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P L A N  F O R  W O R K  

My  pro jbc t is pa r t o f a n  a tte m p t to  unde rs ta n d  th e  
fac tors  con tro l l ing  g r o w th  by  use  o f g e n e tic techn iques . W e  
k n o w  th a t g e n e s  a re  in  u l tim a te  con tro l  o f g r o w th , b u t w e  
b o w  little  a b o u t w h a t g e n e s  a re  l ike. W e  k n o w  th a t they  
con tro l  g r o w th  by  enab l i ng  steps  in  b iosyn thes is , b u t w e  h a v e  
on ly  n o tions  rega rd ing  th e  in tim a te  d e tai ls o f th is  in flu e n c e , 
W e -know th a t g e n e s  a re  n o t pe r fec tly stab l e , ye t w e  d o  n o t 
h a v e .a d e q u a te  techn iques  to  m e a s u r e  the i r  instabil i ty. The -  
m u ta tio n  o f g e n e s  resu l ts in  th e  fo r m a tio n  o f m u ta n t nuc le i , 
cel ls o r  o rgan isms . T h e s e  m u ta n ts, d i ffe r ing  fro m  the i r  fe l -  
l ows , a re , du r i ng  g r o w th , th r o w n  in to  a  c o m p e titio n , th e  o u t- 
c o m e  o f w h ich m a y  o r  m a y  n o t b e  sa tisfac tory .‘ If sa tisfac-  
tory , th e  ad jus tm e n t m a y  b e  cal l !n a d a p ta tio n , b u t w e , d o  
n o t k n o w  th a t a l l  a d a p ta tions  h a v e  th is  o r ig in , 

T h a t m ic roorgan isms h a v e  spec ia l  a d v a n tages - fo r  
stud ies  o n  th e  g e n e tic con tro l ,o f g r o w th  has  b e e n  a d e q u a te ly  
d e m o n s tra te d  in  recen t years . B iochemica l  m u ta n ts h a v e  b e e n  
o b ta i n e d  w h ich a re  u n a b l e  to  carry o u t s ing le  steps  z in  b io -  . 
synthes is  d u e  to  m u ta tions  in  s ing le  g e n e s . T h e s e  m u ta tions , . . 
w h ich w e  a re  study ing  in  th e  red  b r e a d  m o ld  N e u r o s p o r a  a n d  
in  bac ter ia , a re  fre q u e n tly uns tab l e , a n d  w e  h a v e  b e e n  ab le  
to  d e m o n s tra te  th a t reve rse -muta tions  occur . In  N e u r o s p o r a  
it has  n o t ye t b e e n  poss ib le  to  m e a s u r e  th e  ra te  o f back-  
m u ta tio n  b e c a u s e  o f a  surpr is ing se lec tio n  aga ins t th e  back-  
m u ta n ts. In  E scher ich ia  col i  w e  h a v e  b e e n  ab le  to  sa tisfac-  
tor i ly ana lyze  th e  ro le  o flec tio n  a n d  h a v e , w ith  prec is ion , 
ca lcu la te d  m u ta tio n  ra tes  by  o r th o d o x  m e th o d s . T h e  re l iabi l -  
ity o f such  m e th o d s  has , h o w e v e r , b e c o m e  sub jec t to  q u e s tio n  
b e c a u s e  o f a n  incons is tency  b e tw e e n  th e  a s s u m p tions  invo lved  
a n d  th e  behav io r  o f m u ta tin g  p o p u l a tions  o f bac ter ia . Th is  
incons is tency  res ides  in  th e  n o tio n  th a t m u ta tions  a re  ran-  
d o m  a n d  occur  w ith  a  g i ven  chance  pe r  g e n e  pe r  un i t tim e . 
P e rhaps  they  d o , in  w h ich e v e n t a  h i the r to fo re  un recogn i zed  
d i sadvan ta g e  is assoc ia te d  w ith  a  n e w ly a r i sen  m u ta n t. In  
e i the r  e v e n t, a n d  I trus t th is  year’s researches  w ill a l l ow  
a n  answe r , n e w  m e th o d s  m u s t b e  u s e d  fo r  th e  ca lcu la tio n  o f 
m u ta tio n  ra te . 

O n ce  a  re l iab le  te c h n i q u e  is d e v e l o p e d , o p p o r tun i -  
ties  n o t prev ious ly  ava i lab le  exist fo r  th e  study  o f fac tors  
con tro l l ing  m u ta tio n  ra te . T h e s e  i nc lude  ex te rna l  var iab les  
such  as  rad ia tio n  a n d  te m p e r a tu re , in te rna l  var iab les  such  as  
g e n e tic cons titu tio n , a n d  fin a lly, var iab les  pecu l ia r ly  asso-  
c iate d  w ith  th e  m u ta tin g  g e n e  w h ich m a y  a l l ow fo r  d i rec te d  
m u ta tio n . It is by  ind i rec t m e th o d s  such  as  th e s e  th a t c lues  
can  b e  secu red  a b o u t th e  n a tu re  o f th e  g e n e  a n d  th e  phys ica l  
chemis try o f m u ta tio n . 
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Knowledge of this character could be used directly 
in understanding the adaptive growth of m icroorganisms. The 
recent application of genetic techniques has shown that adap- 
tations to drug and bacteriophage resistance have their ori- 
gin in mutations. We have shown that mutations can also 
result in adaptations which dispense with growth factor 
ments. In addition, selection for or against the mutant 

require- 

plays a critical role in determ ining whether mutation is fol- 
lowed by adaptation, A t the present time most geneticists 
feel that all inherited adaptations could be explained in 
terms of mutation and selection. On the other hand, m icro- 
biologists have been reluctant to give up the feeling that 
adaptations are induced,by the environment. Perhaps this is - 
a healthy attitude, for there certainly are adaptations in 
Neurospora as well as in bacteria which are unorthodox either 
in the characteristics of the mutations which lead to them  or 
in the nature of the ,selection involved. These unorthodoxies 
are under investigation. . -;*+ - 

Perhaps the outstanding laboratory in the world for 
work on the biochem ical genetics of m icroorganisms is at the 
California Institute of Technology. I feel that I stem  from  ..- 
that school through my association with its members who were 
with me at S tanford. For this reason I have chosen to leave 
the United S tates and to work in the laboratories of P rofessor 
Andre Lwoff at the Pasteur Institute; Lwoff is one of the 

,world's outstanding students of m icrobial nutrition and has 
recently undertaken studies on bacterial mutation. 
laboratories are Dr. Jaques Monod, 

In his 

desCultures.Bact&iennes:\ 
the author of"La Croissance 

of adaptive enzymes, 
who is active in the investigation 

and Drs. Raymond Latarajet and Elie 
Wollman, who are investigating the genetics and biochem istry 
of bacteriophage activity. In addition, closely associated 
with Lwoff is P rofessor Boris Ephrussi, who supervises a large 
laboratory devoted to the study of induced mutations in yeast. 
I furthermore believe that it would be to the advantage of my 
research to visit briefly other European laboratories. 

results 
Were I to spend a year with Professor Lwoff, the 

of my work would be published, as usual,in scientific 
journals. 


