cloning ve- !
hicles and their hosts. .

Nothing is known about the potentiaf in-.
fectivity in higher organisms ol phuges or
bacteria containing segiments of cukaryotic {
DNA, and very little is known about tic |
infectivity of the DNA mofecules them-
sclves. Genetic transformation of bacteria
does occur in animals, suggesting thal
recombinant PNA  molecules can retain
their biological poteacy in this environ.
ment. There are rany questions in this
ares, the answers to which are essential for
our assessment of the biohazards of experi-
ments with recombinant DNA molecules,

¢
{
:

[t will be necessary to ensure that this |

work will be planned and carried out: and [
it will be particularly important to huve
this information before large-scate appli-
cations ‘of the use of recombinunt DNA
molecules arc attempted.
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