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a t u r e  

As a r e s u l t  o f  t h e  l n t e r n a t  onal Conference on Recombinant DNA a t  

Asi lomar, C a l i f o r n i a  i n  February 1975, a c t i v i t i e s  were i n i t i a t e d  i n  every 

coun t ry  i n  t h e  wor ld  where s c i e n t i f i c  c a p a b i l i t y  pe rm i t s  t h e  experiments. 

These a c t i v i t i e s  were, and are, d i r e c t e d  toward p r o v i d i n g  assurance t h a t  

p o t e n t i a l l y  hazardous organisms, const ructed by t h e  new techniques, w i l l  no t  

be i n a d v e r t e n t l y  released. I t  i s  impor tant  t o  recognize t h a t  t hese  a c t i v i t i e s  

a re  proceeding i n  t h e  absence of 

can indeed r e s u l t  from t h e  exper 

On June 23, 1976, Donald S. 

o f  Heal th,  announced p u b l i c a t i o n  

min imize any p o t e n t i a l l y  hazard0 

any demonstrat ion t h a t  hazardous organisms 

ments 

Fredr 

o f  gu 

s con 

ckson, D i r e c t o r ,  Na t iona l  I n s t i t u t e s  

d e l i n e s  designed t o  e l i m i n a t e  o r  

equences o f  recombinant DNA research. 

The g u i d e l i n e s  were subsequently publ ished i n  t h e  Federal Reg is te r  ( P a r t  I I  

f o r  7 J u l y  1976). 

The promulgated g u i d e l i n e s  were t h e  r e s u l t  o f  a year and a h a l f  o f  

i n t e n s i v e  work by t h e  NIH Recombinant DNA Molecule Program Advisory Committee 

as wel l  as c o n s i d e r a t i o n  by t h e  D i r e c t o r  o f  a v a r i e t y  o f  views expressed by ' 

i n d i v i d u a l s  and p r i v a t e  o r g a n i z a t i o n s  e i t h e r  i n  w r i t i n g  o r  a t  a p u b l i c  hea r ing  

i n  February 1976. 

l i n e s  as w e l l  as t h e  va r ious  views expressed by many commentators i s  a v a i l a b l e  

i n  t h e  D i r e c t o r ' s  Dec is ion  Statement, which accompanied p u b l i c a t i o n  o f  t h e  

gu ide l i nes .  

A summary o f  t h e  h i s t o r y  o f  t h e  development of t h e  g u i l e -  

A D r a f t  Environmental Impact Statement was prepared by t h e  NIH, a f t e r  

determin ing t h a t  p u b l i c a t i o n  o f  t h e  Gu ide l i nes  was a %ajar federa l  ac t ion t1  

as def ined by t h e  Nat ional  Environmental P o l i c y  Act o f  1969. The D r a f t  
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Statement was pub l ished i n  t h e  Federal  Reg is te r  o f  September 9 1976, and 

c i r c u l a t e d  widely .  Comments on t h e  D r a f t  Statement were rece ived and exten- 

s i v e l y  reviewed by t h e  s c i e n t i f i c  and a d m i n i s t r a t i v e  s t a f f s  o f  t h e  NIH. And 

t h e  f i n a l  Environmental Impact Statement i s  now being prepared. 

For t h e  purposes o f  t h e  g u i d e l i n e s  recombinant DNA exper iments a re  

def ined as those i n v o l v i n g  molecules t h a t  c o n s i s t  of d i f f e r e n t  segments o f  

DNA which have been jo ined  toge the r  i n  c e l l - f r e e  systems, and which have t h e  

capac i t y  t o  i n f e c t  and reproduce i n  some hos t  c e l l ,  e i t h e r  autonomously o r  

as an i n teg ra ted  p a r t  o f  t h e  hos t ’ s  genome. 

I n  t h e  exper iments discussed i n  t h e  g u i d e l i n e s  t h e  hos t  c e l l s  a re  

genera l l y  s i n g l e  l i v i n g  c e l l s ,  e i t h e r  microorganisms such as bac te r ia ,  o r  

animal or p l a n t  c e l l s  grown as s i n g l e  c e l l s  i n  t i s s u e  c u l t u r e .  

The g u i d e l i n e s  s t a r t  w i t h  a statement o f  general  p r i n c i p l e s  and these 

are  c o n s i s t e n t  w i t h  t h e  conclus ions pub l ished i n  t h e  r e p o r t  of t h e  Conference 

a t  Asi lomar.  

i n  t h e  l i g h t  o f  c u r r e n t l y  a v a i l a b l e  in fo rmat ion ,  may be judged t o  present  

p o t e n t i a l  hazards o f  so se r ious  a nature,  should they  prove t o  be hazardous 

t h a t  they  should no t  be attempted a t  t h i s  t ime.  Second, a l a rge  group o f  

f e a s i b l e  experiments appear t o  pose lesser  or no p o t e n t i a l  hazard, and can 

t h e r e f o r e  be performed prov ided t h a t  t h e  i n fo rma t ion  t o  be obtained, o r  t h e  

p r a c t i c a l  b e n e f i t s  an t i c ipa ted ,  cannot be ob ta ined by convent ional  methods, 

and prov ided t h a t  app rop r ia te  safeguards f o r  containment o f  p o t e n t i a l l y  

hazardous organisms are  incorpora ted  i n t o  t h e  design and execut ion  of t h e  

exper iment.  

hazardous event, t h e  more s t r i n g e n t  should be t h e  safeguards aga ins t  escape 

The f i r s t  p r i n c i p l e  i s  t h a t  t h e r e  a re  c e r t a i n  exper iments which, 

Thi rd ,  t h a t  t h e  more ser ious  t h e  na tu re  o f  any p o s s i b l e  



3 

o f  t h e  p o t e n t  

s t r  i ngent as 

recombinant. 

hose g e n e r a l l y  used t o  handle 

Since t h e  e s t i m a t i o n  o f  poten 

specu la t i ve ,  t h e  l e v e l s  o f  containment requ 

organisms should be s e t  h i g h  i n i t i a l l y ,  and 

a l l y  hazardous agents. The safeguards should be a t  l e a s t  as 

t h e  most hazardous parent  o f  t h e  

i a l  hazards i s  c o n j e c t u r a l  and 

r e d  f o r  p o t e n t i a l l y  hazardous 

m o d i f i e d  o n l y  when t h e r e  i s  

s u b s t a n t i a l  r e l e v a n t  i n fo rma t ion  t o  advise such m o d i f i c a t i o n s .  And f i n a l l y  

t h a t  t h e  g u i d e l i n e s  are t o  be reviewed a t  l e a s t  annua l l y  i n  o rde r  t o  account 

f o r  new in format  ion.  

Containment Methods: Three approaches t o  t h e  problem o f  c o n t a i n i n g  

p o t e n t i a l l y  hazardous organisms form t h e  b a s i s  o f  t h e  recommended safeguards. 

Each o f  t h e  t h r e e  s e t  up b a r r i e r s  t o  t h e  d isseminat ion o f  p o t e n t i a l l y  hazardous 

organ isms 

worker and 

t h e  ac tua l  

containmen 

p rac t i ces ,  

rom t h e  l abo ra to ry  s i t u a t i o n ,  and b a r r i e r s  between t h e  l abo ra to ry  

t h e  organisms. Two o f  these approaches i n v o l v e  t h e  l i m i t a t i o n  o f  

phys i ca l  escape o f  t h e  organisms, and a re  r e f e r r e d  t o  as phys ica l  

. The f i r s t  such approach i s  t h e  s e t  o f  standard m i c r o b i o l o g i c a l  

t h a t  have been developed over a p e r i o d  of many years, and are 

w ide ly  used f o r  hand l i ng  pathogenic organisms bo th  i n  research and c l i n i c a l  

l a b o r a t o r i e s .  I n  t h e  hands o f  w e l l  t r a i n e d  personnel, t hese  procedures have 

proven t o  be e f f e c t i v e  i n  safeguarding both t h e  worker and t h e  environment 

from t h e  spread o f  many pathogenic agents. 

containment i nvo l ves  t h e  use of spec ia l  k i n d s  of equipment and f a c i l i t i e s  

- t o  l i m i t  spread of aerosols, - for decontaminat ion and containment o f  

l a b o r a t o r y  a i r  and wastes, and f o r  l i m i t a t i n g  access t o  l a b o r a t o r i e s .  As 

w i t h  t h e  standard m i c r o b i o l o g i c a l  techniques t h e  t y p e  o f  equipment and 

f a c i l i t i e s  are no t  new, but  were developed and have been used f o r  containment 

The second approach t o  phys i ca l  
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o f  known pathogenic organisms. 

judge t h e  e f f i c a c y  o f  t h e  va r ious  phys ica l  b a r r i e r s  i n  p reven t ing  t h e  escape 

o f  organ isms. 

There i s  documented exper ience on which t o  

The g u i d e l i n e s  go i n t o  some d e t a i l  concerning t h e  p r a c t i c e s  and 

f a c i l i t i e s  r e q u i r e d  for  phys ica l  containment: four l e v e l s  o f  phys i ca l  con- 

ta inment  a re  spec i f i ed .  They are  termed P1, P2, P3 and P4 i n  t h e  order  of  

i nc reas ing  l e v e l s  of  containment. P1,  t h e  lowest l eve l ,  c o n s i s t s  o f  t h e  use 

o f  t h e  standard m i c r o b i o l o g i c a l  p r a c t i c e s  mentioned be fore .  The P2 and t h e  

nex t  h ighe r  leve l  P3, each r e q u i r e  spec ia l  procedures and f a c i l i t i e s  ( i n c l u d i n g  

v e r t i c a l  laminar f l o w  b i o l o g i c a l  s a f e t y  cab ine ts  and l a b o r a t o r i e s  main ta ined 

a t  lower a i r  p ressure  than  t h e  surrounding b u i l d i n g )  a l l  designed t o  l i m i t  t o  

i nc reas ing  e x t e n t s  any p o s s i b l e  acc iden ta l  escape o f  p o t e n t i a l l y  hazardous 

organisms. F i n a l l y ,  P4, t h e  maximum leve l  o f  containment r e q u i r e s  s o p h i s t i c a t e d  

and i s o l a t e d  f a c i l i t i e s  designed for  maximum containment. Each o f  t h e  leve ls ,  

P2, th rough P4, assumes t h a t  t h e  techn iques  demanded by P l ,  t h e  standard 

m i c r o b i o l o g i c a l  p rac t i ces ,  w i l l  be fo l lowed.  Furthermore, f o r  each leve l ,  

r e l e v a n t  t r a i n i n g  o f  personnel i s  mandatory. The t r a i n i n g  i s  t o  i nc lude  t h e  

na tu re  o f  t h e  p o t e n t i a l  hazards, t h e  t e c h n i c a l  manipulat ions,  and i n s t r u c t i o n  

i n  t h e  b i o l o g y  of  t h e  organisms and systems. Spec 

be used i n  case o f  accident,  a re  r e q u i r e d  and sero  

appropr ia te ,  i s  t o  be provided. 

The t h i r d  approach t o  t h e  problem o f  c o n t a i n i  

f i c  emergency plans, t o  

o g i c a l  mon i to r ing ,  where 

g p o t e n t i a l  I y hazardous 

organisms w i t h i n  t h e  l abo ra to ry  i s  t h e  use o f  b i o l o g i c a l  b a r r i e r s .  B i o l o g i c a l  

containment i s  de f ined as t h e  use o f  hos t  c e l l s  and vec to rs  w i t h  l i m i t e d  

a b i l i t y  t o  s u r v i v e  o u t s i d e  of very  spec ia l  and f a s t i d i o u s  l abo ra to ry  c o n d i t i o n s .  
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These c o n d i t i o n s  a r e  u n l i k e l y  t o  be encountered by escaped organisms i n  

n a t u r a l  environments. B i o l o g i c a l  containment i s  an i n t e g r a l  p a r t  o f  t h e  

exper imental  design, s i n c e  t h e  hos t  and vec to r  w i l l  need t o  be chosen, 

i n  any g iven experiment, w i t h  a view both  t o  t h e  purpose o f  t h e  experiment 

and t o  containment. The g u i d e l i n e s  s t r e s s  t h a t  phys i ca l  and b i o l o g i c  

containment procedures a r e  complementary t o  one another each one se rv ing  

t o  c o n t r o l  any p o s s i b l e  f a i l u r e  i n  t h e  o the r .  The use o f  both, i n  a g iven 

e x p e r i m e 4 f f o r d s  much h igher  l e v e l s  o f  containment than e i t h e r  one alone. 

Therefore, t h e  g u i d e l i n e s  always recommend bo th  a p a r t i c u l a r  l e v e l  of  

phys i ca l  containment, and a leve l  o f  b i o l o g i c a l  containment for  any g iven 

experiment . 
The g u i d e l i n e s  a l s o  recommend t h a t  p u b l i c a t i o n s  d e s c r i b i n g  work on 

recombinant DNA i nc lude  a d e s c r i p t i o n  o f  t h e  containment procedures used. 

The g u i d e l i n e s  then c l a s s i f y  a l l  l i k e l y  experiments, rank them according 

t o  p o t e n t i a l  hazard and assign t h e  r e q u i r e d  containment l eve l s .  The f i r s t  

c l a s s  o f  experiments descr ibed i n  t h e  g u i d e l i n e s  a re  those which a r e  

p r o h i b i t e d .  

very  se r ious  hazard, should they  i n  f a c t  be hazardous. The p r o h i b i t e d  

experiments i nc lude  t h e  f o l l o w i n g .  

These a r e  experiments which a r e  judged t o  be o f  p o t e n t i a l l y  

( 1 )  Any experiment i n  which a p o r t i o n  of  t h e  recombinant DNA de r i ves  

from e i t h e r  a h i g h l y  pathogenic organism - an organism t h a t  causes se r ious  

disease i n  man or a g r i c u l t u r a l l y  important p l a n t s  o r  animals - and c l a s s i f i e d  

as such by t h e  Center for Disease Cont ro l ,  o f  t h e  U n i t e d  S ta tes  P u b l i c  Hea l th  

Service,  or de r i ves  from cancer causing v i r u s e s  c l a s s i f i e d  by t h e  Nat iona l  

Cancer I n s t i t u t e  as moderate r i s k .  Perhaps I should s t r e s s  here  t h a t  these 
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v i r u s e s  cause cancer i n  animals. There i s  no v i r u s  known t o  cause cancer 

i n  humans. 

( 2 )  D e l i b e r a t e  format ion o f  recombinants c o n t a i n i n g  t h e  genes f o r  

t o x i n s  o f  very  h igh  t o x i c i t y .  

o r  d i p h t h e r i a  t o x i n ,  and venoms from insec ts  and snakes. 

Examples of t h i s  c l a s s  a r e  b o t u l i n u s  t o x i n  

( 3 )  D e l i b e r a t e  c r e a t i o n  from p l a n t  pathogens of recombinant DNAs t h a t  

a re  l i k e l y  t o  increase e i t h e r  t h e  v i r u l e n c e  o f  t h e  pathogenic ma te r ia l  o r  

t h e  range o f  spec ies suscep t ib le  t o  t h e  disease. 

( 4 )  C e r t a i n  o f  t h e  poss ib le  b e n e f i c i a l  a p p l i c a t i o n s  o f  DNA recombinant 

research i nvo l ve  t h e  c r e a t i o n  o f  organisms w i t h  t h e  a b i l i t y  t o  c a r r y  o u t  

use fu l  environmental  func t ions .  Release o f  such organisms i n t o  t h e  env i ron-  

ment may a t  some p o i n t  be r e q u i r e d  t o  t e s t  t h e i r  e f f i c a c y ,  and c e r t a i n l y  

t o  make use o f  them. Nevertheless, t h e  g u i d e l i n e s  s t a t e  t h a t  d e l i b e r a t e  

re lease  o f  any organism c o n t a i n i n g  a recombinant DNA molecule i s  n o t  t o  be 

undertaken a t  present .  

( 5 )  Trans fer  o f  a drug r e s i s t a n c e  t r a i t  t o  microorganisms t h a t  a re  no t  

known t o  acqu i re  t h e  t r a i t  n a t u r a l l y  i f  such a c q u i s i t i o n  cou ld  compromise 

t h e  use o f  t h e  drug t o  c o n t r o l  d isease agents i n  human o r  v e t e r i n a r y  medic ine 

o r  g r i c u l t u r e .  

( 6 )  F i n a l l y  exper iments must be l i m i t e d  i n  sca le  t o  q u a n t i t i e s  o f  

f l u  d less  than 10 l i t e r s  w i t h  recombinant DNAs known t o  make harmful  products.  

The g u i d e l i n e s  s t a t e  t h a t  t h e  Advisory Committee may make except ions t o  t h i s  

r u l e  f o r  p a r t i c u l a r  experiments deemed t o  be o f  d i r e c t  s o c i e t a l  b e n e f i t  i f  

app rop r ia te  equipment i s  used. 

The c l a s s i f i c a t i o n  o f  pe rm iss ib le  exper iments i s  f i r s t  made on t h e  bas i s  
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not  known t o  exchange genet ic  mater 

and s t r i c t l y  d e f i n e d  containment i s  

ments it i s  mandatory t o  use b i o l o g  

c e r t i f i e d  by N I H  as u n l i k e l y  e i t h e r  

o f  t h e  host -vector  system t h a t  w i l l  be used. Recogniz ing t h e  r e l a t i o n  

between t h e  host -vector  system r e q u i r e d  by t h e  experiment and t h e  design of 

s u i t a b l e  b i o l o g i c a l  containment, exper iments us ing  t h e  same host -vector  

system are  grouped together .  

exper iments accord ing t o  t h e  bes t  a v a i l a b l e  es t imates  o f  p o t e n t i a l  r i s k .  

I n  t h e  absence of much needed data, these es t imates  i n v o l v e  informed judgment 

i n  many instances. For example, n 3 t  a l l  recombinant DNA exper iments y i e l d  

novel combinat ions o f  UNA .... recombinat ion between t h e  DNAs o f  organisms 

known t o  exchange g e n e t i c  in fo rmat ion  i n  n a t u r e  do n o t  add un ique ly  man made 

c e l l s  t o  She biosphere.  I n  these cases, t h e  g u i d e l i n e s  f o l l o w  t h e  p r i n c i p l e  

t h a t  t h e  exper iments a re  t o  be c a r r i e d  o u t  under c o n d i t i o n s  g e n e r a l l y  used 

t o  handle t h e  most hazardous parent  of  t h e  recombinant. When DNAs from species 

ned, more s t r i n g e n t  

many such e x p e r i -  

h a t  have been 

r i g o r o u s l y  de f ined 

Tnen t h e  g u i d e l i n e s  c l a s s i f y  p e r m i s s i b l e  

l a b o r a t o r y  environments or  t o  t r a n s f e r  t h e  recombined Dl44 t o  o t h e r  c e l l s .  

These agents inc lude c e r t a i n  d e r i v a t i v e s  of  a b a c t e r i a l  spec ies c a l l e d  g. II_ c o l i  

S t r a i n  K12. S t r a i n  K12 has been s t u d i e d  e x t e n s i v e l y  f o r  30 years and can be 

r e a d i l y  manipulated for recombinant DNA experiments. T h i s  same ex tens ive  

exper ience and ease o f  man ipu la t ion  p e r m i t s  m o d i f i c a t i o n  o f  - -  E. c o l i  K12 and 

i t s  v e c t o r s  by c l a s s i c a l  g e n e t i c  techniques, for  t h e  purpose of e s t a b l i s h i n g  

b i o l o g i c a l  containment. 

The n a t u r e  and manner o f  ach iev ing  b i o l o g i c a l  containment w i t h  t h i s  

system i s  descr ibed i n  t h e  g u i d e l i n e s .  - -  E. c o l i  K12 appears t o  be harmless 

a l  i n  n a t u r e  a r e  recomb 

requ i red .  Moreover, i n  

c a l l y  conta ined agents 

t o  propagate o u t s i d e  o f  
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i t s e  

cant  

o f  a 

y i n  

sma I 

extens i ve 

may be a l  

f, it does no t  u s u a l l y  e i t h e r  e s t a b l i s h  i t s e l f  o r  m u l t i p l y  s i g n i f i -  

t h e  normal bowel. These f a c t s  suggest t h a t  acc identa l  i n j e s t i o n  

number o f  b a c t e r i a  by a l abo ra to ry  worker would n o t  r e s u l t  i n  

spread o f  t h e  bacter ium o u t s i d e  t h e  labora tory .  The normal s i t u a t i o n  

ered when people a re  e i t h e r  t a k i n g  a n t i b i o t i c s ,  o r  have c e r t a i n  

abnormal d i g e s t i v e  c o n d i t i o n s  and it i s  r e q u i r e d  t h a t  such i n d i v i d u a l s  r e f r a i n  

from work f o r  t h e  d u r a t i o n  o f  t h e  abnormal s i t u a t i o n .  However, w h i l e  E. c o l i  

K12 does no t  e s t a b l i s h  i t s e l f  as a growing s t r a i n  i n  normal bowels, it does 

remain a l i v e  d u r i n g  i t s  passage through t h e  t r a c t .  There fore  t r a n s f e r  of 

- -  

plasmid o r  bacter iophage vec to rs  c o n t a i n i n g  f o r e i g h  DNA from t h e  o r i g i n a l  

E. c o l i  K12 host  t o  b a c t e r i a  r e s i d e n t  i n  t h e  i n t e s t i n e s  o r  b a c t e r i a  encountered 

a f t e r  e x c r e t i o n  must be considered. 

combinat ion used i n  a recombinant DNA experiment it w i l l  be necessary t o  assess 

t h e  p o s s i b i l i t i e s  f o r  t r a n s f e r  o f  t h e  recombinant DNA i n  o rder  t o  eva uate t h e  

degree o f  b i o l o g i c a l  containment. Whi le  we a r e  m iss ing  some r e l e v a n t  i n f o r -  

mation, t h e  a v a i l a b l e  data suggest t h a t  t h e  p r o b a b i l i t y  o f  t r a n s f e r  can be q u i t e  

low, depending on t h e  p a r t i c u l a r  system. 

e -  

For any g iven - -  E. c o l i  K12 host-p asmid 

The use o f  t h i s  b a c t e r i a  has caused wide concern...and c e r t a i n  f a c t s  need 

t o  be emphasized. Only one s t r a i n  o f  -7 E. c o l i ,  c a l l e d  K12, i s  pe rm i t ted  by 

t h e  gu ide l i nes .  S t r a i n  K12 i s  one o f  a l a rge  group o f  b a c t e r i a l  s t r a i n s ,  a l l  

o f  which are  c a l l e d  2. c o l i  because they  share c e r t a i n  p r o p e r t i e s  i n  common. 

But they  do no? a l l  have i d e n t i c a l  p roper t i es .  Some - I _  E. c o l i  l i v e  normal ly  i n  

t h e  i n t e s t i n e s  o f  hea l thy  people and animals: o t h e r s  a re  pathogens, t h a t  is, 

d isease producers. K12, which i s  r a r e l y  found i n  nature,  and does no t  

normal ly  c o l o n i z e  human o r  animal i n t e s t i n e s ,  i s  a g r e a t l y  enfeebled s t r a i n  
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whose p r i n c i p l e  successful  eco log i ca l  n i che  i s  i n  t h e  l a b o r a t o r i e s  o f  

mo lecu la r  b i o l o g i s t s  and g e n e t i c i s t s .  I t  i s  n o t  pathogenic. I f  it were, 

you and I would n o t  be here  wor ry ing  about t h i s  research, s i n c e  a l l  t h e  

molecu la r  b i o l o g i s t s  would long s i n c e  have disappeared. Pa thogen ic i t y  s 

a complex phenomenon .... dependent on several  p r o p e r t i e s  of  t h e  pathogen as 

we l l  as on t h e  p r o p e r t i e s  o f  t h e  species be ing  i n fec ted .  I t  i s  very  un i k e l y  

t h a t  a l t e r a t i o n s  i n  K12 brought about by i n s e r t i o n  o f  recombined DNA w i l l  

make it i n t o  a pathogen .... bu t  it i s  n o t  impossible. I t  i s  t h i s  remote 

p o s s i b i l i t y  w i t h  which we a r e  a l l  concerned. We a r e  a t tempt ing  t o  p r o t e c t  

aga ins t  an u n l i k e l y ,  uncer ta in ,  y e t  unacceptable event. T h i r t y  years o f  

studey of  t h e  g e n e t i c  chemis t ry  o f  L -  E. c o l i  s t r a i n  K12 p rov ides  conf idence 

t h a t  t h e  c a p a c i t y  o f  these b a c t e r i a  t o  escape and spread i n  t h e  environment 

can be reduced t o  immeasurable l eve l s .  Thus, should pathogenic organisms 

a r i se ,  it i s  no t  l i k e l y  they  would s u r v i v e  t o  cause disease....nor i s  it 

l i k e l y  t h a t  b a c t e r i a  c o n t a i n i n g  recombined DNA would s u r v i v e  t o  evo lve  i n  

unique and fearsome ways. Nevertheless, because of  K12s r e l a t i o n  t o  common 

s t r a i n s  o f  - _ _ I  E. c o l i ,  r e s e r v a t i o n s  about i t s  use p e r s i s t .  I t  i s  important t o  

i n v e s t i g a t e  a l t e r n a t i v e  organisms ... and t h e  Gu ide l ines  encourage t h i s  b u t  it 

i s  n o t  a t  a l l  c e r t a i n  t h a t  use fu l  and s a f e r  b a c t e r i a  e x i s t .  P r e d i c t i o n s  about 

t h e  ex i s tence  of  r a r e  and f a s t i d i o u s  organisms, unable t o  exchange DNA w i t h  

b a c t e r i a  i n h a b i t i n g  man or o t h e r  l i v i n g  th ings ,  a r e  h i g h l y  specu la t i ve .  

Cons ider ing  then  t h e  p r o p e r t i e s  o f  4. c o l i  K-12, as we l l  as those  o f  t h e  

c e r t a i n  known plasmid and bacter iophage vec tor ,  t h e  g u i d e l i n e s  conclude t h a t ,  

us ing  such hos t -vec tor  systems, recombinant DNAs a r e  u n l i k e l y  t o  be spread 

by t h e  i n g e s t i o n  o r  d isseminat ion  of  t h e  few hundred or thousand bac te r ia ,  
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such as m igh t  be invo  

b i o l o g i c a l  p r a c t i c e .  

a moderate l eve l  of  b 

I eve 

prov 

They 

hos t  

ved i n  l abo ra to ry  accidents,  g i ven  standard micro- 

Therefore, these e x i s t i n g  systems, a re  judged t o  o f f e r  

o l o g i c a l  containment and a r e  de f i ned  as EK1, t h e  lowest 

l eve l  of  b i o l o g i c a l  containment f o r  experiments w i t h  E. c o l i  systems. - -  
As w i t h  phys i ca l  containment leve ls ,  i nc reas ing  numbers s p e c i f y  

i nc reas ing  l e v e l s  of b i o l o g i c a l  containment for  E. c o l i  systems. The nex t  

i s  c a l l e d  EK2. EK2 hos t -vec tor  combinat ions must be demonstrated t o  

de a h i g h  l eve l  of b i o l o g i c a l  containment by s u i t a b l e  l abo ra to ry  t e s t s .  

a re  ob ta ined  by gene t i c  m o d i f i c a t i o n  o f  e i t h e r  e x i s t i n g  E. c o l i  K 1 2  

c e l l s  or t h e  r e l e v a n t  vec to rs  or both. More s p e c i f i c a l l y ,  t h e  g u i d e l i n e s  

- _ I  

-II 

s t a t e  t h a t  i n  o rde r  t o  q u a l i f y  as EK2 t h e  mod i f i ed  system composed o f  d e r i -  

v a t i v e s  of  - -  E. c o l i  K 1 2  combined w i t h  a p a r t i c u l a r  vec to r  should n o t  pe rm i t  

s u r v i v a l  of  t h e  vec to r  i n  o t h e r  than s p e c i a l l y  designed labo ra to ry  environ- 

ments a t  a frequency g rea te r  than 1 0  (100 m i l l i o n ) .  Various examples of  t h e  

types  of  necessary m o d i f i c a t i o n s  a re  suggested i n  t h e  g u i d e l i n e s .  
-2 in 

One a d d i t i o n a l  leve l  of  conta ined E. a host -vec tor  systems i s  de f i ned  

i n  t h e  g u i d e l i n e s  and i s  c a l l e d  EK3. 

t h e  s p e c i f i e d  containment p r o p e r t i e s  have been demonstrated n o t  o n l y  by 

m i c r o b i o l o g i c a l  and g e n e t i c  a n a y l s i s  b u t  by a p p r o p r i a t e  t e s t s  i n  animals 

i nc I ud i ng humans o r  p r  i mates and o t h e r  r e  I evant env i ronments. 

EK3 systems a r e  EK2 systems fo r  which 

EK2 and EK3 hos t  vec to r  systems must be recommended for  approval by 

t h e  decombinant DNA Program Adv isory  Committee and then c e r t i f i e d  by t h e  

D i r e c t o r ,  N I H  be fo re  use. 

system must be submit ted f o r  cons ide ra t i on  by t h e  Committee. 

several  EK2 systems have been approved and c e r t i f i e d .  No EK3 systems have 

D e t a i l e d  da ta  on t h e  r e l e v a n t  p r o p e r t i e s  o f  t h e  

Thus f a r ,  



1 1  

been submi t ted  for  c e r t i f i c a t i o n  as ye t .  

Having ranked experiments according t o  p o t e n t i a l  hazard, and de f ined 

t h e  severa l  l e v e l s  of phys i ca l  containment and b i o l o g i c a l  containment t h e  

g u i d e l i n e s  then assign t o  each t y p e  of  experiment bo th  a r e q u i r e d  phys ica l  

containment l eve l ,  t h a t  i s  a P l eve l ,  and a r e q u i r e d  b i o l o g i c a l  containment 

l eve l ,  t h a t  i s  an EK leve l  and t h e  p a r t i c u l a r  combinat ion of  t h e  two r e f l e c t s  

t h e  s e v e r i t y  of  

for t h e  E. c o l i  

DNA. I n  genera 

re la tedness  of 

- -  
t h e  es t imated p o t e n t i a l  hazard. The Gu ide l i nes  a r e  organized, 

systems, according t o  t h e  source and na tu re  of  t h e  f o r e i g n  

it i s  assumed t h a t  p o t e n t i a l  hazard increases w i t h  inc reas ing  

he f o r e i g n  DNA t o  man. Experiments i n  which t h e  f o r e i g n  DNA 

i s  h i g h l y  p u r i f i e d ,  and does n o t  c o n t a i n  harmful genes a r e  assigned lower 

containment requirements than those  i n  which t h e  f o r e i g h  DNA i s  an u n p u r i f i e d  

m i x t u r e  of  fragments - t h e  so-ca l led  shotgun experiments. Experiments 

i n v o l v i n g  such m ix tu res  of DNA fragments a re  assumed t o  be o f  r e l a t i v e l y  

h igher  p o t e n t i a l  hazard because of  t h e  g r e a t e r  l i k e l i h o o d  o f  dangerous and 

unknown genes be ing  introduced i n t o  a r e c i p i e n t  c e l l  compared t o  experiments 

w i t h  a s ing le ,  h i g h l y  p u r i f i e d  fragment. 

I n  a d d i t i o n  t o  experiments us ing  E. c o l i  K12, t h e  Gu ide l ines  s p e c i f y  

containment c o n d i t i o n s  for  c e r t a i n  o t h e r  hos t -vec tor  systems. Many recom- 

b i n a n t  DNA experiments w i l l  i nvo l ve  t h e  use of  systems i n  which t h e  hos t  

c e l l s  a re  de r i ved  from animals or  p l a n t s  b u t  a r e  grown as s i n g l e  c e l l s  i n  

t h e  labora tory .  Given t h e  c u r r e n t  s t a t e  of technology, DNAs from animal 

v i r u s e s  a re  most l i k e l y  t o  be used as vec to rs  i n  t h e  near f u t u r e .  The c e l  

themselves are  f r a g i l e  and f a s t i d i o u s  and t h e r e  i s  l i t t l e  or no chance t h a  

a l i v i n g  c e l l  cou ld  escape from a labo ra to ry  i n  t h e  way t h a t  an - -  E. c o l i  

S 
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and whole human be 

and t h e  r e p o r t s  of  

t h e  e a r l y  Salk p o l  

i nocu la ted  w i t h  it 

t h e  r e c i p i e n t s  

and SV40 cause 

c l a s s i f i e d  as 

Because SV40 i 

c e l l  might.  Therefore containment cons ide ra t i ons  focus on t h e  v i r u s e s  s i n c e  

they  migh t  escape a l abo ra to ry  i n  a v i a b l e  form. There a r e  two animal v i r u s e s  

whose DNAs are, now, t e c h n i c a l l y  use fu l  as vectors;  polyoma and s imian  v i r u s  

40 (SV40). I n  t h e i r  r e s p e c t i v e  normal hosts, mouse f o r  polyoma, rhesus 

monkeys f o r  SV40, n e i t h e r  v i r u s  causes a known disease. Polyoma does n o t  

i n f e c t  human c e l l s  grown as s i n g l e  c e l l s  i n  t h e  lab and a l s o  does n o t  appear 

t o  i n f e c t  humans, s i n c e  humans exposed t o  polyoma do n o t  produce an t ibod ies .  

SV40 does i n f e c t  bo th  human c e l l s  grown as s i n g l e  c e l l s  i n  t h e  labora tory ,  

ngs, as evidenced by t h e  a c t i v e  p roduc t i on  o f  a n t i b o d i e s  

i s o l a t i o n  of  SV40 from humans. Th is  v i r u s  contaminated 

o vaccines and m i l l i o n s  o f  people were i n a d v e r t e n t l y  

i n  t h e  midd le  1950s. To date, t h e r e  i s  no i n d i c a t i o n  t h a t  

o f  t h e  vaccine s u f f e r e d  any r e l a t e d  d i f f i c u l t y .  Both  polyoma 

tumor fo rmat ion  i n  newborn small  l a b o r a t o r y  mammals. They a r e  

ow r i s k  oncogenic v i r u s e s  by t h e  Na t iona l  Cancer I n s t i t u t e .  

f e c t s  human beings, and a l s o  because SV40 and r e l a t e d  v i r u s e s  

have been i s o l a t e d  i n  connect ion  w i t h  severa l  human disease s ta tes ,  t h e  

proposed g u i d e l i n e s  assume t h a t  polyoma i n h e r e n t l y  a f f o r d s  a h ighe r  l eve l  o f  

b i o l o g i c a l  containment: t h e r e f o r e  more s t r i n g e n t  phys i ca l  containment i s  

r e q u i r e d  for  SV40 than for  po l  y m a .  

The g u i d e l i n e s  r e q u i r e  t h a t  t h e  v i r a l  DNA used for  recombinat ion w i t h  

a f o r e i g n  DNA must i t s e l f  be d e f e c t i v e  - i n  a manner analogous t o  t h e  EK2 

systems. Phys ica l  containment c o n d i t i o n s  a re  s p e c i f i e d ,  and these depend, 

as before,  on t h e  na tu re  o f  t h e  llforeignll DNA fragment t o  be s p l i c e d  o n t o  t h e  

v i r a l  DNA. 

l e v e l s  on l y .  

Experiments w i t h  polyoma and SV40 a re  r e s t r i c t e d  t o  P3 and P4 



The Gu ide l i nes  a l s o  c o n t a i n  recommendations for  experiments 

p l a n t  c e l l s  w i l l  serve as hos ts  for  recombinant DNA. The c e l l s  m 

s i n g l e  p l a n t  c e l l s  grown under l abo ra to ry  

par ts ,  or small  whole p l a n t s .  Th i s  i s  i n  

g u i d e l i n e s  address t h e  ques t ion  o f  recomb 

organisms. D i r e c t i o n s  a re  g iven for  modif  

d e f i n i n g  t h e  r o l e s  and 

assu r ing  compliance w i  

described, a r e  p r i m a r i  

r e s p o n s i b i l i t i e s  o f  i n d i v i d u a  

h r e q u i r e d  containment l e v e l s  

y d i r e c t e d  a t  grantees of t h e  

n which 

gh t  be 

cond i t i ons ,  or  seedl ings,  p l a n t  

f a c t  t h e  o n l y  ins tance where t h e  

nant DNA experiments w i t h  whole 

c a t i o n  of  t h e  s p e c i f i c a t i o n s  for 

P1, P2, and P3 phys i ca l  containment i n  o rde r  t o  p r o v i d e  c o n d i t i o n s  approp r ia te  

for  work w i t h  p l a n t s .  

Implementation of  t h e  Gu ide l ines .  The g u i d e l i n e s  c o n t a i n  a l a r g e  s e c t i o n  

s and i n s t i t u t i o n s  i n  

The procedures, as 

Hat iona l  I n s t i t u t e s  of 

Hea l th .  S i m i l a r  procedures a re  i n  f o r c e  for  work c a r r i e d  w i t h i n  t h e  NIH 

l a b o r a t o r i e s  themselves, and for  work c a r r i e d  o u t  under c o n t r a c t  arrangements 

w i t h  t h e  NIH. 

The p r i n c i p l e  i n v e s t i g a t o r  i s  r e q u i r e d  t o  assess any p o t e n t i a l  

biohazards, t o  i n s t i t u t e  app rop r ia te  safeguards and procedures, t o  minimize 

e f f e c t s  of p o s s i b l e  acc idents  by planning, t o  t r a i n  and in fo rm a l l  personnel, 

t o  r e p o r t  any se r ious  or extended i l l n e s s  of a worker or  any accidents,  and 

s. Thus, t h e  pr imary  

o t h e  g u i d e l i n e s  i s  i n  

ou t  experiments w i t h  

recombinant DNA, t h e  i n v e s t i g a t o r  must i nc lude  an es t ima te  o f  t h e  p o t e n t i a l  

b iohazards as we l l  as a statement as t o  t h e  containment procedures t h a t  w i l l  

be used. The a p p l i c a t i o n  must i nc lude  c e r t i f i c a t i o n  as t o  t h e  ex i s tence  and 

a v a i l a b i l i t y  of  app rop r ia te  f a c i l i t i e s ,  procedures, and t r a i n i n g .  The 

a l l  of these must be c a r r i e d  o u t  on a c o n t i n u i n g  bas 

r e s p o n s i b i l i t y  for  conduct ing  experiments accord ing  

h i s  hands. Fu r the r ,  i n  app ly ing  for  g ran ts  t o  c a r r y  
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g u i d e l i n e s  i n d i c a t e  t h a t  i n s t i t u t i o n s  i n  which recombinant DNA experiments 

a re  c a r r i e d  o u t  must e s t a b l i s h  biohazard committees which can serve t o  exam 

equipment and f a c i l i t i e s  and c e r t i f y  t h e i r  compliance w i t h  t h e  requirements 

Such committees w i l l  a l s o  serve as a source of  adv ice  and re fe rence  on 

phys i ca l  containment f a c i l i t i e s ,  on p r o p e r t i e s  o f  b i o l o g i c a l  containment, 

and on t r a i n i n g  of  personnel. 

According t o  t h e  proposed g u i d e l i n e s  rev iew o f  t h e  c e r t i f i c a t i o n  and 

s c i e n t i f i c  

i n  it i ated, 

Gu ide l i nes  

t h e  i nves t  

document. 

ne 

o f  t h e  i n v e s t i g a t o r s  judgment concerning t h e  e x t e n t  o f  p o t e n t i a l  hazard and 

t h e  r e q u i r e d  containment would be by N I H  s tudy  sec t ions ,  d u r i n g  t h e  normal 

rev iew of  t h e  a p p l i c a t i o n .  A f t e r  approval, b u t  b e f o r e  work i s  

tment t o  abide by  t h e  

understanding. Both  

n s t i t u t i o n  must s i g n  t h i s  

t h e  i n v e s t i g a t o r  must f o r m a l i z e  h i s  comm 

by s u b m i t t i n g  t o  t h e  NIH a memorandum of  

ga to r  and a respons ib le  o f f i c i a l  o f  h i s  

F a i l u r e ,  on t h e  p a r t  o an i n v e s t i g a t o r ,  t o  comply w i t h  t h e  p r o v i s i o n s  

of t h e  gu ide l i nes ,  may resu  t i n  c a n c e l l a t i o n  o f  h i s  research  g r a n t  by t h e  

NIH. The N I H  has no s t a t u t o r y  r e g u l a t o r y  a u t h o r i t y  and i s  t h u s  l i m i t e d  i n  

t h e  sanc t i ons  it can use. 

A p p l i c a t i o n  o f  t h e  g u i d e l i n e s  t o  work n o t  supported by t h e  Nat iona l  

I n s t i t u t e s  o f  Hea l th .  Several agencies o f  t h e  U.S. government o t h e r  than  t h e  

Nat iona l  I n s t i t u t e s  of  Hea l th  p rov ide  support  f o r  b i o l o g i c a l  and medical 

research  and a r e  c u r r e n t l y ,  or  may i n  t h e  fu tu re ,  sponsor recombinant DNA 

experiments. A l l  of  these agencies have now adopted t h e  N I H  Gu ide l i nes  and 

w i l l  app ly  them t o  a l l  research  under t h e i r  sponsorship. These inc lude  t h e  

Nat iona l  Science Foundation, t h e  Energy Research and Development Adminis- 

t r a t i o n ,  t h e  Department o f  Defense, t h e  Department of A g r i c u l t u r e ,  and 
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t h e  Nat iona l  Aeronaut ics,  Space Admin is t ra t ion .  A t  present  t h e r e  are  no 

mechanisms except v o l u n t a r y  ones for  extending t h e  p r o v i s i o n s  of t h e  

g u i d e l i n e s  t o  work supported by p r i v a t e  funds - e i t h e r  f o r  research o r  

commercial purposes o r  t o  work supported by s t a t e  and loca l  funds. Both 

t h e  e x e c u t i v e  and l e g i s l a t i v e  branches o f  t h e  federa l  government as w e l l  

as concerned p r i v a t e  i n d i v i d u a l s  and o r g a n i z a t i o n s  have recognized t h e  

urgent  need t o  e s t a b l i s h  such a mechanism. 

A federa l  Interagency committee, c h a i r e d  by t h e  D i r e c t o r  of NIH, and 

formed a t  t h e  request  o f  t h e  P r e s i d e n t  i s  a t  work. Both research and 

r e g u l a t o r y  agenc 

whether ex i s t  i ng 

t o  extend c o n t r o  

as t o  how t h i s  m 

es a re  involved. The Committee's charge was t o  determine 

powers w i t h i n  t h e  Federal  r e g u l a t o r y  agencies, a r e  s u f f i c i e n t  

t o  t h e  non-federal sector....-to fo rmula te  recommendations 

iy bes t  be done, and t o  recommend l e g i s l a t i o n  should t h a t  

be deemed necessary. The Committee has no t  y e t  completed i t s  work, b u t  I 

can r e p o r t  t o  you on i t s  progress t o  date. A c a r e f u l  examinat ion o f  e x i s t i n g  

r e g u l a t o r y  a u t h o r i t i e s  w i t h i n  t h e  EPA, t h e  OSHA, t h e  Center f o r  Disease Cont ro l ,  

and t h e  FDA has been made. I t  i s  probable t h a t  none of  t h e  e x i s t i n g  a u t h o r i t i e s  

can p r o p e r l y  cover t h e  p a r t i c u l a r  requirements o f  -the recombinant DNA s i t u a -  

t i o n .  The N I H  i t s e l f  has no r e g u l a t o r y  a u t h o r i t y .  Thus t h e  Interagency 

Committee may conclude t h a t  new l e g i s l a t i o n  w i l l  be requ i red .  I n  t h a t  instance 

an a p p r o p r i a t e  l e g i s l a t i v e  framework w i l l  need t o  be devised. The v a r i o u s  

concerned F dera l  agencies may be expected t o  c o n s u l t  w i t h  t h e i r  p a r t i c u l a r  

c o n s t i t u e n c  es f o r  adv ice  on ways t o  proceed - t h e  Department o f  Commerce w i t h  

i n t e r e s t e d  

A g r i c u l t u r e  w i t h  a g r i c u l t u r a l  i n t e r e s t s  and t h e  N l H  w i t h  s c i e n t i f i c  community. 

ndus t ry  - t h e  Department o f  Labor w i t h  Unions, t h e  Department o f  
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A h i g h  l e v e l  of  i n t e r e s t  i n  t h e  Congress i s  s t i m u l a t i n g  t h e  Interagency 

Committee t o  prompt r e s o l u t i o n  o f  t h i s  problem: we may t h e r e f o r e  expect 

a c t i o n  t o  extend t h e  a p p l i c a b i l i t y  of  t h e  g u i d e l i n e s  - or some m o d i f i c a t i o n  

of  them - t o  a l l  p r i v a t e l y  o r  l o c a l l y  sponsored work w i t h  recombinant DNA 

i n  t h i s  count ry .  


