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DEPARTIiENT OF Hf;ALTH, EDUCATION, AND WELFARE 

PUBLIC HEI\LTlI SERVICE 
NATIONAL INStITUTES OF HEALTH 

JtECOl-lBINANT DNA MOLECUQ:2_ZNillAM ADVISORY COMMITrE! 

HINUTESor MEETING 

JULy 18-19, 1975 

The Recombinant DNA Molecule Program Advisory Commit~ee was convened for 
its third meeting at 9:00 a.m. on 18. 1975 at the National Acadeay 
of Sciences SUf.lIl1er Study Center,·Hole, "lassachusetts. Dr. De~1itt 
Stetten, Jr., Deputy'Director for ,and Dr. Leon Jacobs, Associate 
Director for Collaborative Res _BIH, presided. In accordance ":'1ith 
Public Law 92-463 the meeting vas open to the public fro= 9:00 a.m. to 
5:30 p.m. on July 18, and from 8:30 a.m. to 2:00 p.m. on July 19, and 
closed to the public from 2:00 p.m. to 2:30 p.m. on July 19 for the review 
and discussion of a fellowship application.' 

Committee members present were: 

Dr. Edward A. Adelberg' 
Dr. Ernp.At H.Y. r:hu 
Dr. Roy Curtiss, III 
Dr. DaVid S. Rogness 
Dr. John W. Littlefield 
Dro, Jane K. Setlow 
Dr. Waclaw Szybalsk1 
Dr. Charles A. Thomas 
Dr. William J. Gartland, Jr., Executive Secretary 

A Committee roster is attached. (Attachment I) . 
The follOWing .!!! ~ consultants to ·t.he Commit'tee were present: ' 

, , 

Dr. Peter Day, Connecticut Asricultural Experiment Station, New Haven, Conn. 
Dr. Elizabeth Kutter, Evergreen Stae.eollege, Olympia, Washington 
Dr. John Sp1z~zen, Scripps Clinic end .eaeareh Foundation. La Jolla, Calif. 

National Science Foundation representative wasr 

Dr. Herman Lewis 

Energy Resources and Development Administration representative was: 

Dr. Ceorge Shepherd 

Medical Research Council of Canada representative was: 

Dr. Louis Siminovitc:h, University of Toronto. Toronto. Ontario. Canada 
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Others 1n attendance were: 

Dr. Emmett Barkley, NCI; Mrs. Betty.lutler, NIGHS; Dr. Irving Delappe. 
NIAID; Dr. Hyron Levine, University of Michigan; Dr. Malcolm Hartin, 
NIAID; Dr. John Nutter, NIAID; Dr. Bernard Talbot, OD, NIH. 

I. CALL TO ORDER 

Dr. Stetten called the meeting 
and v:lsitors. 

and welcomed Committee members 

II. CONStDERATION OF MINUTES 

The Minutes of the May 12-13, 1975 meeting were approved and accepted 
with the following correction: 

III. 

Page 3, III, first paraclW1t1l' 
The first sentence should ~: 

"After considering alternafIVe ways of reviewing grant 
applications involving recomDlnant DNA molecules, the 
Committee reaffirmed its recommendation that institutional 
biohazards committees be involved in the review of appli-
cations in the moderate ancl hiah risk categories. n 

Dr. Bogness introduced for discu •• S-a a draft proposal for guidelines for 
research on recombinant DNA molecules. The draft propos.l was prepared by 
• planning group consisting of Drs. Holness (Chairman), Cbu, Helinski and 
Szybalski with the assistance of Dr •• Emmett Barkley and Peter Day: The 
planning group had met at Stanford, California on July 2 and 3, 1975. 

The full Committee discussed modified the draft proposal. The 
resulting document is attached II). The Committee suggested 
that these recommendations be as "current guidelines". During, 
the review of this document the Co_ittee discussed whether the term "Clon-
ing vehicle" or Uvectortl i8 more appropriate. The Committee voted to retain 
the use of the work "vector" in the document. 

During discussion of the section on Responsibility, the Committee voted that 
in regard to moderate and biah ~~""T~ents involving recombinant D~A 
~lecules, the function of tbe lttetltutlonal biohazards committees should be 
limited to certification that applicants bave adequate facilities to comply 
with NIH gUidelines for the level of risK assessed by the applicant. The 
adequate tTaining of laboratory personnel would be the responsibility of the 
principal investigator. _. 
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·IV. CONSTRUCTION AND TESTING OF SAFER HOSTS AND VECTORS 

Dr. Nutter reported that the NatJ.'lMal Institute of Allergy and Infectious 
Diseases is well along in the preparation of five Request for Proposals re-
lating to the construction and testing of safer hosts and vectors. 'The RFPs 
relate to construction of safer plaamid vectors, construction of safer phage 
vectors, construction of a safer E. coli K12 host, survival testing in man 
and the environment, and indepen4ent-certification of the genotype and tests 
for transmissibility. The subcommittee composed of Drs. Curtiss. Falkow. 
Helinski an~ Szybalski will reviev the ~inal drafts of these aFPs. 

Dr. Nutter reported that the NIAh~c aages a research reference collection 
consisting mostly of viral reagents. Tbisfacility might be utilized for' 
the storage and distribution of aafer hosts and vectors. 

v. TRAINING IN MICROBIOLOGICAL TECHNIQUES 

Dr. Barkley reported that the National Cancer Institute has sponsored a 
course focused on the safe handl

oc
• -."~_~"_ 'oncogenic viruses. The NCI is able 

to set up a two day course deal ... ~:-; h basic microbiological safety with 
emphasis on the control of biohaza~ of recombinant DNA molecules. The 
course would include laboratory exe.e1aes on the production and control 
of aerosols. The proposed course would be oriented towards principal in-
vestigators; it is not intended to train laboratory workers at the present 
time. Approximately 20'investigators could be accommodated per course, and 
NCI would sponsor 2 course~ during the coming year. The Committee recommended 
that.NCI proceed with plans for thes~~~ourses. The question was raised as 
to whether it would be possible CO~~o, a training film on Microbiological 
techniques. It was pointed out tIYt,roduction of such it film would be a 
.ajor undertaking, but would have th. potential for wide disse=ination. 

VI.. NIH EXTRAMURAL PROCEDURES 

Dr .. Jacobs asked the Committe~ to-comment on a draft NIH Manual issuance 
d,ealing with the control of hazardous microbiological agents in extramural 
research. The Committee felt that it is not appropriate to group re-
eombinant DNA molecules, which are potentially dan&erous, with agents which 
are known to be extremely hazardous. The Committee recommended that a 
separate document be prepared for recombinant DNA molecules,· following the 
Committee's recommendations and guidelines. 

VII. 'NEXT MEETING 

A tentative meeting was scheduled for Friday .• October 10, 1975 in Betheada. 
Maryland. IJ it is felt that theN_ no need for this meeting, it will be 
cancelled. The following meetiDS wJl1 be held in early December" 1975 in 
conjunction with the Wor~hop on the construction of s.fer hosts and vectors. 

.. 
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In designing these 8uide11?~'[~11!I have adopted the following prin-

ciples, which are consistent with the general conclusions that were 

formulated at the International Conference on Recombinant DNA Mole-

·cules held at Asilomar Conference Center, Pacific Grove, California 

in February 1975(3): (i)t~ere are certain experiments for which 
--

the assessed p~tcntial hazarcl1a of such a serious nature that they 

should not be attempted at the present time. (ii) The remainder 

can be undertaken at the present time provided that appropriate 

safeguards are incorporated into the-design .and execution of the 
~~ .. :::-"- -

experiment. In addition to".;:f.Dsistence on the· practice of good 

microbiological techniques, these safeguards consist in providing 

both physical and biological barriers to the dissemination of the 

potentially hazardou~ agents. (iii) The level of containment pro-

vided by these barriers the estimated potential.hazard 

for each of the different cl..... of recombinants. For projects in 

a given class, this level should be highest at initiation and modi-

fied subsequently only if there is a substantial-change in the 

assessed risk or in the applied methodology. <1v) The guidelines 

Bbou~d be subjected to periodic review <at least annually) and 

modified to reflect improvements in our knowledg, of the potential 

biohazards and of the available safeguards. 

Containment .... 

-' I 

Effeetive biological safety ,roaraas have been operative in a variety 

of laboratories for many year.. Considerable information therefore 

already exists for the design of physical containment facilities 
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and laboratory procedures applicable to organisms carrying recomb in-

ant DNAs(4-1). The existing programs rely upon mechanisms that, for 

convenie~ce. can be divided into two catesories: (1) a set of standard 

practices that are generall.Jt4l&eCl in microbiological laboratories, 

and (2) special procedures, equipment and laboratory installations 

that provide physical barriers which are applied in varying degrees 

according to the estimated biohazard. 

Experiments on recombinant ~,by their very nature lend themselves 
• !'".:. ..... :-~ 

..... 

to a third containment mechaDtsm - namely. the application of highly 

specific biological barriers. In·factt natural barriers do exist 

Which either limit the infectivity of a v~ctor or vehicle (plasmid, 

bacteriophage or virus) to specific hosts, or its dissemination and 

survival in the env1ronment;?fta vectors that provide the means tor 

. replication of the recombiDaGt DNAs and/or the host cells in which 

they replicate can be genetically designed to decrease by many orders 

of magnitude the probability of.dissemination of recombinant DNAs 

outside the laboratory. 

Aa these three means of containment are complementary,.different 

levels of containment appropriate for experiments with different re-

combinants can be established by applying different combinations of 

the pbysical and b1oloaical ~ler. to a con.tant u.e of tbe standard 

practices. Ve consider these CAteaories ~f containment separately 

here i~ order that such combinations can be~~onveniently expressed 

in the guidelines for research on the different kinds of recombinant 

DNAs (Section III). 
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A. Standard practices and ~ing - The first principle of con-

tainment is a strict adherence to good microbiological practices. 

Consequently, personnel involved in experiments on recombinant DNAs 

should receive adequate instruction. This should include training 

in aseptic techniques and inatTuction in the biology of the organisms 
. 

used in the experiments so that the potential biohazards can be under-

stood and appreciated. 

In addition to aseptic expert-ental techniques. standard practices 

generally include the follOlflll,procedures when the experiments 

involve organisms that may De-,athogenic or may undesirably alter'the 

basic ecology. (1) Materials and equipment that contain or have 

come in contact with these organisms should be disinfected or sr.eril-

:f.zed by autoclaviu@: prior tiHI,iiosal. and work surfaces should be 

decontaminated. (2) CO,t1:oD .-lVIICd pipettes may be used where the 

hazard is minimal, but mechanical pipetting devices are preferable 

and should be required for .~r. hazardous material. (3) Sharp, 

pointed syringe needles 8ho~~1Pe avoided wherever possible. (4) 

Eating. drinking and smoking:1D the work area should not occur while 

experiments with potentially hazardous material are 1n progress and 

at least until the decontamination indicated above is completed. 

(5) Laboratory personnel should wash hands after experiments in-

volv1nS these aaterials. (6) Laboratory dOQrs should be closed while . 
such experiments are in progress. (7) Appropriate clothing such as . -" 

laboratory coats, or similar apparel, and closed shoes should be worn 

when handling potentially hazardous organisms. Laboratory coats 

should not be worn outside the work area. 
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B. Physical containment levels - A variety of combinations (levels) 

of special procedures, equipment and laboratory installations that 

provide additional physical barriers can be formed. For example. 

31 combinations are listed 1,,·Jttaboratory Safety at the Center for 

Disease Control" (4); four levals are associated with the "Classi-

fication of Etiologic Agents on the Basis of Hazard" (5), and with 

the ItSUJmI!ary Statement of the Asilomar Conference on Recombinant DNA 
" I 

Molecules" (3); aqd the Natialil cancer Institute uses three for 

research on oncogenic viruse. (6). We define only four levels of 

physical containment here, both because the accuracy with which one 

can presently assess the biohazards that may result from recombinant 

DRAa does not warrant a znor."' .... 11ed classification, and because 
":""'';;~''iii .. ' 

additional flexibility can be ~tained by combination of the"physical 

-with the biological barriers. though different in aetail. these . . 
four levels (Pl < P2 < P3 < P4) approximate those &lven for the class,,; 

ification of etiologic agents ($. .... , classes 1. through 4; ref. 5), in 

the Asilomar summary stetmaat (1.e., minimal. low. moderate and high; 

ref. 3), and by the Net (low. moderate and high; ref. 6), as is 1n-

dieated by the P-number or adjective in the following headings; 

PI level (minimal) - Requires standard microbiological practices 
(See A above) .. 

r2 Level (low) - (i) Acce.. to the laboratory is controlled when 
handling potentially hazardous organisms requiring P2 containment, 
but not otherwise. During the controlled period appropriate bio-
hazard 6igns should be posted at access points to the laboratory. 
and only authorized persons who bave been advised of the potential 
biohazard sbould enter when such signs are posted. The signs should 
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be removed upon comple~ion of the hazardous procedures. Experiments 
of no or less biohazard can be carried out concurrently in the same 
laboratory. (11) Houth pipetting is prohibited; mechanical pipetting 
devices are required. ( precautions are required for 
those procedures that have potential for release of aerosols 
containing potentially asterial - e.g., centrifugation 
should be carried out in airtight cups or rotors; sonication and 
blending should be similarly contained or carried out in biological 
safety cabinets. 

P3 Level (moderate) -' In addition, to the P2 procedures, this level 
requires the following: with potentially hazardous or-
ganisms that require P3 should be carried out in a laboratory 
that is separated from less than P3 containment is practiced. 
This laboratory should be operAted under negative pressure(34). The ex-
haust air from these laborat.!. •• should be discharged to the atr.tos-
phere in an appropriate manner. If recirculated, the air must be 
decontaminated. Appropriate.biohazard signs should be posted at access 
points to the laboratory, amienly persons specifically authorized by 
the principal investigator should enter when these signs are posted. 
Normally, authorized per be limited to those who work in 
the laboratory. (ii) safety cabinets, meeting appropriate 
NIH performance standards, be used for all transfer operntions 
and for all procedures lik.lyto produce aerosols. (iii) Gloves should 
be vorn during ~he hana11ng of blohazardous mater1als. (ivj Vacuum 
lines should be protected by filters. 

P3-1evel research may be co in restricted laboratories where 
negative presDure cannot b.- 4ed if the following additional safe-
guards are maintained. (i),4ta!ed negative pressure cabinets should 
be used for all transfer ~lons and all procedures likely to 
produce aerosols. (ii) Nel_tive pressure biological safety cabinets 
should be used for all other operations involving the hazardous 
organisms (e.g., centrifugation, growing cells on shakers, etc.). 
(iii) Transfer from one' negative pressure area to another should be 
carried out in sealed, unbreakable containers. 

P4 Level (high) - Work areas are in a special facility of the type 
designed to contain hiShly infectious and hazardous microbiological 
agents. These areas are isolated by airlocks, a negative pressure 
environment, personnel clothing change and shower rooms, and treat-
ment systems to inactivate or remove' biohazardous agents contaminating 
exhaust air, liquid and solid wastes. All persons occupying these 
areas should wear protective laboratory clothing and shower at each 
exit from the facility. The handling of the biohazardous agents 
should be confined to biol ..... l •• fety cabinets in which the exhaust 
air is incinerated or passed through Hepa filters. 
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c. Biological Containmeft~""'ls - Biological barriers are specific 

to each host-vector system. Bence the criteria for this mechanism 

of containment cannot be generalized to the same extent as for physi-

cal containment. This is particularly true at the present time when 

our experience with existi~~&t-vector systems and our predictive 

, knowledge about projected sy.tems is sparse. Fur'thermore the classi-

fication of expertments with recombinant DNAs that is necessary for 

the construction of the exporimental guidelines (Section III) can be 

accomplisbed with least con~¥£On if we use the host-vector system 

as the primary element and die source of the inserted DNA as the " 

secondary element in the cla.aification. It is therefore convenient 

to"specify the nature of the biological coptainment under the host-

vector headings given in the next section. 

III. Experimental Guidelines 

A general rule that, though obvious. deserves statement is that the 

level of containment required for any experiment on DNA recombinants ' 
,) 

sball never be less than that required for the most hazardous component 

used to construct and clone t~. recombinant DNA (i.e., vector, host 

and inserted DNA). In most ca.es the level of containment will be 

greater, particularly vhen the recombinant DNA is formed from species 

that ordinarily do not exchange genetic information. 

This rule by itself effectively precludes certain experiments -

D8.ely ~hose in which one of the "components_is in Class 5 of the 

.Ielassification of Etiologic Agents on the Basis of Hazard" (5) t 
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as these are excluded from the"United Statcs by law and USDA admini-

strative policy_ There are additional experiments which may engender 

such serious biohazards that they should not be performed at this 

time. These are consider~~~ to presentation of the contain-

ment guidelines for permiaat_le experiments. 

A. Experiments that should not be performed - We recognize that 

it can be argued that certain of the recombinants placed in this 

category could be adequately contained at this time. Nonetheless, 

our estimate of the possible dangers that may ensue if that contain-

ment fails are of such a masaitude th~t we consider it the wisest 

policy to at least defer experiments on these recombinant DNAs until 

there is more 1n~ormation to accurately assess that danger and to 

al~ow tbe construction ot ~:;~t.ct1ve b1oiog1cal. barriers. .in 

this respect, these guideline, are more stringent than those initially 

recommended (1). 

Ve therefore strongly advise that the following experiments not be 

initiated at the present tift. (1) Cl~ning of recombinant DNAs de-

rived from the highly pathogenic organisms in'Classes 3, 4 and 5 of 

"Classification of Etiologic Agents on the Ba.sis of Hazard" (5). 

rcgardless of the vector-host system used. (ii) Deliberate formation 

of recombinant DNAs conta:laiq~ ... e. for the biosynthesu of toxins 

of very high toxicity (e.a., botulinum or diphtheria toxins). (iii) 

Deliberate creation from plant pathogens of recombinant DNAs that are .. .... 
likely to increase virulence and host range. 



,.;",:~' 
. ~ :, '. < .. , 

. ftf 

- 9 -

In addition, we recommend that large scale experiments (e.g., more 

than 10 liters of culture) recombinant DNAs known to make harmful 

products not be carried out at this tfme. We differentiate between 

small and large scale experiments with such DNAs because the pro-

bability of escape from cont.iament barriers normally increases 

with'increasing scale. HO!lJlrt ~ecific experiments in this category 

that are of direct social beaafit may be excepted from this rule if 

special containment precautions and equipment designed for large scale 

operations are used, and provided that these experiments are expressly 

approved by the ,Recombinant DNA Holecule Program Advisory Committee 

of the NIH. 

B. p,ontainment guidelines for permissible experiments It is 

anticipated that ,most recombinant DNA experiments initiated before 

these guidelines are next reviewed (i.e., within the year) will employ 

!.. coli K12 host-vector These are also the systems 'for which 
I 

we have the most experience ~ knowledge regarding the effectiveness 

of the contair~ent provided by existing hosts and vectors, and necessary 

for the construction of ',more effec:tive biological barriers. We there-

fore consider DNA recomblnaatB-:e1oned in E. ~ IC12 before proceeding, 

to other host-vector systems that ve suppose viII be used less frequently 

and for which we have less information. 

1. Experiments using E. coli k12 host-ve~tors - We consider the follow-

ing three levels of conta1umea£w1th these host-vectors • .. ' .. 
EK 1 host-vectors - These are hoat-vec:tor systems that can be estimated 
to provide a mode~ate,level of eontainment, and include most of the 
presently available systems. The host is always !. coli K12, 
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and the vectors include nonconjugative plasmids (i.e .• pSC101, Col E1 
or d~rivatives thereof, suchmin1-ColE1; refs. 14-21) and vari-
ants of bacteriophage 1 I 

The. E. c.oli.. K12 - nonco n j ugaili~p.t.a.6mi.cl ~ y~.tem i4 taken a.6 an txrun.ole 
to ~tJta.:t.e .the app,'to~,.u"el 06 c.on.ta.i.nme't,t Jte6e/t1led t:.o fte,'te. 
The. avaUabte da..ta. u,tom 6eedi.ng expe.lLime.n.t6 tlJ.Uh hW!1a.I1.6 dad ca.lve.J 
(25-211 btcUclLte .:that E. coll. 102 do not colon.ize. the nc,'UM..r. bOt~'ei, 

! and e.xltibU li.J:J:le .i 6 any Jii'iltc:pUc.a.tio n t'JIUle pa.6.6.lng .thlloug It ..the 
ttUme.n.:t.aJr.y .tJtact. even a6..telt 6e.eding IUgh do~e.4 {'e.g., 109 -.:to- 10 '0 
bac-teJLi..a.· pelt. Itwnanl. tlte.y can .6Wtv.ive. t1t1...6 pa.6.6age, t 
tJuin6 6e1t 06 the p.l.a..6m.id 6Jtom E. col.<. K 12 to 1Le.6.iden .. t bactvu.d 
.in the gu,t mUbt o..l.6o be - -

The nOflconjuga.t.ive pht.6m.id vu,tou cannot pMmote tJte1Jr. aeon .t/utlt& 6e1t., 
but Jtequ,vl.e the p1le6Utce 06 4 .t'l.an.6e1t p.i..aA.n.id 601t. mobiliza.:t..i.on. rlw..6 
.ingu.ted E. c.oU K 7 2 COJ1t'a..i.n.i.ng d nonc.onj ttga..ti.ve pi.a.6,n.l.d mU6.t 6L'Wt c.on-
iWJa.:te (cJ81t 1t.e&:tclel1.,t bac..teJt.i«. C!.On.ta-i.n..iItg a. .tIt.a.M ~tVt. pta.6m.ld be~clt.e. .tfle 
nonconjuga..ti.ve. vec..toJt.6 catt "'-.:luJtn be .t.'UU\66eJVted. E.6.tlma.tu 60,'(. .tIt€. 
6Jtequenc.y 06 tJli..6 .6 eJUu efilf"1t! Me .in the It4Ilge. 06 70- 12 tJJ 10- 14 PeA 
24 MI9 06 6ec.u (27,. ._ ... 

Thue. ob~eJt.va.tiol\6 '.i..n.cLlca:te 6t. JL.emo.tene66 06 .the po~.6.lb.uutJ oS 
cLi.6~embta..ti.on 06 ~uch vec..toJU. by accideJttLtl .inge.6t.i.on, wluc.h (i)o!!.l.d 
plLofxtbty -Utvo.cve. oltty d 6~uhw-•. dl!.ed 0,\ .thOuACtltd bd&eJUa. plt.ov.(..ctcct th!"...t 
a.t !e,o.J,t the ~.:ta.ndaJr..d p.'UtcUee.6 (1J-A) Me. 1t'.a.in.tai,lled, pevt:ti..c.uJ:r.:r..fy , 
the. avo.i.daltc.e 06 mOlt.tlt ·p.ipettiJ19. The. pltobab.i.Utit'A 06 coloniza..tl.Olt 
and hence. 06 .t'l.anh 6eIL aILe.: .. . , h0C4.'e.veJt, .i6 .eke. IW!tmal. 6to."Ul. .in 
the. bOLce.t. i..6 cU4Jw.p:te.d by, . .. pte., a.n.tib.i.o:t.i..c. tlteJtttpy. F OIL .tJ~ 
lLe4.6on, pelUonJ Jtecuv.i.n.g 4_ fot,hClUtpy .6houJ:.d no:i: tlJ01t.k. wi.:th V1JA Ite- .' 
c.omb.l.nant6 60Jtmed w.Ul1. E. Cf1l&#(12 hO.6t-vec.:tolt .6q~teJn6 dUlL.c..ng the. 
thtJl4pU pelLiod and 60lt 6e.V~4 thVtia.6tVL; .6i.Jni...l.tvti.u, peJL60J1.6 
who Mve 6unctl.onal gM.tIto.ultU.tinal diAoMeJlA Oli. who (lave had 
.6WlS.lc.a.t lLemovat 06 pM.t 06 the. 4.toma.c.h 0"'- bOt{}e,t . .6hou.l.d a.vo.id .6u.ch 
~Jtk. ' 

The ob.6eJlvaUotU on the 6a.te:'<fIE. coLi K,12 .in. t:he huma.n aUmenxtL'ttj 
t:lr.aet aile. a.l..40 Jtele.vant to Ote. eon.ta.UV1Ie.tt:t 06 Ite.comb.inant VNA& 6o.':.med 
Uli:th ba.&eJL..i.opha.ge. ~ vaJl...i.ant4. Ac.Mde.n.t.a.t W.6e,m..i.na..t.ion .in .tJ1.U Ca..6c. 
depe.ncU ei..theIL {.iJ on 4LIILv.ivcz.t 06 :the. matUlLe pitage, 6oUou:ed by .the 
6-incUng and p.wdu.ct.lve. .in6ection 06 40me .6u.U£tblc. E. coli.. .in na..tu .. 'te, 
Olt. (UJ oll.the u.tabl,.,Ulvnen.t 06 A plr.ophage OIL piLIA~AUhougft .tile 
pItObab-U.Wj o~ 4U1Z.v.ival aJId .in6ec.t.icm 06 "'-e.Jident E •. coU .in .the! 
human gut by .utgu.ted ma.tulte. A ha.6 not been cJi.Ae.ct:ZtJ ae::te:'tm.i.ned, .it. .l~ 
e/J.t.Una..ted ~ be veJr.y .6maU, s4van .the. lt1.ghj_en.6.i.:tiv..uy o~ ). ~ :tIte. low 
pH 06 ·.tlle .6tomach, .th~ .in4t&6~ to ). ht6e.cti.on 06 uc.tlp..\ula..ted 

• FOIL exampte, vbtbte E. coli K,12 c.an be 60Ulld .in tILe 6ec~ a6,tVt ~eecUJtg 
hwna,u, ~ 101 bac..tVLU:t -.ilt bJto".tlt (25 J - the mO.6t Ukely mode 06 acc.i..den:tal 
.inge6uon, OIL a6teIL 6eewtg > .3 x J 04 bac...teJLia. pIlo..tected by .6U6peU.6.(.olt .in 
mU.k (26]. -
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E. c.oti c.e.U6 (the..typ5t.tJUtt no.vnaU.y 1tu,.ide. .in the. gut) a.nd the 
~ to de.te.c..t A .in. {t~tt 6e.eu a.~.t(..t .Lng e&.ti.o It 06 1 0 ~ l, pc:t. "L.tlcte.& 
Itl}. E,6.ta.b.tUfunent o~ ~.t4ble oge.ny in h04t c.ell.J JitotLld a..Uo be. 
vtJtfj ,in6Jtequen.t 6o/t .-- Clfibed). vec..tolL6 rZ2-24) 4,ince 
the.y .tac.k the. a.tt a.nd (uUma.ted lljhoge.n.iza.tiott 6,'Le,-
ctuency ~ 10-5 tiJl0-6j2f .. _ • Tlte eAt.ima:ted 61leque,tcy 06 p£Mmid 
6olUn4tiolt by tltue. vec..tolt4 - Wo lcx/) rca. 1 O~6; 32 J • 

While not exact, the containment estimates for these host-vectors 
are at least as accurate as those for physical containment, and 
are sufficient to indicate that both vector systems provide a moder-
ate level of biological contajlP,ut. Other nonconjugative plasmids 
and bacteriophage that, in-aa'kiation with E. coli Kl2, can be 
estiznat~d to provide the sath.approximate level---oT"moderate con-
tainment are included 1n the Ell class. 

EK 2 host-vectors - These are host-vectors that have been genetically 
designed to provide a high level of biological containment as deter-
mined from data obtained in ~~ltures or in other environments created 
in the laboratory. The gmodification of the E. coli K12 host 
and/or the EK I-type increase the containment deter-
mined in this manner by at laiat l06-fold over that for the parent 
EKI system. Whereas useful ''-,e vectors can be obtained that, 1n 
effect, do not form stable combinations with the host so that the 
vector is the only element that must be containedt , this is not the 

t \.~~~~;~:-

For example, a ), vector thac:.1aai- already been constructed has the 
following features (33): 

1. Formation of the prophage state is blocked by deletion of the 
att site and the genes int, xis and cI. 
~ Plasmid formation is bloCked by the nin5 deletion and the £17 
mutation. 
3. Phage recombination functions red and int are deleted. 
4. The phage is highly lethal to itS host;:-including even ~-iaoune 
lysogens encountered in nature, because of its virulence (resulting 
from a combination of the cI and ninS deletions with the cl7 mutation). 
S. The phage yields are hiih (lO~- lOll per ml.) -

Such a virulent phage vector and its. host form a two-component system, 
each component alone being unable to disseminate the recombinant m;A 
unless the phage vector and a suitable host in nature are brought to-
gethe1:. Moreover, once SU~,.Aa.,aacounter occurs, the probability that 
such 1 vectors will transfer the recombinant D~A and establish a com-
bination capable of disse~inat1n8 the DNA is extremely small. The 
phenotypes and genetic stabilities of the mutations and chromosome 
alterations included in this vector indicate that it should provide an 
increase in containment well in excess of the required lOG-fold. 
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case. for plasmid ve.ctors.".r: .ystcu involving nonconjugative 
plasmids we I:'ecommend that·the increase in containment should be at 
least l06_fold in survival of the host ~nd/or plasmid and at least 
I06_fold in plasmid transm18sabilityt. , 

It should be emphasized t 
specified here are desira 
when applicable. 

levels of containment than 
not required, should be used 

~K 3 host-vectors - These are. EK 2 systems for which the increased 
containment has been confi~ by tests in animals and, if possible, 
in other relevant natural environments. If tests do not exist which 
are sufficiently sensitive to'quantitate the increased degree of 
containment, a negative f .t the maximum sensitivity of the 
test will be considered tion. 

In the following classification of containment criteria for different 

kinds of recombinant DNAs, the stated levels of physical and biological 

containment are minimums. It 1a.recommende~ that higher levels of 

biological containment (EltitlU-1IK2 ,. EKl) be used if they are available 
-~""~~"t~' 
- ,"',,¥~<;"";;.! 

and are equally appropriate. ·.tor the purposes of the experiment. In 

chis case conside~ation may be liVen to a corresponding decrease in 

the required level o! physical containment. 

<!? ~hotgun Experiments 
. 

these experiments involve t"; ... ~uction of recombinant DNAs between 

the vector and the total DNA from the specified cellular source or 

any fraction thereof that heaDot been rigorously purified and defined. 

Recombinants formed from rigorously purified DNAa will be considered 

separately. 

Examples of mutations in the hoat/plasmid that would increase containment are: 
(1) Temperature-sensitive mutations in the plasmid or host resulting in failure of 
the plasmid to replicate at mammalian body temperature; (2) Suppressible mutations 
in the plasmid restricting replication of the plasmid to a host bacterium possessing 
specific suppresso,r genes; (3) Mutations (e.g. &:,p-.-·SmD) in the host bacterium to 
reduce survival of the organism in natv~, (4) Mutations in the host bacterium that 
reduce the organism's ability to accept a conjugative plasmid (e.g. conjugation-
deficient mutants); (5) Mutations or de.letions 0.£ plasmid DNA that result in a 
reduction in mobilizeability (e.g. mini-ColEl is mobilizeable at a con~iderably lower 
frequency than ColEllo Combinations of these stable mutations should increase con-
tainment of the plasmid at least I06_ fold with respect both to the suryival of the 
host and/or plasmid ,and the transmissibility of the plasmid. ' 
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(1) E~karyotic m:A recornbinant~ 

Mammals - PJ physical containment + an EK 2 host-vector • . 
Warm-blooded animals other than mammals - P3 physical containment 

+ an EK 1 host-vector or Pl~lIf.ieal containment + EK 2 host-vector. 

Cold-blooded animals and all other lower eukaryot~s - P2 physical 

containment + an EK 1 host-vector. If the eukaryote in this class 

is a"known pathogen (i.e., an agent listed in Class 2 of ref. 5 or 

a plant pathogen) or carrie~.~ an agent, the containment should be 

increased to P3 + EK2. 

Higher plants - P2 physical containment + an EK 1 host-vector. If 

the plant carries a known pathogenic agent or makes a product known 

to be dangerous, the conta1~t should be increased to P2 + EK 2. 

(ii) Prokaryotic DNA recomb~t. 

-Prokaryotes that naturally exchangE! genetic information with E. coli 

The level of physical containment is directly determined by the rule 

of the most dangerous component (see introduction to Section III). 

Thus PI conditions can be v"':,;for DNAs from those bacteria in Class 1 

of ref. S(nAgents of no or minimal hazard ••• ") which naturally exchange 

genes with ~. ~ ; and P2 conditions should be used for such bacteria 

if they fall in Class 2 of ref. S ("Agents of ordinary potential 

hazard ••• "), or are plant ,fiIIo&ens. EK 1 host-vectors can be used 

for all experiments requiring only PI physica'! containment: in fac:t. 

experiments in this category can-be performed with !. ~ K12 vectors 

exhibiting a lesser contain=ent than EKI vectors (e.g., conjugative 
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plasmids). Experiments witJt,SCfrom species requiring P2 physic.3l 

containment which arc of lov·opathogenicity can use EK 1 host-vectors. 

but those of moderate pathoge~1clty should use EK 2 host-vectors. 

Prokaryotes that do not ordinarily exchange genetic information with 

!.. ~ - The minimum contal.ent conditions for this class consis t 

of P2 physical containment + an EK 1 host-vector. and apply when the 

risk that the recombinant DNAs will increase the pathogenicity or 

ecological potential of the hoat is judged to be minimal. Experiments 

with DNAs from pathogenic ~ (Class 2 of ref. 5 plus plant patho-

gens) should use P3 + EK 2 c0D4itions ,if of low pathogenicity and P3 

+ EK 3, or P4 + EK 2 if of moderate pathogenicity. 

(iii) Characterized clones of DNA recombinants derived from shot~ 

experiments - When a cionei~ __ recombinant has been highly characterized 

and there is sufficient evidenee that 'it does not not contain harmful 

genes, then experiments involving this recombinant DNA can be carried' 

out under PI + EK 1 conditions if the inserted DNA is from a species 

that naturally exchanges • ..avith E. coli. and under P2 + EK 1 con-

di tions if not. 

<b~ Purified cellular DNAs other than plasmids, bacteriophages and 

other viruses. 

The formation of DNA recombLaants from cellular DNAs that have been 

highly purified bY,physical and chemical techniques (i.e •• not by cloning) 
# _0 

and for which there is sufficient evidence that they do not contain 

harmful genes, can be carried out under lower containment conditions 

.,.. 
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than used for the corresponding shotgun experiment. In general. the 

containment can be decreased one step in ·physical containment (P4 ~ 

P3 + P2 + PI) while maintaining the biological containment specified for 

the shotgun experiment, or"e~.tep in biological containment (EK 3 + 

EK 2 + EK 1) while maintaining the specified physical containment -

provided that the new condition is·not less than that specified above 

for characterized clones from shotgun experiments (section <~> - iii). 

<£? Plasmids, bacteriophagea:!jftd other viruses. 

Recombinants formed between EX-type vectors and other plasmid or virus 

DNAs have in common the potential for acting as double vectors because 

of the replication functions in these DNAs. The containment conditions 

given below apply only to Pliliaation of the DNA recombinants in E. coli 

Kl2 hosts. They do not apply ~o other hosts where they may be able to 

replicate as a result of functions provided by the DNA inserted into the 

EK Vectors. These are considered under other host-vector systems. 

(1) Animal viruses - P3 + EK2conditions should be used to form DNA 

recombinants that include all or part of the genome of an animal virus. 

P3 + E~ 1 or P2 + EK2 conditions can be used when forming recombinants 

from highly purified and characterized segments of viral genOmes for 

which there is sufficient evidence that they do not contain harmful genes 

and, in the case of oncogenic viruses, derive from the non-transforming 

regions of the genome • . 
(ii) Plant viruses - P3 + EK 1 or P2 + EK 2 conditions should be used 

to form DNA recombinants that inelude all or part of the genome of a 

plant vi~us. P2 + EK 1 conditions can be used when forming recombinants 

from· highly purified DNA segments and for which there is sufficient 

evidence that they do not contain harmful 2ene~. 
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(iii) Eukaryotic plasmid DNAs - The ~ontainment conditions given 
" 

below apply only when the plasmid ~~A has been highly purified; other-

wise the conditions given under shotgun experiments apply. Mito-

chondrial DNA from mammals: P3 + EK 1 or P2 + EK2. Mitochondrial 

or chloroplast DNA from oth~'-eukaryotes: P2 + EK 1. 

(iv) Prokaryotic plasmid and phage DNAs -

Plasmids and phage from hosts Shat naturally exchanse senes with 

E. ~ - Experiments with DNA recombinants formed from plasmids or 

phage genomes that.have not .... ~haracterized with regard to patpo-

genic components or are known to significantly contribute to the 

pathogenicity of their normal hosts should use the containment con-

ditions specified for shotguQ experfments with DNAs from the respective 
.~411.im...-." 

host. If the DNA recombin«iii[.re formed from pla~mids or phage that 
-" .. : 

are known not to contain p~enic components, or from highly purified 

and characterized plasmid or phage DNA segments for which there is 

sufficient evidence that they do not contain such components, the 

experiments can be perfo~iil~h PI physical con~ainment + an EK 1 

host-vector. 

Plasmids and phage from hosts that do not naturally exchan&e sene;with 

E • .!:!!!!. - The rules for shot&un experiments with DNA from the host 

apply to their plaamids or ph ..... witb the following qualifications. 

Experiments with DNA recombinants formed witb plasmids or phage con-

taining resistance genes to clinically significant antibiotics should 

use P3 physical containment + 8n EK 2 host-vector. The minimum contain-

fQent conditions for this category (P2 + EK 1) can be used ·for plasmid 
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and phage, or for highly purified and characterized segments of 

'plasmid and phage DNAs, when the risk that the recombinant DNAs 

will increase the pathogenicity or ecological potential of the host 

is judged to be minimal. 

Note: Where applicable. cDNAs (1.e., complementary DNAs) synthesized 

in vitro from cellular or viral RNAs are included within each of the 

above classifications. For example, cDNAs formed from cellular ~~As 

that are not highly purified an~ characterized are included under 

<~, shotgun experiments; c~~. formed from highly purified and 

characterized RNAs are included under. <b>; cDNAs formed from viral 

RNAs are included under <~>; etc. 

2. Experiments with other E;rokaryotic host-vectors 

Other prokaryotic host-vectolfajatems are at the speculative t planning 

or developmental stage, and conaequently do not warrant detailed treat-

ment at this time. However t 'the containment criteria for different > 

types of DNA recombinants formed with E. ~ Kl2 host-vectors can, 

with the aid of some general:'tlIDCiples given here, serve as a guide 

for containment conditions with other host-vectors when appropriate 

adjustment is made for their different habitats and characteristics. 

In general, the strain of any prokaryotic species used as the host 

should conform to the definition of Class I etiologic agents given in 

ref. 5 (i.e •• "Agents of no or minimal hazard ••• It), and the plasmid 
~ -" or viral vector should not make the host more hazardous. In addition, 

it is recommended that the newly developed host-vector systems offer 
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some distinct advantage" over the !. coli Kl2 host-vectors - for 

instance, host-vectors. BUC~~ thermophilic organisms. whose major 
--:-~i:-~-

habitats do not include humans and/or economically important animals 

. and pla.nts. 

At the initial stage, the host-vector should exhibit at least a moderate 

level "of biological containment comparable to EK 1 systems, and be 

capable of modification to obtain high levels of containment comparable 

to EK 2 and EK 3. The type of confirmation test{s) required to move 

a host-vector from an EK 2-type classification to an EK 3-type will 

clearly depend upon the preponderant habitat of the host-vector. For 

exaI!l.ple, if the unmodified li.'i":'vector propagates mostly in or on 

higher plants, but not appreciably in warm-blooded animals, modification 
~""",,_-t ___ ~ ----1;) ... --

.escape to and propagate in or on such plants, and it is that lower 

probability which should be·~rmed. 

The following principles should be followed in using the containment 

criteria given for experiments with E. coli K12 host-vectors as a guide 

for other prokaryotic systems. Experiments with DNA from prokaryotes 

(and their ~lasmids or viruses) .hould be classified according to 

whether the prokaryote in question naturally excbanges genes with the 

host-vector or not, and the containment conditions given for these two 

classes with E. coli Kl2 bost-vectors applied. 

Experiments with DNAs from eukaryotes (and their plasm1ds or'viruses) 
J' 

can also follow the criteria for the corresponding experiments with 

E. coli Kl2 vectors if the major habitats of the given host-vector 
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overl~p those of E. coli. If the host-vector has a major habitat 

that does not overlap those of !. coli (e.g., root nodules in 

plants), then the conta1.nai.ili:cond1.tions for some eukaryotic re-

'combinant DNAs should be in~~eased (for instance, higher plants 

and their viruses in the preceding example), while others may be 

reduced. 

3. Experiments with eukaryot1.c host-vectors 

<a> Animal host-vectors. 

Host cells should derive from cultures expected to be of minimal 
\ 

hazard. Cells within the animal should not be used as hosts until 

the recombinant DNA has be .. ;~11 tested in cell cultures. DNAs 

from mitochondria or from miutmal or low risk viruses may be used 

as vectors. ~fuen viral DNAa are used, preferance should be given 

, to Viruses that are not 'known to be pathogenic or o;'lcogenic in 

mammals or economically impo~SlRtanimals or plants. 

The host-vector system should exhibit at least a moderate level of 

biological containment at the initial stage. and be capable of 

modification to a high level of containment. Since the host cell 

lines generally will have little if any capacity for propagation 

outside the laboratory, the primary focus for containment is the 

vector. Very little. is known about the ab1li,ty of mitochondrial DNAs 

to, serve as vectors. but they offe.r the potential of high containment 
~. 

as they are not packaged to '--infective agents. Consequently, we 

u~ge that the vecto~ capabilities of mitochondrial DNAs be investigated. 
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At present, however, viral DRAa form the most obvious group of 

potential vectors. They can be modified according to many of the 

same principles applied to phage vectors to increase the biological 

containment. An important.:si.t-tf1.on for the selection of a viral 
~;"":F-"'~E~'-·' 

vector therefore is that it '-. already been sufficiently characterized 

to facilitate genetic modif1cation$ that will yield a highly con-

tained vector. 

Experiments on recombinant DNAa formed between the initial, moderately 

contained vectors and DNA frd. source that 1s not itself pathogenic 

or does not contain' pathogenic ag~nts or genes may use P3 physical 

containment. Experiments invo.lving the latter types of DNA should 

not be done unless there is strong justification and then only under 

.capsidation of recombinant DNA exists, suitable assays for infectivity 

should be carried out. 

Tbe development and use of host-vector systems that exhibit a high level 

of biological containment penaite decrease of one step in the physical 

containment (P4 ~ P3 ~ P2) specified above. 

<b> Plant host-vectors 

Cells in tissue cultures, seedlings or plant parts, (e.g., tubers, 

stems, fruits and detached leavea) or whole mature plants of small 

spe<:1es (e.g., arabidopsis) can be handled under the PI - P4 con-

tainment conditions that we have specified previously. However, 
, 

cells in most whole plants pos~ additional problems. P2 physical 

containment conditions can be provided py: (1) the best insect-proof 



·, 

.. 

. :i 

~-----21 -
-~~~~'-

greenhouses. (2) stcril1za£"£-on of contaMinated plants t pots. and 

soil by nutoclavinS t and (3)~doption of the other standard practices 

for microbiological work. P3 physical containment can be sufficiently 

app~oximated by confining~~.rations with whole plants to growth 

chambers like those used for work with radioactive isotopes t prOvided 

that (1) such chambers are modified to produce,a negative pressure 

environment with the exhaust air appropriately filtered, and (2) 

that other operations withdJ.t.t1ous materials are carried out under 

the specified P3 conditions. The P2 and P3 conditions specified earlier 

are therefore extended to include these caSeS for work on higher plants . 

The host cells for experiments on recombinant DNAs may be cells in 

culture, in seedlings or pla~:=-parts. or in whole plants. However. 

we recommend that cells in whole plants that can not be adequately 

contained not be u~ed as hosts for shotgun expe~iments at this timet 

and that attempts to infect whole plants with DNA recombinants cloned' 

elsewhere not be initiated uDi'tt their effects on host cells in culture, 

seedlings or plant parts have been studied. 

DNAs from mitochondria, chloroplasts or viruses of minimal or low 

pathogenicity to plants may be used as vectors. In general, the 

same preference criteria for •• l.cting host-vectors given in the pre-

ceding section on animal systems apply to plant systems, where chloro-

plast and mitochondrial DNAs can be grouped_together as offering the 
~ 

potential of highly contained vectors that should be investigated. 
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Experiments on recombinant DNA. formed between the initial, moder-

ately contained vectors and DtlA from cells of species in which the 

vector DNA can replicate, eitber autonomously or as an integrated 

segment of the cell's gen~~".uld use P2 physical containment -

provided that the source of the DNA is itself not pathogeniC or 

known to carry pathogenic agents. or to produc~ products dangerous 

to plants. In such cases, the experiments should be carried out 

under P3 conditions. 

Experiments on recombinant DIfAa·. formed between the above vectors 

and DNAs from other species can also be c3rried out under P2 if 

that DNA has been highly purified and determined not to contain 

harmful genes. Otherwise, tJ\!L~~eriments should be carried out under 
-<..~-.. -:-

1'3 conditions 1£ the source ofche inserted DllA is not itself a 

. pathogen, or known to carry such pathogenic agents, or to produce 

-harmful products -"and under P4 conditions if these conditions are 

not met. 

The development and use of ~~cctor systems that exhibit a high 

level of biolo~ical containment permit a decrease of one step in 

the physical containment specified above (P4 + P3 + P2 + PI). 

<c> Fungal, or similar lower,eukarvotic host-vectors. 

The containment criteria for experiments on recombinant DNAs using 

these host-vectors most closely resemble those for prokaryotes, 

rather than the preceding eukaryotes t in that the host cells usually 

exhibit a capacity for dissemination outside the laboratory that 1s 
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similar to that for bacteria. We therefore consider that the con-

tainment guidelines given ~or experiments with E. coli Kl2 and 

other prokaryotic host-vectiiB (Sections IllB-I and -2, respectively) 

provide adequate direction for experiments with these lower eukaryotic 

host-vectors. This is particularly true at this time since the 

development of these host-vectors is presently in the speculative 

stage. 

IV. Responsibility 

The principal investigator has the responsibility for estimating the 

potential biohazards associated with the experiments on recombinant 

DNAs performed in the labo~~!!f~e. under her or his direction, for 

instituting the appropriate .aleguards within these laboratories, for 

developing procedures for minImIzing the effects of accidents, for 

, training and ensuring the proficiency of relevanc personnel in the 

application of these safeguarelaand procedures, fnr informing them 

of both the potential hazard.~aDd the basis on which these hazards 

have been estimated, and for maintaining these practices on a con-

tinuing basis. 

The experimental guidelines given here are to help the principal 

investigator determine the nature of the safeguards that should be 

implemented for experiments with different types of recombinant DNAs. 

Because the complexity of types is great, these guidelines are bound 
. -" 

to be incomplete in some reia~ds. Hence they arc not meant to sub-

s~itute for the investigator'. own evaluation of the containment conditions 
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required for each experiment~cc Whenever this evaluation calls for an 

increase in containment over that indicated in the guidelines, the in-

vestigator has the responsibi!ity for instituting such an increase. By 

contrast. the containment conditions should not be decreased over those 

~alled for in the guideli~;~tbout peer review (see Section V). 

The institution of appropriate safeguards includes a continuing control on 

containment procedures, on the effective operation of the physical contain-

ment facilities, and on those aspects of the genotype of the host-vectors 

that are relevant to the efi!ilical containment they provide. Although 

the data on the phenotypic characteristics of a given host-vector that 

determine its level of biological· containment usually will have been 

obtained in otller laboratories, the principal investigator has the responsi-

bility of being able to jU~lill the overall containment determination on 
;.,,~"~-" 

the basis of such data. Tba~is, it is not sufficient that he or she 

simply be assured by some other person of the determination of the con-

tainment level; rather, investigators should be or become sufficiently 

knowledgable to make their Q1fIldetermination. In addition, investigators 

have the responsibility of ~ertaining that the hosts and/or vectors 

exhibit the required genotype prior to their use in experiments with 

DNA recombinants in their laboratories. Such ascertainment generally 

involves a simple phenotypic test for each relevant mutation. 

v. Implementation 

lmplcmantation starts with the principal investigator's evaluation of 

the potential biohazards .associated with a given project and of the 

appropriate safeguards to be applied. To help in this evaluation and 
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application we recommend t~;/each institution or group of institutions 
~,~ ... 

where research on DNA rceaillnants takes place form a biohazard comnittee 

which would have the follow1ng two functions. The first and most usc-

ful function would be to serve as a source of advice and reference re-

garding: (1) the availability and quality of the safety equipment and 

laboratory installation m04.etLrequired for P3 and P4 physical containment, 

(2) the availability and level of biological containmant of different 

kinds of host-vector systems, (3) advice and reference regarding 

suitable training of personnel, and (4) more general data on the potential 
~~,,<~ 

biohazards associated with~ferent types of recombinant DNAs. To 

this end, each local biohazard committee should create a central 

reference file and library of catalogues, books, articles, news-

letters and other communications relevant to the above subjects. 

The.second, more formal fun~tion of this committee would be to examine 

the equipment and installations in laboratories Tequ1ring P3 or P4 phy-

sical containment, and, if tbey meet the requirements for such containment, 

to so certify. It is Dot the responsibility of the local committee to 

determine eithEr the scientitic quality or the containment conditions 

required for a given project. 

When in~estigators apply to an agency for funds to support research 

projects on recombinant DNA., or whenever tbey decide to initiate or 

significantly change research on recombinant DNAs under existing grants, .. ' 
they should provide the agency with the above certification (if the 

research rcquires P3 or P4 physical containment) along with a statemcnt 
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containing their evaluation of the potential biohazards and the 

containment conditions they will use for the proposed projects. 

The peer group reviewing the ~cientific merit of a research proposal 

for the agency will then make an independent evaluation of the potential 

'biohazards and determine ~er the proposed containment conditions 

provide the appropriate safeguards, using the guidelines given here 

as their basic reference. If the review group concludes that the 

safeguards are appropriate, the grant would be processed on the basis 

of scientific merit in the us»al fashion. If there is some question 
.,~;,~.-... 

concerning the adequacy of the ~ontainment capability that can not 

be resolved at this level, then the matter may be referred to an appro-

prlate committee. 

In those cases where the ~t1&ator wishes to initiate or signi-

ficantly change research on recombinant DNAs under existing grants, 

the agency can, without peer reView, make the decision to endorse this 

initiation or change. However,' if there is some question regarding 

the adequacy of the contaiU!hDt. capability that cannot be resolved at 
-.:;:; . 

this level. the matter should be refe~red to the initial review group. 
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