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A. Scone and Purcrosc 

1. Scop-. . These guidc1ice.s cover the  nodific,:-tion or’ p r o k a r y o t i c  
~il ti:. r 00 q p n  i s P.S by t1w i n t r o d u c t i o n  oE foreigr! g m e t i c  inforinnziol-. 
i?’Ltiiough tii.is docunc2nt has been prepared i n  r-c3s?ozs~ t o  E? r c c o r x c n l a t i o z  by 
‘ch? Cormittee ox Reconbbinznt DXA P!olecdes (Ezrg et. 2%. , Proc .  1:a.t. Acad. 
S e i .  ~ ’iJ3sh. 7 1 ,  2533, 1374)  t h a t  g u i d e l i n e s  50, devised f o r  ezperirricnts in- 
vol-iiing “ p o t n n t i a l l y  hazardous recombinant D X h  =o1ecules”, i t  i s  our  view 
tha; t h e r e  are c e r t a i n  o th2r  t y p e s  of g e n e t i c  nanigulatisn and r e c o n s t r u c t i o n  
ehz t  have s o  strong a l o g i c a l  k lnsh ip  t o  the  above t h a t  i t  Imu1d b e  a r t i f i -  
c i a l  to omit them. A t  i t s  b r o a d e s t ,  thei?, t h i s  d o c u i x n t  w i l l  dsal w i t h  a l l  
g e n e t i c  manipulat ions invo lv ing  the i n t r o d u c t i o n  i n t o  a p r o k a r y o t i c  species 
of g e n e t i c  ma te r i a l  t h a t  may o r  may n o t  be n a t i v e  t o  t h a t  species afid nay 
be u n l i k e l y  t o  be  acqu i r ed  by i t  i n  t h e  n a t u r a l  ecv i ronaen t .  

-- 

- 

For  t h e  purpose of  t h i s  d i s c u s s i o n ,  we xi11 r e f e r  t o  a microorganism 
whose genome has been a r t i f i c i a l l y  m o d j f i e d  by t h e  a d d i t i o n  of g e n e t i c  i n f a r -  
x a t i o n  t h a t  i s  f o r e i g n  to t h e  s p e c i e s  and u n l i k e l y  t o  be acqu i r ed  by i t  i n  
n a t u r e  asa  novel  recor;binant i i o  typ2 ( o r  n i c roo rgan l sns )  . A s  c u r r e n t  tech- 
nology invo lves  p r i r - a r i l y  the use of b a c t e r i a l  and p h g e  genoses as c a r r i e r s  
of f o r e i g n  DXA, t h i s  terz r e f e r s  p r i n a r r l y  t o  b a c t s r i a  c a r r y i n g  f o r e i g n  

phages o r  plasinids o r  t o  native phages: o r  plasmids t h a t  have had 

ganisrrs w i t h  f o r e i g n  DXA c a r r i e d  chronosozal ly ,  i t  excludes organisms 
produced from p r e - e x i s t i n g  ones by simple Ruta t ion .  

_I__L 

segments or’ f o r e i g n  DSA added i n  v i t r o .  rr \;nile i t  i n c l u d e s ,  a l s o ,  Kicroor- 
-II_ 

Thz l i z i t a t i o n  of 0x11 rzcormendations t o  p r o k a r y o t i c  organisrns i s  a 
practLcal one t 5 a t  i s  1Lc:ated by  c u r r e n t  l i x i t s  of  technology and of avail- 
a b l e  i n f o r n a t i o n .  These guiclel ines  can and should be extfnded t o  e u k a r y o t i c  
n i c r o o r g a n i s x s  i f  and :*iheZ t hose  n o d i f i c a t i a n s  a long  s i m i l a r  l i n e s  become 
f e a s i b l e .  

2. Purpose,  The p u r p o s s  of  t h i s  d o c u i s n t  is  two-fold: f i rs t  t o  e x p l o r e  
and d e t a i l  t h e  p o t e n t i a l  biohazards poscd by a i.7ide v a r i e t y  of classes of 
experiments i nvo lv ing  recozd~-Lnant nicroorganisms s o  as t o  raise t h e  g e n e r a l  
l eve i  of awareness of t h e s e  biohazards;  and second, t o  make a v a i l a b l s  sugges- 
t i o n s  f o r  d m l i n g  wi th  po tenc ia1  b iohaza rds  s o  t h a t  t h e  i n d i v i d u a l  need not  
rely e n - t i r c l y  upon h i s  o r  h e r  owm judgment. 

Thus, i t  i s  hoped t h a t  t h e  p r i n c i p l e  w i l l  be e s t a b l i s h e d  t h a t  an open 
e w l u a t i o n  of biohazard p o t e n t i a l  and t h e  adopt ion of an a p p r o p r i a t e  biohazard 
n i n i n i z a t i o n  procezure will be an i n t e g r a l  p a r t  of e x p e r i m n t s  d e a l i n g  w i t h  
g e n e t i c a l l y  a l t e r e d  microorganisms. Once t h i s  p r i n c i p l e  is  accep ted ,  a set  
of g u i d e l i n e s  developed by an open, c o l l e c t i v e  p rocess  t h a t  has t aken  iwto 
c o n s i d c r a t i o n  the gamut oE p o t e n t i a l l y  c o n f l i c t i n g  i n t e r e s t s  vi11 s e r v e  t o  
eniinnce t h e  s a f e t y  and e f l e c t i v e n e s s  of  t h i s  l i n e  of rese2-rch r a t h e r  t han  t o  
in t l e r f e rc  with f l e e d o n  of s c i e n t i f i c  i n q u i r y ,  as has bsen f e a r e d .  



hive involved t h e  a t t a c l m s n t  of a DXk segnent t o  a func t iona l  extrachromo- 
somal r e p l i c o n  of b a c t e r i a l  o r i g i n  ( a  plasxid o r  i: bacter iophage genome) a d  
t h e  i n t r o d u c t i o n  of t h e  recombinant moleculs i n t o  2 s u i  t a b l e  b a c t e r i a l  h o s t  
c e l l  where lit r e p l i c a t e s  autonomously, s e r v i n g  t o  c lone t h e  added DNA segriieilt. 
It i s  a l r e a d y  c e r t a i n  t h a t  DNA from euka ryo t i c  as ::ell as f r o 2  p r o k a r y o t i c  
sou rces  can thus  be  r e p l i c a t e d  and t r a n s c r i b e d  i n  b a c t e r i a l  h o s t s .  
i t  i s  n o t  y e t  known whether o r  n o t  euka ryo t i c  DSA- can be f a i t h f u l l y  t r a n s l a t e d  
i n  b a c t e r i a ,  t h e  consensus i s  t h a t  any b a r r i e r s  t o  r r a n s l a t i o n  c o d d  be  by- 
passed by r e l a t i v e l y  s t r a i g h t f o r w a r d  manipulat ions.  

Although 

T h i s  new technology t h u s  c o n s t i t u t e s  a major breakthrough i n  molecular  
biology and g i v e s  r ise t o  t h e  p o s s i b i l i t y  of important  advances i n  a t  least  
f o u r  areas: (1) fundamental knowledge of  gene s t r u c t u r e ,  o r g a n i z a t i o n ,  and 
f u n c t i o n ;  (2)  genotypic  modificat5on of p l a n t s  o r  a n i c a l s  t o  i c p r o v e  t h e i r  
u s e f u l n e s s  t o  man (e.g. ,  t h e  development of n i t rogen- f ix ing  non-leguminous 
p l a n t s ) ;  ( 3 )  c o n s t r u c t i o n  of b a c t e r i a  o r  o t h e r  scch organisms &le to produce 
rare and medica l ly  v a l u a b l e  b i o l o g i c a l  substances such as i n s u l i n ,  growth hor- 
mone, e t c . ;  and ( 4 )  g e n e t i c  r e s t i t u t i o n  of hcman h e r e d i t a r y  d i s e a s e s .  

A s  w i t h  o t h e r  major t e c h n o l o g i c a l  and s c i e n t i f i c  advances, gene g r a f t i n g  
e n t a i l s  (along w i t h  i t s  great: p o t e n t i a l  b e n e f i t s )  a t  least  t h e  p o t e n t i a l  of 
s e r i o u s  and o f t e n  u n p r e d i c t a b l e  adve r se  consequences. h o n g  t h e s e  are bio- 
haza rds  t h a t  might r e s u l t  from t h e  i n t e n t i o n a l  o r  u n i n t e n t i o n a l  release i n t o  
t h e  environment of microorganisms c a r r y i n g  novel  combinations of genes t h a t  
have never e x i s t e d  b e f o r e  and are ve ry  u n l i k e l y  t o  arise i n  t h 2  cour se  of 
n a t u r a l  evo lu t ion .  These biohazards would r e s u l t ,  b a s i c a l l y ,  f r o n  modifica- 
t i o n  of t h e  r e l a t i o n s h i p  between t h e  organism and i t s  environment - t h e  gene- 
t i c a l l y  modified organism might b e  a b l e  t o  occupy new e c o l o g i c a l  n i c h e s  or  t o  
f u n c t i o n  i n  a nove l  way w i t h i n  i ts  n o m a 1  environment, o r  both.  One important  
s u b c l a s s  of  t h e s e  b iohaza rds  would invo lve  a n  i n c r e a s e  i n  t h e  a b i l i t y  of a 
microorganism t o  cause human d i s e a s e ,  i nc lud ing  enhanced pa thogen ic i ty  as well 
as i n c r e a s e d  r e s i s t a n c e  t o  e r a d i c a t i o n  o r  t reatment .  

These p o s s i b i l i t i e s  have g iven  rise t o  a s i g n i f i c a n t  l eve l  of concern 
among t h e  g e n e r a l  p u b l i c  as w e l l  as w i t h i n  t h e  s c i e n t i f i c  con-aunity as t h e r e  
i s  ample p receden t  f o r  t h e  fear t h a t  t h e  a c c i d e n t a l  i n t r o d u c t i o n  of organisms 
i n t o  new environments may have u n c o n t r o l l a b l e  and sometir;l.es d ramz t i c  untoward 
consequences. A s  examples of t h i s ,  one might p o i n t  t o  f i r e  a n t s ,  k i l l e r  bees ,  
mudfish, s n a i l s ,  Xenopus toads  and t o  Chestnut b l i g h t  and Dutch e l m  d i s e a s e .  
More germane, perhaps.  t o  t h e  p r e s e n t  document is  t h e  s e r i o u s  biohazard inhe- 
rent  i n  t h e  a s t o n i s h i n g  sp read  i n  t h e  space of a mere 30 years of b a c t e r i a l  
plasmids c a r r y i n g  r e s i s t a n c e  t o  a n t i b i o t i c s  consequent to t h e  vast  overuse and 
misuse of  t h e s e  v a l u a b l e  t h e r a p e u t i c  agents .*  The r e c e n t  -- de novo appearance 
of such plasmids i n  Hemophilus i n f l u e n z a e  and Streptococcus s p e c i e s  sugges t s  
t h a t  t h e i r  sp read  may by now have encompassed b a c t e r i a l  s p e c i e s  t o  which they 
were never n a t i v e  b e f o r e  t h e  p r e s e n t  era. 

The worry over  p o s s i b i l i t i e s  such as t h e s e  i s  n o t  new; i t  h a s  been ex- 
pres sed  through l e g i s l a t i o n  t o  p reven t  t h e  t r a n s p o r t a t i o n  of  c e r t a i n  p l a n t  and 

-X For documentation see, f o r  example, t h e  Report of t he  J o i n t  Cornnittee on t h e  
Use of A n t i b i o t i c s  i n  Animal Husbandry and Ve te r ina ry  Sfedicine (Chairman: 
S i r  M. PI. Swann) HNSO London, 1969 
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Concern ove r  pote? ; l t i a l  biohazards of novel  ni croorgacisms produced by 
in v i t r o  g e n s t i c  r e c o n s t r u c t i o a  was f i r s t  a r t i c u l a t e d  p u b l i c l y  i n  a r e p a r t  
by a group of  d i s t i n g u i s h e d  s c i e n t i s t s ,  t h e  C o m i t t e z  on Recox3inant DSA 
z o t e c u l s s ,  pub1ished i n  the  Proceecl_ings 05 the I ' h t i o r a l  Acad. of S e i .  U . S .  
(71:2593, -- 1 9 7 4 ) ,  . i n  t h e  s u m e r  of  1974.  I n  t h i s  r e p o r t ,  t h e  Committee 
urged t h a t  a set  of g u i d e l i n e s  3e developed t o  a i d  i n d i v i d u a l  s c i e n t i s t s  t o  
per fo-m s a f e l y  experiments i nvo lv ing  t h e  product ion and s tudy  oE novel  reconbi- 
n a n t  microorganisns .  These g u i d e l i n e s  s~ou l i i  h e l p  i n  t h e  assessxat of Z h e  
deg ree  of danger involved a r ~ d  \%iould recomxend cox-?znsurate p recau t ions .  As a 
p r e l i m i n a r y  o.ove, t h e  C o r n i t t e e  recormended a vo lun ta ry  termporary d e f e r r a l  f o r  
t w o  t ypes  of experiments and recorxended t h a t  a t h i r d  be performed wi th  cail t ion,  
u n t i l  thn, appropr i ace  g u i d e l i n e s  were developed. 

-- 

It appears  t h a t  t h i s  d e f e r r a l  was l e r g e l y  s u c c e s s f u l  and t h a t  t h e  l e t t e r  
had t h e  in t ended  e f f e c t  of s e t t i n g  i n  n o t i o n  a nuiaber of inde?endznt i n q u i r i e s  
t o  d e a l  w i t h  t h e  problem. One of  t h e s e  h a s  a l r e a d y  come t o  f r u i t i o n  i n  t h e  
f o r a  of a r e p o r t ,  da t ed  DZC.  13, 1 9 7 4 ,  t o  t h e  B r i t i s h  Pa r l i amen t  by a "working 
p a r t y  on t h e  expe r imen ta l  manipulat ion of t h e  g e n e t i c  composition of micro- 
organisms" under t h e  chairmanship of Lord Ashby. Th i s  r e p o r t  c o n t a i n s  a v e r y  
t h o u g h t f u l  a n a l y s i s  of the p o t e n t i a l  b e n e f i t s  and hzzards  a t t e n d a n t  upon gene 
g r a f t i n g  r e s e a r c h  and o u t l i n e s  vz ry  b r i e f l y  a set  of  broad r e c o m e n d a t i o n s .  

The p r e s e n t  document i s  i n  agreement w i t h  t h e  p h i l o s o p h i c a l  p o s i t i o n  of 
t h e  B r i t i s h  r e p o r t  and i s  o f f e r e d  a s  a sone;ahat more d e t a i l e d  a n a l y s i s  of ex-  
per imen ta l  systems i n t e n d i n g  t o  p rov ide  a n  e x p l i c i t  set of working g u i d e l i n e s  
f o r  e x p e r i n e n t a t i o n  i n  t h i s  f i e l d .  The two documents w i l l  t hus  be  seen as 
conplementary t o  one a n o t h e r ,  and t h e i r  j o i n t  e f f e c t  w i l l  b e  t o  r e p l a c e  t h e  
moratorium w i t h  s p e c i f i c  recom.endations as urged i n  t h e  NAS C o r n i t t e e  l e t te r .  

C. P r i n c i p l e s  _I_ 

The p h i l o s o p h i c a l  p o s i t i o n  unde r ly ing  t h i s  p roposa l  and i t s  c o n t e n t s  is  
b e s t  expres sed  i n  t h e  form of a set  of b a s i c  p r i n c i p l e s ,  some of which are 
c l e a r l y  e s t a b l i s h e d  as f a c t s ,  w h i l e  o t h e r s  nay b e  regarded as assumptions: 

1. Since  man hes  some Lieasure of  c o n t r o l  over  h i s  a c t i o n s ,  t h e r e  i s  an 
o p e r a t i o n a l  dichotomy between t h e  a c t i v i t i e s  of man and t h e  p rocesses  of t h e  
n a t u r a l  world. The d i s t i n c t i o n  between "man-made'' and "na tu ra l "  i s  t h e r e f o r e  
meaningful and c o n t r o l  of t h e  former i s  bo th  worthwhile and p o s s i b l e .  

2 .  It is  p o s s i b l e  t o  modify profoundly t h e  genome of a (micro) organism 
by a r t i f i c i a l  Ineans i n v o l v i n g  t h e  -1_1_ i n  v i t r o  j o i n i n g  of u n r e l a t e d  DXA segments. 
Such m o d i f i c a t i o n s  may Find expres s ion  i n  t h e  organism's  pheno+,& L v D e  as well as 
i n  i t s  g c n e t i c  c o n s t i t u t i o n .  

3. Mod-ified (micro) organisms may behave i n  an u n p r e d i c t a b l e  manner w i t h  
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In view of the foregoing ,  a set of b a s i c  q u e s t i o x  z a y  b e  posed, L ~ U C ~  t h i s  
p r o p o s a l  i s  a r a t h s r  e l z b o r a t e  a t t e n p t  to ansrrer: Is i t  o r  T.5; i.t n o t  p o s s i b l e  
t o  evaluate 2. p o t e n t i d .  bio'nazard'? i . e . ,  Em? l i k e l y  i s  it i n  : m y  particular 
case that f o r e s e e a b l e  o r  unf:orzeeable adverse  consequscces w i l l  f o l l o ~  t h e  re- 
lease  o f a nov?l  recoin':,inar,c organism i n t o  t h e  envLrox?.ent? O r ,  a l t e r n n t i v e l y  , 
g r a n t i n 2  t h e  p o s s i b i l l t y  of zdverse consequences,  how l i k e l y  La i t  that a po- 
t e n t i a l l y  hazardous b u t  s c i e n t i f i c a l l y  u s e f u l  exper imenta l  systcn! car. be co~ . -  
t a i n  e d ? 

I n  genera l  terms, t h e  v i n i i  to be  develoged h z r e  i s  that (a) i t  i s  o f t e n  
possible t c  e v a l u a t e  to  a greater o r  less-r e x t e n t  (but r a r e l y ,  i f  e v e r ,  fii1l.v) 
t h e  p o t e n t i 2 1  b iohazard  a s s o c i z t e d  v i t h  c3p.l; zove l  b io type ;  
possible t o  ensu re  a b s o l u t e  contzinF.ent; b u t  ( c )  i t  is o f t e n  p o s s i b l e  t o  reduce 
a potep-ti.<?!- b iohazard  t o  an  accept:~~,Sle lev21 of r i s k  wi thou t  s e r i o u s l y  conpromi- 
s.Lng a n  exper imenta l  sys tern. 

(b) i t  i s  never 
..-- 

Consequently,  our reconcendationc, .i.ii 11 bs based cpon the f o l l o v i n g  con- 
s l d e r a 2 i o n s  : 

(a) While it i s  n o t  p o s s i b l e  t o  ensrrrz &sol-ute containriient, i t  is p o s s i -  
b l e  t o  develop containzieilt p rocedures  tha;  are e f f e c t i v e  a t  v a r i o u s  levels  of 
s t r i n g e c c y .  

(b)  The re fo re ,  Where r i t  i s  judged t h a t  t 'n? esczpe of ever1 a s m a l l  nrinbeu 
of cxperi .men t n l  org2Qism.s \>70Li ld  c o n s t i  tutr-. a seriorrs b lohazerd ,  
should n o t  b e  a"iep2ted. 

t'r-le expe r inen t  
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(e) Finali.;;, ii n u s t  be s t ressed  that whi lc  t h i s  set of g u i d e l i n e s  i s  
des.i-gned to h e l p  tlie i.nves t i g a t o r  p e r f o m  responsibly and w i t h  confidence 
t i ioS2 experiments deemed s:if f i c i e n t l y  important  to j u s t i f y  s$hatever r i s k  may 
5c  involved.  These guidelines are n o t  intended as a l i c - znse  to do unrestrictsd 
e-i,periraectat-ioir in t h f s  area. ExperiEents involv ing  th-2 c o n s t r u c t i x  of  poten-  
r-inl:Ly ha.zar&us novel recombinant b i o t y p e s  should I i O t  be  u%dertak.cn casual ly  
even rji th-in t h e  containment framework a p p r o p r i a t e  f o r  thc l eve l  of risk in-dolved. 



A f t e r  dcc id ing  t o  Cons'irLict a g s n e z i c a l l y  a l t n r 2 d  microorganism, an i.nvzs- 
t i g i l t o r  sboulcl consider each of t hz  follos-ririg p i n t s  in d e c i d h g  on a n  app-ropriaj-e 
c l a s s i f i c a t i o n  T o r  t h e  experim2n.t t o  de termins t h e  t y p e  02 conta innent  necessa ry .  

2 S p e c i f i c  Cons idera t ions  

a. Y o t e n t i d  for A l t e r a t i o n  of  Pa thogen ic i ty .  - 
For c u r  purposes ,  pa thogen ic i ty  and v i r u l e n c e  are deEined s i m i l a r l y  as t he  

( I  c a p a c i t y  t o  cause disease".  
involved?  
g e n i c i t y ?  
c i t y  is  used t o  c o n s t r u c t  a recombinant DEL4 molecule, then it is  p e r t i n e n t  tu ask: 

Hot7 g r e a t  i s  t h e  knom pa thogen ic i ty  of thhe organisnls 
W i l l  t h e  g e n e t i c  manipula t ion  contemplated cause an i n c r e a s e  in patho- 
I f  g e m t i c  i n f o m a t i o n  s p e c i f y i n g  t r a i t s  thaL c o z t r i b u t e  t o  patIrogeni- 

i) 
ii) 

Is t h e  ecology or  r e s e r v o i r  of t h e  v i r u l e n c e  gen2s be ing  changed? 
Do t h e s e  v i r u l e n c e  genes occur  n a t u r a l l y  i n  the 2onor and r e c i p i e n t  
species i n  t h e  g e n e r a l  envi ronnent ,  i n  t h e  l o c a l  environment o r  in 
bo th?  
\&.at i s  t h e  p o t e n t i a l  f o r  t h e  t r ansmiss ion  of these virulence genes 
frorn t h e  modified o r g a n i s n  t o  o t h e r  microorganisms? 

i i i )  

b .) P o t e n t i a l  f o r  Disseminat ion.  

I f  t h e  g e n e t i c a l l y  a l t e r e d  microorganis3  i s  pathogenic ,  can growth b e  con- 
If a n t i -  t r o l l e d  b y  a E t i b i o t i c s  cus tomar i ly  used a g a i n s t  t h e  r e c i p i e n t  s t r a i n ?  

b i o t i c  r e s i s t a n c e  is s p e c i f i e d  by  t h s  r e c o d i n a n t  DNA, i s  t h i s  r e s i s t a n c e  t o  a 
drug  of cho ice  for t r ea tmen t  of infec"tons by t h s  microorganism? Is i t  a drug  
f o r  which r e s i s t a n c e  is  commonly expressed  by t h e  r e c i p i e n t  organism? Is t h i s  
drug  resistance phenotype comon  l o c a l l y  Do 
t h e  dor.or and r e c i p i e n t  s p e c i e s  n a t u r a l l y  exchange g e n e t i c  information? Ifhat is  
t h e  p o t e n t i a l  f o r  i n t e r c e l l u l a r  sp read  of t h e  DNA chizllera? 
DNA t o  c o n s t r u c t  recombinant m o l e c d e s ,  do plasmids s p e c i f y  con juga l  gene t r a n s -  
fer? A r e  t h e  recombinant DNA rcolecules normally r e s t r i c t e d  t o  an i n t r a c e l l u l a r  
e x i s t e n c e  ( a s  wi th  plasmids)  o r  do they  normally p e r s i s t  e x t r a c e l l u l a r l y  as  en- 
capsu la t ed  phage p a r t i c l e s ?  Is the  r e c i p i e n t  lysogenic?  Does t h e  r e c i p i e n t  
possess  plasmids ( c r y p t i c ,  con juga t ive  o r  non-conjugative,  acltononous o r  i n t e -  
g r a t e d ) ?  A r e  t h e  ch imer ic  DNA molecules l i k e l y  t o  reconbin2 by n a t u r a l  means 
wi th  o t h e r  g e n e t i c  material p r e s e n t  i n  the r e c i p i e n t  spec ie s?  Is t h e  r econb i -  
nant DNA l i k e l y  t o  undergo g e n e t i c  a l t e r a t i o n  i n  i t s  new host t h a t  may a f f e c t  
i ts b i o l o g i c a l  p o t e n t i a l ?  

among microorganisms of  this type? 

Ifhen us ing  plasmid 

c. ' P o t e n t i a l  f o r  A l t e r a t i o n  of  E c o l o ~ .  

For our  purposes ,  e c o l o g i c a l  p o t e n t i a l  is  def ined  as  t h e  a b i l i t y  t o  occupy 
eco log ica l  h a b i t a t s  and t h e  a b i l i t y  t o  a l te r  t h e  l o c a l  ecosys tea .  Do t h e  donor 
and r e c j p i e n t  organisms s h a r e  a comon h a b i r a t ?  
phenocypic p r o p e r t i e s  which, i f  expressed  i n  the  r e c i p i e n t ,  might s u b s t a n t i a l l y  
a l te r  t h e  e c o l o g i c a l  p o t e n t i a l  of t h e  r e c i p i e n t ?  13511 t h e  g e n e t i c a l l y  a l t e r e d  
microorganism possess any unique metabol ic  p r o p e r t i e s  t h a t  w i l l  a l t e r  t h e  l o c a l  
ecosystein? 

Does the  donor  organism possess 

Is it: l i k e l y  t h a t  t h e  normal e c o l o g i c a l  h a b i t a t  of t h e  r e c i p i e n t  w i l l  



f Availab-if i ty  of Genet ic  InformatLon About OrganisEs I x - ; ~  l-z.:J. -_-- 
HOW well c h a r a c t e r i z e d  are t h e  organisms? EIave they  beer, ~ s o  !;rtCfLf r e c e n t l y  

or  are they  wel l -s tudied l a b o r a t o r y  s t r a i n s ?  

3 .  General  Considerat ions 

€3. Classes o €  Experiments 
_I 

f o l l o w i n g  c o n d i t i o n s  m i i s C  be f u l f i l l e d :  



a.  

b.  

C .  

d .  

e. 

The ps thogenic i ty  of t h e  donor and r e c i p i e n t  o r g a n i s m  is  
minimal and is krio-m t o  be uac'nanged by the procedure i n  
ques t ion ,  and 
It i s  known t h a t  d i sseminat ion  of the organisms involved 
i s  fully and e a s i l y  c o n t r o l l a b l e ,  and 
All DNA s p e c i e s  involved are xel l  c h a r a c t e r i z e d  and t h e i r  
gene t i c  p r o p e r t i e s  are v:.;ell understood, and 
T h e  experiment does no t  a l t e r  the  e c o l o g i c a l  p o t e n t i a l  of 
t h e  r e c i p i e n t  compared t o  o t h e r  s t r a i n s  of the sane species, 
and 
The genotypic and phenotypic p r o p e r t i e s  under s tudy  occur  
n a t u r a l l y  i n  t h e  r e c i p i e n t  spec ie s  or can be  r e a d i l y  t r ans -  
mi t t ed  t o  s t r a i n s  of t h e  r e c i p i e n t  s p e c i e s .  

E x a q l e s  of Class I Experiment: Gene t r a n s f e r  o r  g e n e t i c  recombinat ion 
between l a b o r a t o r y  s t r a i n s  of  Esche r i ch ia  c o l i  such as S-12, B,  C and 15. 
Th i s  i n c l u d e s  conjugal  t r a n s f e r  by I?, F'-containing and Hfr donors. See 
Appendix B f o r  a d d i t i o n a l  exanples .  

2. Class I1 exper i aen t :  Class I1 inc ludes  experiments i n  which t h e  b iohazards  
can  be  reasonably assessed  and from what i s  known about  t hen  one can expec t  them 
t o  b e  minimal. More s p e c i f i c a l l y ,  all of t h e  follo-cring c o n d i t i o n s  must be  f u l -  
f i l l e d  : 

a. The s p e c i e s  used t o  c o n s t r u c t  t h e  g e n e t i c a l l y  a l t e r e d  micro- 
organism have e i t h e r  low o r  moderate pa thogen ic i ty  similar to 
t h a t  expressed by Salmonella ty-phimur&in, Staphylococcus au reus  
o r  HaemoDhilus in f luenzae .  and 

b. The g e n e t i c  material used t o  cons t ruc t  t h e  a l t e r e d  microorganism 
is  der ived  from organfsms known t o  be  capable  of t r a n s m i t t i n g  
g e n s t i c  i n f o r n a t i o n  t o  t h e  r e c i p i e n t ,  and 
The g e n e t i c a l l y  a l t e r e d  microorganism should no t  have e c o l o g i c a l  
p o t e n t i a l s  g r e a t e r  t han  can  b e  conferred as a consequence of 
normally occur r ing  g e n e t i c  exchange processes ,  and 
The g e n e t i c a l l y  a l t e r e d  microorganism does n o t  c o n t a i n  g e n e t i c  
in format ion  t h a t  would prevent  e f f e c t i v e  t rea tment  of i n f e c t i o n s  
caused by i t .  

e. 

d .  

It should be  noted t h a t  i n  sone i m t a n c e s  an  organism s e r v i n g  as a DXA donor 
may have a g r e a t e r  p o t e n t i a l  e i t h e r  t o  e x h i b i t  pa thogen ic i ty  o r  t o  occupy unique 
e c o l o g i c a l  h a b i t a t s  t han  t h e  recipieot organisms and hence poses  a g r e a t e r  poten- 
t i a l  b iohazard  than  t h e  r e c i p i e n t .  I n  t h i s  event  i t  i s  t h e  p o t e n t i a l  b iohazards  
a s s o c i a t e d  wi th  the  donor of t h e  DNA t h a t  determines t h e  c l a s s i f i c a t i o n  of t h e  
experiment.  

Examples of Class I1 Experiment: The c o n s t r u c t i o n  of rccoabinant  molecules 
e i t h e r  i n  v i t r o  o r  -- i n  v ivo  between R and F' plasiaids,  between Col and F' plasmids,  
between C o l  and F' plasmids o r  between bacter iophage X and a Col o r  R plasmid 
when in t roduced  i n t o  E.  - -  c o l i .  

-___ 

See Appendix B f o r  a d d i t i o n a l  examples. 

Classes 111, IV and V Experiments i nc lude :  

(i) 
r e c i p i e n t  organisms t h a t  o r d i n a r i l y  do not  - exchange g e n e t i c  in format ion  and 

all. c o n s t r u c t i o n s  of g e n e t i c a l l y  a l t e r e d  microorganisms which use donor and 



a .  Ti? recorrbincnt: C N ~ ~  : J i l l  c o t  c o n t r i b u t e  signlficzntly 
ir izreased paEhogenizity t o  the r e c i p i e n z ,  n o r  s i g n i f i -  
c a n t l y  d t e r  irs e c o l o g i c a l  p o t e n t i a l ,  and 

b. Pa thogen ic l ry  of tt.5 g e n e t i c a l l y  a l t e r e d  nicroorganis ia  
o r  i t s  p z r e n t s  i s  m i n i m a l  (e ,g .  
- E. -- c o l i )  o r  moderate (e .g . ,  5. - t y p h i n u r i u s ) ,  b u t  n o t  
s e v e r e  (e.g., Y, p e s t i s ) ,  and 
?Tie g e n e t i c a l l y  a l t e r e d  microorganism does c o t  c o n t a i n  
in fo rma t ion  that +Todd p reven t  e f f e c t i v e  treatment of 
i n f e c t i o n s  caused by i t .  

- B. s u 3 t i l i s ) ,  1 x 7  (e.g.  , 

- -- 
C .  

Exarriyles of Class III Exgeriment: Cons t ruc t ion  of a h y b r i d  p.Lasmid o r  phage 
that  i n c l u d e s  an a n t i b i o t i c  r e s i s t a n c e  gens &rived  f r o =  S -  aureus when in t r aduced  
i n t o  E.  c o l i  so long as genes conferr i r rg  r e s i s t a n c e  t o  t h a t  a n t i b i o t i c  are found 
i n  - E. c o l i .  
genes f r o m  Xenopus l a e v i s  o r  random f r a m e n t s  of Drosophi la  E e l a n g a s t e r  DXA when 
in t roduced  i n t o  E. c o l i .  See Appendix B f o r  add i t iona l -  examples. 

I -~ 
- -9 

Cons t ruc t ion  of a hybr id  plasmid o r  phage t h a t  i n c l u d e s  r i b o s o m l  

- -  

4 .  Class LV Experinent :  Class I V ,  l i k e  Glass 111, i n c l u d e s  e q e r i m e n t s  i n  which 
t h e  b iohaza rds  are u s u a l l y  unknown, and cannot  be  a c c u r a t e l y  a s ses sed ,  b u t  because 
of the known genotrypic and /o r  phenotypic p r o p e r t i e s  of  t h e  DNA and/or organisms 
used t o  c o n s t r u c t  the g e n e t i c a l l y  a l t e r e d  microorganism, they  are judged t o  b e  
p o t e n t i a l l y  s i g n i f i c a n t  i n  a f f e c t i n g  e i t h e r  t h e  e c o l o g i c  p o t e n t i a l  o r  pathogeni- 
city o f  t h e  r e c i p i e n t  organism. 

--- 

Exazples of Class IV Experiment: Cons t ruc t ion  oE a h y b r i d  bekween random 

C o n s t r u c t i o n o f  h y b r i d s  between random DNA f r a g m n t s  from normal human 
DNA f r a g w n t s  f r o n  S. p y ~ g e n e s  and an F ' l a c  plasmid and its i n t r o d u c t i o n  i n t o  E.  
c o l i .  
f i b r o b l a s t s  and an E. c o l i  plasmid or phage when in t roduced  izito E. c o l i .  Con- 
s t r u c t i o n  of a hybr id  between e i t h e r  J. o r  plasmid DXA and the genes s p e c i f y i n g  
synthes is  of c e l l u l a s e  and/or l i g n i n a s z  from Polyporus annosus and i t s  in t roduc -  
t i o n  i n t o  E. c o l i .  See Appendix B f o r  a d d i t i o n a l  examples. 

- ~ 

- _ _  - -  

- -  
5. Class V E q e r i m z n t :  Class V also i n c l u d e s  e i q e r i m e n t s  i n  which t h e  b iohaza rds  
are u s u a l l y  uDknuwn, but  because of  t h e  known geno typ ic  and /o r  phenotiypic proper- 
ties oE t h e  DSA and /o r  t h e  organisms used i n  t h e  c o n s t r u c t i o n  of t h e  g e n e t i c a l l y  
a l t a r e d  microorganism, they  are judged to  be severe i n  a f f e c t i n g  e i t h e r  t h e  ecolo- 
g i c a l  p o t e n t i a l  o r  p a t h o g e n i c i t y  of the r e c i p i e n t  organism. 

Examples of Class V Experiment: The c o n s t r u c t i o n  of a recombinane D L Z  nole-  
c u l e  between the plasmid from - S. -- a u r e u s  determining e x f o l i a t i v e  t o x i n  and an R 
plasmid o r  X and i t s  i n t r o d u c t i o n  i n t o  E. -_I c o l i .  
- I _ _  E .  c o l i  phage o r  p1.asni.d DXA, and unknown genes f r o n  x. pestis, E. n t h r a c i s ,  
o r  - H .  _--- a b o r t u s ,  when t h e  h y b r i d  i s  in t roduced  i n t o  K. c o l i .  
a d d i t i o n a l  exanples .  

C o n s t r u c t i o n  of h y b r i d s  between 

See Appendis B f o r  

6 .  -I_ Class V I  Experiment: Class  VI i n c l u d e s  experiments  i n  which t h e  biohxzards 
are jurlczii t o  lie oE such  g r e a t  p o t e n t i z l  s e v e r i t y  a s  t o  prec lude  perforr?ance of 
ttie expariment a t  tile p r e s e n t  time undes any c i r c u n s t a n c z s ,  alzd r e g a r d l e s s  of 
c o n t a i n x n t  c o n d i t i o n s .  



A natural tendency is  t o  cons ide r  changes i n  p a t h o g e n i c i t y  3s t h e  primary 
biohazcrd coclcern since these coroe to n i c d  most readily ;::?en c o n s i d e r i n g  micro- 
o r g a n i s m ;  other changes which mzy a f f e c t  the EundamenZal ecological potential, 
a d a p t a b i l i t y ,  metabolism, e tc .  of a r e c i p i e n t  organist, may be more s u b t l e  and 
much Eore d i f f i c u l t  t o  assess than pa thogzn ic i ty  . EIowi.v=.r, t h w e  a l t e r a t i o n s  
may potenelally p r e s e n t  an e q u d  o r  g r e a t e r  biohazard.  
r e l a t i v e l y  few guidelirres to h e l p  ari i n v e s t i g a t o r  iix d e t e r 7 i n i n g  ;he class 
assignment of an exper ivent  5n Classes 111, I V  o r  V;  perhaps t h e  m o s t  c r i t i ca l  
i s  t h e  e x t e n t  of charact-r izat ion ol the g e n z t i c  r iaterial  b e i n g  employzd i n  t h e  
expzrirre-nt sFnce we believe t h a t  the p o t e n t i a l  biohazards of a p u r i f i e d  aild well- 
c h a r a c t e r i z e d  donor- DM4 species  are r o r e  easily a s s e s s z d  th?n t ' h ~  biohazclrds 
inherent i n  the i n t r o d u c t i o n  of a xandoa assortment  of DNA fragzents. 

\,?e can  offer o r l y  a 



A. In t roduc t ion  and C 3 n e r a l  Recommendations _- -__--- 

Biological.  s a f e t y  and environmentaL c o n t r o l  prograrns €or  d i a l i n g  with 
pathogenic  b a c t e r i a  have been implemented i n  c l in i c r r l  and biorncdical r e s z n r c h  
l a b o r a t o r i e s  f o r  nany yea r s  (refs. 1-12) .  Once a p o t e n t i a l  b-iohazard h,zs  been 
defir.2d and the r i s k  has been a s s e s s e d ,  t hc  naj,r t h r u s t  oE the procedures  
einployed t o  minimize the  biohazard involves  s t e p s  t o  l i n i t  r i s k  t o  t h e  labora- 
t o r y  worker and t o  prevent  t he  escape of p o t e n t i a l l y  hazardous b i o l o g i c a l  
nxterial. 

Many of t h e  b a s k  problems oE containment t h a t  face  an i n v e s t i g a t o r  s rudying  

A c l i n i c a l  specimen rece ived  f o r  mic rob io log ica l  analy- 
r i coxb inan t  DNA i n  a mic rob ia l  s p e c i e s  are s imilar  t o  those  faced i n  eve ry  x e d i c a l  
microbiology l a b o r a t o r y .  
sis r a y  c o n t a i n  an e t i o l o g i c  agent  ranging  from those  of o r d i n a r y  p o t e n t i a l  hazard 
t o  those  which may r e q u i r e  t h e  most s t r i n g e n t  cond i t ions  f o r  t h e i r  containroent. 
One cannot be c e r t a i n  u n t i l  t h e  e t i o l o g i c  agent  is i s o l a t e d  and i t s  known patho- 
g e n i c i t y  (i.e. its p o t e n t i a l  hazard)  zssessed .  By t h e  sane token ,  a n  i n v e s t i g a t o r  
who employs a randon assor tment  of  DNA no lecu le s  f o r  c o n s t r u c t i o n  of recombinant 
DNA -n?olecules could ,  a t  least  i n  theory ,  i s o l a t e  a v a r i e t y  o f  novel t ransforroant  
b a c t e r i a l  c lones  which range i n  t h e i r  p o t e n t i a l  biohazard.  The following s a f e t y  
c o n s i d e r a t i o n s  are a p p l i c a b l e  t o  a l l  procedures  invo lv ing  e t i d o g i c a l  agents i n  
t h e  c l i n i c a l  l a b o r a t o r y .  As such they  may be considered as prudent  s t a n d a r d  pro- 
cedures  for  those  working w i t h  b a c t e r i a  con ta in ing  recombinant DNA molecules .  
Obviously, those  i n v e s t i g a t o r s  working with anirnal o r  p l a n t  viruses w i l l  need t o  
s a t i s f y  rhe  special containment problems i n h e r e n t  i n  the l a b o r a t o r y  manipula t ion  
of  t h e s e  agen t s .  

The procedures  l i s t e d  below are a r e i t e r a t i o n  of long-standing microbio logi -  
cal  p r a c t i c e s  and s imply r een fo rce  t h e  concept t h a t  mic rob io log ica l  s a f e t y  i s  a 
matter of good working h a b i t s .  All of t h e  gene ra l  recornendat ions  l i s t e d  below 
are d e s i r a b l e  € o r  a l l  c l a s s e s  of e w e r i m n t s ,  a l though we recognize  t h a t  t hey  are 
not s p e c i f i c a l l y  needed f o r  t h e  s a f e  hand l ing  o r  c o n t a i n m n t  of  a l l  agen t s .  

1. Consequently, our primary recommendation f o r  c o n t a i n m n t  of p o t e n t i a l  bio-  
hazards  i s  t h a t  a l l  i n d i v i d u a l s  p lanning  research wi th  recombinant DNA molecules  
i n  b a c t e r i a  receive adequate  t r a i n i n g  i n  microbiology. Such t r a i n i n g  should not 
be  cons t rued  t o  mean t h a t  one needs t o  learn o n l y  a s e p t i c  techniques  or  th2 pro- 
cedures  f o r  hand l ing  p o t e n t i a l l y  i n f e c t i o u s  m a t e r i a l .  Rather ,  i n v e s t i g a t o r s  
cannot a f f o r d  t o  ignore  t h e  b a s i c  b io logy  of t h e  microorganism -- irs ecology,  
i n n a t e  pa thogen ic i ty ,  physiology,  growth requirements ,  etc. In s h o r t ,  an inves-  
t i g a t o r  must t r y  t o  t h i n k  in microb io log ica l  t e r m s  b e f o r e  i n i t i a t i n g  experiments  
t h a t  could p o t e n t i a l l y  a f f e c t  t h e  b a s i c  ecology and /o r  pathogenic  p o t e n t i a l  af an 
organism t h a t  s e r v e s  as a carrier f o r  a recombinant DXA n o l e c d e .  The microorganism 
is n o t  s imply a ''warn body" t o  house a recombinant DNA molecule o f  i n t e r e s t .  

It is  axiomat ic  t h a t  no s a f e t y  f a c i l i t i e s  o r  equipment (no matter now sophis-  
In t e r m s  of t i c a t e d )  can  t ake  t h e  p l a c e  of an i n v e s t i g a t o r ' s  r e s p o n s i b i l i t y .  

b i o l o g i c a l  s a f e t y ,  t h e  p r i n c i p a l  i n v e s t i g a t o r  cannot d e l e g a t e ,  r e a s s i g n ,  abandon 
o r  i gnore  h i s  o r  h e r  r e s p o n s i b i l i t y  t h a t  adequate  s a f e t y  t r a i n i n g  b e  given t o  a l l  
l a b o r a t o r y  personnel .  
which d e a l  wi th  t h e  gene ra l  t o p i c s  of  l a b o r a t o r y  s a f e t y ,  b iohazards  i n  b i o l o g i c a l  
r e sea rch  and t h e  handl ing  of s p e c i f i c  b a c t e r i a l  agen t s  which may prove u s e f u l  as 
a source  of s p e c i f i c  in format ion .  

W e  have appended a l is t  of books and o t h e r  p u b l i c a t i o n s  

2 .  
dous material  is handled should be  k e p t  c losed .  

As a gene ra l  p r i n c i p l e  , doors  t o  l a b o r a t o r i e s  i n  which p o t e n t i a l l y  b iohazar -  

3 .  
which p o t e n t i a l l y  biohazardous material i s  handled should be s p e c i f i c a l l y  forb idden .  

Ea t ing ,  d r i n k i n g  o r  smoking i n  t h e  l a b o r a t o r y  is  undes i r ab le  and i n  a r e a s  i n  
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4 .  i n f e c t i o n s  are a c c i d e n r a l  
o r a 1  a s p i r a t i o n  of i n f e c t i o u s  m a t e r i a l  tbrough a p ip : - . t t e ,  x c i c k n t a l  inoc1rl.3- 
t i o n  w i t h  sy r inge  I?eedles and animal b i t e s  (10,11). A i u r t k r  iraportxant cause 
of both l a b o r a t o r y  acqu i r ed  i n F e c t i o n s  arid c o n t a n k a s i o n  o f  t h e  environment i s  
clerosols f roa cenLriZugation, b l end icg ,  l oose  nzedfes  on s y r i n g z s  and even t h e  
impropzr flacie s t e r i l 2 z a t i o n  of con t sn ina tcd  i n o c u l a t i n g  Loops and n e e d l e s .  
( s s e  c h a p t a x  by DiriGck e t  .al., ref .  1) :is m i n i m 1  recormendattons,  handwashing 
by lab0  r a t o r y  personnel  shorrld be e n c o u r a p d  and d i r e c t  =out5 p i p e t t i n g  shDuld b e  
discouraged.  The use o€ c o t t o n  plugged p i p e t t e s  m y  be accepcable  f o r  a g e n t s  of 
low o r  moderate hazard b u t  a mechanical p i p e t  Ling de-Jice i s  p r e € e r a b l e .  S p e c i a l  
a e r o s o l  p recau t ions  are g e n e r a l l y  n o t  r equ i r ed  f o r  m o s t  bacterial species, b u t  
t h d r  iisc dese rves  c a r e f u l  c o n s i d e r a t i o n .  

'I" t i t  mst frrqclcnt cr?uses of  l a b o r a t o r y  acq:lirsd 

- -- 

5. 
s t e r i l i z e d  by au toc lav ing .  
contamtnated and a l l  contaminated n a t e r i d  placed in d i s c a r d  pans ( p r e f e r a b l y  
covered) c o n t a i n i n g  a s u i t a b l e  d i s i n f e c t a n t  o r  autoclaved a t  thz end of  t h e  day. 
The us2 of s p e c i f i c  d i s i n f e c t a n t s  cannotr be recornended he re ,  s i n c e  they w i l l .  v a ry  
from b a c t e r i a l  s p e c i e s  t o  b a c t e r i a l  s p e c i e s  and, ac?di t ional ly ,  must be  c a p a b l e  of 
r e n d e r i n g  n u c l e i c  a c i d  s o l u t i o n s  l 'non-infectious" . One should riot accep t  ranufac- 
turer's claims f o r  d i s i n f e c t a n t  e f f e c t i v e n e s s  -- t h e r e  i s  no s u b s t i t u t e  f o r  a use- 
t es t  e v a l u a t i o n  performed Elgainst t h e  nicroorganisrn and n u c l e i c  acid s o l u t i o n s  pro- 
cessed i n  t h e  l a b o r a t o r y .  

Bacterial  c u l t u r e s  and p o t e n t i a l l y  hazardous DNA should b e  d i s i n z e c t e d  o r  
Tile l a b o r a t o r y  should be cleaned,  work s u r f a c e s  de- 

6.  
should have a n  emergency p l a n ,  i n c l u d i n g  a clean-up procedure t o  fol low if a n  
a c c i d e n t  contaminates  personnel  o r  environnent .  E e r e  aga in ,  t h e  p r i n c i p a l  inves-  
t i g a t o r  a u s t  i n s u r e  t h a t  everyone i n  the l a b o r a t o r y  i s  f a m i l i a r  w i t h  b o t h  t h e  
p o t e n t i a l  haza rds  of t h e  work and t h e  eillergency p l an .  

Any r e s e a r c h  group working w i t h  a g e n t s  with a known o r  p o t e n t i a l  b iohazard  

7. 
vaccine i s  available, a l l  workers should  b e  vacc ina ted .  
ever, a l i c e n s e  f o r  p rocedura l  s h o r t - c u t s n o r  a s u b s t i t u t e  f o r  s a f e  l a 3 o r a t o r y  
p r a c t i c e ,  

I f  a r e s e a r c h  group i s  working ~ ~ i t h  a knovm b a c t e r i a l  pcithogen for which a 
I m u n i z a t i o n  is n o t ,  how- 

B.  L e v e l s  of Containrnent -- 
The con ta innen t  procedures  proposed are designed t o  p a t c h  t h e  p r e v i o u s l y  

d e f i n e d  classes of e x p e r i m n t s  i n v o l v i n g  nove l  recornbinant b a c t e r i a .  I 

Since  con ta innen t  cannot  b e  a b s o l u t e ,  t h e  r a t i o n a l e  under ly ing  t h e s e  contain-  
ment r e c o m e n d a t i o n s  i s  t h a t  t h e  g r e a t e r  the p o t e n t i a l  biohazard,  t h e  more s t r i n g e n t  
should be  t h e  containment.  In o u r  judgir.ent, each l2ve l  of  containment i m p l i e s  a n  
a c c e p t a b l e  l eve l  of p r o t e c t i o n  f o r  l a b o r a t o r y  t ~ o r k e r s  and a n  a c c e p t a b l y  low proba- 
b i l i t y  of e sczpe  f o r  t h e  organisms involved.  

Class I Experiments: Requires no s p e c i a l  containment o t h e r  t h a n  p r a c t i c e  of  stan- 
dard a s e p t i c  technique ( i .e.  use of procedures  t o  main ta in  pu re  c u l t u r e s  and d i s -  
i n f e c t i o n  oE d i sca rded  mater ia l s ) .  

Class T I  Experiments: 
o p e r a t i n g  procedures  employed i n  a c l i n i c a l  microbiology l a b o r a t o r y .  

The b a s i c  c r i t e r i a  €or t h i s  c a t e g o r y  are those minimal 
These. are: 

1. Ea t ing ,  d r i n k i n g  and smoking are forbidden i n  t h e  l a b o r a t o r y .  
2 .  Laboratory c o a t s  are r e q u i r e d  d u r i n g  handling o f  biohazardous 

mntcrial . .  Ti iese  s h o u l d  n o t  be w ~ r n  o u t s i d e  t h e  work area. 



3 .  

4 .  

Cotton-plugzed p i p e t t e s  o;r x ~ c l i n n i c a l  p i p e  t t ixlg d2vi~ces are 
r equ i r ed .  The larrer arc p r e f e r a b l e .  
Routine d i s i n f e c t i o n  of  work s u r f a c e s  am! prompt d i s i n f e c t i o n  
or s t e r i l i z a t i o n  of  a l l  corl taninated m a t e r i a l  should b e  carried 
o u t .  
Ixiaanizat ion of personnel  i s  r equ i r ed  f o r  e x p e r i n e n t i n g  w i t h  
S .  t yph i ,  V. cholera2 C. d i p h t h z r i a e  and C. tetani. 
SpnciCic aerosol p r e c a u t i o n s  are r equ i r ed  (see below, 111, 3 )  
w h ~ n  l a r g e  voimes (6 o r  rmre l i t e r s ) .  of bzohazardous m a t e r i a l s  
art3 cent r l f .ugsd .  

5 .  

6. 
- - - --'- - 

Class III Espzriments:  
a p p l i c a b l e  w i t h  t h e  added p r o v i s i o n s  tha t  : 

Eo Eouth p i ? z t t i n g  oE p o t e n t i a l l y  biohzzardous material is 
p e r m i t t e d ,  

con t ro l l ed  access, 
which no o t h e r  work i s  c o n c u r r e n t l y  bein;: conduc red. 
t h e  i n t e n t  oE t h i s  containment f e a t u r e  is t o  exclude estra- 
IEOUS persons  from t h e  area and, hence, reduce t h e  number of 
exposed i n d i v i d u a l s  should a l a b o r a t o r y  s p i l l  o r  o t h e r  Zccident  
occur .  Appropriate  biohazard s i g n s  w i l l  b e  posted on the door s  
of l a b o r a t o r i e s  d u r i n g  biohazardous expe r imen ta t ion  as w.?.ll as 
on t h e  doors  of s t o r a g e  areas or c a b i n e t s  c o n t a i n i n g  p o t e n t i a l l y  
hazardous m a t e r i a l s .  Visitors t o  t h e s e  tjork areas are prohib i -  
t e d  u n l e s s  t h e y  have p e m i s s i o n  frocl t h e  i n v e s t i g a t o r  i n  charge 
who is r e s p o n s i b l e  f o r  the v i s i t o r s  w h i l e  t h e y  are i n  t h e  area. 
S p e c i f i c  a e r o s o l  p r e c a u t i o n s  are nandacory (see for exaatple, 
R.L. Dimmick, ?.T.F. Voge and P f . 8 .  Chatigny. Po ten t5 .d  f o r  accF- 
d e n t a l  PEcrobial  Aerosol  Transmission i n  t h e  B i o l o g i c a l  Lahora- 
t o r y  In Biohazards i n  B i o l o g i c a l  Research ed  A, H i l l m a n ,  M.N. 
Osmnand  R, Pollack. Cold Spr ing  Harbor Labora to ry ,  1973, 
pp. 246-266) .  Thus, s y r i n g e s  t o  which t h e  n e e d l e  i s  f i rmly 
f i x e d  (e.g. Luer-Lok) shou ld  b e  used. Screw-capped s a f e t y  
cups on c e n t r i f u g e  t u b e s  are r e q u i r e d  when c e n t r i f u g i n g  bio-  
hazardous materials.  Operat ion of c e n t r i f u g e s  i n  hoods o r  
o t h e r  enc losed  areas is d e s i r a b l e .  S a f e t y  equlpaent  t o  pre- 
veat t h e  d i s s e m i n a t i o n  of aerosols generated by  b l end ing ,  soni- 
c a t i o n ,  c e n t r i h g a e i o n ,  etc. i s  commercially available (I), 

The same minimal s r anda rds  d e s c r i b e d  f o r  Class 11: are 

2.  

2. T'ne exper iwnts  are p e r l o r m d  i n  l a b s r a t o r i e s  t h a t  are under 
Tois doss  n o t  r e q u i r e  a separate room i n  

Pkchaa ica l  p i p e t z i n g  dev ices  are requ i r ed .  

Rather ,  

3 .  

Class IV Experiments: 
ments are a p p l i c a b l e  w i t h  t h e  added p r o v i s i o n s  t h a t :  

The saxe m i n i m 1  s t a n c i a r k  required €or  Class 111 experi- 

1. A t  t h e  minimum, a p a r t i a l  containment c a b i n e t  (see W.E. Barkly,  
r e f .  1) o r  i t s  equivalent  should b e  used f o r  experiments  i n  t h i s  
category.  T i i i s  i s  a l o c a l  exhaus t  v e n t i l a t i o n  hood wi th  a l i m i -  
t e d  f r o n t  opening i n  which a i r  e n t e r i n g  through is sub jec t ed  t o  
h igh  e f f i c i e n c y  p a r t i c u l a t e  a i r  (Ffspa) f i l t r a t i o r ,  o r  i n c i n e r a t e d  
b e f o r e  bein;: exhausted from t h e  area. 
S p e c i a l  a e r o s o l  p r e c a u t i o n s  are m n d a t o r y  f o r  experiments  i n  t h i s  
class, 
c r e a t i n g  aeroso Is sIiouLd be ope ra t ed  i n  sep r i r a t c  i s o l a t i o n  rooms 
o r  hoods (see D i m i i k k ,  -- e t . a l .  2nd Bonn, ref. I). 
b i o l o g i c a l  hazard s i g n  used Eur  h i g h l y  i n f e c t i o u s  agen t s  (op .  - c i t .  

p .  1-22) w i l l  b e  posted Oil  c a b i n e t s ,  frzezerj: ,  r e f r  igera t o r s ,  and/ 
o r  work arca rzherc biohazardocr; materials crre k e p t  o r  are bein:; 
uried. 

2. 
Ccntrifuges, b l e n d e r s  and o t h z r  equipment  capabl-e oE 

The s t a n d a r d  

Only  p 2 r s o n n e l  who wa-~rk i n  t h e  l a b o r s t o r y  r ~ y  enter the 
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B .  A l l  i nvss t i s a to r s  wishing t o  c a r r y  o:it e-qeri:?.eiits ir,vol.vi.ng poss- ib le  b i o -  
haza.rds would be  r equ i r ed  t o  s u b a i t  a p c o p o s a l  t o  the i n s t i t u t i o n a l  comiitte;!, 
i .nd ica t . ing  the purpose of the esp?rinect, t h e  e x p l i c i t  ben2:its  t o  he deri;.&, 
and an a s s e s s r c e n t  of t?s p o t e n t i a l  b-io?iizards arrd precaukions E C I ~  c o n t a i n z e n t  
t h a t  are  pro?osed. 

C. The r e s p o n s i b i l i t i e s  o f  t h e  ccrciinittee x o u l d  be  t o  famiii?rize themselves 
w i t h  t h e  e x t e n t  of p o t e n t i a l  bjohazards anJ t he  necessdry Tzasures f o r  t h e i r  
i a in i a i za t ion  and conCain3ent. It should ensure t h a t  no e x p e r i m n t s  of t h i s  
riciture are  c a r r i e d  oct unless the  i n v z s t i g a t o r  had subrl i t ted s u c h  a p ro2osa l .  
It would ensure  t h a t  the invzstigator \?as f a d l i a r  w i th  2 p p r O p r i a t e  gclidc F ines 
and t h a t  a thorough review and assessnent of t h e  b iohazards  and t h e i r  contain- 
r e n t  had been c a r r i e d  o u t .  It would ther, evaluate t h e  proposal. and any 
suppor t ing  evidence and would make i t s  recomeodation on t h e  proposed r e s e a r c h .  

D. The s u b a t t t e d  proposa l  and t h e  cornnittee 's  r s v i e t ~  would b e  f i l e d  as ptxblic 
d o c u m n t s  i n  a b iohazards  r e p o s i t o r y  a t  t h e  i r s t i t u t i o n .  T n i s  f i f e  would b e  
submi t ted  x . 7 i t h  a l l  g r a n t  proposa ls  and a p p l i c a t i o n s  r e l a t e d  t o  the experiments .  
Any subsequent  mod i f i ca t ions  t o  rhe r e sea rch  program which m a t e r i a l l y  affected 
t h e  e x t e n t  of t h e  b iohazards  would r e q u i r e  a ne77 proposa l  and a f u r t h e r  review. 
P r a g r e s s  r e p o r t s  would bs r equ i r sd  a': year?Ly iritervals to  erisuce t h a t  t he  
proposed experiments ,  p recau t ions  2nd con"Lair!!erit w s r e  adhered to. A coz;?lete 
E i l e  of a l l  approval  programs under s tudy  would a l s o  be  kep t  i n  a f e d e r a l  
r e p o s i t o r y  and would be a v a i l a b l e  f o r  pub l i cz t ion .  The f i l e  of documents on 
each proposa l  would be nade a v a i l a b l e  by t h e  i n v e s t i g a t o r  t o  t h o s e  j o u r n n l s  
where p u b l i c a t i o n  p o l i c y  r equ i r ed  a p p r o p r i a t e  docuzzntat ion.  

C .  
mal eyu ip rcn t ,  of chi? type  g e n e r a l l y  a v a i l a b l e  a t  most acadea ic  i n s t i t u t i o n s ,  
it is recognized tha t  i n  t h e  absence of c o n t i n u a l  s u p e t v i s i o n  or monitor ing,  
t h e  r e s p o n s i b i l i t y  t o  pursue such  a program of research rests f i i l a l l y  w i t h  che 
investigaror . 
the u l t i m i t e  r e s p o n s i b i l i t y  Eor the  experiments.  
ceeding  wi th  a n  e x p e r i r e n t  should n o t  b e  s h i f t e d  f ron  t h e  PI t o  a l o c a l  cami t t ee ,  
abso lv ing  the PI frox r e s p o n s i b i l i t i e s .  
mendations and provide  adv ice  b u t  cannot approve a program. Thus, even i n  
f a c e  of a favorab le  review by t h e  c o n n i t t e e ,  a n  i m e s t i g a t o r  would need t o  
ensure t h a t  a program s a t i s f i e d  the rcquirexents of  t h e  guid?-Lines. I n  t h e  
event t l o t  t h e  inves t i sa tor  decided t o  ignore  reco-mmendat ions of t h e  l o c a l  
c o m i t  ~ C P ,  suppor t ing  evidence f o r  procezding xii th  t h e  experiments shoirld b e  
obtainecl Fron o u t s i d e  t h e  institution iThich w o d d  justify t h e  u l t i m a t e  coLirse 
oE a c t i u n .  

S i n c e  tile types  of experirnents under d i scuss ion  usua l ly  r e q u i r e  on ly  mini- 

We b e l i e v e  t h e r e f o r e  t h p t  t h e  P r i n c i p a l  I n v e s t i g a t o r  m u s t  shoulder  
Thus ,  r e spons  i b i l i t y  f o r  pro- 

The local c o m a i t t e e  should  make recom- 



G. All i n d i v i d u a l s  enbarking upon expe-rinznts ca t egor i zed  as Cl , . r s s  I1 t o  
V, shou ld  receive tr;rinirrg i n  t h e  hand l ing  of p o t e n t i a l  o r  i n f e c t i o u s  inaterial  
:md m u s t  b e  f a n i l i a r  x c i t t l  t h a  NIH acd ASX g u i d e l i n e s  (Sec r e f s  2 and 3 ;  a l s o  
9 ,  10 and IS) of  e x p e r i n o n r a l  u s e  oE such n a t e r i a l s .  

[An  e e p e r i J e n t e r  who has beer. ve l1  t r a i n e d  i n  working r r i th  pathogenic  micro- 
organiszz  2nd .rrfio is Eacpiliar with t h e  hS?f Handbook oE C l i n i c a l  Microbiology 
Guide l ines  should have s u f f i c i e n t  e x p z r t i s e  to b s  a b l e  t o  make a p p r o p r i a t e  
judgements r ega rd ing  t h e  c l a s s i f i c a t i o n  of i n d i v i d u a l  experiments  i n  t h e  
l a b o r a t o r y  s i t u a t i o n .  F a m i l i a r i t y  w i t h  t h i s  i n € o r n a t i o n  should e n a b l e  h i m  
t o  p r e s c r i b e  appropr i ake  conrainment procedures  f o r  t h a t  p a r t i c u l a r  t y p e  of 
experiment and w i l l  a l s o  enable him t o  make c o r r e c t  j u d g m e n t  about  t h e  t y p e  
of t r a i n i n g  r equ i r ed  $or t e c h n i c a l  personnel  t h a t  w3y p a r t i c i p a t e  i n  t h e  
experiment . ]  

11. I n  those c o u n t r i e s  where e x p e r i n a n t s  of t h e  type r e f e r r e d  t o  i n  t h i s  
p roposa l  are be ing  c a r r i e d  out, i t  would seem necessa ry  t h a t  n a t i o n a l  b o d i e s  
sou ld  be c o n s t i t u t e d  t o  c s t a b i i s h ,  monitor an2 promulgate g u i d e l i n e s .  h 
i n r e r n a t i o n a l  body should a l s o  be established 

1. t o  c o n s u l t  w i t h  and a d v i s e  na t io r , a l  o r g a n i z a t i o n s  on th2  

2.  

3 .  t o  c o o r d i r a t e  and p e r i o d i c a l l y  review t h e  e f f i c i e n c y  and 

4 .  

developzent  artd imp lexen ta t ion  of g u i d e l i n e s ;  
t o  encourage t h e  maintainance of uniform s t a n d a r d s  through- 
o u t  t h e  x o r l d ;  

a p p l i c a b i l i t y  of i n t e r n a t i o n a l  g u i d e l i n e s ;  and 
t o  a u t h o r i z e  any d i s s e x i z a t i o n  i n e o  t h e  environment of 
new recombinant types that ars L ike ly  t o  prodace s i g n i f i -  
c a n t  e c o l o g i c a l  e f f e c t s .  



I. 3 

We believe t h a t  cons ide rab le  bene L i-ts z r e  likely to result f ~ o n  exper- j -  

meats invo lv ing  t h z  g e n e t i c  a l t e r a t i o n  of microorgmisxs .  The range of 
p o s s i b l e  b e n e f i t s  exterlds €-cox t he  USE oE the;-? tcchniques t o  add t o  our 
knowledge of b a s i c  biologic-71 phenoxena, t o  p o s s i j l e  p.ractiza1 app l i ca -  
t i o n s  i n  the  a r e a s  of a g r i c u l t u r e  and aedicine. 

Ve b z l i e v e  a lso thaL a scale of r i s k s  exists i n  t h e  c o n s t r u c t i o n  o f  
g e n e t i c a l l y  alter& microorganisms, and we ilre unconior tab le  A o u t  our 
i n a b i l i t y  to assess p r e c i s e l y  t h e  extent: of such r i s k s  f o r  nany types of 
expe r inen t s .  Hovever, t ~ c  b i l i e v e  t h a t  t h e  c o n t a i m e n t  procedures desc r ibed  
i n  t h i s  p ~ o p o s a l  w i l l  reduce any r i s k  t o  l a b o r a t o r y  workers ancZ t o  t h e  
envirorznent t o  a l e v e l  that is  acceptab ly  low and :;'nich will allow invzs-  
t i g a t o r s  t o  c a r r y  o u t  r e sea rch  i n  t h i s  area. We b e l i e v e  t h a t  c e r t a i n  
expe r inan t s  should p r e s e n t l y  not: be c a r r i e d  ou t  under any c i r cuxs t ances  
( i . e .  Class V I ) ,  bu t  t h a t  Dost experiments can be dono i f  containment 
f a c i l i t i e s  a p p r o p r i a t e  t o  t h e  r i s k  are u t i l i z e d .  

We recornend t h a t  s p e c i f i c  s t e p s  be taken as soon as p o s s i b l e  t o  
develop c lon ing  vehic le -hos t  systems which will f u r t h e r  reduce biohazard 
potential, will minimize t h e  necessity of elaborate containment f a c i l i t i e s ;  
and w i l l  o b v i a t e  judgeitents which must n e c e s s a r i l y  be based oa l i t t l e  o r  no 
d a t a  a t  t h e  p r e s e n t  t i n e .  S p e c i f i c a l l y ,  w e  recornend t h a t  special sporsored  
program be i n s t i t u t e d  immediately f o r  t h e  development and t e s t i n g  of such 
s y s t e m .  We recornend a l s o  the p r o i q t  es tab l i shment  0.E experimental  pro- 
grams in tended  to e v a l u a t e  more f u l l y  t h e  potential hazards t h a t  may be 
involved i n  t h e  genetic a l t e r a t i o n  of microorganisms. 

\?e believe t h a t  perhaps the greatest: p o t e n t i a l  f o r  b iohazards  invo lv ing  
g e n e t i c  a l t e r a t i o n  of n i c r c o r g a n i s n s  relates t o  p o s s i b l e  m i l i t a r y  app l i ca -  
t i o n s .  We b e l i e v e  s t r o n g l y  t h a t  c o n s t r u c t i o n  of g e n e t i c a l l y  a l t e r e d  micro- 
organisms f o r  any m i l i t a r y  purpose should be e x p r e s s l y  p r o h i b i t e d  by i n t e r -  
n a t i o n a l  treaty, and we  urge t ha t  such p r o h i b i t i o n  be agreed upon as 
e x p e d i t i o u s l y  as p o s s i b l e .  

Other recornendat ions  f o r  implementation or' t h e  gu ide l ines  proposed 
i n  t h i s  r e p o r t  are conta ined  i n  Sec t ion  I V .  



The m i c r o b i a l  g e n e t i c i s t  was a t c rac t ec !  t o  t h e  s t t idy  c f  I: plasmids n o t  o n l y  
from t h e  s tarrdpoint  oLC t h c i r  s i a i l a r i t y  20 t h e  c l a s s i ca l  F t r a n s f e r  system, b u t  
a l s o  frorr, t h e  s t andpo i .n t  of p u b l i c  heal th ,  end t h s  nnriqi.ic opportuniry to 
r . on i to r  the extent of change a the gece'iric basis o f  chang:e in natural bacterial 
po;i?:ilat;ions I The i i i c r eas ld  atttntion t o  n i ta ra l  bacteri .al  popula t ions  h a  I c d  
t o  a broad v.iew of  t h e  ecology of Sac tz r i a l  p l a smids .  For exzzp le ,  €&ly %ne- 
third of Escherichia coli from a s p p  tonat ic  humazl and ciomestic animal popu la r ions  
possess a t  least  one s e l f - t r a n s m i s s i b l e  ( con juga t iv3 )  p l a sn id  t h a t  c o n f e r s  few or  
no known Thenotypic t r a . i t s  o t h e r  t h a n  cc:zJugal f e r t i l i t y  Bacterial  plasmids 
confe r  a f a - r  g r e a t e r  d i v e r s i t y  of phenotypic  t ra i t s  upon the b a c t e r i a  t h a t  pos- 
sess them t h a n  'simply'  a n t i b i o t i c  r e s i s t a n c e  o r  gene:; (such as e n t e r o t o s i n  bio- 
s y n t h e s i s )  that  c o n t r i b u t e  t o  bac te r i a l .  pathogenic2.tjr. P L a s s i d s  have been 
i d s n t i f i e d  i n  a v a r i e t y  of  bac t e r i a l .  genera and a s s o c i a t e d  w i t h  such diverse 
f u n c t i o n s  as t h e  c o n t r o l  oE l a c t o s e  fermzntation i n  ---____-__I_ Streptococ.cus l a c t i s ,  
s p o r u l a t i o c  in B a c i l l u s  piirn~.lus, and camphor d e g r a d a t i o n  i n  s p e c i e s  of  --- Pseudo- 
I_- nonas. Tnere his been a growing a p p r e c i a t i o n  of  t h e  f a c t  t h a t  t h e  genes f o r  
a n t i b i o t i c  r e s i s t a n c e ,  t o x i n  b i o s y n t h e s i s  and o t h e r  genes such as l a c t o s e  Eer- 
 ent tat ion, which are of ' t r a n s i e n t '  e v o l u t i o n a r y  advz.ntage nay be c a r r i e d  by 
v i . r tua l ly  i d e n t i c a l  molecular  v e h i c l e s .  Thus,  it i s  p o s s i b l e  to i s o l a t e  conju- 
gntivr! plasmids tdkich are i d e n t i c a l  i n  over 80 p e r c e n t  of t h e i r  molecular  
lengths b u t  which c a r r y  on t h e  0p.e hand a n t i b i o t i c  r e s i s t a n c e  genes, on the 
o t h e r  hand genes f o r  the  b i o s y n t h e s i s  of e n t e r o t o x i n  and,  i n  y e t  ano the r  
i n s t a n c e ,  genes  wllich c o n t r o l  t h e  u t i l i z a t i o n  of l a c t o s e ;  there are numerous 
o t h e r  exanples t o  suggest: t h a t  t h e  same plasmid rJealri.ng d i E f e r e n t  phenotypic 
garb  i s  o f t e n  isoi la ted irrdepzndently in several  l a b o r a t o r i e s .  
e x t c n t  i t  appea r s  t h a t  t h e  g e n e t i c  i n fo rma t ion  which c o n t r o l s  e s s e n t i a l  p l a s -  
r n i t i  f u n c t i o n s  such as r e p l i c a t i o n ,  the d i s  t r i b u t - i o n  of progeny r e p l i c a s  and, 
t o  n somelqhat Ses. .xr degree, t r a n s f e r  f u n c t i o n s  is  conserved; indeed,  plasmids,  
r e g a r d l e s s  of phenotype, c a n  b e  ' spec. ia ted '  by g e n e t i c  and molecular s tud i . e s .  

.- ~ 

To a g r e a t  

--~. 





2 .  The " I n f c c t i v i t y  of E .  c o l i  K-12" - ___ 

Thus far, the l c lon i~~p , '  of r e c o r b i h a n t  DXP. m o l c x u l e s  ha s  been r e s t r i c t e d  
t o  subsstrains of  E s c . h e r i c h l a  c o l i  E;-12, B o r  gen?t?c hybrids of r'ne t zo .  Both 
- _ _  c o l i  K-U and B are l ong  e s t a b l i s h e d  l a b o r a t o r y  s t r z l n s  rz.hic'n w e r e  initially E .  
i s o l a t e d  fron man. One of the f i r s t  q l ies t ions  t o  b e  asked, t h % r e f o r e ,  i s  'now 
c o m o n i y  these E. c o l i  s u b s t r a i n s  can  co lon ize  t h e  hrrzin o r  animal  i n t e s t i n e .  
Although this p r e c i s e  q u e s t i o n  has not  beer, scudled  e x t e n s i v e l y ,  ir has been 
s h o m ~  t h a t  E. c o l i  E;-12 i s  a v e r y  poor color , izer  o f  t he  n o r z a l  bowel. For 
example, a f t e r  f e e d i n g  of between 5 x 10" t o  I x 10l2 E. c o l i  K-12 c e l l s  to 
calves, o n l y  about  l o 7  cel ls  can b e  recovered p e r  grarl~ of  feces 5.n 24 h o u r s  and 
by 72  hours cannot b e  i d e a t i f i e 6  at 21.1 ( < LO c e l l s )  ( 3 ) .  Siiiilar3.q- i n  ncm, 
i n g e s t i o n  of lo4 c e l l s  ds-2 xot n o r x l l y  l e a d  t o  c o l o n i z a t i o n ,  indeed,  t h e  detec- 
t i o n  of i m r e  than  100 X-12 ce l l s /g i a  a f t e r  24 hours i s  r a r e .  
appea r s  t h a t  E. c o l i  K-12 has ve:ry l i t t l e  i n h e r e i t  c a p a c i t y  to  c o l o n i z e  man. 

c. .- I_- 

- 

- -  --I_ 

- -  

Consequeotly,  i t  
- -- 

There are, however, excep t ions  to t h i s  gene ra l  r u l e ,  I f  the n o m a 1  f l o r a  
of  wan o r  animals  i s  d i s r u p t e d ,  f o r  exampTe, by t h e r a p z u t i c  l e v e l s  of a n t i -  
b i o t i c s ,  t h e  i n g e s t i o n  of - E. -- c o l i  K-12 b e a r i n g  the r e s i s t a n c e  d e t e r m i n a t s  t o  
thest3 a n t i b i o t i c s  l e a d s  t o  c o l o n i z a t i o n  a t  easily d e t e c t a b l e  l e v e l s  ( abou t  I O 5  
p e r  g m  of f e c e s ) .  S l rn i la r ly ,  i n d i v i d u a l s  who have had s u r g i c a l  t r e a t m e n t  f o r  
stomach or  bowel d i s o r d e r s  are far more e a s i l y  colonized by all.  e n t e r i c  s p e c i e s  
( i n c l u d i n g  - E .  -- c o l i  K-12).  F i n a l l y  any subs t ance  xLiich 'proiTecCs' an i n g e s t e d  
organism from t h e  a c i d i t y  of t h e  s tonach  l e a d s  o f t e n  t o  a h i g h e r  level of I:-12 
e x c r e t i o n  ( a l though  subsequent c o l o n i z a t i o n  of t he  n o n a l  bowel does not occur,  
t h e  length of t i m z  o f  e x c r e t i o n  may be  i n c r e a s e d  by a few d a y s ) .  Tne re fo re ,  a 
few s i m p l e  r u l e s  a p p e a r  t o  be prudent  w i t h  regard t o  handl ing  E. - -  c o l i  K-12, par-  
titularly when they c o n t a i n  e i t h e r  recombinant DYA molecules o r  n a t u r a l l y  
o c c u r r i n g  plasmids f o r  t h a t  m a t t e r :  

a. The usual l a b o r a r o r y  procedures  enployed i n  d e a l i n g  w i t h  e n t e r i c  

b.  I n d i v i d u a l s  who are r e c e i v i n g  a n t i b i o t i c  therapy should no t  work 
pathogens should be  flollow2d as  desc r ibed  above. 

with tile s t r a i n s  d u r i n g  t h e  p e r i o d  they are rc!ceiving the rapy  and 
f o r  seven d a y s  a f t e r  the c e s s a t i o n  of t 'nzrapy. 
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C .  I ~ - c l - t v i d u d s  w h o  I;civ~ func t iona l  i n t c s t i . n a l  Ciisoxd2J-s a i l t l  thor;? 
who have hac! s u r g i c a l  removal of p a r t  of t h e  stonnch o r  bowel  
should  no L work 1 , i i t h  these s t ra i r s .  

d .  Individuals S . T ~ O  t ake  large affiomts of' a n t a c i d s  should  bc  avare 
t h a r  they  are m.c)~s r e a d i l y  colonizec! by i n g 2 s  Lsc! b a c t e r i a .  
Obv ious ly ,  the usua l  l a b o r a t o r y  precant-ior: of no e ,a t icg i n  the 
laboratory should be followed. 

3. Genz Transfer  i n  t h e  Gut  

Although E. c o l i  ic-12 2nd d e r i v a t i v e s  do not  u s u a l l y  a c t i v e l y  RLllt ipiy - -  
and co lon ize  t h e  n o r m l  anirral  bowel, t he  organisma t h a t  su rv ive  t h e  a c i d i t y  
of t h e  stomach and o t h e r  n a t u r a l  h o s t  defenses ,  remain viEble  and can act as 
g e n e t i c  r e c i p i e n t s  o r  g e n e t i c  donors under t h e  propsr  circu:Ps*Laiices. Irr so 
Ear as we are aware a l l  of t h e  recombinant DNA molecules t h a t  have been pre-  
pared thus  f a r  zre nonconjugat ive,  t h a t  is ,  they do n o t  i n h e r e n t l y  have t h e  
a b i l i t y  t o  i n i t i a t e  t r a n s f e r  of DNA, Nonetheless,  t hese  nonconjugat ive p l a s -  
mids can  be  mo3ilized by a t r a n s f e r  plasmid (such as t h e  classical  F plasmid)  
r e s i d i n g  i n  the  same ce l l .  A p o s s i b l e  scena r io  f o r  ex tens ion  of t h e  r e s e r v o i r  
of a recoinbimnt  DXA molecule could b e  as fol lows:  A research  worker i n g e s t s  
- -  c o l i  K-12 con ta in ing  a reconbinant  DNA plasmid. E .  The s u r v i v i n g  c e l l s  whi le  
i n  t h e  gu t ,  engaged i n  con juga t ion  wi th  a meolber of t h e  normal f l o r a  con ta in ing  
a t r a n s f e r  plasmid. (Note: about 38X of a l l  E.  c o l i  s t r a i n s  froill asymptomatic 
animals  and ~nan harbor  a t  least one t r a n s f e r  piasr;lid.) The converted K-12 organism 
con ta in ing  both t h e  t r a c s f e r  plasmid and t h e  recorihinant plasmid Eates w i t h  a 
m a h e r  of t h e  n o r m 1  gut f l o r a  and t h e  reconb-inant plasn-id i s  t r a n s f e r r e d .  The 
l a t te r  strain is f u l l y  capable  of  s u r v i v a l  i n  t h e  gu t  and can, i n  t u r n ,  mate wi th  
o t h e r  s t r a i n s .  

T h i s  h y p o t h e t i c a l  sequence of even t s  h a s  a c e r t a i n  p r o b a b i l i t y  t h a r  can be 
c a l c u l a t e d  on t h e  b a s i s  of l z b o r a t o r y  experiments a t  1 i n  - 1 i n  low8 . pe r  
b a c t e r i a l  ce l l .  Experiments of t h i s  n a t u r e  sugges t ,  however, t h a t  t h e  probabi-  
l i t y  of t h i s  occurrence i n  t h e  nornal gu t  i s  on the  o rde r  of 1 i n  t o  1 x 
lO-I4. 
t h a t  t h e  b e s t  defense  a g a i n s t  R plasmid and o t h e r  gene t r a n s f e r  i s  a n o r n a l  gu t  
and g u t  f l o r a .  
etc. are s i a p l y  n o t  op t imal  f o r  g e n e t i c  t r a n s f e r .  
l o g i c a l  c o n d i t i o n s  of t h e  normal bowel provide  u s  wi th  one of the  major n a t u r a l  
defense  mechanisms a g a i n s t  i n f e c t i o n  by e n t e r i c  pathogens. A major  excep t ion  is, 
aga in ,  i n s t a n c e s  i n  which t h e  normal f l o r a  has  been nod i f i ed  by a n t i b i o t i c  treat- 
ment o r  i f  t h e r e  is a f u n c t i o n a l  o r  p a t h o l o g i c a l  bowel d i s o r d e r .  Under these 
c i rcumstances ,  t h e  r o b a b i l i t y  of -CI i n  v ivo  t r a n s f e r  i n c r e a s e s  t o  an m e r a g e  of 
1 x Thus, t h e  parameters  which a f f e c t  t h e  c o l o n i z a t i o n  oE 
- -  E. c o l i  K-12 l i k e w i s e  a f f e c t  t h e  p r o b a b i l i t y  of g e n e t i c  t r ansmiss ion  and t h e  
g u i d e l i n e s  l i s t e d  above apply  t o  t h e  prevent ion  of i n  vivo g e n e t i c  t ransmiss ion .  
Of course ,  t h e  p r o b a b i l i t y  of gene t r a n s f e r  by an i nges t ed  K-12 i s  exceedingly 
low p a r t i c u l a r l y  a f t e r  t h e  f i r s t  24 hours  of i n g e s t i o n .  
t r a n s f e r  from E.  c o l i  K-12 is  n o t  a s i g n i f i c a n t  hazard so l o n g  as normal pre- 
c a u t i o n s  of the b a c t e r i o l o g y  l a b o r a t o r y  and t h e  containment g u i d e l i n e s  l i s t e d  
earlier are fol lowed.  

This  d i f f e r e n t i a l  between l a b o r a t o r y  and gut  i l l u s t r a t e s  the concept  

Condi t ions i n  t h e  bowel such as Eh, pH, f a t t y  acid concen t r a t ion ,  
Indeed t h e s e  sane physio- 

t o  1 x lo-'. 

I n  o u r  judgement, gene 

4 .  Gene Trans fe r  Outside t h e  Gut 

There is one s i t u a t i o n  i n  which gene t r a n s f e r  might c o n t r i b u t e  t o  t h e  d i s -  
This  s i t u a t i o n  could r e s u l t  from an seminat ion of recombinant plasmid spec ie s .  



i ~ ~ : f o r t u n  i t : ~ l y  counoa p r a c t i c e  i n  some Izboratori.zs, nzinely th?. dlscardin:; 0 2  
c u l t u r e  supexiat~nt~ and even  vi;ible ciilturcs 02  E .  ~ 0 3 . i  EC-12 2nd otheir ''2.3n- 
patttogeni.c" b a c t e r i a l  sp2cies i n t o  the  laboratory s i i i k  ~ h t c f i  eapt:tn,s i n t o  the 
coir3:inity s;?.'i.i?z system. On t h e  face o f  t h e  n a t t z r  it night be i m g i n e d  char  
v i r t u a l l y  any forrn 01 sewage treatrr:ent X,,;o;.tld e f f e c t i v e l y  destroy the i)act"~-.ia. 
T h i s  assu:erJ%ion i.s to t a lLy  ug Founded, Iiowevt?r. For ei :a lxple ,  i n  Ibshing::on, 
D.C., dur ing  p e r i o d s  of heavy water lis2 o r  during a per iod  of heavy ra infai l ,  
i t  i s  qlclitz p o s s t b l e  chat a hi@1 p r o p o r t i o n  cf orgzni.sas disposed of do:m a 
di-aiu would reach  the Potomi :  Rivar whsre E .  c o l i  counts  in excess oE 107/100 cii 
are not  unCmmoi1. 
a r e a s )  . 
g e n e t i c  exchange i n  water-  i iweve r ,  i t  i s  kco;Jn t h a t  f e c a l  E. c o l i  ha rbor ing  
R plasrnids have a ve ry  good s u r v i v a l  p o t e n t i a l  5n sewage and in r i v e r  water, 
A t  any rate, i t  should be  reemphasized that i t  i s  not a good p r a c t i c e  t o  d i s -  
pose of any v i a b l e  b a c t e r i a l  cultlire i n t o  the c o m u n i t y  sewage d i s p o s a l  system, 
T h i s  is, of course ,  p a r t i c u l a r l y  c r i t i ca l  with r e s p e c t  to c u l t u r e s  c o n t a i d i n g  
recombinant plasmid s p e c i e s  o r  n a t u r a l l y  occur r ing  E: p lzsn ids  f o r  t h a t  matter. 
A l l  such s t r a i n s  should b i  considered t o  have a t  l eas t  sone ninixal degrce of .  
hazard and t r e a t e d  with t h e  comqon sense  e x p e r b e n t a l  p r a c t i c a  d e t a i l e d  i n  
t h e  section on containment.  
of gene t r a n s f e r  on bench tops ,  etc. which may be contan ina ted  by  s p i l l s .  
Again,  one needs t o  reemphcrsize t h e  b a s i c  methodology t h a t  i s  tarlght t o  eve ry  
beginning  s t u d e n t  of microbiology. 

__ _-__ 

-_I  

(Kote t h a t  t h i s  s i t i t a t ion  i s  found,  of course ,  i n  most ttrban 
There is r e l a t i v e l y  little d a t a  a v a i l z b l e  concerning the  frequency oE 

-I_ 

S i m i l a r l y ,  on2 does n o t  know the p o t e n t i a l  hazards 

Roughly 10-15X of nomal ,  a s y q t o x a t i c  i n d i v i d u a l s  harbor  E. c o l i  and 
other coloifor iu  organisms i n  t h e i r  nasophar-ynx. It is  no t  k n o w  with any 
degree  of c e r t a i n t y  t o  what ex teE t  well-es t a b l i s h e d  l a b o r a t o r y  s t r a i n s  of  
- -  c o l i  such as K-12 may co lon ize  this anatomical  r eg ion .  E. 
should b e  i n v e s t i g a t e d .  

- -  

This p o s s i b i l i t y  
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C. Sac te r iophage  Ecology 

The l i t e r a t u r e  on bac ter iophage  is enornous and i t  would b e  obvious ly  
f u t i l e  t o  a t t empt  to summarize all t h a t  i s  known about  t h e i r  d i s t r i b u t i o n  i n  
n a t u r e .  V i ru l en t  bac te r iophages  are capable  of o n l y  a produc t ive  l i f e  c y c l e  
i n  b a c t e r i a  so t h a t  t h e i r  p ropagat ion  i n v a r i a b l y  l e a d s  t o  d e a t h  and l y s i s  of  
t h e  b a c t e r i a l  h o s t .  
t h e  phage X of - -  E.  c o l i  K-12,  l e a d  a s o r t  of JekyL1-Hyde e x i s t e n c e  in b a c t e r i a .  
They are capable  of product ive  growth ( l y s i s )  o r  ;nay become i n s e r t e d  i n t o  t h e  
b a c t e r i a l  chromosome and so  assume a r e l a t i v e l y  p a s s i v e  r o l e  ( lysogeny) .  The 
d e c i s i o n  t o  l y s e  or i n s e r t  i s  under t h e  c o n t r o l  of a conplex system of gene t i -  
c a l l y  c o n t r o l l e d  biochemical  ' swi tches '  and i t  is  p o s s i b l e  f o r  t h e  i n s e r t e d  
bac ter iophage  chromosome ( c a l l e d  a prophage) t o  become induced t o  CL produc t ive  

T e m p e r a t e  phages on t h e  o t h e r  hand, as exenrpl i f ied by 



grnsit:1 cycle  a f t e r  peace fu l ly  cocxis t i n g  wi th  t1;z b x r e r i a l  hos:. f o r  many 
g c n r I a t i o n s ,  Other temperate phages s u c h  AS PI, h3L-e propfiagc’s t h a t  do  not 
i n t e g r a t e  -into t h e  b a c t e r i a l  chroiuosoxe hut  r a t h e r  r e p l i c a t e  whi le  a t t a c h e d  
t o  thz hactcr ia l  i n n e r  c e l l  n:ai?brane. As such, th-se prophages a r z  plas.;;icls. 

One nzed only examine f i L t r a t e s  of f e c a l  susp~.~?s loas ,  raw scwage, s o i l ,  
v a t e r ,  uapas teur ized  d i a r y  products  o r  even d iseased  tissue t o  l e a r n  t h a t  bo th  
v i r u l e n t  and temperate  phages a r e  vary  cmmon in n s t u r e .  The systematic starch 
of b a c t e r i a l  s ? e c i e s  f o r  t h e  presence  oE a c a r r i e d  teiqxrcite phage is  so o f t e n  
s u c c e s s f u l  t h a t  some wrirers have been moved t o  r e z z r k  t h a t  i t  is  d i f f i c u l t  t o  
b e l i e v e  t h a t  t h e r e  a r e  many b a c t e r i a l  cel ls  t h a t  are not  c a r r y i n g  a t  least  onz 
temperate  phage! Th-is c e r t a i n l y  seems t o  be t h e  c3se ,  f o r  exarr,pl.e, when 
speaking  oE s t aphy lococc i  b u t  f o r  o t h e r  b a c t e r i a l  s p e c i e s  t h e  r epor t ed  i n c i -  
dence of c a r r i e d  phage varies from 22 t o  94%. 
oE t h i s  document we are p r i m a r i l y  i n t e r e s t e d  i n  the  s t r a i n  E.  c o l i  I(-12 and 
t h e  bac ter iophage  A and i t s  d e r i v a t i v e s ,  i t  i s  probabl;i b e s t  t o  s i m p l y  focus  
on how o f t e n  E. c o l i  s p e c i e s  of n a t u r a l  o r i g i n  c a r r y  phages which can a l s o  
i n f e c t  E. c o l i  K-12 and how many of t h e s e  phages a r e  ‘lambdoid’. 

Since f o r  t h e  major purpose 
- -  

- -  
- -  

Apparent ly  phages resezr,bling A are n o t  uncoznon in wild-rype E. c o l i .  - 
For exaxple some 20 y e a r s  ago Jacob and T?ollman found t h a t  32 or 500 f e c a l  E. 
c o l i  c a r r i e d  tempera te  phages capable  of propagat ion  on E. c o l i  K-12 d e r i -  
v a t i v e .  and a t  lezs t  
s ix  o t h e r s  could  recombine wi th  X. 
c a r r i e d  by E. c o l i  K-12 bu t  were n o t  r e l a t e d  t o  X. Nore r e c e n t  unpublished. 
o b s e r v a t i o n s  from several l a b o r a t o r i e s  have confirmed t h e s e  f i n d i n g s  and i t  is 
p robab1y . f a i r  t o  s a y  t h a t  some 8% t o  10% of all f e c a l  E .  c o l i  ha rbor  a t  l eas t  
one phage capab le  of i n f e c t i n g  E.col.1 K-12 and t h a t  from 1% t o  2% of f e c a l  
E. c o l i  c a r r y  a phage t h a t  i s  c l o s e l y  r e l a t e d  t o  A .  

- 
Among t h e s e  32 phages, 3 w e r e  appa ren t ly  i d e n t i c a l t o  

All of the  o t h e r  phages could  b e  e f f e c t i v e l y  
- -  

- -  
-- 

- -  

Sorce t empera t e  phages alter profoundly the  p r o p e r t i e s  of b a c t e r i a  t h a t  
becoae lysogenized .  
r e s p o n s i b l e  f o r  t h e  s y n t h e s i s  of a nuraber of c l i n i c a l l y  impor tan t  b a c t e r i a l  
p roduc t s  such as d i p h t h e r i a  t ox in ,  (C. d i p h t h e r i a e ) ,  f i b r i n o l y s i n  (S. au reus ) ,  
e r y t h r o g e n i c  t o x i n  (S. pyogenes) , t e t a n u s  t o x i n  (C.  t e t a n i )  , bo tuliTum toxin 
(C, botulinum) , and Tor the s e r o l o g i c a l  s p e c i f  ici’fy of t h e  somatic  a n t i g e n s  
(endo tox ins )  of Salmonel la  s p e c i e s  and en teropathogenic  - -  E - c o l i .  
t h e  bac te r iophage  genome encodes t h e  g e n e t i c  i n f o r a a t i o n  f o r  t h e  synthesis of 
t h e  s p e c i f i c  p r o t e i n  product .  

This process  has been tenet? phage convers ion  and i s  

I n  each case, 

Phages are capable  of t r a n s d u c t i o n  (phage-mediated gene t r a n s f e r )  and th i s  
i s  probably  t r u e  €o r  a l l  tempera te  phages as w e l l  as some v i r u l e n t  phages. 
Transducing phages can p i c k  up DNA from prophages and/or  plasmids i n  donor 
s t ra ins  as  w e l l  as chromosomal DNA and i n t r o d u c e  i t  i n t o  a p p r o p r i a t e  r e c i p i e n t  
s t r a i n s .  
genic  donor and non-lysogenic r e c i p i e n t  s t r a i n s  f o r  bo th  5. aureus  and - -  E. c o l i .  
Transducing phages o r  t h e i r  DNA are a l s o  taken  up by marmalian c e l l s  i n  c u l t u r e  
where they  p e r s i s t  and /o r  r e p l i c a t e  and i n  a t  l e a s t  one i n s t a n c e  expres s  func- 
t i o n a l  gene products .  

Transduct ion  has  been demonstrated t o  occur  i n  mice by us ing  ly so -  

In  c l o s i n g ,  i t  should be  noted  t h a t  t h e r e  h a s  been i n c r e a s i n g  evidence 
over  t h e  y e a r s  t o  sugges t  s p e c i f i c  r e l a t i o n s h i p s  between temperate  phages and 
plasmids.  
t he  chromosome b u t  r e p l i c a t e  and p e r s i s t  i n  b a c t e r i a l  c e l l s  as extrachromosomal 
DNA o r  plasmids, The gene ra l i zed  t r ansduc ing  phage! p f l G  of - Pseudomonas p u t i d a ,  
i n  p i ck ing  up t h e  genes €or deg rada t ion  of mandelatz ,  was found t o  acqu i r e  t h e  
a b i l i t y  t o  act  as a con juga t ive  p l a s m i d  and t o  pronote t r a n s f e r  of both 

Mutant d e r i v a t i v e s  of A have been found t h a t  f a i l  t o  i n t e g r a t e  i n t o  



chronosornnl series and genes f o r  nandzlare deg rada t ion  to r z c i p i e n t  s t ra ins .  
The d i scove ry  t h a t  inberi ixnce of donor gene t i c  rmrkers i n  intergeneric matings 
between E ,  coli donors and S .  t y p h i  r e c i p i e n t s  and between Yllebsiella pneumoiyjae 
d o m r s  and E. - -  c o l i  r e c i p i e n t s  o f t e n  results i n  the  Eornation of new p la smids ,  

-~ - --- --- - 
raises t h e  quest ion as  t o  the o r i g i n  oE the genes t o  perm5.t autonomous r e p l i c a -  
t i o n  of these elements. Yfie u b i q u i t y  of both d e f e c t i v e  and non-defect ive pro- 
phages in lysogenic  b a c t e r i a  t h a t  should c o n t a i n  such i n f o r r a t i o n  leads us to 
b e l i e v e  that  such d e f e c t i v z  and/or  non-dezective i n t eg ra t ed  prophages n igh t  
c o n t r i b u t e  t h e  necessa ry  information f o r  the f o r n a t i o n  aild replication of donor 
DXA f ragments  as autonomously r e p l i c a t i n g  c i r c u l a r  plasmid molecules in reci-  
p i e n t  s t r a i n s  as a consequence of i n t e r g e n e r i c  r a t i n g s .  



I h e  exaiqles given bel0:.7 are mt io ly  f o r  i l l u s t r a t t v c  purpuszs .  ~op .2  o f  
t h e  experiments might n o t  be p o s s i b l e ,  and thn re  i s  little o r  no j i i s t i f i c a c i o n  
f o r  t h e  performance of c e r t a i n  o t h e r s .  

A .  EsaEples of Class I Zxper inent :  

1. 
J, from E .  c o l i  K-12. 

2. 
OK 080 DNA. 

3 .  Transformation, t r ansduc t ion ,  o r  t r a n s f e c t i o n  of  B a c i l l u s  s u b t i l t s  168 
with E. s u b t i l i s  168 chromsomal DNA o r  PES1 phage. 

4: TransforEat ion  of a we l l - e s t ab l i shed  l a b o r a t o r y  s t r a i n  of Nzisseria 
c a t a r r h a l i s  bjj D M  der ived  from the sann str2Ln. 

Transduct iona l  gene t r a n s f e r  t o  Escher ich ia  c o l i  u s ing  phages p i  o r  

Transformation of  E. c o l i  R-12 w i th  E .  c o l i  E(-12 chronosonal,  F plasmid 
- -  

- -  

- 
-- 

B. Examples of Class I1 Experiment: 

1. 
lilurium 

2. 

Conjugal gene t r a n s f e r  between H f r  and F- s t r a i n s  of Salmonella typhi-  

Conjugal gene t r a n s f e r  between 3fr and F- en teropathogenic  E.  c o l i  
LT2. 

- -  
strains. 

3. Formation of a recombinant plasmid between t h e  pSClOl ( t e t r a c y c l i n e  
resistance) and RSFlOlO (s t reptomycin and sulfonamode resistance) plasmids when 
in t roduced  i n t o  E. c o l i  s t r a i n  I;-12. 

4 .  

5 .  

6. 

Formation of a recombinant r e p l i c o n  between phage h and t h e  ColEl 

I n t e g r a t i o n  of t h e  plasmid R64 i n t o  t h e  chroEosome of - S. typhimuriun 

A survey  oE t h e  h o s t  range 

plasmid when in t roduced  i n t o  E. c o l i  K-12. 

LT2, and its e x c i s i o n  t o  i s o l a t e  an R’ plasmid. 

i s o l a t e d  from n a t u r e  when in t roduced  i n t o  - E .  c o l i  K-12, - S. typhimurium LT2 
and S h i g e l l a  d y s e n t e r i a e  SK. 

Cons t ruc t ion  of a recombinant between phage P1 and an a m p i c i l l i n  resis- 
t ance  (Ap) plasmid, and t h e  i n t r o d u c t i o n  of t h e  recombinant P1-Ap molecule i n t o  

- -  

of R plasmids found i n  S .  -~ t y p h i  s t r a i n s  

7. 

E. coli K-12. - -  
8 .  Const ruc t ion  of  a recombinant between bac ter iophage  Mu and the R plasmid 

Rldrd l9  and its i n t r o d u c t i o n  i n t o  E. - -  c o l i  K-12. 

(F rede r i cq )  plasmid when in t roduced  i n t o  - -  E.  c o l i .  (It should b e  noted t h a t  a 
c o l i c i n  V gene i d e n t i c a l  or  s i m i l a r  t o  t h a t  on t h e  Freder icq  plasmid h a s  been 
i d e n t i f i e d  i n  a h igh  p ropor t ion  of b a c t e r i a l  s t r a i n s  involved in e x t r a - i n t e s -  
t i n a l  i n f e c t i o n . )  

10. Cons t ruc t ion  of a recombinant DNA molecule involv ing  the plasmid of B. 
pumilus ( ca r ry ing  g e n e t i c  in format ion  f o r  t h e  i n h i b i t i o n  of s p o r u l a t i o n )  and a 
temperate  phage from B. s u b t i l i s  when in t roduced  i n t o  E. s u b t i l i s .  

9. Const ruc t ion  of recombinant molecules between phage 080 and t h e  Col 9 

11. I n t r a g e n e r i c t r a n s f o r m a t i o n  of chroroosornal DXA i n  a v i r u l e n t  s t r a i n s  of 
S t r ep tococc i .  

12. I n t r a g e n e r i c  t r ans fo rma t ion  of chromosonal DXA in B a c i l l u s  s p e c i e s  
except E. a n t h r a c i s  . - __- 



I. Construt-t ion o E  a r eco r25 in~n t  172Jh molectlI .cn.  buLveen t?Lc c r y p t i c  plasmid 
f r o r r ,  S I  tvphimuriuG LT2 and the S taohylacoccca axweus ?lnsnid pI2.53 anr! i t s  
i u t r o d u c t i a n  i n t o  S .  atireus. 

f i b r i n o l y s i n  i n t o  a S .  a l b u s  s t r a i n .  

ga ies  and a plasrnid o r  bac ter iophage  r e p l i c o n  f r o n  E.  c o l i ,  a d  t h e i r  i n t roduc -  
t i o n  i n t o  E .  c o l i .  

( s p e c i f i e s  ctiioramphenicol resis Lance) from S . pnecmonlae and C o l E l ,  and t h e i r  
i n t r o d u c t i o n  i n t o  E .  c o l i .  

5. Cons t ruc t ion  of a recombinant DNA molecule between X o r  pSClOl and 
a plasmid d2rived from Strep toxyces  c o e l i c o l o r  and i t s  i n t r o d u c t i o n  i n t o  E ,  c o l i .  

6 .  Const ruc t ion  of recoxbinant  DNA molecules betwem E.  c o l i  genes involved 
i n  h i s t i d i n e  b i o s y n t h s s i s  and a 'is. pumilus plasmid, and t h e i r  i n t r o d u c t i o n  i n t o  
B. s u b t i l i s .  

7, 
genes froin Xombyx mori, w h ~ n  i c t roduced  i n t o  E .  c o l i .  

8. 
gene and ColEl and i t s  i n t r o d u c t i o n  i n t o  E. c o l i .  

9. 
xosas p u t i d a  and either phage ?, o r  t h e  RSPlOlO plasmid,  and i t s  i n t r o d u c t i o n  i n t o  
E ,  c o l i .  

10, Const ruc t ion  of a DNA chiEzra  between TilOuse mi tochondr i a l  DXA and phage 
h o r  t h e  pSClOl p l a s n i d  vhen in t roduced  i n t o  E. c o l i  K-12. 

--c- --.__ - --_- __--_ 
- 

r It 2. i n e  i a t r o d u c t i o n  of a phage f ron  S.  zur*?us t h n t  leads t o  product ion  of 

3. Const ruc t ion  OE reconbinant  DNA molecules becweeil sea u r c h i n  h i s t o n e  

- 
- __--- 

- -- 
- -- 

4 .  Const ruc t ion  of recombinant DXA molectdes between t h e  Ci3 p l a s n i d  
- _. 

- --- 

I -~ -__I-II- 

- _ _ I  

- 
- - 

Const ruc t ion  of a recoxbinant  p1asmi.d o r  phage t h a t  ir?.cludes f i b r o i n  

Cons t ruc t ion  of a recoEbinant  DNA molecule between the chicken  ovalbrmin 

Cons t ruc t ion  of a recoxbinant: rcolecule between t h e  OCT plasmic! of  Pseudo- 

-____ -- - -  

- I __  

-- 

- -  

- -  
D. E x a q l e s  of C l a s s  I V  Eqe r ime i l t :  

1. Const ruc t ion  of recombinant DNA molecules c o n t a i n i n g  DXA from a phage of  
S .  aureus  t h a t  codes € o r  t h e  product ion  of f i b r i n o l y s i n  and e i t h e r  E. c o l i  plasmid 
o r  phage DXA, 2nd t h e i r  i n t r o d u c t i o n  i n t o  - -  E. c o l i .  

de r ived  from any p r o k a r y o t i c  o r  euka ryo t i c  organism, and E. - -  c o l i  phage o r  plasmid 
DNA and t h e i r  i n t r o d u c t i o n  i n t o  E. c o l i .  

Cons t ruc t ion  of a recombinant DNA noleccile between plasmid DXA ( spec i fy-  
i n g  t h e  s y n t h e s i s  of kananycin) f r o n  Streptomyces kanamyccticus and - -  E .  c o l i  plas- 
i6.d o r  bac te r iophage  DNA, and its i n t r o d u c t i o n  i n t o  E. c o l i .  

4 .  Const ruc t ion  of a reconbinant  betwezn an 2. mutans c a r i o g e n i c  plasmid 1 

and an  E .  c o l i  plasmid and i t s  i n t r o d u c t i o n  i n t o  E. c o l i .  
5. Cons t ruc t ion  of a ch imer ic  DNA molecule con ta in ing  a s i n g l e  p u r i f i e d  DNA 

f r agnen t  der ived  from cucuaber mosaic v i rus  and C o l E l  and i t s  i n t r o d u c t i o n  i n t o  

- - -  

2. Cons t ruc t ion  of recombinant nzolecules between genes f o r  pho tosyn thzs i s ,  

I -  

3.  

- -  

E .  c o l i .  - -  
6 .  Const ruc t ion  of a recon3inant  between t h e  gene coding f o r  t h e  s y n t h e s i s  - 

of  human growth h0rmor.e and t h e  pSCl01 plasmid,  and i t s  i n t r o d u c t i o n  i n t o  E .  _ _ I _  c o l i .  



1 .. Con.; t r u c t  ion OE a rccoritbincant betwenn thz - S. -..-_ a x e u s  plas:nid that  
s p e c i f i e s  ex fo l i a t ive  tox in  product ion and an E. coli phzge o r  plasmid, and i t s  
i n t r o d u c r i o n  into - E .  coli. 

2. Cons t ruc t ion  of rzcombinant DYA molecules b e t w e n  c r y p t i c  p l a s n i d  DNA 
from microoreanisms such as Yersinia p s s t i s ,  I;. a c t h r a c i s ,  o r  Brucella abortus  
and any o ther  carrier molecule and t h - i r  i n t r o d u c t i o n  i n t o  5 .  c o l i .  

3 .  Const ruc t ion  oE 3 c h i n e r i c  DNA molecule which inc ludzs  t h e  DNA o? 
'Dane' p a r t i c l e s  of thz  h e p z t i t i s  3 virus and bacteriophage A o r  p l a s ~ i d  DXA, 
and its introduction i n t o  E. coli. 

---- -_._I_ - 
- -  

-- II 

F. Examples  of Class VI E x p e r i m n r :  

1. Const ruc t ion  of a recombinalk between the 9 phage of CorYneSacterfun 
d i p h t h e r i a e  t h a t  s p e c i f i e s  t o x i n  product ion and a phage o r  p l a F ~ d  f r o m  - -  E .  c o l i  
and its i n t r o d u c t i o n  i n t o  E. c o l i .  

2. Cons t ruc t ion  of a recombinant conra in ing  gene t i c  in format ion  f o r  toxin 
product ion  from s t r a i n s  of C l o s t r i d i u  b o t u l i n m  - cr - C .  -- tetani and - -  E. c o l i  phage 
o r  plasmid DXA and its i n t r o d u c t i o n  i n t o  E. - I __  coli. 

- -  



X - G e i l e r c i L  Cu5.d:ince P r i n c i n l e s  Reoarding t h e  Choice of V n l i - i c l ~ ) ~  f o r  DIJii. 
-___c__ ___-______ r - - -b  ___I._----. __ 
Clo-iling h p s  rixents 

I. By s e l e c t i n g  and/or g e n e t i c a l l y  nanipl i l .e t i2g vehicles used i n  c lon ing  f o r -  
e i g n  DNA, i n v e s t i g a t o r s  n2.y m i n i s i z e  the possible biohazards  involved  i n  the 
c 0 ns  t r u c t i o n c f g en e t i. c 2 1 l y a I t 2 re d 3.i c ?c 0 0 T 2 ail 2 s ins 1.: i t 11 ou t  s 2 c r i f 2 c i n  g t h e ob - 
j e c  til-es of th;: e x p e r i i x n ? .  LE ger-era l ,  no:~-c.onj u g a t i v e  plas3ids are p r e f  erabie 
t o  con juga t ive  pl.as!n-i_ds a s  c l o n i i ~ g  vehicles. 

_1_---1_--_--11 

2. 
b a c t e r i a  are  p r e f e r a b l e  t o  v e h i c l e s  which ~ a y  o E f e r  such a n  advantage.  

Cloiiing vehicles which do not a f f e r  any biological. advantage t o  r e c i p i e n t  

3 .  
p r e f e r a b l e  t o  t h o s e  e x i s t i n g  as enczpsulated e x t r a c e l l u l a r  p a r t i c l e s .  

C l O i l i R g  veh ic les  ~ 7 h t c h  o r d i n z r i l y  have an  j n t r a c e l l u h r  e x i s t e n c e  are 

1;. Cloning v e h i c l e s  t h a t  expres s  genocypic o r  phenotypic  p r o p e r t i e s  that 
a r e  a l r e a d y  cozaon i n  t h e  r e c i p i e n t  b a c t e r i a l  s p e c i z s  are p r e f e r a b l e  t o  those  
expres s ing  less  common p r o p e r t i e s .  

5 .  A vehicle .r\-hich has  not been s u b j e c t e d  t o  e x p e r i r e n t a l  procedures, such 
as mutagenesis ,  vhich may a l te r  i t s  b i o l o g i c a l  h o s t  range ,  i s  preferabl- .  t o  
;? v e h i c l e  which h a s  been s u b j e c t e d  t o  such procedures .  

6 .  
g z  :ion are  p r e f e r a b l e  t o  r r i Id- t>-pe  c lon ing  v e h i c l e s .  

Cloning v e h i c l e s  c a r r y i n g  genetic defects which nay r e s t r i c t  t h e i r  propa-  

.7. Cloning veli icles tha t  have bceri well. c,harzicterizsd r:ith regard  to their-  
g e n c t i c  and moiecular  p r o p e r t i e s  are p r e f e r a b l e  t o  t hose  ~ i i l c ! ~  have n o t  been 
;!ii rv.iell s t u d i e d .  



3 .L 

2 .  
rare i n  exrrachror.csornal gene pools  (e. 2. r e s i s t a n c e  t o  t r i c s t h o p r i x  and €TJsidic 
a c i d )  should be  avoided. 

The u s e  of plasmids which carry antibiotic r e s i s t a n c e  gen?a tha'l are nonrzl l j r  

3 .  C e r t a i n  a n t i b i o t i c  r e s i s t a n c e  genes are p r e f e r a b l e  t o  o t h e r s  € o r  use as 
selective agen t s  i r ?  DNA c lon ing  experiments;  hence, t e t r a c y c l i n e ,  sulfonamide, 
and s t r ep tomyc in  r e s i s t a n c e  are p r e f e r a b l e  f o r  us2  because they occur n a t u r a l l y  
a t  h igh  frequency among microorganisms p r e s e n t  i n  bo th  huzan and. i o e e s t i c  a n i -  
n a l  p o p u l a t i o n s .  

D. 

1. Hosts  t h a t  posses s  con juga t ive  plasmids o r  prophages, which may f a c i l i t a t e  
d i sseminat ion  of g e n e t i c  mater ia l  t o  o t h e r  h o s t s ,  should b e  avoided i f  consis-  
t e n t  w i t h  t h e  o b j e c t i v e s  of t h e  exper immt .  

Gu ide l ines  f o r  S e l e c t i o n  of BacterTa as DNA Donors and Rec ip ien t s  

2. 
p e r t i e s  of a donor o r  r e c i p i e n t  s t r a i n ,  such s t r a i n s  should be avoided f o r  
c o n s t r u c t i o n  of g e n e t i c a l l y  a l t e r e d  E i c r o o r g a n i s m .  

Vhen l i t t l e  is known about  t h e  g e n e t i c ,  metabol ic ,  and/or e c c l o g i c a l  pro- 

3. Spore-forming n i c r o o r g a n i s n s  should n o t  be  used as donors o r  r e c i p i e n t s  
of ch imer i c  DXR molecules;  mutant d e r i v a t i v e s  unable t o  form spores  should b e  
employed; r e s t o r a t i o n  of sporogeny should n o t  be a p o s s i b l e  outcorn;? of t heexpe r imen t .  

E. Sugges t ions  f o r  P o s s i b l e  Genet ic  Modif ica t ion  of Rec ip i en t  S t r a i n s  

Gene t i c  m o d i f i c a t i o n  of t h e  r e c i p i e n t  s t r a i n s  p r i o r  t o  i n t r o d u c t i o n  of 
recombinant DNA molecules nay c o n t r i b u t e  f u r t h e r  t o  reducing o r  e l i m i n a t i n g  
p o s s i b l e  b iohaza rds .  The u s e  of  r e c i p i e n t  s t r a i n s  t h a t  posses s  n u t a t i o n s  t h a t  
reduce p a t h o g e n i c i t y ,  a b i l i t y  t o  s u r v i v e  and/or  e s t a b l i s h  i n  a d i v e r s i t y  of 
e c o l o g i c a l  h a b i t a t s  and/or  t r a n s m i t  g e n e t i c  information i s  t h e r e f o r e  d e s i r a b l e . E x m p l e s  
of g e n e t i c  m o d i f i c a t i o n s  t h a t  can b e  in t roduced  i n t o  E. c o l i  s t r a i n s  t o  accon- 
p l i s h  t h e  above o b j e c t i v e s  are provided below: 

1. 

2. 

U s e  of a pur- mutant s i n c e  pu r ine -de f i c i en t  mutants of many pathogenic  

U s e  of a dap- mutant s i n c e  t h e  amino a c i d  d i a m i n o p i n e l i c  a c i d  i s  n o t  
microorganisms are a v i r u l e n t .  

ve ry  p r e v a l e n t  i n  n a t u r a l  environments and i t s  absence w i l l  r e s u l t  i n  i n a b i l i t y  
t o  s y n t h e s i z e  t h e  ce l l  wal l  and thus  l e a d  t o  c e l l  lysis. 

3 .  
would minimize t h e  a b i l i t y  of the g e n e t i c a l l y  a l t e r e d  microorganism t o  co lon ize  
animal h o s t s  . 
3 2 O C .  This  would minimize t h e  a b i l i t y  of t h e  g e n e t i c a l l y  a l t e r e d  microorganism 
t o  s u r v i v e  i n  s o i l ,  water and o t h e r  n a t u r a l  environmznts. 

U s e  of a t empera tu re - sens i t i ve  mutant t h a t  cannot grow a t  37°C.  This  

4 .  Use of a c o l d - s e n s i t i v e  mutant t h a t  cannot grow a t  t e z p e r a t u r e s  be1Oi-7 



5 .  Use of il Straii l  t h 3 t  would be unable  t o  f e r n m t  o r  u t i l i z e  a d i v e r s i t y  
oE carbohydratzs  - e . g .  a -- p r s  - mitarit, phosphotransferase system 
de f t i c t ive .  T h i s  would c o n t r i b u t e  t o  rhe i n a b i l i t y  of tile g e n e t i c a l l y  a l t z r e d  
n icmorganisn :  to  grow i n  a d i v e r s i t y  of e c o l o g i c a l  k - b i t a t s .  

5 .  Use of a rrutant w i th  = s t a t i o n s  such as uvr ,  p o U ,  e t c .  t h a t  V J O I L L ~  
confer i n c r e a s e d  s e n s i t i v i t y  t o  u l t r a v i o l e t  l i g h t ,  s i r . ce  t h i s  wor?ld c o n t r i -  
b u t e  t o  i n a b i l i t y  of the g e n e t i c a l l y  a l t e r e d  microorganism t o  s u r v i ~ e  i n  
n a t u r a l  environments. 

7 .  Use of a rec- mutant  s i n c e  t h i s  E igh t  reduce t h e  exchange of g e n e t i c  
i n fo rma t ion  by t h e  r e c i p i e n t  s t r a i n .  

8. U s e  of a b a c t e r i a l  mutant t h a t  i s  d e f i c i e n t  as a r e c i p i e n t  of g e n e t i c  
i n fo rma t ion  by conjugat ion.  Th i s  would reduce t h e  l ikel ihooc!  of i n t r o d u c t i o n  
of c o n j u g a t i v e  plasmids f r o m  o t h e r  b a c t e r i a  i n  t h e  n z t u r a l  envirortrnents and 
t h u s  reduce t h e  l i k e l i h o o d  of m o b i l i z a t i o n  and t r a i sn i i s s ion  of the i n f o r m t i o n  
on t h e  recombinant E 4 A  molecule by conjugat ion.  
con juga t ion  by b a c t e r i a  nay a l s o  c o n f e r  i nc reased  resfstance t o  a d i v e r s i t y  of 
bac te r iophages ,  and t h u s  might reduce t h e  l i k e l i h o o d  of t r ansmiss ion  of g e n e t i c  
i n fo rma t ion  by t r a n s d u c t i o n .  

ducing phages s i n c e  t h i s  would ninirnize t h e  l i k e l i h o o d  of d i s semina t ion  of gene- 
t i c  i n f o r n a t i o n  from t h e  g e n e t i c a l l y  a l t e r e d  microorganism. 

- 

I_ 

Some mutat ions t h a t  i n h i b i t  

9. Use of a mutant t h a t  is  r e s i s t a n t  t o  a m u l t i t u d e  of p o t e n t i a l  t r a n s -  



4. I n t r o d u c t i o n  -_ 

A f t e r  c3ns t r u c t i o n  of a r c c o i n 5 i ~ ~ n t  DXA m o l z ~ u l ~  and  Fts i n t r o d u c i i o n  i n t o  
r? r:j-crohizl h o s t ,  i t  still h e  i n p a r t a n t  f o r  t h e  i n v e s t i s a t o r  t o  ;1ssoss t h z  
b iohazards a s s o c i a r e d  w i t E  the  f o r m t i o n  O E  c h i s  g e c d t i c a l l y  a l t e r e d  Ricioorganism. 
I n  marly i n s t a n c e s  t h e  i n f o r m t i o n  obtained f r o %  thzse s t u d i e s  w i L l  r e q u i r e  reclas- 
s i f i c a t i o n  of t he  expmirrent  i n t o  a ness c l a s s  category.  
r e s u l t  in t h e  experiment being des igna ted  i n  a class r e q u i r i n g  less con te in -  
n e n t ,  a l though i n  c e r t a i n  cizcumstances tfie determined biohazards may b e  Fore 
severe than  o r i g i n a l t y  e spsc t ed  which would r e q u i r e  t h e  r e c l a s s i f i c a t i o n  of t h e  
expcriment i n t o  a c lass  r e q u i r i n g  a more s i x i n g e n t  lzvel of  containment.  

R e c l c s s i F i c a t i o n  r i g h t  

Cer tatn p r i n c i p l e s  should b e  followed i n  obL=tntng i n f o r m t i o n  t h a t  might 
b e  u s e f u l  in a s s e s s i n g  t h e  real  biohazards a s s o c i a t e d  wi th  any g iven  expet-i- 
ment. One should i n i t i a l l y  conduct s p e c i f i c  experiments t o  d c t e r m h e  whether 
t h e r e  are any a l t e r a t i o n s  i n  the p a t h o g e n i c i t y  of t h e  g e n e t i c a l l y  a l t e r e d  micro- 
organism and any changes i n  i t s  e c o l o g i c a l  p o t e n t i a l s .  I f  t h e  a l t e r e d  Eicro-  
organism c o n t a i n s  DNA s p e c i f y i n g  unknown gene p roduc t s  i t  w i l l  b e  d i f f i c u l t ,  
i f  n o t  impossible ,  t o  assess t h e  b iohaza rds  associatcld w i t h  th2 d i s t r i b u t i o n  of 
t h i s  g e n e t i c  infor inat ion aaong microorganisms occupying t h e  saoli? e c o l o g i c a l  
niches as the r e c i p i e n t  s t r a i n .  In  t h e s e  i n s t a n c e s  it will n o t  be p o s s i b l e  t o  
r e c l a s s i f y  t h z  experiment t o  employ less s t r i n g e n t  degrees  of containment.  I n  
these e v a l u a t i o n  exp2riments,  t h z  cel ls  con ta in ing  recombinant DNA should b e  
grown under t h e  same c o n d i t i o n s  of c o n t z i m e n t  as were used i n  t h e  experiments 
t h z t  produced them. I f  cel l  p roduc t s  are t o  be analyzed, the cel ls  should b e  
l y s e d  o r  e x t r a c t e d  under these saze c o n d i t i o n s  and t h e s e  ex t rac ts  t e s t e d  for 
s t e r i l i t y  p r i o r  t o  t a k i n g  t h e  material i n t o  a genercrl r e s e a r c h  l a b o r a t o r y  
where less containment i s  necessary.  I f  t h e  product is p o t e n t i a l l y  t o x i c ,  t h e n  
a p p r o p r i a t e  p r e c a u t i o n s  need t o  be  t aken  t o  p r o t e c t  t h e  i n v e s t i g a t o r  from 
exposure,  and s p e c i a l  f a c i l i t i e s  shoc ld  b e  u t i l i z e d  t o  house any animals  and/or  
p l a n t s  used f o r  t e s t i n g  t h e  product .  
are b e i n g  e v a l u a t e d  for pa thogen ic i ty  i n  aniroal o r  p l a n t  h o s t s ,  t h e s e  animals  
o r  p l a n t s  should be under containment f a c i l i t i e s  s i m i l a r  t o  those used f o r  
t h e  c o n s t r u c t i o n  of t h e  g e n e t i c a l l y  a l t e r e d  microorganism. Such animal o r  
p l a n t  h o s t s  must be disposed of i n  a way t h a t  will n o t  permit  d i s semina t ion  
of t h e  organism be ing  t e s t e d .  
organisins sliould be  avoided i f  p o s s i b l e  u n t i l  t h e r e  h a s  been saxe assessment of 
t h e  biohazard.  
t e d  under c o n d i t i o n s  of more s t r i n g e n t  containm2nt. 

When t h e  g e n e t i c a l l y  a l t e r e d  microorganisms 

T e s t s  r e q u i r i n g  l a r g e  numbers of  a l t e r e d  micro- 

I f  th i s  i s  n o t  p o s s i b l e ,  t hen  such experimenrs should be conduc- 

B.  Infornation That \ J i l l  Ce Help fu l  i n  E v a l u a t i n s  P a t h o g e n i c i t y  

The fo l lowing  tests should n o t  b e  considered t o  be a l l - i n c l u s i v e  si.nce t h e  
p a r t i c u l a r  tests t o  be  performed w i l l  be  d i c t a t e d  by t h e  n a t u r e  of  t h e  gene t i -  
c a l l y  a l t e r e d  microorganism, v i t h  r e s p e c t  t o  bo th  t h e  o r i g i n  of t h e  g e n e t i c  
i n fo rmar ion  on t h e  recombinant DNA molecule and t h e  p a r t i c u l a r  a t t r i b u t e s  of t h e  
r e c i p i e n t  h o s t  s p e c i e s .  The d e s i g n  and conduct of s p e c i f i c  experiments  t o  
e v a l u a t e  t h e  real  b iohaza rds  w i l l  t h e r e f o r e  reqirfre c a r e f u l  e v a l u a t i o n  by t h e  
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I i l fect ix . . i ty  i n  a p p r o p r i z t c  arrimts o r  p l a n ~ s .  
Colonization i n  t he  ipt ,  o r a l  cavity, on tht.. skin, e t c .  of 

3.1 hos;s o r  o n  the rmts, leav,~s, etc, of a22ro- 
pr ia t te  p l a n t s .  
Product ion  of k e r s t o c o n j u n c t i v i  t is  i n  g u i r x a  p i g s  ( thz  
Sereny  tes ' i)  :\rhich would be an i n d i c a c i o n  of tile c a p a c i t y  
of t h e  a l t e r e d  n i c r o o r g a n i s a  t o  penetrp-te thc?. i n t e s t i n a l  
cxcosa .  
Xnvzsion and p r o l i f e r a t i o n  i n  cacrophages and/or  f i b r o b l a s t s .  
Product ion  of such c e l l  p roducts  as b a c t e r i o c i n s ,  hemolysins, 
f i b r i n o l y s i n s ,  co l l agenases ,  p e c t i a a s z s ,  etc.  t h a t  might ccm- 
t r i b u t e  t o  c o l o n i z i n g  a b i l i t y  and/or  i nvas iveness  and toxin; 
of va r ious  s o r t s  and t o  test t h e  potency of such toxins by 
us ing  a p p r o p r i a t e  ce l l  c u l t t i r e s  of euka ryo t i c  organisms, 
l i g a t e d  i n t z s t i r s l  l o o p s  oE a p p r o p r i a t e  ariitzal h o s t s  o r  
a p p r o p r i a t e  p l a n t  o r  animal s p e c i e s .  
Product ion  of h y p e r s e n s i t i v i t y  and/or  necrGsis  by ce l l s  or 
e x t r a c t s  when i n j e c t e d  ine rade rma l ly  i n t o  t h e  s k i n  of appro- 
p r i a t e  a n i n a l  h o s t s .  
Determina t ion  of t h e  a i c i m a l  i n h i b i t o r y  c o n c e n t r a t i o n s  of 
v a r i o u s  a n t i m i c r o b i a l  a g e n t s  u s e f u l  i n  k i l l i n g  and/or  i n h i b i -  
t i n g  growth of  t h e  a l t e r e d  microorganism. 
Determinat ion of whether o r  n o t  t h e  gene products  s p e c i f i e d  
by t h e  recombinant DNA appear  e x t r a c e l l u l a r l y ,  i n t r a c e l l u l a r l y  
o r  i n  t h e  perlplasLzic space. 

C.  I n f o m a t i o n  That W i l l  B e  Helpful i n  Evalua t ing  Eco log ica l  P o t e n t i a l  

The i n d i v i d u a l  expgrirnents needed t o  assess e c o l o g i c a l  p o t e n t i a l  of the 
a l t e r e d  microorganism w i l l  of n e c e s s i t y  b e  d i c t a t e d  by t h e  p r o p e r t i e s  o f  the 
s t r a i n s  used t o  c o n s t r u c t  it. The fo l lowing  types  of exper iments  should  the re -  
f o r e  on ly  s e r v e  t o  i l l u s t r a t e  the range  of  tests t o  determine the p r o p e r t i e s  
of t h e  g e n e t i c a l l y  a l t e r e d  microorganism: 

1. Express ion  of t h e  g e n e t i c  traits that  are s p e c i f i e d  by  t h e  
recombinant DNA molecule.  

2. Res i s t ance  to  W, d i s i n f e c t a n t s ,  etc. 
3 .  S u r v i v a l  i n  s o i l ,  water and the d r y  state o r  i n  s a y  ecolo- 

g i c a l  h a b i t a t  l i k e l y  t o  be  occupied.  
4 .  A b i l i t y  t o  form spores .  
5. General  metabol ic  a c t i v i t i e s  and a t t r i b u t e s  i n c l u d i n g  

changes i n  growth rate, u t i l i z a b l e  and p r e f e r r e d  s u b s t r a t e s ,  
t empera ture  and pH optima f o r  growth, a e r o b i c  vs. a n a z r o b i c  
growth, p h o t o s y n t h e t i c  and 82 f i x i n g  a b i l i t y ,  etc.  

6. Product ion  of subs t ances  t h a t  d i s p l a c e  o r  i n h i b i t  o t h e r  micro- 
organisms t h a t  normally occupy the  same e c o l o g i c a l  h a b i t a t s .  

D. Other  Informat ion  Needed t o  Evalua te  t h e  S e v e r i t y  of Biohazards 

It w i l l  be  ex t remely  impor tan t  t o  test the a b i l i t y  of t h e  recornbinant DNA 
conta ined  i n  t h e  a l t e r e d  microorganism t o  be t r a n s n i t t e d  by piiage and/or  



If one performs any o r  all of t h e  above experiiaental t e s r s  to evaluate  
potential bio:,:zards of g e n e t i c a l l y  a l tered microorganisws, it w j  11 bz neces-  
sary to i n c 1 d z  as controls  the organisms used as donors  of t h e  genet5.c i n o r -  
mation t o  f o r m  the reconbinant DXA molecule as w d l  as the rec- ipient  h o s t  
s t ra in. 


