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if  so, how the  scientific uork coalC he En. 
dcflvkcn ui!h minjmal ri4.t to uorl.crr in 
Iaho:al@ricr. :o ihc  p u b k  a !brgc. and ;> 
the animal  and plant rprcicG chd:ing our 
w r y m n s .  

The FCW techniques. uhiclr pcrmit c ~ m -  
binmitin oi gcnc:ic inforxi t ion Croci icr) 
dilfcrcnt organisms. p l x c  LS in an L ~ C J  o f  
biology ui:h mzn! unknounr. €\e:: in :$c 

Asffornzr Conferewe 01: 
Retor;zbit-xwt DNA rvhAecuIes* 

Paul Berg, David Baltimorc, Sxdney Brcnner. 
Richard 0. R o b l i n  111. Maxine F. Singer 

1. lntrnducrion and Ccnrrnl Conclusions 

T h i s  meeting U-.JS oipanized to rcvieu 
scientific progress in rcxJrcl i  on rccomhi- 
n a n i  D S . 4  nioleculcc and IO dircuts appro- 
priate u:iyr 10 dcrl with ttic pxcn i i r l  
hiohsze:ds o r  I I I I \  work. I n i i w ~ s i v c  scicii- 
li6c achic\cnicnts ha re  XIrcJdy Iicen m;idc 
in th is  f~ r ld ,  3 r d  tIic\c tcclinaqucr liavc :a rc- 
marL;th!c potcnti.il h r  ii!rtlirrin; our un- 
dcrrtnnrlin!: of luiiJJiiicnlil hinchcniicrl 
p r o w w e \  in p;o- 2nd cul.ar)iitac cclls. 1 he 
UY or rccoinhinini llS,\ rncilicdulrtpy 
6 JUhL l Y 7 5  

promises to revolutionize the p r i c t i n  cf 
molcculir birlogy. Aldicw:b there hrr as 
yet been n o  practical rp$i:a;ion of I ~ C  
new tcchniqucr. ihc-e i s  cvcry r c a w n  to k- 
licbc that  the! uill have signifxznt prx- 
t i u l  utility in the ru!uic. 

Of particu1.w ionccm to thc  p.:r:i:ipJntr 
PI the mrcting was tCc irruc of *\:thcr the 
pmrc in cer'rin at;uctr or rctc:!rrh in this 
PICJ. cJllrd for hy the Coroimiitcc e n  Kc- 
mmbinznt  DSA h!dccul:r of thc XJ- 
t inni l  Acodim> or Scici ic ;~ 10 the lcttcr 
puhlirlicd in Jul: I974 (1; .  rliould cnd.and, 
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greater  at thc beginning and moilificd as 
improvements in the methodology occur 
and assessments of  the  &sks change. Fur. 
lhermorc. it was agreed that  there :ire ccr- 
lain experiments in which the potential 
risks a re  of siicli a serious nature that they 
ought not to bc done with presently avail- 
able  conlainnlent fxilitics. In  the lonaer 
term serioiis pmblcms may arise in the 
large-scale application of this method- 

.ology in industry. niedicinc. and agricul- 
ture. But it \\':is :ilso recognized th:it future 
research and cxperience may show that  
many of the potential biohazards a r c  leu 
rcrious and/or less probable th in  we now 
ruspec l  

XI. Principles Guiding the 

Rccommrndations and Conclusiuns 

Although oiir assessments of the risks 
involved with each of the various lines of 
research on recombinant DNA molecules 
may  d i r e r ,  few. if any. beliere that  this 
methodology is free from any risk. Rea- 
sonable principles Tor dealing with thesc 
potential risks are: (i) that containmeit  be 
made an  essential consident ion in the  ex- 
perimental dclign and  (ii) that the efTec- 
tivcncss of the containment should match. 
as closely IS possible, tbc ertimated risk. 
Conrequcntly. whatever scalc of risks is 
agreed upon. there should be a com- 
mensurate scale of containment. Es!imat- 
ing the  risks $\ill kd i f i i cu l r  and intuitive at  
firrt. but this will improve a s  we acquire 
additional knowledge; at cach stagc we 
shall have to match the potential rish with 
an appropriate level of cuntainmcnt. Ex- 
periments requirins large-scalc operatiocis 
would seem to be riskier than equivalent 
experiments done on a small wak and 
therefore rcquire morr  slriiigcnt contain- 
ment  procedures. T h e  use of cloning vehi- 
c l n  o r  \ ' m o r s  (plasmids. p h q r r )  and b x -  
terial hosts ui ih  a restricted copasit? to 
multiply outside of the 1abor:ttory would 
reduce !he potentid bioliarard c f  a partic- 
ular cxperimcnt. Thus. the ways in which 
potcnti:il h iuh . i i~ rds  and dilTcrent lcrels of 
cuntainincnt a r e  i iut ihcd m i y  bar? from 
t ime to time. pr t i cu la r ly  as the contain- 
nient technolot._) i \  irnprotcd. l h i  m u n s  
for  asbcssing and balancing risk3 with ap- 
propriate lcvcli of cantninmcnt xill need 
to be rccraniincd fronr time to time. I4opc- 

Tully. through Torinal a i d  inform.al chan- 
nels of informition within and LCtwm 
nations of the  world, the wry in which po- 
lential biohazards and Icvels of contain- 
ment are  malChbd woiild be consistent. 

Containment  of potentially bio- 
hazardous agents can be achieved in scv- 
era1 uays. T h e  most signifiwnt contrihu- 
lion IO limiting the spread or the rccombi- 
nant DN.A'r i s  the use of bioloRica1 har- 
riers. T h e w  barriers a r c  of two types' (i) 
fastidious bacterial hosts unable to survive 
in natural environments and  (ii) non- 
transmissible and eqiially fastidious vcc- 
ton (plmnids.  bdctcriophager, o r  other vi- 
rtiscs) able to grow only in specified hosts. 
Physical containment. exemplified by the 
UK of suitable hoods or. where applicable, 
limited access or negative pressure labon. 
torier. provider rn additional factor of 
safety. Particularly imporhn t  is strict ad- 
herence to good microbiological practicer 
which, to  a large measure. can limit the cs- 
cape of organisms from the experimental 
situation and  therehy increase the safety of 
the operation. Conrcqucntly. education 
and training of all personnel involved in 
the experiments is essential to the ell'cc- 
tivencss of all containment meuures .  I n  
practice. these clifrerent means of contain- 
ment will conip!tncnt one another and 
documented rubrlantiJl improvements in 
the ability IQ restrict tLc growth of bacte- 
rial hosts and vectors could permit modifi- 
cations of the crrmpl:mcntary physical 
containnicnt requi!cinents. 

Stringent physical containment and r i g  
ornus laboratory procedures can reduce 
but nut climinatc the possibility of spread. 
i n s  p t cn t id i ly  hazardour agents. There- 
fore. investigators relying upon "dir- 
armed" hosts an3 vcc!ors for additional 
s&y must rigurously t a t  the  e l k -  
tivcriess of t h o c  agents helore accepting 
their validity as biological barriers. 

111. Hn-nmmcndr!iriu lor >latching Types 

of Cuntainmcnt with Types of Experiments 

No classification o f  c r p r i m c n t s  as to 
risk and no XI o f c o n t ~ i n n i e n t  p rocdurcs  
can nnticipatc all situations. Given our  
present unier1ain:io about the h J t > i d s  
the pJranietcrs proposed hcrc are  bro:idly 
conceibed and meant to provide provi- 
sional guidelines for invertigaiors and 

agencies concerned with re\carch on 
combinant DNA's. iiowever. each inve. 
gator bears a responsibility Tor dctcrm 
ing whether. in his par t icuhr  CJ>U. spec 
circumstances warrant a Iiizher level 
containmen! than is suggested hcrc. 

A. Types of Cuntainmcnt 

1) Minimol risk. T h i s  type of con13 
mmt is intended for experimen!s in uh 
the  biohazards may he aicurJtcly asses 
and a r e  expected to be minimal. Such C(  

tainmcnt can be achieved by fdllcuing 
open t inp  proccd u res rcco m mended 
ctinirral microbiological laboratories. 
rential features of such facilities arc  
drinking. eating. or smokine in the Iabo 
toy. wearing laboratory coats in the w c  
area. the usc of cotion-pluegcd pipettes 
preferably mahan ica l  pipctting devic 
and prompt  disinfection of contamina 
materials. 

2) l o w  risk. This  level of containmen 
appropriate for experiments utiish ger 
are  novcl bictkpes but where the availa 
informstion indicates that the recambin 
DNA cannot dlter appreciably the e c d c  
cal behavior oT the rccipic?: species. 
~ r c a s e  significantly its pathogenicity. 
prevent elTcclive treatment of a n y  rcsuh 
infections. Tlie k q  icatures of lliis c 
tainmcnt (in addilion to the niinimd p 
ccdures mcntioncd above) arc a proh 
tion of  moutlk pipcttirlg. x c e s s  limited 
l a b r a l o r y  personnel. and thc use o f t  
lOgiCJl IJrcIy cabincls for procedL 
likely to produce acrulol, exam. 
blending and sonication) 1 hcluph exist 
vectors may hc used in ronjcr,ction Y 

low-rid: procedures. safer \cciors  ; 
hosts should be 3dopI:d 2 s  they hcco 
available. 

3) Modcrnrr rirk.  Such containrnect 
cilities are  intcnded for c~yc.nrr.znts 
which thcrc is a pro'vahiii!! \qf gecriat 
a n  agci!i with a sipnilicait pL*icnu~I 
pathogenicity o r  ccologkrl dibriiption.? 
principal Teaiurcs or this Ic(i.1 aC coni: 
mcnt. in addition to thosc r f  I I I C  t u o  F 
ceding c!a~sc,. arc thnt trJn:irr oyc.r~i i  
should be carried out  in tvsn!d<icdl SJ: 

cabinets (for eumplc .  I.iTiii.!r f 
hoods). glalcr should 1.c \.o:n d m n y  
handlinp. of ir,rectious m:I!c:I.!!J. VJcc 

lines nrp>t hc pratcclcd by 1)I::rs. 2nd r 
ativc pressure bhould bc ni.i:.itdincJ I" 

liniitrd accexs la boratorirr. >(L>:CWC 

pcrinicntr puriny a i n d a . i : c  rlA nl 
dun? only with vcctorr " n i l  h>l . i i  { h a .  
an apprici.i\il> irnp.iirctl <.I:ULII~ IO : 
pl-; out*:d~. o l i h e  lJb<lr.ii<nr\. 

4 )  :/,,.A r;;k,  7 hi, I c w I  31 c J n t J i r  
is intcndcd h r  rxpcrimc.r:r in  *htc 
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. potential for ccolopical disruption or path- 

-?enicily of thc niodificd organisni cnuld 
severe and thcrcby pore a scrious bio- 

hazard to laboratory pcrsonncl or tlic put-  
. lic. Thc main fcatorcs of this type of Iacil- 

ity. which was dcsigncd to contain highly 
infcctious microbiological agents. arc its 
irotation rrom otlicr a rws by air locks. a 
ncpative prcssurc environment. a rcquirc- 
mcnt for clothing chrngcs and rhnucrr for 
cnlcring personnel. and lahoratorics fit!cd 
with treatment systcms to inactiv;itc nr rc- 
move biological spent, Il,rt may be con- 
laminants i n  cxhau3r air and liquid and 
mlid wastcs. All vrsonr  occupying tlicsc 
areas should wcar protective laboratory 
clothing and showcr at sach cxit from the 

. containmcnt facility. The handling of 
agents should hc conilncd to bio!ogicd! 
wfcty cabinets in which tbc exhaust air is  
incinerated or p.isrcd through I -kpa  filters. 
I{igh.riik containment includes. i n  addi- 
tion to thc physical and proccdural f a -  
lurcs described above. the csc of rigorously 
tcstcd vectors and hosts whose growth can 
beconfined to the Isborstory. 

.. . 

.' 

. 

B.Typa of Eiprrinicnts 

Accurate cstiiiiitcs o f  the risks asso- 
ciatcd u i th  CifTcrcnt l p c s  o f  cxpcrin;cnts 
are difiicult to ohtain becausc o f  our igno- 
rance or thc prebdbiiity that the antici- 
pated dangers u,ill manifes; t l i cmsc l~c~.  
Ncvcrthclcss. capcrimcnts inrol\inp the 
construction and 1vop:gation of rccombi- 
nant DNA moleculcs using DNA's from 
(i) prokaryotes. baclcriophagcs. and other 
plasmids: (i i) aninral birures: and (iii) CY- 

karyotes havc been characlcrizcd as mini- 
mal, low. modcratc. and high risks to Euidc 
invcsti$alors in their choicc of the appro- 
priate contaiiinicnt. l l icsc dccignations 
should be vicucd as intcrim assignments 
which wil l need IO bc rcrircd upwdrd or 
downward in tlic light of future expcrirncc. 

l h c  recombinant DNA molcculcs t ! ie in-  
cclvcs. as distinct from ccIIs carrlinp. thcni. 
niay hc infcctious l o  baclcria nr hiplicr or- 
urns DNA prcp:irdtions froni t l i ~ z e  ex- 
W i i c n t s ,  p a r t i c u l ~ r l ~  in luge qudntitirs. 
s b l d  bc chcniicdlly inactivated bcforc 

~ ? ~ o l . a r . r o i t ~ s .  bairrriophajirs. and 
F p f o r n i i L ' I  \t'hcrc thc ccinnructitin 
o~ccomhin . in t  I>SA molecules and t l ic i r  
prop.qvtion inbo1r.c prnLaryotic aperds 
tliat are known to chchdnic r.enctic irifor- 
matinn naturally. tlic cxpcritiicnts can hc 
pcrrormcd in nii i i i t i i . t l .r i4 cont.itnnirnt 
facilitics. Wlicrc *tich crpr i r i icnts pn<c B 

potcntisl hw.ird. niotc <triiil:cnt contain- 
ment niay l ie wVitrr.iiitul. 

Fnwrimrnir  intolrir ic thc creatiiin ;ind 

, 

. 

. .  
propapalion of rccombinrnt DNA mole- 
cules lroni DNA's o f  spccicr that ordinar- 
i ly  do not crchanpc genetic inlormatian 
ecncratc novel biotypcs. Becausx such cx. 
pcrinicnts may pox'bioliarards greater 
than thosc associated u i t h  tlic original or. 
p n i s n i r  they should be performed. at 
least. in low-risk containment fscilitics. I f  
thc crpcrimcnts involve cithcr pathogcnic 
orranisms or genetic dctcrminants that 
may incrcasc the pathogcnicil? of the 
recipient spccics. or  i f  the transrcrred 
DNA can c o n k  upon thc rccipicnt orpa- 
nisms ncw metabolic activities not nativd 
to thcsc specicr and thereby modify i t s  
relationship with thc cnvironnicnt. then 
modcrdlc- or high-risk contsinmcnt should 
be uscd. 

Expcrimcntr crtcnding thc range of re- 
sistance o fc r t ib l i s l id  Iiiiman pAthogens to 
therapeutically u d u l  antibiotics or dis- 
infectants should be undcriaken only ttndcr 
modcratc- or high-risk containment. de- 
pending upon thc virulcticc or the organism 
involved. 

2) Aninral viruses. Experinrents in- 
voking linkage or viral p o n i e s  or gc- 
nome rcgmcnts to prokaryotic vcctors and 
thcir propagation in prokar)otic cells 
should be pcrrormcd only with rector-host 
rystcms having demonstrahly restricted 
growth capabilities outside thc laboratory 
and with niod:rate-risk containmcnt facili- 
t in.  Ritorourly purificd and chsrancrized 
sqnicnts of nononcogenic viral gcnomcs 
or of the demonstrably nontranrforminp 
rcgions of oiicogznic viral DNA's can he 
attached IO prcscntly ciisting vectors and 
propagated in modcrotc-ritk containmcnt 
facilitics: IS rafcr vector-host systems he- 
conic available such crpcrinicnts may hc 
pcrfnrmed i n  low-risk facilities. 

Expcrimcnts d o i p c d  IO introduce or 
propagate DNA from nonviral or othcr 
low-risk agents in animal cells should use 
only low-risk aninial DNA's as vectors 
(for cxnmplc. viral or mitochondrial). and 
manipul~t ionr should bc cnnfincd tn mod- 
cratc.ri4 containmcnt facilitics. 

3) Euhryorrs. The risks associated 
with joiniiip random rrspntcntr of cu- 
karyotc DNA to prular)otic DSA vect,irs 
and the prap.ig;liion of these rcconihin.int 
DSA's in prokaryotic hosts arc thc niost 
difficult to as>rss. 

A priori. thc DNA from uarni-hloodcd 
vcrtchratcs is morc I i L c l i  to contairi cryli. 
tic viral pcnomcr pntcntislly pJlhnfrni5 
fur m:in than is  the DNA froii i  other ell. 
Laryotcs. Conscqitcntly. i i i i c t i ip ts  to clone 
y.nicntr of PNA from nich animals wid 
prrticiil.trly prirnale ~rnnn ics  rhnultl tie 
pcrforirird oiily witt i  \ectnr.host syuunit 
haviril: clcttionrt t;ild) rc*trictctl 1:rowth cii- 
r d d i t i c s  outiidc tlic I d i o i a t o i y  mnd in a 

. .  

modcrate-risk containment facility. l l n t i l  
c l o n d  segmcnu or warm hlood vcrictiratc 
DNA are complctely characlcrired. thry 
should continue to be maintained in the 
most rcrtrictcd vcctor-host systcm in 
moderate-risk containmcnt laboratorics: 
uhcn such cloned sqnicnts arc characier- 
id. thc may k propagated as s u g g c d  
ibove for purified scgmcnts of virus pc- 
nomcs. 

Unlcss the orpanism makes a product 
known to be danpsrour (for ex;iriiplc. a 
toxin 01 virus). recombinmi Dh'A's fr:i;n 
cold-blooded vcrtcbrntes and a l l  other 
lower eukaryotes can he construrkd and 
propagated u,ith Ihc xafcst \ector-host sys- 
tcm aviilablc in lo%-rirk containnicnl rh- 
cilitics. 

Purified DSA rrom any source that per- 
forms known funciions'and can b: j u d p d  
to be nontoxic may bc c lowd wiili cur- 
rcntly availablc wctors in low-risk coa- 
tainment facilitics. (ToAic hcrc includes 
potentially oncorptic products or rub- 
stancesthat might pcrturh normal mct.it.o- 
lism if  produced in an dnimal or plmt 5) s 
resident microorganism.) 

4) Exprrinrcnis IO be dtfirrik l'hcre 
arc fcasiblc cxpcrimcnts whic!i prerei:t 
such serious dangcrs that tlicir pcrfcrlii. 
ancc should not bc cndertAlcn at this t i n # <  
n i th  the currently availablc r.ectnr.+uct 
systems and rlie prercnil! uvaihhlc c m -  
tainnlcnt cspahility. These iPcluJc the 
cloning o f  recomhin.!ni DSA's  Jc:i\cd 
from highly p:itliopnic orpanisxi (th.11 ic. 
Class I l l .  IV. and V etiologic ; I ~ I \  2% 

classified by the U.S. DrpJrlriiciit of 
Health. Education and R'clhre). UXA 
containing toxin gcncs. and ldrpsc.t!c CY-  

pcrimcnts (morc tlian IO lilcrs o: cult!.rc) 
using rccomhinsnt DSA's th-t arc ahle to 
make products potentially hsrnircl I,$ mil. 
animals. or pldnts. 
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tion that special hx tc r ia  an?' vecturs, 
which havc a rcrtristcd caplcity to multi- 
ply outside tlic I~lioratory. c:in be con- 
structed gcnetic.illy. 3nd. tht t  the u s ~  of 
these orp:inims could rnhincc thc rafcty 
of rccombin.int DNA cxperimcnts by 
many ordrrs of n q n i t u d c .  Experiments 
along thesc lincs arc prercntly in progress 
and. in thc near future. variants o f  A b x .  
tcriophagc. nontr:insniisrible pl.mnids. 
and special strains u f  Eschrrkhia ro/i wi l l  
hccome available. Al l  o f  thcsc vectors 
could rcducc the p ~ e n t i a l  biohazards by 
vcry large factors and improve the mcth- 
odolopy as well .  Other bcctor-host sys- 
tcms. particularly mudificd strains ot  Bo- 
rillvr rvbrilis and thcir relevant bwterio. 
phages and plasniids. may also be uscful 
for particular purpoics. Quitc posJibly safe 
and suitable vccton may be found for eu- 
kar)otic hosts such as yeast and readily 
cultured plant and animal cells. There is 
l ikely to be a continuous Ccvclnpmcnt in 
this arcil. and the participants at thc mcet- 
ing axrccd that  improved vector-host sys- 
tems which rcducc the biohazards of re- 
combinant D S 4  research w i l l  be made 
freely availjblc to al l  interested investiga- 
lors 

I?. Laboratory Procedures 

It i s  the clear reiponsibility o f  thc princi. 
pi1 inwstipatcr to inform the SUIT of the 
1abora:ory of the potential hazards of such 
experimcntr. lcforc they areinitiatcd. Free 
and open di,cussion i i necessary 50 that 
each individual participatins in the.expcri- 
ment h l l y  understands the nature of the 
experiment and m y  risk that might be in- 
tolved. All workers must be properly 
trained in the conlainrncnt procedures that  
are designed to control thc hazard. includ- 
ing cnierpcncy actions in the evcnt o f  a 
hazard. I t  is a h  rrsommchded that ap' 

proprbtc licalth surveillmcc or all pcrwn. 
nel. iiicludinfi seroli,l:ical monitorinp. bc 
conducted periodically. .. 

C. Education and Hcaruumcnt 

Research in this arc3 wil l develop vcry 
quickly. and tlte methods wil l be applicd tu 
many d i k r c n t  biological problcms. At  any 
givcn time i t  is  impoisiblc tu lore,cc the 
cntirc range of all pctcntial experiments 
and make judpmcnts on them. Thedore. 
i t  is cswntial to undertake a continuing rc- 
assessment or the problcms in the light of 
new scientific Lnowlcdee. This could be 
achieved by a scries of annual workshops 
and meetings. some of uhich should be at 
the international Icvcl. There should also 
be courses to train individuals in the rele- 
vant methods, since i t  i s  likely that the 
work wi l l  be taken up by laboratories 
which may not have had extensive cxperi- 
cncc in this area. High priority should also 
be given to research drat could improve 
and cvaluatr the containment cffectiwncss 
of new and existing vector-host sjstems. 

V. New Knowledge 

Thir documcni rcprcrrnts our first as- 
sessment o f  the potential biohawrdr in  the 
light o f  current knowledge. However. little 
i s  known about the surv iva l  of Idwratury 
strains of bacteria and bacteriophages in 
dilTerent ecological niches in the outside 
world. Ercn less i s  known rhout whether 
recombinant D N A  molccule~ M i l l  enhance 
or deprets the survival of their rectors and 
hosts in nilturc. These questions are lunda. 
mental to tlic testing of any new orgmisni 
thut inay be construcrcd. Research in this 
area nccds to bc undcrtsken and should be 
given high priority. I n  general, however. 
molccular biolopis!s ulio may construct 

. 

http://rccombin.int

