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CHAPTER I  

STATEMENT OF THE PROBLEM

For a number o f  y e a r s ,  i n v e s t i g a t i o n s  have b e e n  

made on th e  e f f e c t s  o f  v a r io u s  p h y s ic a l  and ch e m ic a l a g e n ts  

on l i v i n g  m a tte r . S p e c i f i c  c h em ica l com pounds, r a d ia t io n s  

in  a l l  p a r t s  o f  th e  e le c tr o m a g n e t ic  sp ectru m , and a tom ic  

p a r t i c l e s  su ch  a s  e le c t r o n s  and n e u tr o n s  h ave  b e e n  s tu d ie d  

i n  t h i s  c o n n e c t io n . T hese I n v e s t ig a t i o n s  h a v e  b een  v a r io u s ly  

m o tiv a te d  and d iv e r s e  in  c h a r a c te r .  Among them a r e  th e  r e ­

se a r c h  p rob lem s d e a l in g  w ith  su ch  t o p i c s  a s  th e  e f f e c t s  o f  

cosm ic  r a y s , x - r a y s  and gam m a-rays in  c a n c er  th e r a p y , u l t r a ­

v i o l e t  l i g h t  i n  th e  tr e a tm e n t o f  r i c k e t s ,  h e a t  a s  a  b e n e f i ­

c i a l  and a s  a  h arm fu l a g e n t ,  th e  in f lu e n c e  o f  th e  a tom ic  bomb 

r a d ia t io n s  upon l i v i n g  m a tte r , v i s i b l e  l i g h t  i n  c o n n e c t io n  

w ith  p la n t  g ro w th , d ia th er m y , r a d io a c t iv e  i s o t o p e s  in  th e  

tre a tm e n t o f  d i s e a s e ,  and th e  e f f e c t  o f  c h e m ic a l compounds 

on th e  grow th  and w e l l - b e in g  o f  o r g a n ism s. An i n t e r e s t i n g  

l i n e  o f  stu d y  w h ich  h a s b e e n  p u rsu ed  w ith  in c r e a s in g  fr e q u en cy  

in  r e c e n t  y e a r s  d e a ls  w ith  th e  i n v e s t i g a t i o n  o f  m u ta tio n s  

in d u ced  by th e  d e l ib e r a t e  a p p l i c a t io n  o f  t h e s e  p h y s ic a l  and  

c h e m ic a l a g e n ts  t o  o r g a n ism s.

B oth  sp o n ta n eo u s and in d u ced  m u ta tio n s  have b een  

s tu d ie d  by g e n e t i c i s t s ,  b io c h e m is t s ,  and ta x o n o m is ts  in  o r d e r  

t o  d e term in e  th e  m o r p h o lo g ic a l and m e ta b o lic  ch an ges w h ich  

h ave  ta k e n  p la .c e  and th e  mode o f  t r a n s m is s io n  o f  t h e s e  c h a r a c -
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t e r i s t i c s  t o  f u t u r e  g e n e r a t io n s  o f  t h e  m utated p la n t  or  

a n im a l .  B e g in n in g  w ith  t h e  work o f  Mendel ( 1 ) ,  de V r ie s  

( 2 ) ,  Correns (3) » and von  Tschermak ( ^) ,  and expanded by 

t h e  t e c h n iq u e  o f  x - r a y - in d u c e d  m u ta t io n s  i n  D r o s o p h i la  

m e la n o g a s te r  d e v e lo p e d  by M u lle r  ( 5 ) ,  t h e  p u r e ly  g e n e t i c a l  

approach  h a s  c o n t in u e d  t o  g a i n  i n  im p o r ta n c e .  On t h e  o th e r  

hand, t h e  d e v e lo p m en ts  i n  b io c h e m is t r y  ha.ve added im m ensely  

to  th e  d a ta  c o n cern ed  w ith  m eta b o lism  and t h e  m yriad o f  

ch em ica l  compounds in v o lv e d  i n  t h a t  p r o c e s s .

B e a d le  and h i s  cow ork ers have com bined th e  t e c h ­

n iq u e s  o f  g e n e t i c s  and b io c h e m is tr y  in t o  th e  ty p e  o f  r e s e a r c h  

he c a l l s  " b io c h e m ica l g e n e t ic s "  w h ich  in v o lv e s  th e  stu d y  o f  

" . . .  g en es  from  th e  s ta n d p o in t  o f  t h e i r  m a te r ia l  c o m p o s it io n  

and o f  t h e i r  p r e c i s e  fu n c t io n  in  c o n t r o l l in g  d ev e lo p m en ta l  

and f u n c t io n a l  p r o c e s s e s ."  ( 6 )

The im p ortan ce  o f  a l l  m ethods o f  a t ta c k  on th e  

prob lem s o f  in h e r i t a n c e  and means o f  c o n t r o l  o f  th e  fu n c t io n ­

in g  o f  th e  organ ism  i s  im p lie d  in  B e a d le ’ s s ta te m en t about 

h i s  own approach:

I f  th e  maximum p o s s i b l e  u n d e r s ta n d in g  o f  what th e  
organ ism  i s  and what i t  d o e s  i s  to  be o b ta in e d , i t  i s  c le a r  
th a t  our ap p roach  must b e  made from  many s i d e s .  In  th e  
p r e s e n t  s t a t e  o f  kn ow led ge th e  ch e m is t  cannot u n d ersta n d  what 
th e  organ ism  d o e s  c h e m ic a lly  w ith o u t c o n s id e r in g  g e n e s . 
T h e r e fo r e , th e  m ethods o f  g e n e t i c s ,  w h ich  a r e  b i o l o g i c a l  -  
n o t c h e m ic a l, must supp lem ent th o s e  o f  c h e m is tr y . In  th e  
same way, a b i o l o g i s t  would be b l in d  i f  he were to  ig n o r e  
c h e m istr y  in  h i s  a tte m p ts  to  u n d e rsta n d  how th e  organ ism  i s  
b u i l t  and how i t  f u n c t io n s .  B io ch em ica l g e n e t i c s  r e p r e s e n t s  
an approach  in  w h ich  th e  c o o p e r a t io n  o f  two d i s c i p l i n e s  i s  
e s s e n t i a l .  ( 6 )
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W hether th e  em p h asis i s  b i o l o g i c a l  o r  ch em ica l in  

n a tu r e , m icr o -o rg a n ism s a r e  v e r y  s u i t a b l e  f o r  la b o r a to r y  u s e  

i n  prob lem s o f  h e r e d i t y .  The d i f f i c u l t i e s  and e x p en se  i n ­

v o lv e d  in  th e  em ploym ent o f  h ig h e r  a n im a ls  a re  o b v io u s . The 

h ig h e r  p la n t s  a r e  more e a s i l y  h a n d led  b u t  th e y  a l s o  p r e s e n t  

d i f f i c u l t i e s  b e c a u se  o f  th e  f a c i l i t i e s  w h ich  must b e  p r o v id e d  

f o r  grow th . On th e  o th e r  han d , m icr o -o rg a n ism s h ave d i s t i n c t  

a d v a n ta g e s  b u t a r e  n ot a l l  e q u a lly  s u i t a b l e .  I f  one i s  more 

i n t e r e s t e d  i n  a n im a l th a n  in  p la n t  m eta b o lism , th e  a lg a e  

w ould b e  r u le d  o u t  b e c a u se  th e y  p o s s e s s  c h lo r o p h y l l  and 

en gage  i n  p h o t o s y n t h e s i s .  B a c t e r ia  and th e  tr u e  fu n g i  (m o ld s) ,  

w ith  no c h lo r o p h y l l ,  h ave m e ta b o lic  sy s te m s  w hich  in  many 

r e s p e c t s  s im u la te  th o s e  o f  a n im a ls  and w ould  th u s  b e  o f  i n t e r ­

e s t  to  b io c h e m is t s  who w ould w ish  to  e x te n d  and a p p ly  any new  

f a c t s  t o  th e  f u n c t io n in g  o f  h ig h e r  a n im a ls  in c lu d in g  man. Of 

th e  tw o , b a c te r ia -  and m old s, th e  m olds seem  t o  b e  p r e fe r a b le .  

R ep ro d u ctio n  i s  more com plex; in  many o f  them , th e  sexua.1 

pha.se can  b e  u se d  f o r  g e n e t i c a l  work. I f  one i s  i n t e r e s t e d  

in  th e  c h e m is tr y  o f  th e  o rg a n ism , grow th  i s  f a s t  and one can  

o b ta in  la r g e  am ounts o f  m a te r ia l  f o r  a n a l y s i s ,  grown under  

c o n t r o l l e d  c o n d i t io n s ,  in  a  r e l a t i v e l y  s h o r t  sp a ce  o f  t im e .

For t h e  p u r p o se s  o f  t h i s  t h e s i s ,  i t  i s  p ro p o sed  

th a t  a  c u l t u r e  o f  A s p e r g i l lu s  n ig e r  van Tieghem  b e  s u b je c te d  

to  s o f t  x - r a y s ,  th a t  a '•mutant" d i f f e r i n g  in  ap p earan ce  from  

th e  norm al mold b e  ch osen  a t  random, and th a t  b o th  s t r a i n s ,
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th e  norm al and th e  "m utant", b e  s u b je c te d  to  th e  same t e s t s  

w ith  an id e a  o f  making some com p arison s i n  r e s p e c t  to  ferm en  

t a t i o n  c h a r a c t e r i s t i c s ,  m eta b o lism , and ch e m ic a l c o m p o s it io n

The d e f i n i t i o n  o f  a "mutant" a s  g iv e n  by Thom and

Raper w i l l  b e  u sed  as a. b a s i s  f o r  t h i s  work:

The term  m utant, o r  m u ta tio n , i s  u sed  t o  d e s ig n a te
a s t r a i n  whose so u rc e  i s  a c t u a l l y  known and can b e  v e r i f i e d .
F urth erm ore, i t  i s  l im i t e d  to  th o s e  s u b s t r a in s  w h ich  o r ig in a  
t e d  a s  sharp  b r e a k s  from  p a r e n t  c u l t u r e s  ( u s u a l ly  i n t e r ­
p r e te d  a s  gen e  im ita t io n s ) , and in  s u c c e s s iv e  c u l t u r e  g e n e ra ­
t i o n s  r e t a in  t h e i r  d i s t in g u i s h in g  c h a r a c t e r i s t i c s  u n a lt e r e d .  
T h is  ma.y or  may n o t  have a  taxonom ic c o n n o t a t io n . . . .  The 
term  m u ta tio n , th e n , r e f e r s  to  a l t e r e d  s t r a i n s  o f  c o n s ta n t  
c h a r a c te r  and known l i n e a g e .  ( 7 )
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CHAPTER I I  

PRODUCTION OF THE MUTANT 

X-Rays and T h e ir  E f f e c t  on B i o l o g i c a l  M a te r ia l

X -r a y s  a r e  p rod u ced  when h ig h  sp eed  e le c t r o n s  

im p in ge on a s o l i d  t a r g e t .  A cco rd in g  t o  c l a s s i c a l  th e o r y ,  

x - r a y s  a r e  r eg a r d e d  a s  e le c tr o m a g n e t ic  w aves t r a v e l in g  

th rou gh  sp a ce  w ith  a v e l o c i t y  eq u a l to  3 ( 1 0 ) ^  c e n t im e te r s  

p e r  se c o n d . T h is  co n cep t g i v e s  an e x p la n a t io n  f o r  such  b e ­

h a v io r  a s  d i f f r a c t i o n ,  in t e r f e r e n c e ,  r e f l e c t i o n ,  r e f r a c t io n ,  

and p o l a r i z a t io n  w h ich  i s  i d e n t i c a l  in  c h a r a c te r  to  th a t  

g iv e n  f o r  v i s i b l e  l i g h t  when i t  i s  s u b je c t e d  t o  th e  same 

c o n d i t io n s .  F or a c o m p lete  e x p la n a t io n  o f  s c a t t e r in g ,  how­

e v e r ,  i t  i s  n e c e s s a r y  to  em ploy th e  quantum th e o r y  w h ich  

m a in ta in s  th a t  " x -r a y s  are  n o t  o n ly  e m it te d  and ab sorb ed  a s  

quanta  b u t a r e  a l s o  quanta  a s  th e y  t r a v e l  th ro u g h  sp a c e .

T h ese d i s c r e t e  qu anta  o f  l i g h t  o r  x - r a y s  a r e  . . .  known a s  

p h o t o n s ."($)

A cco rd in g  t o  c l a s s i c a l  t h e o r y , th e  wave le n g th  o f  

a l l  o f  th e  s c a t t e r e d  r a d ia t io n  sh o u ld  b e  th e  same a s  th a t  o f  

th e  in c id e n t  r a d ia t io n .  I t  h a s  b een  fo u n d , how ever, th a t  in  

a l l  d i r e c t io n s  e x c e p t  th e  forw ard  one t h e r e  i s  some s c a t t e r e d  

r a d ia t io n  w ith  a wave le n g th  lo n g e r  th a n  t h a t  o f  th e  in c id e n t  

beam . An e x p la n a t io n  o f  t h i s  was g iv e n  by Compton a c c o r d in g  

to  th e  quantum th e o r y  ( 9 ) .  On t h i s  b a s i s ,  a  p h oton  o f  en ergy  

upon s t r i k i n g  a f r e e  e le c t r o n  a t  r e s t  i s  s c a t t e r e d  in  one
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d i r e c t i o n  w h ile  t h e  e le c t r o n  r e c o i l s  i n  a n o th e r . In  o rd er  

th a t  en ergy  "be c o n se r v e d , th e  fr e q u en cy  o f  th e  s c a t t e r e d  

p h oton  must h e  lo w e r  th an  t h a t  o f  th e  in c id e n t  p h o to n .

There i s  a b s o r p t io n  o f  x - r a y s  by a l l  m a te r ia l  

th ro u g h  w hich  th e y  p a s s ,  and t h i s  means t h a t  en ergy  i s  g iv e n  

up by th e  x -r a y  r a d ia t io n .  S tra n a th a n  s t a t e s  th e  f o l lo w in g  

c o n c e r n in g  t h i s  a b s o r p t io n :

There a r e  two d i s t i n c t  ways in  w hich a m a te r ia l  
rem oves en ergy  from  an x -r a y  beam . One o f  t h e s e  i s  by 
s c a t t e r in g  th e  en ergy; th e  o th e r  i s  by tr u e  atom ic  a b so rp ­
t i o n . . . .  When t r u e  a b s o r p t io n  ta k e s  p la c e  th e  en ergy  g iv e n  
up by th e  x -r a y  i s  ta k en  up by th e  a b so r b in g  atom . The atom  
a b so rb s  t h i s  en ergy  by h a v in g  one o f  i t s  e le c t r o n s  d is p la c e d  
from  i t s  normal l e v e l  to  some o u te r  l e v e l ,  o r  by h a v in g  t h i s  
e le c t r o n  c o m p le te ly  removed from  th e  a t o m . . . .  In  t h e  c a se  
o f  g a s e s  one s e e s  d i r e c t  e v id e n c e  in  c lo u d  chamber p h o to ­
g ra p h s t h a t  t h e s e  e le c t r o n s  a re  e j e c t e d  c o m p le te ly  from  th e  
atom s a s  h ig h  sp eed  p h o t o e le c t r o n s .  The a d d i t io n a l  en ergy  
p o s s e s s e d  by th e  p h o t o e le c t r o n  a f t e r  b e in g  to r n  from  th e  
atom  i s  g r a d u a lly  d i s s i p a t e d  th ro u g h  th e  fo rm a tio n  o f  a 
m u lt itu d e  o f  low  en ergy  io n s  a lo n g  i t s  p a t h . . . .

I f  t h e  c o n c ep t o f  s c a t t e r in g  w ith  th e  co n seq u en t  
ap p earan ce  o f  r e c o i l  e le c t r o n s  i s  c o r r e c t ,  and i f  th e  con ­
c e p t  o f  a b s o r p t io n  w ith  th e  co n seq u en t e j e c t i o n  o f  p h o to ­
e le c t r o n s  i s  c o r r e c t ,  th e n  on e sh o u ld  e x p e c t  to  f in d  one 
r e c o i l  e le c t r o n  f o r  each  quantum o f  en ergy  s c a t t e r e d  and one  
p h o t o e le c t r o n  f o r  each  quantum o f  en ergy  a b so rb ed . The r a t i o  
o f  th e  number o f  p h o t o e le c t r o n s  to  th e  number o f  r e c o i l  
e le c t r o n s  sh o u ld  b e  eq u a l t o  th e  r a t i o  o f  th e  tr u e  a b so r p ­
t i o n  c o e f f i c i e n t  to  th e  s c a t t e r in g  c o e f f i c i e n t .  Many e x p e r i­
m ents show th a t  t h i s  i s  t r u e  w ith in  th e  r a th e r  la r g e  e r r o r  
a s s o c ia t e d  w ith  th e  m easu rem en ts. ( 1 0 )

T hese c o n c e p ts  c o n c e r n in g  th e  n a tu re  o f  x - r a y s  

p la y  a p a rt in  th e  id e a s  w h ich  have b e e n  advanced  to  e x p la in  

th e  e f f e c t  o f  x - r a y s  upon l i v i n g  m a tte r . The th e o r y  h a s  b een  

advan ced  th a t  “th e  b i o l o g i c a l  e f f e c t s  a r e  du e, n o t t o  th e  

i r r a d i a t io n s  th e m s e lv e s , b u t  to  th e  show er o f  p h o to -  and
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Compton r e c o i l  e le c t r o n s  to  w hich  th e y  g iv e  r i s e  and to  

i o n i z a t i o n  w h ich  t h e s e  e l e c t r o n s  p r o d u ce ."  ( 1 1 )

A more c o m p lete  a n a l y s i s  o f  th e  b i o l o g i c a l  e f f e c t s  

o f  x - r a y s  i s  g iv e n  by Henshaw:

When t h e  quantum o f  en ergy  a b so rb ed  c o rr esp o n d s  t o  
th a t  o f  x - r a y s  o r  gamma r a y s  ( 1 0 ,0 0 0  -  1 , 5 0 0 ,0 0 0  e le c t r o n  
v o l t s ) ,  an e l e c t r o n  may b e  e j e c t e d  from  any o f  th e  o r b i t a l  
s h e l l s  o f  th e  a t o m . . . .  S in c e  e le c t r o n s  i n  th e  in n e r  s h e l l s  
o f  atom s a r e  more f ir m ly  h e ld  th a n  t h o s e  in  o u te r  s h e l l s ,  a  
l a r g e  amount o f  k i n e t i c  en ergy  must b e  im p a rted  to  an e le c t r o n  
o f  an in n e r  o r b i t  in  c a u s in g  i t s  r em o v a l. Most Im portant from  
th e  s ta n d p o in t  o f  th e  u l t im a t e  b i o l o g i c  e f f e c t  a re  th e  f a c t s  
th a t  a b s o r p t io n  o f  a  h ig h  en ergy  quantum o f  e le c tr o m a g n e t ic  
r a d ia t io n  c a u s e s  e le c t r o n s  ( r e c o i l )  t o  move th ro u g h  m a tter  
w ith  i n i t i a l l y  h ig h  k i n e t i c  en ergy  and t h a t  t h i s  en ergy  i s  
l o s t  a lo n g  th e  e l e c t r o n  p a th s  in  p r o d u c t io n  o f  a  m u l t i p l i c i t y  
o f  io n  p a i r s .  The number o f  su ch  io n  p a ir s  p e r  u n i t  l e n g t h  
o f  p a th , s p e c i f i c  i o n i z a t i o n ,  in c r e a s e s  a s  th e  k i n e t i c  en ergy  
o f  th e  e le c t r o n  d im in is h e s .

In  some c a s e s ,  h o w ev er , t h e  f u l l  en ergy  o f  th e  
quantum i s  n o t u t i l i z e d  in  e j e c t i o n  o f  an e l e c t r o n  from  an 
atom , and th e  r e s id u a l  en ergy  i s  tr a n sfo r m e d  in t o  a  new 
p h o to n  o r  quantum o f  lo w e r  e n e r g y , Compton e f f e c t .  The new 
p h o to n , in  tu r n , p r o d u ce s  a n o th e r  io n  p a ir  and u n d erg o es  
r e p e a te d  t r a n s fo r m a t io n  u n t i l  a l l  o f  th e  en ergy  i s  c o m p le te ly  
u sed  up i n  p r o d u c t io n  o f  io n  p a ir s  o r  th erm a l c h a n g e s . Thus 
t h i s  d e g r a d a t io n  p r o c e s s  r e s u l t in g  from  a b s o r p t io n  o f  h ig h  
en ergy  q u an ta  c a u s e s  p r o d u c t io n  o f  v a s t  numbers o f  io n  p a ir s  
in  th e  m a tte r  a c t e d  on by th e  r a d ia t io n .

When e le c t r o n s  a r e  rem oved from  t h e  in n e r  o r b i t s  
o f  atom s, th e  v a c a n c ie s  a r e  f i l l e d  by e le c t r o n s  d rop p in g  in  
from o u te r  s h e l l s ,  t h e  c o n se q u en ce  b e in g ,  so  f a r  a s  atom ic  
ch an ges s.re c o n c e r n e d , a  red u ced  number o f  v a le n c e  e l e c t r o n s .  
Thus su ch  a  change w i l l  r ed u ce  th e  s t a b i l i t y  o f  an atom or  
m o le c u le  and p r o b a b ly  r e s u l t  in  ch em ica l c h a n g e . . . .  t h i s  
d e s t r u c t io n  o f  o r g a n iz e d  p r o to p la s m ic  c o n s t i t u e n t s  and th e  
fo r m a tio n  o f  new p r o d u c ts  i n  l i v i n g  o b j e c t s  a re  r e s p o n s ib le  
f o r  r a d io b io lo g ic  ch a n g e . (1 2 )

B e a d le  s t a t e s  t h a t  " x -r a y s  and gam m a-rays produ ce  

t h e i r  e f f e c t s  th ro u g h  th e  m e d ia t io n  o f  f a s t  e l e c t r o n s  from  

atom s in  th e  t i s s u e .  T hese p rodu ce io n s  a s  th e y  p a s s  th rou gh  

th e  c e l l s . "  ( 1 3 ) He a l s o  mahes a com p arison  b etw een  th e  b i o -
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l o g i c a l  e f f e c t  o f  x -r a y s  and t h a t  o f  u l t r a v i o l e t  l i g h t :  "In

th e  a b s o r p t io n  o f  a quantum o f  u l t r a v i o l e t  r a d ia t io n  by a  

c e l l ,  l e s s  en ergy  i s  in v o lv e d  th a n  in  an i o n i z a t i o n  and i t  

seem s a u i t e  c l e a r  th a t  th e  e f f e c t  o f  t h i s  ty p e  o f  r a d ia t io n  

i s  d i f f e r e n t  in  o th e r  r e s p e c t s  from  th a t  o f  i o n i z i n g  p a r t i ­

c l e s . "  (1 3 )

T here h a s b een  d i s c u s s i o n  in  th e  l i t e r a t u r e  a s  to  

w h eth er  wave le n g t h  in  i t s e l f  i s  a f a c t o r  o r  w h eth er  d osage  

i s  more im p o r ta n t. M u lle r  h a s  s t a t e d :

As to  th e  m echanism  o f  p r o d u c t io n  o f  th o s e  r a d ia ­
t i o n  m u ta tio n s  w h ich  a f f e c t  in d iv id u a l  g e n e s  o r  n arrow ly  
c ir c u m sc r ib e d  chromosome r e g io n s ,  th e  m ost im p o rta n t f a c t  
t h a t  h a s  come to  l i g h t  i s  th e  d ep en d en ce o f  any g iv e n  muta­
t i o n  upon th e  change th a t  w as i n i t i a t e d  in  a s i n g l e  in d iv id ­
u a l  atom , by i t s  i o n i z a t i o n  o r  o th e r  e x c i t a t i o n .  T h is  i s  
shown by th e  s e r i e s  o f  f i n d in g s  d e m o n str a tin g  a s t r i c t l y  
p r o p o r t io n a l  r e la t io n s h ip  b e tw e e n  th e  fre q u en cy  o f  th e  
in d u c ed  m u ta tio n s  and t h a t  o f  th e  in d u ced  i o n i z a t i o n s ,  no 
m a tte r  how (w ith in  s u f f i c i e n t l y  w ide l i m i t s )  th e  l a t t e r  are  
d i s t r i b u t e d  i n  tim e and s p a c e , p r o v id e d  th e  s t a g e  t r e a t e d  
and th e  c o n d it io n s  accom panying tr e a tm e n t b e  k e p t c o n s t a n t . 
The p r o p o r t io n a l i t y  o f  th e  m u ta tio n  fr e q u e n c y  to  th e  
r a d ia t io n  d o sa g e , a s  th u s  d e f in e d ,  when t h e  d o sa g e  i s  
changed by ch a n g in g  th e  d u r a t io n  o f  t r e a tm e n t , was shown by  
O liv e r ,  Hanson and o th e r s  o f  my e a r l i e r  c o l la b o r a t o r s ,  by  
T im o fe e f f -R e s s o v s k y , and by o t h e r s .  (1^)

Fano and Demerec h a v e  ta k e n  th e  same p o in t  o f  v ie w

C oncern ing th e  d o s a g e - e f f e c t  r e l a t i o n s h i p s ,  th e  
m ost im p o rta n t e x p e r im e n ta l f in d in g  i s  t h a t  th e  fr e q u e n c y  o f  
c e r t a i n ' t y p e s  o f  r a d ia t io n - in d u c e d  g e n e t i c  ch an ges i s  p ro­
p o r t io n a l  to  th e  d osage  o f  i r r a d i a t io n ,  a c c o r d in g  t o  th e  la w

w here N i s  th e  number o f  g e n e t i c  ch an ges o c c u r r in g  i n  N 
t e s t s ,  D th e  d o sa g e , k a p r o p o r t io n a l i t y  c o n s t a n t .  (1 5 )
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The v ie w p o in t  t h a t  wave l e n g t h  i s  a l s o  a  f a c t o r  

i n  th e  e f f e c t i v e n e s s  o f  th e  i r r a d ia t io n  i s  g iv e n  by F a i l l a :

. L et u s  exam ine th e  i o n i z a t i o n  produ ced  by two 
h y p o t h e t ic a l  beam s o f  m onochrom atic r a d ia t io n ,  th e  wave­
le n g t h  o f  w h ich  i s  v e r y  d i f f e r e n t .  For t h e  sak e o f  
d e f i n i t e n e s s ,  im a g in e  two p o in t  s o u r c e s  o f  e q u a l (" ca n d le" )  
pow er, one e m it t in g  ( s o f t )  X -r a y s  and th e  o th e r  gamma r a y s .  
P er  u n i t  tim e each  so u r c e , t h e r e f o r e ,  e m its  th e  same amount 
o f  en ergy  in  a l l  d i r e c t i o n s . . . .  th e  two so u r c e s  w i l l  p r o v id e  
th e  same i n t e n s i t y  o f  r a d ia t io n  a t  a g iv e n  d is t a n c e  from  
e i t h e r .  A b i o l o g i c a l  m a te r ia l  p la c e d  a t  t h i s  d is ta n c e  
(from  e i t h e r  so u r c e )  w i l l  r e c e iv e  th e  same amount o f  energy  
p e r  u n i t  t im e . The co m p lete  u t i l i z a t i o n  o f  t h i s  amount o f  
en ergy  th rou gh  i o n i z a t i o n  o f  th e  m a te r ia l  p ro d u ces th e  same 
number o f  io n s  in  b o th  c a s e s .  B u t, ow ing t o  th e  g r e a t e r  
p e n e t r a t in g  power o f  gamma r a y s ,  th e  same number o f  io n s  i s  
d i s t r ib u t e d  th r o u g h  a much la r g e r  d ep th  and volum e o f  th e  
m a te r ia l  than  in  th e  c a s e  o f  X -r a y s . H ence th e  number o f  
io n s  produced  p e r  secon d  p e r  c u b ic  c e n t im e te r  o f  t i s s u e  a t  
a  g iv e n  d ep th  i s  much s m a lle r  in  th e  c a s e  o f  th e  gamma-ray 
so u r c e , under th e  c o n d it io n s  s t ip u la t e d  a b o v e . I t  i s  
e v id e n t ,  t h e r e f o r e ,  th a t  th e  r a te  a t  w h ich  io n s  a re  l ib e r a t e d  
a t  a g iv e n  p o in t  in  th e  m a te r ia l  dep en d s on som eth in g  more 
th an  th e  i n t e n s i t y  o f  r a d ia t io n ,  and t h a t  t h i s  a d d it io n a l  
f a c t o r  i s  th e  q u a l i t y  o f  th e  r a d ia t io n  a t  th e  p o in t  i n  q u es­
t i o n .  The q u a l i t y  d e te r m in e s  what f r a c t i o n  o f  th e  t o t a l  
en ergy  t r a v e r s in g  a c e r t a in  la y e r  o f  th e  m a te r ia l  i s  immedi­
a t e l y  a v a i la b le  to  p rod u ce io n s  in  th e  same l a y e r .  (1 6 )
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The S o f t  X-Ray Tube 

As th e  so u r c e  o f  s o f t  x -r a y s  f o r  th e  i r r a d i a t io n  

o f  th e  A s p e r g i l lu s  n ig e r  c u l t u r e ,  a g a s  x -r a y  tu b e  ( 1 7 ) f o r  

p r o d u c in g  x - r a y s  ra n g in g  from  ab ou t 0 .5  Angstrom  u n i t s  to  

^ Angstrom  u n i t s  was u s e d . T h is  tu b e  i s  eq u ip ped  w ith  a  

cop p er  t a r g e t  and a window o f  c e l lo p h a n e  and aluminum w hich  

t r a n s m its  th e  Ka and Kp l i n e s  o f  cop p er (a b o u t 1 .5  A n gstrom s), 

a s  w e l l  a s  th e  lo n g e r  and s h o r t e r  w a v e le n g th s  in  th e  c o n t in ­

u ou s sp ectru m .

The m utant s tu d ie d  th rou gh ou t t h i s  p a p er  was ob­

ta in e d  by i r r a d i a t in g  a  c u l t u r e  o f  th e  norm al mold p la c e d  

5 c e n t im e te r s  from  th e  tu b e  window when t h e  tu b e  was b e in g  

o p e r a te d  a t  30 k i l o v o l t s  and w ith  a tu b e  c u r r e n t o f  10 m i l l i -  

am p eres. (E xact d e t a i l s  o f  th e  h a n d lin g  o f  th e  c u l t u r e  w i l l  

b e  g iv e n  in  th e  s e c t i o n  o f  t h i s  c h a p te r  e n t i t l e d  E x p er im en ta l 

P r o c e d u r e ) . The c u l t u r e  was s u b je c te d  to  th e s e  c o n d it io n s  

f o r  15 m in u te s .

I t  i s  p o s s i b l e  to  a r r iv e  a t  an e v a lu a t io n  o f  th e  

d o sa g e  em ployed by r e f e r r in g  to  th e  c u r v e s  g iv e n  by Krebs and 

K er ste n  (12 ) in  t h e i r  c a l i b r a t io n  o f  t h i s  x -r a y  t u b e .  R eading  

d i r e c t l y  from th e  cu r v es  i t  i s  se e n  t h a t  o p e r a t io n  a t  30 peak  

k i l o v o l t s  and 10 m ill ia m p e r e s  p r o d u ce s  a  d o sa g e  o f  1650 r o e n t­

g e n s  p e r  m in u te  a t  a  d i s t a n c e  o f  5 c e n t im e te r s  from  th e  window.

I t  m ight b e  w e l l  t o  r e c a l l  t h a t  th e  r o e n tg e n  i s  

d e f in e d  "as th e  q u a n t ity  o f  X- o r  gam m a-rad ia tion  su ch  th a t  

t h e  a s s o c ia t e d  c o r p u sc u la r  e m is s io n  p e r  0 .0 0 1 2 9 3  S . o f  a i r
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p r o d u c e s , in  a i r ,  i o n s  c a r r y in g  1 e l e c t r o s t a t i c  u n i t  o f

q u a n t ity  o f  e l e c t r i c i t y  o f  e i t h e r  s ig n ."  ( 1 9 )

L ea d i s c u s s e s  th e  m o d if ic a t io n  n eed ed  t o  a r r iv e

a t  th e  energy  a b s o r p t io n  a c t u a l ly  t a k in g  p la c e  in  t i s s u e

r a th e r  th an  in  a i r :

For th e  c o n v e n ie n c e  o f  th e  p h y s ic a l  m easurem ent 
th e  r o e n tg e n  i s  d e f in e d  in  term s o f  en ergy  a b s o r p t io n  p er  
u n i t  volum e o f  a i r .  In  th e  in t e r p r e t a t io n  o f  e x p e r im en ts  
one i s  i n t e r e s t e d  in  th e  en erg y  a b s o r p t io n  p e r  u n i t  volum e  
o f  t i s s u e ,  w h ich  f o r  th e  same in c id e n t  i n t e n s i t y  o f  r a d ia ­
t i o n  w i l l  b e  ab ou t 1000 t im e s  g r e a t e r  on a c co u n t o f  th e  
g r e a t e r  d e n s i ty  o f  t i s s u e .  The a c tu a l  f a c t o r  v a r i e s  w ith  
d i f f e r e n t  w a v e - le n g th s ,  s in c e  th e  r a t i o  o f  th e  a b s o r p t io n  
c o e f f i c i e n t s  o f  t i s s u e  and a i r  v s .r ie s  somewhat w ith  wave­
l e n g t h s .  I t  a l s o  d ep en d s on th e  e le m en ta ry  a n a l y s i s  o f  th e  
t i s s u e  though n o t on th e  ch e m ic a l n a tu r e  o f  th e  compounds 
i n  w h ich  th e  e le m e n ts  a r e  com bined . (1 9 )

T h is  same a u th o r  ( 1 9 ) g iv e s  a t a b le  sh ow in g  en ergy  

a b s o r p t io n  in  v a r io u s  t i s s u e s  f o r  one r o e n tg e n  o f  v a r io u s  

r a .d ia t io n s .  F o llo w in g  a r e  th e  a b s o r p t io n  d a ta  f o r  w et t i s s u e  

i r r a d ia t e d  w ith  x - r a y s  o f  1 .5 ^  A ngstrom s:

e r g s  p e r  gram = 216.^9

e l e c t r o n - v o l t s  p e r  10""'L2 gram = 53»99

en erg y  u n i t s  = 0 .9 2 9

i o n i z a t i o n s  p e r - 1 0 “12 gram = 1 .6 6 2

In  th e  u s e  o f  s o f t  x - r a y s  f o r  th e  i r r a d i a t io n  o f  

t h e  A. n ig e r  c u l t u r e  th e r e  i s  no a ssu m p tio n  th a t  t h i s  i s  th e  

m ost e f f i c i e n t  means o f  p ro d u c in g  m u ta n ts . The problem  o f  

th e  work i s  n ot to  d e ter m in e  fre q u en cy  o f  m u ta tio n  u n d er  

s p e c i f i e d  c o n d i t io n s  o r  d ep en d en ce  o f  fre q u en cy  o f  m u ta tio n  

on w a v e len g th  a n d /o r  d o sa g e  b u t r a th e r  to  compare a m utant
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w ith  th e  norm al A. n ig e r  in  o r d e r  to  d e term in e  ch an ges w h ich  

have b een  b r o u g h t about by th e  i r r a d i a t i o n .

The C u ltu r e  Used  

A c u l t u r e  o f  A s p e r g i l lu s  n lg e r  van Tieghem  was 

r e c e iv e d  from  th e  Am erican Type C u ltu re  C o l l e c t io n  i n  Septem ­

b e r  1 9 ^ .  T h is  s t r a i n  i s  l i s t e d  by them a s  c u l t u r e  number 

1 0 0 4 .

S ab ou rau d ’ s m a lto se  a g a r  was u s e d  a s  th e  s to c k  

c u l t u r e  medium f o r  th e  norm al A. n ig e r  and f o r  th e  mutant 

a f t e r  i t  was p r o d u ce d . T h is  medium was made up o f  1 p e r  c e n t  

B a c to -p e p to n e , 4  p e r  c e n t  t e c h n i c a l  m a lto s e , and 1 .5  p e r  c e n t  

B a c to -a g a r , s t e r i l i z e d  a t  15 pounds p r e s s u r e  in  th e  a u to c la v e  

f o r  15  m in u te s . The th r e e  ab ove  m a t e r ia ls  a re  made by D ifc o  

L a b o r a to r ie s ,  I n c . ,  D e t r o i t ,  M ich ig a n . The in c u b a t io n  tem­

p e r a tu r e  f o r  a l l  th e  work was 37 d e g r e e s  C e n tig r a d e .

E x p er im en ta l P ro ced u re  

S p e c ia l  l i d s  w ere p r e p a r ed  f o r  P e t r i  d i s h e s  in  

o r d e r  t o  m a in ta in  s t e r i l e  c o n d it io n s  d u r in g  th e  i r r a d i a t i o n .  

T h ese w ere made o f  m eta l and w ere th e  same shape a s  th e  o r d i ­

nary g l a s s  l i d s  e x c e p t  t h a t  p r a .c t ic a l . ly  a l l  o f  th e  u p p er  

s u r fa c e  in  th e  m id d le  o f  t h e  l i d  was m is s in g  and a. h o r iz o n t a l  

f la n g e  e x te n d ed  beyond  th e  v e r t i c a l  s i d e s .  A c i r c u la r  p i e c e  

o f  c e l lo p h a n e  was s t r e t c h e d  o v e r  ea ch  one and t i e d  down w ith
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a  p ie c e  o f  s t r i n g  w h ich  was h e ld  in  p la c e  by th e  f la n g e .  The 

c e llo p h a n e  e n c lo s u r e  on top  a llo w e d  p a s s a g e  o f  th e  s o f t  x - r a y s .

The m o d if ie d  P e t r i  d is h e s  w ere s t e r i l i z e d  in  th e  

a u to c la v e  and about 20 m l. o f  m e lte d  s t e r i l i z e d  Sabouraud*s 

m a lto se  ag a r  medium pou red  in t o  each  o n e . A f te r  th e  agar  had  

s o l i d i f i e d ,  I n o c u la t io n s  w ere made in  th e  c e n te r  o f  each p l a t e  

b y  means o f  a  lo o p ,  t r a n s f e r s  b e in g  made from  a s to c k  s la n t  

c u l t u r e  o f  th e  A. n ig e r .

Over a  p e r io d  o f  two w eek s, t h e s e  P e t r i  d i s h  c u l ­

t u r e s  o f  v a r io u s  a g e s  w ere p la c e d  in  th e  p a th  o f  th e  x -r a y  

beam, so th a t  th e  r a d ia t io n  w ould go th rou gh  th e  c e llo p h a n e  

c o v e r  and s t r i k e  th e  c u l t u r e .  A l l  c u l t u r e s  w ere i r r a d ia t e d

a t  5 cm. from  th e  x -r a y  tu b e  window w ith  th e  tu b e  o p e r a t in g

a t  30 KV. and. 10 ma. The tim e  o f  th e  d o s e s  v a r ie d  from

10 m in u tes  to  2>0 m in u te s .

A f t e r  t h e  i r r a d i a t i o n ,  th e  c u l t u r e  was scra p ed  w ith  

a  lo o p  and s e r i a l  d i l u t i o n s  made onto  a g a r  p l a t e s .  These  

d i l u t i o n s  were made u s in g  10 tu b e s  each  c o n t a i n i n g  10 m l. o f  

s t e r i l i z e d  d i s t i l l e d  w a te r .  The s c r a p in g s  from t h e  c u l t u r e ,  

a f t e r  b e in g  p u t  i n t o  t h e  f i r s t  tu b e ,  w ere d i s t r i b u t e d  w i t h in  

t h e  w a ter  by means o f  a  s t e r i l e  1 m l. p i p e t t e .  Then 0 .5  m l.  

were t r a n s f e r r e d  t o  th e  s u r f a c e  o f  agar  medium i n  a  s t e r i l e  

p l a t e .  One m l. o f  th e  s u s p e n s io n  i n  th e  f i r s t  w a te r  tu b e  was 

th e n  t r a n s f e r r e d  to  th e  secon d  tu b e ,  and a f t e r  m ix in g ,  0 . 5  ml. 

from t h i s  tu b e  were t r a n s f e r r e d  to  a secon d  s t e r i l e  p l a t e .

The p r o c e s s  was c o n tin u e d  f o r  th e  10 tu b e s  and 10 p l a t e s .  By
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means o f  g e n t l e  h o r iz o n t a l  sh a k in g , th e  0 .5  m l. In  each  p l a t e  

w ere d i s t r ib u t e d  o v e r  th e  s u r fa c e  o f  th e  a g a r . The p la t e s  

w ere in c u b a te d  f o r  sev en  d a y s .

The e n t i r e  p r o c e s s  was a lw a y s  c a r r ie d  o u t in  d u p l i ­

c a t e ,  e x c e p t  th a t  one o f  th e  c u l t u r e s  was ir r a d ia t e d  and th e  

o th e r  was n o t .

The p l a t e s  w ere in s p e c t e d  f o r  i s o l a t e d  c o lo n ie s  

w h ich  d i f f e r e d  in  ap p earan ce from  th e  norm al A. n ig e r  c u l t u r e .  

A l l  p l a t e s  w hich  r e s u l t e d  from  d i l u t i o n s  from  th e  p l a t e  c u l ­

t u r e s  w h ich  had n o t b een  i r r a d ia t e d  showed t y p i c a l  A. n ig e r  

c o l o n i e s .  In  th e  d i l u t i o n  p l a t e s  from  f i v e  o f  th e  t h i r t e e n  

i r r a d ia t e d  c u l t u r e s ,  th e r e  w ere found c o lo n ie s  w hich were  

a t y p i c a l .  In  ea ch  c a s e , o n ly  one su ch  c o lo n y  was ch osen  a t  

random and a t r a n s f e r  made t o  a s t e r i l e  s l a n t .  At t h i s  same 

t im e  a t r a n s f e r  was made from  th e  d u p lic a .te  d i l u t i o n  p l a t e  

r e s u l t i n g  from  th e  c u ltu r e  w h ich  had n o t  b een  i r r a d ia t e d .

Of th e  f i v e  m utant s t r a i n s ,  one was ch o sen  a t  ra n ­

dom to  b e  u se d  f o r  e x t e n s iv e  a n a l y s i s .  The i r r a d i a t io n  d a ta  

f o r  t h i s  m utant had been :

Age o f  c u l t u r e  a t  t im e  of. i r r a d i a t i o n .  . 90 h ou rs

D is ta n c e  from  window o f  x -r a y  tu b e  . . 5 c e n t im e te r s

Tube v o l t a g e  ............................................................ 30 k i l o v o l t s

Tube c u r r e n t  ............................................................ 10 m illia 'm p eres

Time o f  e x p o s u r e ................................... 15 m in u tes

Time i n t e r v a l  b etw een  i r r a d i a t io n  
and d i l u t i o n  ............................................................ 6 hou rs
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In  o r d e r  to  in s u r e  a pure c u l t u r e  o f  th e  mutant 

s t r a i n ,  a p l a t i n g - o u t  method s i m i l a r  to  t h a t  d e s c r i b e d  by 

Smith (2 0 )  was u s e d .  S c r a p in g s  from a s l a n t  c u l t u r e  o f  th e  

mutant were t r a n s f e r r e d  by means o f  a lo o p  to  a  tu b e  o f  s t e r ­

i l e  d i s t i l l e d  w a t e r .  S e r i a l  d i l u t i o n s  w ere made and p l a t i n g -  

ou t done o n to  a g a r  medium i n  P e t r i  d i s h e s  a s  d e s c r i b e d  p r e ­

v i o u s l y .  The p l a t e s  were in c u b a te d  and i t  was found th a t  

a f t e r  h o u r s ,  when t h e  s u r f a c e  o f  th e  a g a r  was v ie w e d  under  

a  lo w -p ow er  b i n o c u l a r  m ic r o sc o p e ,  t h e  s p o r e s  had g e rm in a te d  

s u f f i c i e n t l y  to  p u t  ou t th e  prim ary g e r m -tu b e s .  A d i l u t i o n  

p l a t e  was c h o se n  which c o n t a in e d  a sm a l l  number o f  such  

g e rm in a te d  s p o r e s  w h ich  w ere w e l l  i s o l a t e d  from ea ch  o t h e r .

A n e e d le  w i th  i t s  end f l a t t e n e d  was u s e d  t o  c u t  out sm a ll  

b l o c k s  o f  a g a r ,  ea ch  c o n t a i n i n g  a s i n g l e  g e rm in a te d  s p o r e .  

Each b lo c k  o f  a.gar was t r a n s f e r r e d  to  a  s t e r i l e  s l a n t .  The 

u s u a l  f la m in g  o f  n e e d le  and t u b e s  was d o n e .

When t h e  s l a n t s  w ere  i n s p e c t e d  a f t e r  in c u b a t io n ,  

i t  was found t h a t  th e y  a l l  ap p ea red  to  b e  a l i k e  and to  be  th e  

same a s  th e  o r i g i n a l  mutant c u l t u r e ,  so one  was c h o sen  a t  

random to  b e  th e  f i r s t  s t o c k  c u l t u r e  o f  t h e  m u tan t.

The norm al c u l t u r e  was s u b j e c t e d  t o  t h e  e n t i r e  

p u r i f i c a t i o n  p r o c e s s  a s  d e t a i l e d  ab ove , n o t  b e c a u s e  i t  was 

th o u g h t  to  b e  an impure c u l t u r e  b u t  to  c o n t in u e  t h e  p o l i c y  

o f  s u b j e c t i n g  b o th  th e  norma.1 and mutant s t r a i n s  t o  t h e  same 

p r o c e d u r e s .
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CHAPTER I I I

GENERAL CHARACTERISTICS OF THE NORMAL A. NIGER 
AND MUTANT STRAINS

The norm al c u l t u r e  h a s  t h e  t y p i c a l  app earan ce  o f

4 .  n i g e r  v .  T ie g h .  ( F ig .  1) a s  d e s c r ib e d  by  Thom and Raper 

( 7 ) .  Colony grow th  i s  r a p id  and c o n i d i a  a r e  b r o w n is h -b la c k  

to  b la c k  i n  c o l o r

The m utant d i f f e r s  i n  s e v e r a l  r e s p e c t s  from th e  

normal mold ( F ig .  2 ) .  The s p o r u l a t i o n  i s  d e f i n i t e l y  d e ­

p r e s s e d ,  t o  su ch  an e x t e n t  t h a t  t h e r e  a r e  p a t c h e s  o f  m y c e l ia l  

grow th w h ich  show v e ry  few  s p o r e s  o r  none a t  a l l .  The 

c o n id ia  a r e  v e r y  l i g h t  cream to  t a n  i n  c o l o r .  Viewed from  

th e  u n d e r s id e ,  a  s l a n t  or  p l a t e  c u l t u r e  i s  y e l l o w - t a n  in  

c o l o r .

Under t h e  m ic r o sc o p e ,  t y p i c a l  A s p e r g i l l u s  c o n i d i a l  

h ea d s  a r e  s e e n  i n  b o th  normal and mutant s t r a i n s .  The p h o to ­

m icro g ra p h s shown i n  F i g s .  3 an(3- ^ w ere ta k e n  u s i n g  s l i d e -  

c u l t u r e s  made by a  t e c h n iq u e  s i m i l a r  t o  t h a t  d e s c r ib e d  by  

H e n r ic i  ( 2 1 ) .  An o r d in a r y  g l a s s  s l i d e  ( 3 x 1  i n . )  was u s e d  

a s  a b a s i s .  Upon i t  was p la c e d  a drop o f  s t e r i l e  l i q u i d  

medium w hich  was i n o c u l a t e d  w i t h  a  f i n e  n e e d l e .  A 22 x  22 mm. 

c o v e r  s l i p  wa,s p la c e d  on each  end o f  t h e  s l i d e  to  a c t  a s  

su pp ort f o r  a 22 x  40 mm. c o v e r  s l i p  p l a c e d  o v e r  th e  drop .

J u s t  b e f o r e  u s e  t h e  s l i d e  and c o v e r  s l i p s  had b e e n  c le a n e d  

and s t e r i l i z e d  by  means o f  a l c o h o l  and f la m in g .  The p rep a red  

s l i d e  was p la c e d  i n  a  s t e r i l e  P e t r i  d i s h ,  th e  bottom  o f

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



17

which was c o v e r e d  w ith  a p i e c e  o f  m o is t  " b lo tte r ,  and was k ep t  

th e r e  d u r in g  i n c u b a t io n .  By t h e  u s e  o f  such  a s l l d e - c u l t u r e  

i t  i s  p o s s i b l e  t o  t a k e  p h oto m icro g ra p h s  o f  th e  a e r i a l  grow th  

found i n  th e  sp a c e  around t h e  drop o f  medium.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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CHAPTER IV

CITRIC ACID PRODUCTION CORRELATED WITH 
GROWTH AND SUGAR UTILIZATION

Mechanism o f  C i t r i c  A c id  P r o d u c t io n  by Fungi

S in c e  1 9 2 3 ,  th e  m y c o lo g ic a l  method f o r  th e  commer­

c i a l  p r o d u c t io n  o f  c i t r i c  a c i d  i n  th e  U n ite d  S t a t e s  h as  

s t e a d i l y  i n c r e a s e d  in  im p ortan ce  ( 2 2 ) .  C u r r i e ' s  p a p er  in  

1917 (2 3 )  was fun dam enta l i n  e s t a b l i s h i n g  th e  u s e  o f  A. n ig e r  

c u l t u r e s  f o r  t h i s  I n d u s t r i a l  f e r m e n ta t io n  p r o c e s s .

A lth o u g h  t h e r e  h a s  b e e n  much work done on th e  

mechanism o f  t h e  c i t r i c  a c i d  p r o d u c t io n  by f u n g i ,  "the tr u e  

m e c h a n ism .. .  i s  s t i l l  o b s c u r e ,  and no h y p o t h e s i s  p r e s e n te d  

to  d a te  s a t i s f a c t o r i l y  e x p l a in s  a l l  o f  th e  o b s e r v e d  f a c t s . "  

(22 )  P o r t e r  p o i n t s  ou t  t h a t  t h e  v a r io u s  e x p le .n a t io n s  f o r  

th e  c o n v e r s io n  o f  c a r b o n - c o n t a in in g  compounds t o  c i t r i c  a c id  

have  c e n t e r e d  around two p o i n t s .  "The f i r s t  i n v o l v e s  a  s e r i e s  

o f  r e a c t i o n s  i n  w h ich  th e  g l u c o s e  c h a in  i s  n o t  b rok en  i n t o  

s im p le r  u n i t s  b u t  m erely  becom es tr a n s fo r m e d  i n  some way t o  ■ 

c i t r i c  a c id  w i t h  i t s  b ran ch ed  c h a in .  The se co n d  i n v o l v e s  th e  

breakdown o f  t h e  su g a r  m o le c u le  i n t o  s im p le r  compounds, such  

a s  a c e ta ld e h y d e  o r  a c e t i c  a c i d ,  w hich a r e  th e n  u s e d  to  

s y n t h e s i z e  c i t r i c  a c id ."  (2 4 )

The f i r s t  p o i n t  o f  v ie w  s u g g e s t s  t h a t  g l u c o s e  p a s s e s  

th ro u g h  g l u c o n i c  and s a c c h a r ic  a c i d s  i n  t h e  c o n v e r s io n  to  

c i t r i c  a c i d .
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CHO
I
CHOH
I
CHOH
I
CHOH
I
CHOH
I
CH20H

g l u c o s e

->

COOH 
I
CHOH 
I
CHOH
I —
CHOH
I
CHOH
I
CH20H 

g l u c o n i c  a c id

COOH
I
CHOH
I
CHOH

> I --------
CHOH
I
CHOH
I
COOH 

s a c c h a r ic  a c id

COOH
I
CH
II
C-OH
I
C-OH
II
CH
I
COOH

COOH
l
ch 2
I
c=o
I
c=o
I
CHp
i ^
COOH

COOH
I
ch2
I

HO-C-COOH
I
CHp 
I  ̂
COOH

p -I f -d ik  e t  o a d ip  1 c 
a c id

c i t r i c
a c id

The se co n d  p o i n t  o f  v ie w  assum es t h a t  g l u c o s e  

b r e a k s  down t o  t h r e e - c a r b o n  atom s w hich r e u n i t e  to  form  

c i t r i c  a c i d .  There have  b e e n  t h r e e  t y p e s  o f  r e a c t i o n s  p r o ­

p o sed :

-  ( l )  c o n d e n s a t io n  o f  t h r e e  m o le c u le s  o f  a c e ta ld e h y d e

f o l lo w e d  by  o x i d a t i o n

I H f  CH2 -  CHO CH2 -  CHO CH2 -  COOH

! ' +
| 0 = CH -  CĤ  ----- ^ HC -  CĤ  --------> HOC -  COOH

: : +  I I
]_ H .T  CHg -  OHO 0H 2  -  OHO CH2  -  COOH

a c e t a ld e h y d e  c i t r i c  a c id
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( 2 ) u n io n  o f  a c e t i c  and s u c c i n i c  a c id s  to  form  

t r i c a r b a l l y i c  a c i d ,  f o l lo w e d  by o x i d a t i o n  to  a c o n i t i c  a c id  

w h ich  i s  th e n  h y d r a te d

CH2 -  COOH

HCH2 -  COOH

a c e t i c  a c id

CH2 -  COOH

CH2 -  COOH 

s u c c i n i c  a c id

HC -  COOH

CH2 -  COOH

t r l c a r b a l l y l i c
a c id

-2H

CH -  COOH
II
C -  COOH 
I
CH2 -  COOH

+h 2 o

CH2 -  COOH

HOC -  COOH
I
CH2 -  COOH

a c o n i t i c  a c i d  c i t r i c  a c id

( 3 ) u n io n  o f  two m o le c u le s  o f  a c e t i c  a c id  to  form  

s u c c i n i c  a c i d ,  f o l lo w e d  by o x i d a t i o n  to  fu m ar ic  a c id  w hich  

i s  h y d ra te d  to  form  m a l ic  a c i d .  M a lic  and a c e t i c  a c id s  

com bine t o  g i v e  c i t r i c  a c i d .

CH -  COOHCĤ  -  COOH 
+

CH  ̂ -  COOH 

a c e t i c  a c id

CH2 -  COOH

CH2 -  COOH 

s u c c i n i c  a c id

CH -  COOH 

fum aric  a c i d

+HpO 
—  >

CHOH -  COOH

CH2 -  COOH
+ CĤ  -  COOH

CH2 -  COOH

HOC -  COOH 
I
CH2 -  COOH

m a l ic  a c i d a c e t i c  a c id c i t r i c  a c id
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S in c e  c i t r i c  a c id  i s  th e  major m e t a b o l ic  p ro d u ct  

o f  4 . n i g e r . i t  •was d e c id e d  to  compa.re t h e  m utant and normal 

s t r a i n s  i n  t h i s  r e s p e c t ,  a t  t h e  same t im e  c o r r e l a t i n g  th e  

c i t r i c  a c id  s y n t h e s i s  w ith  mat p r o d u c t io n  and su gar  u t i l i z a ­

t i o n .  There was t o  be  no a t tem p t  to  f i n d  optimum c o n d i t io n s  

f o r  c i t r i c  a c i d  p r o d u c t io n  b u t  r a t h e r  an i n v e s t i g a t i o n  o f  

t h e  r e s u l t s  o b ta in e d  when b o t h  s t r a i n s  w ere s u b j e c t e d  t o  

i d e n t i c a l  c o n d i t i o n s .

G eneral P roced u re  

F i f t y  m i l l i l i t e r s  o f  l i q u i d  medium were p u t  i n t o  

each  o f  100 w ide-m outh  b o t t l e s  (£  o z . )  h a v in g  c o t t o n  p l u g s .  

S i n g le - s p o r e  i n o c u l a t i o n s  o f  t h e  mutant were made i n  h a l f  

o f  t h e  b o t t l e s  and o f  t h e  norm al s t r a i n  i n  th e  o t h e r  h a l f .  

The in c u b a to r ,  a t  a  tem p er a tu r e  o f  37 d e g r e e s  C e n t ig r a d e ,  

was p r o v id e d  w i t h  r a ck s  so t h a t  th e  b o t t l e s  c o u ld  be  s t o r e d  

i n  a  s l a n t i n g  p o s i t i o n .  B e g in n in g  w ith  th e  secon d  day o f  

in c u b a t io n , ,  f i v e  b o t t l e s  o f  each  o f  th e  two s t r a i n s  were  

removed d a i l y  f o r  d e t e r m in a t io n  o f  d.ried mat w e ig h t  and 

c h e m ic a l  a n a l y s i s  f o r  g l u c o s e  and c i t r i c  a c id  i n  th e  medium. 

A n a ly s e s  were made t o  in c lu d e  e ig h t  days o f  g row th . The 

ap p earan ce  o f  th e  c u l t u r e s  a t  t h a t  t im e  i s  shown i n  F ig .  5-
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G-rowth on L iq u id  Medium, 2> days  

Normal A. n i g e r  on t h e  l e f t ,  mutant on  t h e  ' r ig h t  

The " b o tt le s  a r e  shown i n  s l a n t i n g  p o s i t i o n  ,on an

in c u b a to r  r a c k .

: ;y ;v. "a V.-'-yY-; YY.

•'-I1 :*•• «• > : •'. •••■ •. vt.- -f> u*- o-'-L.v'-r ■*¥•.. ■>,.• .•• •• - *. _ r.r.** • ■.. «v> • •' /»•>«.' *»»••• ?. ji-.. «— *. :*•. •V . • Vi „ ■.
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C u ltu re  Medium and P r e p a r a t io n  o f  B o t t l e s

C zapek 's  medium ( 2 ^ ,  m o d if ie d  i n  s e v e r a l  r e s p e c t s

was u s e d .  Ammonium n i t r a t e  was s u b s t i t u t e d  f o r  20 p e r  c en t  

o f  th e  sodium n i t r a t e ;  m onopotassium  p h o sp h a te  was u sed ;

0 . 2  p e r  c e n t  y e a s t  e x t r a c t  was added; 10 p e r  c e n t  g lu c o s e  was 

s u b s t i t u t e d  f o r  s u c r o s e ;  a g a r  was o m it te d ;  and th e  pH was 

a d j u s t e d  t o  3 . 6 .  Most o f  t h e s e  changes  a r e  i n  l i n e  w ith  t h e  

recom m endations o f  Smith: "Methods w ere worked ou t  f o r  

s u p p r e s s in g  t h e  fo r m a t io n  o f  o x a l i c  a c id  and i n c r e a s i n g  th e  

y i e l d  o f  c i t r i c  a c i d ,  th e  c h i e f  e s s e n t i a l s  b e in g  a h ig h  

i n i t i a l  c o n c e n t r a t i o n  o f  su g a r  (ab ou t 15 p e r  c e n t ) ,  low  con­

c e n t r a t i o n s  o f  ammonium n i t r a t e  a s  s o u r c e  o f  n i t r o g e n ,  and 

an a c id  r e a c t i o n  o f  th e  c u l t u r e  medium, pH about 3 . 5 . "  (2 0 )  

The medium was made up i n  two s o l u t i o n s  w h ich  were  

a u t o c la v e d  s e p a r a t e l y .

1 .2 5 0 0  gm. KHgPOij.

0 .6 2 5 0  .gin.', MgS0j| • 7H20 

0 .6 2 5 0  gm. KOI 

0 .0 1 2 5  gm. FeS0i | . 7H20 

2 .5 0 0 0  gm. y e a s t  e x t r a c t  

d i s t i l l e d  w a te r  up t o  1 l i t e r  

pH a d j u s t e d  w i t h  HC1 to  3 .6

S o l u t i o n  A S o l u t i o n  B 

5 0 $  s o l u t i o n  o f  

g lu c o s e

3 .0 0 0 0  gm. NaNOj
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I n to  each, " b o tt le ,  p r e v io u s l y  p lu g g e d  and s t e r i l i z e d ,  

Ho m l. o f  s o l u t i o n  A and 10 m l. o f  s o l u t i o n  B were p i p e t t e d  

un der  s t e r i l e  c o n d i t i o n s .  T h e r e fo r e  t h e  c o m p o s i t io n  o f  th e  

medium u sed  was a s  f o l l o w s :

2 . Ho gm. NaUO^
o.6o gm. NHlj.N03
1.00 gm. KHgPO^

oIT\•O gm. MgS0^.7H20
0 . 5 0 gm. KC1
0.01 gm. PeSO^^HgO
2.00 gm. yeast extract

100.00 gm. glucose
p e r  l i t e r  o f  s o l u t i o n  

pH 3 . 6

11 S in g le - s p o r e "  i n o c u l a t i o n s  w ere made In  ea ch  

b o t t l e ,  em p loy in g  t h e  p l a t i n g - o u t  method p r e v i o u s l y  d e s c r ib e d

(pg. 15).

D e te r m in a t io n  o f  D r ie d  Mat Weight 

Gooch c r u c i b l e s  ( s i z e  no . H) w ere p rep a red  w i th  

a s b e s t o s  mat, d r ie d  a t  100 d e g r e e s  C e n t ig ra d e  f o r  2H h o u rs ,  

p u t  i n t o  a d e s i c c a t o r  t o  c o o l ,  and w e igh ed  t o  t h e  n e a r e s t  

m il l ig r a m .  When th e  b o t t l e s  were removed from th e  in c u b a to r ,  

t h e  c o n t e n t s  were f i l t e r e d ,  u s in g  a  p r e v i o u s l y  w eighed  

c r u c i b l e  f o r  ea ch  b o t t l e .  The mold mat i n  t h e  c r u c i b l e  was
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washed, s e v e r a l  t im e s  w ith  d i s t i l l e d  w a te r ,  th e  w ash in g s  

b e in g  added t o  th e  f i l t r a t e  w hich  was s e t  a s i d e  to  h e  u sed

f o r  th e  ch e m ic a l  d e t e r m in a t io n  o f  g lu c o s e  and c i t r i c  a c i d .

The c r u c i b l e s ,  ea ch  c o n t a in in g  t h e  mold grow th  from  one 

b o t t l e ,  were d r i e d  i n  an oven  a t  100 d e g r e e s  f o r  24 h o u r s .  

A f t e r  c o o l in g  i n  a d e s i c c a t o r ,  th e y  were w eigh ed  and th e  

w e ig h t  o f  d r ie d  mat from  ea ch  b o t t l e  c a l c u l a t e d .  S in c e  f i v e  

b o t t l e s  o f  th e  mutant and f i v e  o f  th e  c o n t r o l  mold were r e ­

moved d a i l y ,  t h e  w e ig h ts  o f  d r i e d  mat f o r  t h e  f i v e  b o t t l e s

were a v e r a g e d .

The d a i l y  changes i n  d r i e d  mat w e ig h t  a,re shown 

i n  T ab le  1 f o r  th e  normal mold and in  T a b le  2 f o r  t h e  m u tan t.
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T a b le  1 . D a ily  Change in  D r ied  Mat W eigh t,
Normal A. n ig e r

Time
Weight o f  d r i e d  
mat p e r  b o t t l e

A verage  w e ig h t  
o f  d r ie d  mat

( h r . ) (m g .) (mg.)

0 . 0 0 0

4 2 .0 2

•2

3

7 0 . 0

I

6
5
7
5
5

6

9 0 .5 6

I

3
6

7

103 .0 137
239
332
146 . 

579

417

135 .0 1277
699
934
706
907

905

1 5 6 . 0 34-5
724
376
365
900

3^2

i s o .  5 939
349
966
335
933

904
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T ab le  2 . D a lly  Change in  D r ied  Mat W eight,
M utant A. n ig e r

Time
w e ig h t  o f  d r ie d  
mat o e r  b o t t l e

A verage w e ig h t  
o f  d r ie d  mat

( h r . ) (m g .) (m g .)

0 .0 0 0

^2 .0 ?
2
3
3
2

2

7 0 .0 3
2

I
3

3

9 0 .5 5 
2
6 
H- 
k

4-

lOg.O 5
l glL

k
H-

7

1 3 5 .0 235  
21 g 
195  
262  
209

22^

1 5 6 .0 £35

gif-9
g g 2
622

g l 6

i s o . 5
S03

320
g31

S3 6
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G lu co se  A n a ly s i s

The f i l t r a t e s  from th e  f i v e  b o t t l e s  o f  t h e  mutant 

removed d a i l y  from t h e  in c u b a t o r  were combined and made up 

t o  500 m l. w i t h  d i s t i l l e d  w a t e r .  A p p r o p r ia te  a l i q u o t s  o f  

t h i s  combined f i l t r a t e  were a n a ly z e d  f o r  g l u c o s e .  Pour 

t e s t s  were made and th e  r e s u l t s  a v e r a g e d .  From th e s e  a v e ra g e  

r e s u l t s ,  c a l c u l a t i o n  was made o f  th e  grams o f  g l u c o s e  p e r  

100 m l. o f  f i l t r a t e ,  t h i s  b e i n g  com parable to  th e  grams o f  

g l u c o s e  p e r  5°  nil. (one b o t t l e )  o f  t h e  o r i g i n a l  medium. The 

same p ro c ed u r e  was f o l lo w e d  f o r  th e  c o n t r o l  mold.

The S h a ffer-H artm an  (25) m o d i f i c a t i o n  o f  t h e  

Munson-Walker ( 2 6 ) d e t e r m in a t io n  o f  g l u c o s e  was u s e d .  T h is  

i s  an io d o m e tr ic  method b a s e d  on r e d u c t io n  o f  co p p er  by  

g l u c o s e ,  o x i d a t i o n  o f  th e  cu p rou s i o n  by i o d i n e  made p o s s i b l e  

by t h e  e f f e c t  o f  o x a l a t e ,  and t i t r a t i o n  o f  e x c e s s  i o d i n e  w ith  

t h i o s u l f a t e .  The method i s  e s p e c i a l l y  s u i t a b l e  f o r  d e te r m in ­

a t i o n  o f  g lu c o s e  i n  th e  ra n ge  o f  20 mg. t o  200 mg. The 

d i r e c t i o n s  f o r  t h e  u s e  o f  t h i s  method w ere f o l lo w e d  a s  g iv e n  

i n  Browne and Zerban ( 2 J ) .
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The f o l l o w i n g  s o l u t i o n s  a r e  needed  i n  t h e  d e t e r ­

m in a t io n :

S o x h l e t t s S o l u t io n  A 
( m o d i f i c a t i o n  o f  F e h l i n g ' s  

s o l u t i o n )

3^ .639  gm. CuS0ij.-5H20

i n  500 m l. o f  s o l u t i o n

I o d a t e - I o d i d e  S o l u t io n

5 A  gm. KI03

6 0 .0  gm. KI

D i s s o l v e  i n  w a te r

Add 0 . 8  gm. NaOH d i s s o l v e d  
i n  w a ter

D i l u t e  t o  one l i t e r

O x a la te  S o lu t io n

S a tu r a te d  s o l u t i o n  made 
by d i s s o l v i n g

300 gm. K2C20 ij/H20

i n  one l i t e r  o f

s o l u t i o n

5 N S u l f u r i c  A c id  

D i l u t e  1 3 3 .2  m l. o f  c o n c .  

H^SO^ t o  one l i t e r

S o x h l e t t s  S o l u t io n  B 
( m o d i f i c a t i o n  o f  F e h l i n g 1s 

s o l u t i o n )

173 gm. R o c h e l le  s a l t s

(p o ta s s iu m  sodium  t a r t r a t e )

(K Na C ^ O g.^ H gO )

50 gm. NaOH p e l l e t s

i n  500 m l. o f  s o l u t i o n

A llow  t o  s ta n d  2 days

0 . 1  N T h i o s u l f a t e  S o l u t io n  

2 ^ .3 2 2  gm. Na2 S20 3 *5H20

1 . 0  m l. CHCl^ (ch lo r o fo r m )  

i n  one l i t e r  o f  s o l u t i o n

1 % S ta r ch  S o lu t io n

Mslce p a s t e  o f  0 . 5  gm. s o lu b le

s t a r c h  and c o ld  w a te r .

Add b o i l i n g  w a te r  and m ix .

D i l u t e  w i th  b o i l i n g  w a ter  

t o  50 m l.
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A p p r o p r ia te  a l i q u o t s  o f  th e  f i l t r a t e s  w ere ch osen  

so t h a t  t h e  sam ple c o n ta in e d  a p p r o x im a te ly  200 mg. o f  g l u c o s e .  

Twenty f i v e  m l. o f  S o x h l e t ' s  s o l u t i o n  A w ere t r a n s f e r r e d  by  

p i p e t t e  t o  a 500 m l. E hrlenm eyer  f l a s k .  Twenty f i v e  m l. o f  

s o l u t i o n  B were added and t h e  two m ixed by  g e n t l e  sh a k in g .

Then th e  sam ple and enough w a te r  to  make a f i n a l  volume o f  

100 m l. w ere add ed . The f l a s k  was h e a t e d  o v e r  a Bunsen  

b u rn er  w h ich  had b e e n  r e g u la t e d  p r e v i o u s l y  so t h a t  b o i l i n g  

s t a r t e d  i n  e x a c t l y  fo u r  m in u te s .  The b o i l i n g  was a l lo w e d  t o  

c o n t in u e  f o r  two m in u te s .  A f t e r  q u ick  c o o l i n g  i n  runn ing  

w a ter  to  3 0 -3 5  d e g r e e s  C e n t ig r a d e ,  50 m l.  o f  t h e  i o d a t e -  

i o d i d e  s o l u t i o n  were add ed . N e x t ,  1 5 -1 7  ral. o f  5 N s u l f u r i c  

a c id  were added from  a gradua.te and t h e  m ix tu r e  a g i ta . t e d  by  

r o t a t i n g  t h e  f l a s k .  Twenty m l. o f  th e  s a t u r a t e d  p o ta s s iu m  

o x a l a t e  s o l u t i o n  were added and th e  e x c e s s  i o d i n e  t i t r a t e d  

w ith  t h i o s u l f a t e ,  s t a r c h  b e in g  u se d  tow ard  t h e  end o f  th e  

t i t r a t i o n  a s  an i n d i c a t o r .

Data, o b t a in e d  a r e  g iv e n  i n  T a b le s  3
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T a b le  3 . D a ily  Changes in  G lu cose  U t i l i z a t i o n ,
Normal A. n lg e r

Time
A l ia u o t  o f  
f i l t r a t e  u sed  
f o r  g lu c o s e  
a n a l y s i s

G lu c o se
p e r
sanrole

R e s id u a l
g l u c o s e
p e r
b o t t l e

G lu cose
u sed

(h r  . ) ( m l . ) (m g .) (mg. / 5 0  ml) (m g .)

0 .0 4- 20 4-. 0 5100 0

4-2.0 ' 4- 2 0 3 .5 5072 22

7 0 .0 4- 2 0 3 .0 5075 25

9 0 .5 4- 2 0 2 .0 5050 50

1 0 2 .0 5 1 9 5 .0 3900 1200

1 3 5 .0 6 1 7 2 .0 2267 2233

1 5 6 .0 10 1 9 2 .0 1920 3120

1 2 0 .5 214-.0 1393 3607
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T ab le  D a ily  Changes i n  G lu co se  U t i l i z a t i o n ,
M utant A. n lg e r

Time

A l iq u o t  o f  
f i l t r a t e  used, 
f o r  g l u c o s e  
a n a l y s i s

G lu co se
p e r
sample

R e s id u a l
g l u c o s e
p e r
b o t t l e

G lu cose
u sed

( h r . ) ( m l . ) (m g .) (mg. / 5 0  m l . ) (m g .)

0 . 0 b 201+.0 5100 0

11-2 .0 k 2 0 1 .0 5025 75

7 0 .0 H- 2 0 0 .0 5000 100

9 0 .5 k 1 9 9 .0 H-975 125

1 0 2 .0 b 1 9 9 .0 4-975 125

1 3 5 .0 5 2 3 6 .0 1+720 320

1 5 ^ .0 10 1 2 9 .0 1290 3210

1 2 0 .5 10 I 6 7 .O 1670 34-30
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C i t r i c  A cid  A n a ly s i s

C i t r i c  a c id  a n a l y s e s  were made u s in g  t h e  method 

o f  Perlm an, Lardy, and Johnson ( 2 g ) . T h is  i s  a c o l o r i m e t r i c  

method w hich i n v o l v e s  th e  o x i d a t i o n  o f  c i t r i c  a c i d  w ith  

p o ta s s iu m  perm anganate i n  t h e  p r e se n c e  o f  brom ine , form ing  

p en ta b ro m o a ceto n e . T h is  can be  measured by th e  c o lo r  p r o ­

duced upon th e  a d d i t i o n  o f  sodium s u l f i d e .  D i r e c t i o n s  f o r  

t h e  u s e  o f  t h i s  method a r e  g iv e n  by Lardy ( 2 9 ) .

F iv e  m i l l i l i t e r s  o f  th e  f i l t r a t e s  o b t a in e d  from  

th e  b o t t l e s  a f t e r  rem oval o f  th e  mold mat were u s e d  f o r  th e  

c i t r i c  a c id  t e s t s .  A s e r i e s  o f  s ta n d a r d s ,  d i f f e r i n g  from  

e a ch  o t h e r  by 2 .5  m g., were d e v e lo p e d  a t  t h e  same t im e .  The 

c i t r i c  a c id  c o n te n t  o f  a  sam ple was d e s ig n a t e d  a s  l y i n g  

w i t h i n  th e  ra n g e  o f  th e  c o n c e n t r a t io n s  o f  two s u c c e s s i v e  

s ta n d a r d s .  The d a ta  i n  T a b le s  5 an<3- 6 r e p o r te d  a s  m i l l i ­

grams o f  c i t r i c  a c id  p e r  b o t t l e  (50 m l. o f  medium) w hich  i s  

com parable  to  100 m l. o f  t h e  f i l t r a t e .
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T a b le  5 .  D a l ly  Changes i n  C i t r i c  A c id  P r o d u c t io n ,
Normal A. n i g e r

Time
A l iq u o t  o f  f i l t r a t e  
u s e d  f o r  c i t r i c  a c id C i t r i c a c i d C i t r i c a c id

a n a l y s i s p e r  sam ple p e r  b o t t l e
( h r . ) (m l . ) (mg.") (m g ./5 0  m l . )

0 . 0 5 0 - 0 0 - 0

k 2 .0 5 0 - 2 .5 0 - 50

7 0 .0 5 0 - 2 .5 0 - 50

9 0 .5 5 0 - 2 .5 0 - 50

1 0 2 .0 5 2 .5  - 5 .0 50 - 100

1 3 5 .0 5 1 0 .0  - 1 2 .5 200 - 250

1 5 6 .0 5 1 0 .0  - 1 2 .5 200 - 250

1 2 0 .5 5 1 0 .0  - 1 2 . 5 200 - 250
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T a b le  6 . D a l ly  Changes In  C i t r i c  A c id  P r o d u c t io n ,
Mutant A. n i g e r

Time
A l iq u o t  o f  f i l t r a t e  
u sed  f o r  c i t r i c  a c i d  

a n a l y s i s
C i t r i c  a c id  
p e r  sam ole

C i t r i c  a c id  
p e r  b o t t l e

( h r . ) ( m l . ) (mg .) (mg. / 5 0  m l . )

0 . 0 5 0 - 0 0 -  0

11-2 . 0 5 0 - 2 . 5 0 1 U1 0

7 0 . 0 5 0 - 2 . 5 0 - 5 0

9 0 .5 5 0 - 2 . 5

0LT\1O

1 0 8 . 0 5 0 - 2 . 5 0 - 5 0

1 3 5 .0 5 0 - 2 . 5 0 1 O

1 5 6 . 0 5 1 7 .5  - 2 0 .0 350 - t o o

1 8 0 .5 5 1 5 .0  - 1 7 . 5

0
 

m
 

1̂100K\
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R e s u l t s

Graphs showing t h e  t im e  r a t e  o f  mat p r o d u c t io n ,  

c i t r i c  a c id  p r o 6_ u e t io n , and g lu c o s e  u t i l i z a t i o n ,  and th e  

c o r r e l a t i o n  among mat grow th , c i t r i c  a c i d ,  and g lu c o s e  are  

shown i n  F ig u r e s  6 - 1 1 , i n c l u s i v e .
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R ate o f  Mat P r o d u c t io n
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CHAPTER V 

THE EFFECTS OF GROWTH FACTORS

I n t r o d u c t io n

There h a s  b e e n  a l a r g e  number o f  i n v e s t i g a t i o n s  

in  r e c e n t  y e a r s  con cern ed  w ith  th e  e f f e c t  o f  v a r io u s  "growth 

f a c t o r s "  upon m ic r o -o r g a n is m s .  T hese  s u b s t a n c e s  have b een  

c a l l e d  by  a number o f  names: v i t a m in s ,  grow th  f a c t o r s ,

a c c e s s o r y  grow th  f a c t o r s ,  grow th  a c t i v a t o r s ,  grow th  sub­

s t a n c e s ,  e t c .  Robbins and Kavanagh g i v e  t h e  f o l lo w in g  

d e f i n i t i o n :

A gro w th  s u b s ta n c e ,  i n  th e  s p e c i l i z e d  s e n s e  i n  
w hich t h e  term  i s  now u se d ,  r e f e r s  t o  a d e f i n i t e  o r g a n ic  sub­
s t a n c e  m inute  amounts o f  w h ich  have a  m a t e r i a l l y  fa v o r a b le  
e f f e c t  upon p l a n t  d e v e lo p m en t .  Many grow th  s u b s ta n c e s  
(p erh ap s a l l )  a r e  s p e c i f i c  and i n d i s p e n s a b l e .  ( 3 0 )

The same a u th o r s  comment on t h e  i n t e r p r e t a t i o n  o f  

t h e  r o l e  o f  t h e s e  s u b s ta n c e s  i n  th e  grow th  and m etab o lism  o f  

an organism :

Two g e n e r a l  c o n c e p t s  o f  growth s u b s t a n c e s ,  n o t  
m u tu a lly  e x c l u s i v e ,  seem to  u n d e r l i e  th e  i n t e r p r e t a t i o n s  o f  
o b s e r v a t io n s  by v a r io u s  i n v e s t i g a t o r s .  One co n cep t  
em p h a s izes  t h e  r e l a t i o n  o f  a  g iv e n  su b s ta n c e  t o  t h e  produ c­
t i o n  o f  o b s e r v a b le  m o r p h o lo g ic a l  changes i n  th e  organism  and 
r e s u l t s  i n  th e  d e s c r i p t i o n  o f  r o o t  horm ones, f l o w e r  horm ones,  
and hormones f o r  c e l l  d i v i s i o n ,  c e l l  e lo n g a t io n ,  e t c .  The
o th e r  c o n c e p t  assum es t h a t  t h e  p a r t i c u l a r  grow th su b s ta n c e  
p l a y s  a  s p e c i f i c  r o l e  i n  t h e  m etab o lism  o f  t h e  organism  and 
th a t  any m o r p h o lo g ic a l  change  i s  i n c i d e n t a l  t o  t h i s  f u n c t i o n .  
Growth s u b s t a n c e s  p ro b a b ly  do n o t  a l l  f u n c t i o n  i n  th e  same 
way. Many a r e  p a r t s  o f  enzyme sy s tem s  o r  p r e c u r s o r s  o f  such  
p a r t s ;  some a r e  b u i l d i n g  s t o n e s  o f  n o n -en zy m a tic  c o n s t i t u e n t s  
o f  th e  orga n ism , f o r  exam ple n u c le o p r o t e in s ;  and i t  i s  
p o s s i b l e  t h a t  o t h e r s  may f u n c t i o n  i n  o t h e r  w ays, f o r  example  
in. m a in ta in in g  s u r f a c e  l a y e r s  or  i n f l u e n c i n g  p e r m e a b i l i t y . * ( 3 0 )

* The i n c l u s i o n  o f  t h i s  s ta te m e n t  d o e s  n o t  n e c e s s a r i l y  im ply  
t h a t  t h e  a u th o r  o f  t h i s  t h e s i s  i s  i n  a greem en t.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



K night i s  more s p e c i f i c  i n  d i s c u s s i n g  th e  n a tu re  o f  

t h e  e f f e c t  o f  grow th  s u b s t a n c e s :

. . .  i t  i s  s e e n  how t h e  a s p e c t  o f  th e  m e ta b o l ic  
r e q u ir e m e n ts  o f  m ic r o -o r g a n is m s  (and o f  h i g h e r  a n im a ls )  
w hich  f i r s t  r e c e i v e d  most s tu d y  was t h e  n u t r i t i o n a l  on e . On 
t h i s  b a s i s  th e  a n a l y s i s  o f  d i e t s  and. n u t r i e n t  media brough t  
t o  l i g h t  th e  c h e m ic a l  n a tu r e  o f  many o f  t h e  more e l u s i v e  
com ponents o f  t h e s e  n u t r i e n t s .  But em p hasis  on th e  n u t r i ­
t i o n a l  a s p e c t  te n d e d  a t  f i r s t  to  s e g r e g a t e  t h e s e  more 
e l u s i v e  n u t r i e n t  com ponents a s  a  c l a s s ,  and g e n e r a l  names 
f o r  th e  c l a s s  w ere g i v e n ,  su ch  a s  v i t a m in ,  e s s e n t i a l  grow th  
f a c t o r ,  e t c .  When, h ow ever, t h e  n u t r i t i o n a l  q u e s t io n  i s  
v iew ed  from t h e  s t a n d p o in t  o f  m eta b o lism , many o f  th e  
a p p a r e n t ly  d i f f i c u l t  q u e s t io n s  o f  d e f i n i t i o n  and n om en cla tu re  
d i s a p p e a r .  The s u b s t a n c e s  w hich  an organ ism  t a k e s  from i t s  
n u t r i e n t s  a re  u s e d  a s  m a t e r i a l  f o r  b u i ld in g - u p  th e  new c e l l s .  
T hese  c e l l s  ca rr y  o u t  a com p lex  in te r w o v e n  s e r i e s  o f  
p r o c e s s e s ,  w h ich  i s  t h e  l i f e  o f  th o s e  c e l l s ,  and c o n s i s t s  i n  
t a k in g  compounds from  th e  env ironm ent and s y n t h e s i z i n g  o t h e r  
compounds to  make new c e l l s .  The e x t e n t  and r a t e  o f  m u l t i ­
p l i c a t i o n  o f  new c e l l s  w i l l  depend on t h e  e f f i c i e n c y  w i t h  
w hich  th e  p r o c e s s e s  o f  c o n s t r u c t i o n  a r e  c a r r i e d  o u t .  T h is  
e f f i c i e n c 3r (here u se d  i n  th e  g e n e r a l  and n o t  o n ly  thermo­
dynamic s e n s e )  w i l l  c l e a .r ly  depend p a r t l y  on th e  a v a i l a b i l i t y  
o f  th e  m a t e r i a l s  o f  c o n s t r u c t i o n .  T h is  w i l l  i n  tu r n  depend  
upon th e  r a t e s  o f  u t i l i z a t i o n  and s y n t h e s i s  o f  th e  v a r io u s  
m a t e r i a l s  o f  th e  enzyme sy s te m s  whose c o n t in u e d  f u n c t io n in g  
i s  t h e  l i f e  o f  t h e  c e l l s .  The fu n d a m en ta l b io c h e m ic a l  
p r o c e s s e s  o f  c e l l - l i f e  -  th e  e s s e n t i a l  m eta b o l ism  o f  th e  
c e l l s  -  form th e  c a r d in a l  f e a t u r e ,  and c e r t a i n  o f  t h e s e  
p r o c e s s e s  a re  common t o  t h e  w i d e s t  v a r i e t y  o f  c e l l .  Where 
o rg a n ism s may d i f f e r ,  h ow ev er , i s  i n  th e  means whereby th e  
m a t e r i a l s  f o r  t h e s e  p r o c e s s e s  a r e  a c q u ir e d .  But h e r e  a  
sharp m e ta p h y s ic a l  d i s t i n c t i o n  i n t o  " a cq u ired  from  th e  
environm ent" o r  " s y n t h e s iz e d  by th e  c e l l "  i s  n o t  p o s s i b l e .
For i t  i s  c l e a r  t h a t  a  c e r t a i n  r a t e  o f  s y n t h e s i s  m ight b e  
t o o  s lo w  to  y i e l d  a r e q u ir e d  s u b s ta n c e  a t  th e  r e q u ir e d  r a t e .  
E f f e c t i v e l y  t h e n  t h e  c e l l  w ould depend upon an e x t e r n a l  
so u r c e  o f  su p p ly ,  to  a d e g r e e  w h ich  w ould b e  r e l a t i v e  t o  t h e
r a t e  o f  s y n t h e s i s  o f  t h i s  s u b s t a n c e .  H ence, a g iv e n  s u b s ta n c e ,  
r e q u ir e d  a s  a  component o f  one o f  t h e  e s s e n t i a l  m e ta b o l ic  
p r o c e s s e s ,  m ight ap p ear  i n  t h r e e  d i f f e r e n t  r o l e s  a s  a. com­
p o n en t o f  th e  n u t r i e n t s .  I t  m ight app ear: ( l )  a s  an e s s e n ­
t i a l  n u t r i e n t ,  when i t s  r a t e  o f  s y n t h e s i s  by th e  c e l l  was so  
s lo w  a s  t o  b e  i n s i g n i f i c a n t ;  (2 )  a s  a grow th  s t im u la n t ,  
when i t s  r a t e  o f  s y n t h e s i s  was somewhat f a s t e r  b u t  s t i l l  s lo w  
enough t o  be a l i m i t i n g  f a c t o r ;  o r ,  (3 )  a s  a  su b s ta n c e  n ot  
r e q u ir e d  a t  a l l  f o r  n u t r i t i o n ,  b e c a u s e  t h e  c e l l  c o u ld
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s y n t h e s i z e  i t  so  f a s t  t h a t  i t  was n o t  a  l i m i t i n g  f a c t o r  i n  
gro w th . I t  i s  th e  m e ta b o l ic  p r o c e s s  w h ich  i s  th e  e s s e n t i a l  
t h i n g  a.nd th e  compounds u se d  i n  c a r r y in g  i t  ou t a r e  e s s e n t i a l  
m e t a b o l i t e s ,  i . e . ,  th e  s u b s t r a . t e s  u se d  f o r  th e  p r o c e s s ,  or  
th e  s u b s ta n c e s  w hich form p a r t s  ( p r o s t h e t i c  gro u p s , e t c . )  
o f  t h e  enzyme sy s te m s  w hich  c a rr y  o u t  t h e s e  e s s e n t i a l  
r e a c t i o n s . . . .  d i s c u s s i o n s  a s  t o  w h eth er  a g iv e n  s u b s ta n c e  i s  
an e s s e n t i a l  grow th  f a c t o r ,  v i t a m in ,  e t c .  a re  c l e a r l y  s t e r i l e .  
What m a t te r s  i s  t o  show how any g iv e n  s u b s ta n c e  w hich  a f f e c t s  
grow th  p l a y s  i t s  p a r t .  And v e r y  o f t e n  i t  w i l l  be found  t h a t  
i t  h a s  a  r e l a t i o n  to  some e s s e n t i a l  m e ta b o l ic  p r o c e s s ,  t h e  
r o l e  i t  p l a y s  i n  n u t r i t i o n  r e f l e c t i n g  t h e  mode by w hich th e  
c e l l  a c q u ir e s  a s u f f i c i e n t  q u a n t i t y  o f  i t  a t  a  s u f f i c i e n t
r a t e ,  ( 3 1 )

G en era l P ro ced u re  

I n d i v i d u a l  grow th  f a c t o r s  w ere added to  b a s i c  

medium i n  o r d e r  t o  compare t h e i r  e f f e c t s  upon th e  grow th  o f  

t h e  m utant w i t h  t h o s e  upon th e  normal m old . S in g le  sp ore  

i n o c u l a t i o n s  w ere made on s o l i d  medium i n  P e t r i  d i s h e s .  

Growth was d e te r m in e d  by m ea su r in g  th e  d ia m e te r s  o f  th e  

r e s u l t i n g  c o l o n i e s  and from  t h i s  c a l c u l a t i n g  t h e  a r e a s .

For ea ch  grow th  s u b s ta n c e ,  th e  a r e a s  w ere compared w ith  

th o s e  on b a s i c  medium, th e  two v a l u e s  b e i n g  d e term in ed  

s im u l t a n e o u s ly .  I n c u b a t io n  was a.t 37 d e g r e e s  C en tig ra d e  

f o r  s e v e n  d a y s .

The B a s i c  Medium 

The same c o n c e n t r a t io n s  o f  i n o r g a n ic  s a l t s  were  

u s e d  as  had b e e n  employed i n  th e  g l u c o s e - c i t r i c  a c id  e x p e r ­

im e n ts  (p g .  2 0 ) .  G lu c o se ,  i n  a c o n c e n t r a t i o n  o f  1%, was 

th e  o n ly  o th e r  c o n s t i t u e n t  o f  t h e  medium. S i l i c a  g e l  was
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5 0

u s e d  a s  t h e  s o l i d i f y i n g  a g e n t  i n  o rd er  t o  a v o id  t h e  u se  o f  

a g a r  and any e f f e c t  i t  o r  I t s  i m p u r i t i e s  m ight have upon

grow th  ( 3 2 ) .

To su p p ly  th e  c o n s t i t u e n t s  o f  th e  s i l i c a  g e l ,  

s t o c k  s o l u t i o n s  o f  sodium s i l i c a t e  and h y d r o c h lo r ic  a c id  

w ere made. C o n cen tra ted  HC1 was d i l u t e d  1 :1 2  w ith  d i s t i l l e d  

w a ter  a.nd s a t u r a t e d  NagSiO^ s o l u t i o n  was d i l u t e d  u n t i l  th e  

two s o l u t i o n s  were e q u iv a le n t  i n  t i t r a t i o n  u s in g  brom ophenol 

b l u e  a s  an i n d i c a t o r .

P r e p a r a t io n  o f  t h e  P e t r i  D ish e s

The in o r g a n ic  s a l t s - g l u c o s e  s o l u t i o n  u se d  in

p r e p a r in g  th e  medium was made up a s  f o l l o w s :

2.^40 gm. NaUO.,
;>

O.6 0  gm. NĤ NO 

1 . 0 0  gm. KH2P0 ^

0 . 5 0  gm. MgSO^HgO  

0 .5 0  gm. XCl 

0 .0 1  gm. PeS0^*7Hg0 

1 0 .0 0  gm. g l u c o s e  

p e r  50 o i l .  o f  s o l u t i o n  

In to  25 x  200 mm. t e s t  tu b e s  w ere pu t 9 n il. HC1 

s o l u t i o n ,  7 . 3  m l. NagSlO^ s o l u t i o n ,  1 m l. o f  t h e  in o r g a n ic  

s a l t s - g l u c o s e  s o l u t i o n ,  and 1 m l.  o f  s o l u t i o n  o f  th e  p a r t i c ­

u l a r  grow th  s u b s ta n c e  b e in g  u s e d .  In stead , o f  th e  l a s t ,  1 m l. 

o f  wa.ter was p u t  i n  th e  tu b e s  to  b e  u se d  f o r  t h e  p l a t e s  w hich

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



51

w ere to  c o n t a in  o n ly  b a s i c  medium. Two m l. o f  t h e  NagSiO-^ 

s o l u t i o n  were p u t  i n t o  an e q u a l  number o f  15 x 125 mm. t u b e s .  

A l l  t u b e s  were p lu g g e d  w ith  c o t t o n  and s t e r i l i z e d .

S o l i d i f i e d  medium i n  P e t r i  d i s h e s  was made by 

p o u r in g  th e  c o n t e n t s  o f  a  l a r g e  tube and a sm a ll  tu b e  i n t o  

each  dry s t e r i l e  p l a t e .  The two s o l u t i o n s  were mixed  

im m ed ia te ly  by r e v o l v in g  each  p l a t e  i n  a h o r i z o n t a l  p la n e .

By a u t o c l a v in g  2 m l.  o f  th e  s i l i c a t e  s o l u t i o n  

s e p a r a t e l y ,  i t  was p o s s i b l e  to  keep  th e  medium i n  l i q u i d  form  

u n t i l  a f t e r  a u t o c l a v i n g .  S in c e  th e  HC1 and NagSiO^ s o l u t i o n s  

were e q u i v a l e n t ,  eq u a l amounts o f  b o th  would c a u se  j e l l i n g ,  

b u t  i t  was found n e c e s s a r y  t o  u s e  th e  e x t r a  0 . 3  m l. o f  t h e  

s i l i c a t e  s o l u t i o n  i n  o r d e r  to  ta k e  c a re  o f  th e  amount t h a t  

adh ered  t o  th e  s i d e s  o f  t h e  tu b e  when th e  2 m l. were poured  

o u t  o f  th e  sm a ll  tu b e .

I n o c u l a t i o n

" S in g le  spore" I n o c u l a t i o n s  were made i n  th e  c e n t e r  

o f  e a c h  p l a t e .  T h is  was done by u s in g  t h e  s e r i a l  d i l u t i o n -  

p l a t i n g  o u t  method d e s c r ib e d  p r e v io u s l y  (p g . 1 5 ) ,  th e  o n ly  

d i f f e r e n c e  b e in g  t h a t  s i l i c a  g e l  b a s i c  medium was u sed  f o r  

th e  d i l u t i o n  p l a t e s  i n s t e a d  o f  S ab au rou d 's  m a lto s e  a g a r .
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R e s u l t s

T ab le  7 g i v e s  th e  a v e r a g e  change i n  c o lo n y  a r e a  

f o r  b o t h  th e  normal A. n l g e r  and th e  m utant due t o  add ing  

t o  t h e  b a s i c  medium ea ch  o f  tw en ty  d i f f e r e n t  s u b s t a n c e s  

t e s t e d .  T ab le  g shows th e  e f f e c t  o f  e i g h t  o f  t h e s e  sub­

s t a n c e s  o v e r  a w id e r  range  o f  c o n c e n t r a t i o n .

A com p arison  o f  t h e  normal mold and t h e  mutant in  

r e s p e c t  to  t h e s e  n u t r i t i o n a l  r e q u ir e m e n ts  i s  summarized i n  

T a b le  9 .  For t h e  p u r p o se s  o f  t h i s  t a b l e ,  th e  g r e a t e s t  p e r  

c e n t  o f  i n c r e a s e  in  a r e a  o b t a in e d  f o r  each  s u b s ta n c e  was 

c a l c u l a t e d .  I t  was th e n  fou n d  t h a t  t h e  s u b s t a n c e s  c o u ld  be  

d iv id e d  i n t o  g r o u p s ,  e a ch  group p r o d u c in g  p e r c e n t a g e s  o f  

i n c r e a s e  i n  grow th  w h ich  f e l l  i n t o  w e l l - s e p a r a t e d  r a n g e s .

Each p h o to g ra p h  shown in  F ig u r e s  1 2 -2 9  was ta k e n  

when t h e  p l a t e s  w ere removed from t h e  in c u b a t o r  a t  1 6g> h o u r s .  

For each  c o n c e n t r a t i o n  o f  grow th  s u b s ta n c e ,  t h e r e  i s  shown 

t h e  normal mold on b a s i c  medium (upper l e f t  p l a t e ) ,  th e  

mutant on b a s i c  medium ( lo w e r  l e f t  p l a t e ) , th e  normal mold  

on medium to  w h ich  t h e  grow th su b s ta n c e  h a s  b e e n  added (upper  

r i g h t  p l a t e ,  and th e  m utant on medium c o n t a i n i n g  th e  grow th  

su b s ta n c e  ( lo w e r  r i g h t  p l a t e ) .  The p l a t e s  c h o se n  f o r  t h e  

p h o to grap h s w ere t h o s e  h a v in g  c o lo n y  a r e a s  most n e a r ly  eq u a l  

t o  t h e  a v e r a g e  a r e a  fo u n d  i n  th e  e x p e r im e n t .
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T ab le  7 . Changes i n  Colony Ares. Due to  th e  A d d it io n  
o f  I n d i v i d u a l  Growth S u b sta n c es  to  B a s ic  

Medium

Average a r e a  o f  c o l o n i e s  i n  
a t  l 6S h ou rs

2cm.

Growth
F a c t o r

Concen­
t r a t i o n  
p e r  
p l a t e  
(20 m l . )

A. n i s e r  
on  

b a s i c  
medium

A. n i g e r  Mutant 
on on  

medium b a s i c  
w i t h  medium 
grov/th  
f a c t o r

Mutant
on

medium
w i t h
growth
f a c t o r

a d e n in e 500 pig. fl-1.9 3 ^ .3 6 .6 7 . 6
s u l f a t e 10 jag. t o .  9 3 to 2 6 .6 5 . 3

p -a m in o - 500 mpig. 3 3 . 2 3 6 . 3 l . S t o 2
b e n z o i c
a c i d

5 mpig 3 3 . 2 3 S . 5 l . S 5 . 3

b i o t i n 500 mug. l7.fl- 1 6 .6 6 .2
5 mpg. 1 7 . ^ I S . 9 6 .2 6 .6

c a s e i n o t o  fo f a . 9 2 3 . 5 3 . 0 1 0 . 3
h y d r o l y s a t e * ° - 3  ?° t o .  9 3 to 2 3 . 0 1 3 . 9

0 . 2  fo f a . 9 3 6 . 3 3 . 0 3 .6
0 .1  % t o . 9 30 .2 3 . 0 1 0 . 3

c h o l i n e 500 mpig. 1 7 .^ 1 5 . 9 6 .2
c h l o r i d e 5 mdg. 1 7 . ^ 1 6 .6 6 .2 6.2

c y t o s i n e 500 pg. 31 .2 3 2 . 2 2 . 5 to 2
monohydrate 10 pig. 31 .2 t o . 9 2 . 5 6 .6

gua n ine 500 pig. t o . 7 t o .  2 6 .6 12 .0
h y d r o c h l o r id e 10 pig. t o . 7 3 6 . 3 6 .6 1 0 .2

h y p o x a n th in e 500 pig. 31 .2 ^ 3 .0 2 . 5 3 . 6
10 p^. 31 .2 27 t o 2 . 5 10 .2

i n o s i t o l 500 mpLg. 3 3 . 2 37.fl- 1 . 3 ?*1
5 mdS. 3 3 . 2 3 7 t o l . S to 9

n i a c i n 500 mpig. 2 7 . 3 2t o 6 5 . 3 3 . 0
5 mdg. 2 7 . 3 2 3 .3 5 . 3 9 . 1

■‘‘‘G en era l B io c h e m ic a ls ,  I n c .  "V itam in Free"
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T ab le  7 (C on tin ued)

G-rowth
F a c to r

Concen­
t r a t i o n  
p e r  
p l a t e  
(20 ml . )

A verage
p

a r e a  o f  c o l o n i e s  i n  cm.~ 
a t  1 6 g hours

A. niscer A. n i g e r  
on on 

b a s i c  medium 
medium w ith

growth
f a c t o r

Mutant
on

b a s i c
medium

Mutant
on

medium
w ith
grow th
f a c t o r

p i m e l i c 500 mpig. t o . 9 3 6 .3 6 . 6 1 0 . 2
a c i d 5 mpig. to .9 3 6 .3 6 . 6 7 . 6

p yr ld oxa m in e 50 pig. 2 6 . iP 2 9 . 2 5 .7 1 0 . 2
30 pig. 2 6 . ip 3 2 . 2 5 .7 1 3 .9
10 pig. 2 6 . iP 2 9 . 2 5 .7 g.O

5 Pig • 2 6 . ip 3 0 . 2 5 .7 to  2
1 pig. 2 6 . ip 3 1 .2 5 .7 6 . 2

p y r id o x in e 500 mpig. 3fp.2 to.o 3 .1 t o 5
h y d r o c h lo r id e 5 mpig. 3 t o 2 3 ^ .5 3 .1 t o 5

r i b o f l a v i n 500 mpig. 3 ^ .2 3 ^ .2 3 .1 5 .3
5 mpig. 3 ^ . 2 3 t o 2 3 .1 5 .3

th ia m in 500 mpig. 2 7 . 3 2 g .3 5 .3 5 .3
h y d r o c h lo r id e 5 mpig. 2 7 . 3 3 2 . 2 5 .3 5 .7
thym ine 50 0 pig. 3 2 . 2 t o  .0 1 0 . g 6 .6

10 p.g. 3 2 . 2 t o . 7 1 0 . g 1 2 . 6

u r a c i l 500 pig. 3 2 . 2 3 3 . 2 1 0 . g 1 0 .  g
10 pig. 3 2 . 2 3 7 .^ 1 0 . g 9 .1

u r i c  a c id 500 M-g. 3 1 . 2 iPiP.2 2 .5 g.O
10 pig. 3 1 . 2 3 9 .6 2 .5 7 . 6

x a n th in e 500 pig. t o .  7 iP3.o 6 . 6 7 . 6
10 LLg. t o . 7 3 9 . 6 6 . 6 6 . 2

y e a s t  e x t r a c t ipo mg. 1 3 . S to .7 3 .5 1 9 . 6
(119 h o u rs) 20 mg. 1 3 .3 3 0 . 2 3 . 5 1 5 . 2
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T a b le  6 . Change i n  Colony a r e a  Due t o  th e  A d d it io n
o f  V ar io u s  C o n c e n tr a t io n s  o f  E igh t  I n d i v i d ­
u a l  Growth S u b s ta n c e s  t o  B a s ic  Medium

Growth
f a c t o r

Concen­
t r a t i o n  
p e r  
p l a t e  
(20 m l . )

A verage a r e a  o f  c o l o n i e s  
a t  166  h ou rs

in  c m. -

A. n ig e r  
on 

b a s i c  
medium

A. n i g e r  
on 

medium 
w ith  
growth  
f a c t o r

Mutant
on

b a s i c
medium

Mutant
on

medium
w ith
growth
f a c t o r

p -a m in o - 5 pig. 2 6 . ip 2 6 . i| 7 .6 g.O
b e n z o lc 500 mpig. 2 6 .ip 3 2 . 2 7 .6 1 0 . 2
a c id 50 mpig. 26 A 3 2 . 2 7 . 6 6 . 6

5 mpig. 2 6 . ip 3 2 . 2 7 . 6 7 .1
0 . 5 mp.g. 2 6 . ip 3 2 . 2 7 . 6 6 . 0

b i o t i n 2 . 5 pig. 2 3 . 3 2iP.6 7 .1 2 2 .9
1 . 0 pig. 2 3 . 3 3 ^ .2 7 .1 2 iP.6
500 mpig. 2 3 . 3 3 9 . 6 7 . 1 2 2 .9
250 mpig. 2 3 . 3 3 2 . 2 7 .1 1 3 .9
100 mpig. 2 3 . 2 3 2 . 2 7 .1 2 2 .1

50 mpig. 2 3 . 3 3 1 .2 7 .1 2 1 . 2
5 mpLg. 2 3 . 3 3 1 .2 7 .1 1 6 .1

0 . 5 mpig. 2 3 . 3 3 5 . 3 7 . 1 1 0 . 6

c y t o s i n e 200 pig. 1 2 . 1 A .  5 6 . 6 7 .1
monohydrate 50 pig. 1 6 . 1 1 6 . 6 6 . 6 3 .5

20 pig. 1 6 .1 1 5 .9 6 . 6 5 .7
10 pig. 1 3 .1 1 5 . 9 6 . 6 5 . 7

1 pig. 1 3 .1 H . 3 6 . 6 9 . 6

g u a n in e 200 pig. 3 3 . 2 3 0 . 2 6 . 6 7 . 1
h y d r o c h lo r id e 50 pig. 3 3 . 2 3 3 . 2 6 . 6 9 . 1

20 p.g. 3 3 . 2 3 3 . 2 6 . 6 6 . 0
10 pig. 3 3 . 2 3 4 . 2 6 . 6 1 0 . 6

1 pig. 3 3 . 2 2 5 . 5 6 . 6 9 . 6

h y p o x a n th in e 200 pig. 2 6 . ip 2ip. 6 3 . 3 6 . 6
50 pig. 2 6 . ip 2 7 . 4 3 . 3
20 pig. 2 6 .ip 2 7 . 4 3 . 3 6 . 6
10 pig. 2 6 . ip 3 1 . 2 3 . 3 7 . 6

1 pig. 2 6 . ip 3 3 . 2 3 . 3 7 . 6

n i a c i n 5 pig. 3 ^ . 2 3 1 .2 J+.9 II p • •—
500 mpig. 3|P.2 1 9 . 6 4 . 9 5 . 3

50 mpig. 3 ^ . 2 2 2 .1 {*■•9 7 -15 mpig. 3 ^ .2 2 2 .9 4 .9 4 .9
0 . 5 mpig. 3 ^ .2 2 1 . 2 4 .9 5 .3
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T a b le  g (C on tin u ed )

Growth
f a c t o r

Concen­
t r a t i o n  
p e r  
p l a t e  
(20  m l . )

A verage a r e a  o f  c o l o n i e s  
a t  l 6 g  h ou rs

—

i n  cm.

A. n i g e r  
on  

b a s i c  
medium

A. n ig e r  
on  

medium 
w it h  
grow th  
f a c t o r

Mutant
on

b a s i c
medium

Mutant
on

medium
w it h
grow th
f a c t o r

thym ine 200 pig. 3 0 . 2 3 ^ .7 9 .1 5 .3
50 pig. 3 0 . 2 3 1 . 2 9 .1 5 .3
20 pig. 3 0 . 2 3 0 . 2 9 .1 7 . 1
10 p,g. 3 0 . 2 3 0 . 2 9 .1 1 0 . 8

1 M-g. 3 0 . 2 2 g . 3 9 . 1 1 3 . 2

u r io  a c id 200 pig. 2 1 . 2 2 5 . 5 8 . 6 7 . 6
50 pig. 2 1 . 2 2 3 .  85 8 . 6 7 . 1
20 pig. 2 1 . 2 2 6 . 4 8 . 6 6 . 6
10 pig. 2 1 .2 2 4 . 6 8 . 6 8 . 6

1 dg . 2 1 . 2 3 1 . 2 8 . 6 1 0 .2
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T ab le  9 .  N u t r i t i o n  -  Comparison o f  Normal A. n ig e r
and Mutant

A verage  p e r  c e n t  o f  i n c r e a s e  i n  grow th  

A, n i g e r  Mutant

> 190$  y e a s t  e x t r a c t  >  46 o $

70$  b i o t l n  zko%

1 0 - 50$  p -a m in o b e n z o ic  a c id  1 4 0 -2 0 0 $
h y p o x a n th in e  

i n o s i t o l  
p y r id o x a m in e

<  20$  c a s e i n  h y d r o ly s a t e  4 0 -7 5 $
c y t o s i n e  m onohydrate  
gu an in e  h y d r o c h lo r id e  

n i a c i n  
p y r id o x in e  h y d r o c h lo r id e  

p i m e l i c  a c id  
r i b o f l a v i n ■ 

thym ine

< 20$  a d e n in e  s u l f a t e  <  20$
c h o l i n e  c h lo r id e  

th ia m in  h y d r o c h lo r id e  
u r a c i l

50$  u r i c  a c id  20$
x a n th in e
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Growth.-.-Changes Caused' by /’ th e  A d d i t io n  o f  A denine

S u l f a t e  t o  t h e  Medium.

A. n i g e r  on b a s i c  medium (upper  l e f t  p l a t e ) ,  on medium 

w it h  grow th  f a c t o r  (upper r i g h t  p l a t e ) . Mutant on b a s i c  

medium ( lo w e r  l e f t  p l a t e ) ,  on medium w it h  grow th f a c t o r  

( lo w e r  r i g h t  p l a t e ) .  .
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Growth Changes Caused by  th e  A d d i t io n  o f  p-A m ino-  

b e n z o ic  A c id  t o  th e  Medium 

4 .  n i g e r  on b a s i c  medium (u p p er  l e f t  p l a t e ) ' ,  on medium 

w it h  grow th f a c t o r  (upper r i g h t  p l a t e ) .  Mutant on b a s i c  

medium ( lo w e r  l e f t  p l a t e ) ,  oh medium w i t h  grow th  f a c t o r  

( lo w e r  r i g h t  p l a t e ) .
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F ig .  1^

' .Growth Changes .Caused by th e  A d d it io n  o f  B io t ln

■ '  to  th e  Medium •

? . > v » > , v V . -  • ' ;•

A. n ig e r  on b a s ic  medium (up per l e f t  p l a t e ) ,  on medium 

w ith  grow th  f a c t o r  (up per r ig h t  p l a t e ) .* "Mutant on b a s ic  

medium ( lo w e r  l e f t  p l a t e ) , on medium; w ith  grow th  f a c t o r  • •

: ( lo w e r  bright- 'p la te )- . '   ̂ ..i &■% :i  x -r-:'■:-r■ 'f-:r 5% \  ■■ * *y' 'sK-S***• ' . . , ; .*;&:■ 4* -Jr-*. urp

"PPP'-p^ ^ ’Pt'^’Pppp/
- i  ■ V / .^ : h
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G-rowth Changes Caused by th e  A d d i t io n vo f  C h o lin e

.... . C h lo r id e  t o  th e  Medium . . . '

A. n ig e r  on b $ ,s ic  medium (up per l e f t  p l a t e ) ,  on medium 

w ith  grow th  f a c t o r  (up per r ig h t  p l a t e ) .  Mutant -on b a s ic"  

medium ( lo w e r  l e f t  p l a t e ) ,  on medium w ith  grow th  f a c t o r  

( lo w e r  r ig h t  p l a t e ) .  ( .

A
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Growth Changes Caused by  th e  A d d it io n  o f  C y to s in e  

: • M onohydrate to  th e  Medium 

4 * n ig e r  on "basic medium (u p p er  l e f t . p l a t e . ) , on medium . 

w ith  grow th  f a c t o r  "(upper r ig h t  p l a t e ) . Mutant on b a s ic  

medium (lo w e r  1 e f t  p l a t e ) ,  ; on medium w ith  grow th f a c t o r  

( lo w e r  r ig h t  p l a t e ) . '
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. F ig .  17

■ Growth Changes Caused by th e  A d d it io n  o f  Guanine

H y d r o ch lo r id e  .to  th e  Medium,

A. n ig e r  on  b a s i c  medium (u p p er l e f t  p l a t e ) ,  on medium • 

w ith  grow th  f a c t o r  (upper r ig h t  p l a t e ) . Mutant on b a s ic  

medium: ( lo w e r  l e f t  p l a t e ) , on' medium w ith  grow th f a c t o r  

( lo w e r  r ig h t  p l a t e ) .  .

i y - : - ~  ■ ? '  ' V  w ;  v - - . v . > v :

1‘ u J ; ^ : r - "> 1 f v - ' S v v 'v: ^^ ,’i f ' 
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Growth Changes Caussd by th e  A d d it io n  of. H ypoxanth ine

to  th e  Medium

A. n ig e r  on "basic medium (u p p er l e f t  p l a t e ) ,  on medium , 

w ith  . grow th f a c t o r  (up per r ig h t  p l a t e )•. Mutant, on b a s ic  

medium (lo w e r  l e f t  p l a t e )y on medium w ith  grow th  f a c t o r  

( lo w e r  r ig h t  p l a t e ) . '

' ;

.i,,-vi4i ■’•"•/T-S' ■ j ■'< ^ 1 k
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G-rovrth Changes Caused by t h e  A d d it io n  o f  I n o s i t o l  

* , tO' th e  Medium ■

A. n i g e r  on b a s i c  medium (upper l e f t  p l a t e ) ,  on medium 

w it h  grow th  f a c t o r  (upper r i g h t  p l a t e ) .  Mutant on b a s i c  

medium ( lo w e r  l e f t  p l a t e ) ,  on medium w it h  grow th  f a c t o r  

( lo w e r  r i g h t  p l a t e ) . ......
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Growth Changes Caused by th e  A d d i t io n  o f  N ia c in  

\  : to  t h e  Medium / V , 7 . v i ; :'v .

A. n i g e r  on b a s i c  medium (upper  l e f t  p l a t e ) , on medium 

w ith  grow th ■factor.; (upper; r i g h t  p l a t e ) .  ' Mutant on b a s i c  

medium ( lo w e r  l e f t  p l a t e ) , . on medium w i t h  grow th  f a c t o r  

( lo w e r  r i g h t ’ p l a t  e)

% ' :;f: V*- f.y - ’ 'r‘ ' ■■
..If-

v : - '  : '

Hi. -CX . px  v . .1.

.i- ' * ■ ■■■ S ' -  • . .

• .p. - .7'' i  -7' j }• " ,
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Growth Changes-.'Caused by th e  A d d it io n  o f  .P im e lic

Aci-d t o  t h e  Medium 

A . n i g e r  on b a s i c  mediums (up per  l ' e f t 'p l 'a ' t e ) , .on medium.

w ith  grow th f a c t o r  (u p p er  r ig h t  p l a t e ) . Mutant on b a s ic
. ’ ' ■ •• :: 

i  ... :.9 . "" V J  fr
medium' f lo w e f '  l e f t -  p l a t e ; ,?  oil medium /w ith  .growth?, f a c t  o r +

: 1. , . .  r S  . ... ■■ I * . - . • - - I ' f r y - ' .  • 4 . ■ 1 V f*  ^  • '  • •

( lo w e r  r ig h t  p l a t e ) .
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Growth Change s Caus ed by the: A d d it io n  o f  • P y r id o x in e  

H y d r o ch lo r id e  to  th e  Medium 

A. n ig e r  on b a s i c  medium (u p p er  l e f t  . .p la t e ) , on medium' 

w ith  grow th  f a c t o r  (u p p er r ig h t  p l a t e ) .  M utant on b a s ic  

medium (lo w e r  l e f t  p l a t e ) ,  on m edium -w ith grow th f a c t o r  

( lo w e r  r ig h t  p l a t e ) .
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F ig  23 .

Q-rowth Changes Caused by  th e  A d d it io n  o f  R ib o f la v in
' Y Y Y Y ? ; Y Y Y Y ^ Y ’\ e - Y Y . Y : - Y ' ^ Y  Yvy." Y ; ' ! ■; Y ,  i

   . ..   .. t : r>  +:Vi p > M p r M - n m .  . • .
■Y Ym.:’ .::Y,vYY YY-Yi-Yv-V•' ' i- . ... Y’ . YY ■             ...  .... .. ..   . .. / to  th e  Medium

~ „ , .A .. n ig e r  on b a s i c  medium (u p p er l e f t  p l a t e ) ,  on medium

\ w ith  grow th  f a c t o r  (u p p er  r ig h t  p l a t e ) . .  M utant on b a s i c
‘ Y ' 1 ;

medium ( lo w e r  l e f t  p l a t e ) ,  on medium v /ith  grow th  f a c t o r

- > ( lo w e r  r ig h t  p l a t e ) .
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V , F i g . ' 2*4- '

Growth Changes Caused by th e  A d d it io n  o f  Thiam in  

V \ 7 .. , H y d r o ch lo r id e  Tto .the^Medium * v

A., n ig e r  on b a s i c  .•medium* (u p p er le*f t  p la t  e'), 'on medium 

w ith  growth; f a c t o r  (u p p e r -r ig h t  p l a t e ) . M u ta n t.o n  b a s ic  

medium ( lo w e r  l e f t  p l a t e ) , '  on medium w ith ’ grow th  f a c t o r  

( lo w e r  r ig h t  p l a t e ) .
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Growth Changes Caused by t h e - A d d i t io n  o f  Thymine
v. • ..V .. .... — if . .  -... - - •■if. •« ■ • ■ T*. v ■'. - ' - ' ■' ■ .. •_ .

to  th e  Medium ^

A. n ig e r  on b a s ic  medium (up per l e f t  p l a t e ) ,  on-medium  

w ith  grow th  f a c t o r  (up per r ig h t  p l a t e ) .  M utant on b a s ic  

medium ( lo w e r  l e f t  p l a t e ) ,  on medium w ith  grow th  f a c t o r  

( lo w e r  r ig h t  p l a t e ) .

v  r - - - , '•;•■/.■' V
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Growth Changes ̂ Caused-by. th e  A d d it io n  o f  U r a c i l  1

; t o  the'* Medium 

A. n ig e r  on b a s i c  medium (up per l e f t  p la t 'e ) ,  on medium

w ith v grow th  f  a c ’- |o if  ) /  ' Mut;l:h^ 'on b a s ic
J. t  f  i-::4 f   ̂ ■■ %  & ; V;

medium (lo w e r  l e f t  p l a t e . ) , on medium w ith  grow th f a c t o r

(lo w e r  r ig h t  p l a t e ) . .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



UR A C I L

t-
:• 4* *
'i%2

5 0 0  p , G  U R A C I L

F ig . 26

72

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Growth .Changes Caused by th e  A d d i t io n  o f  U r ic  Acid

t o  t h e  Medium

4* n i g e r  on b a s i c  medium (upper  l e f t  p l a t e ) ,  on medium 

w ith  growth f a c t o r  (up per  r i g h t  p l a t e ) .  Mutant on b a s i c  

medium ( lo w e r  l e f t  p l a t e ) ,  on medium w it h  grow th  f a c t o r  

( lo w e r  r i g h t  p l a t e ) .

.AT,:

•“a *■*’■«* ' • . i'1 : ■ • i'r "• 1 1 ‘ "v‘ ' j-. -I ' . v • -v, .Vr̂ , i *j'' «WS*5 V'-*' ' ‘ ^  ’
vlw??!::*'-V v*'«.'■ ;'V̂; :r •:;>’/• r*‘~.

:! vf $•./
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Growth Changes Caused b y  th e  A d d it io n  o f  X a n th in e

: to  the-M edium

4 . n ig e r  on b a s i c  medium (u p p er  l e f t  p l a t e ) , on medium 

w ith  grow th f a c t o r  (up per r ig h t  p l a t e ) . M utant on b a s i c  

medium ( lo w e r  l e f t  p l a t e ) ,  on medium w ith  g r o w th 'fa c to r  

( lo w e r  r ig h t ,  p l a t e ) .
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Growth Changes Caused by th e  A d d i t io n  o f  Y e a s t

E x t r a c t  to  t h e  Medium 

A. n l g e r  on b a s i c  medium (u p p er  l e . f t  p l a t e ) ,  on medium 

w ith  grow th  f a c t o r  (up per  r ig h t  . p l a t e ) . Mutant: on b a s i c  

medium ( lo w e r  l e f t  p l a t e ) ,  on medium w i t h  growth; f a c t o r  

( lo w e r  r ig h t  p l a t e ) .  ■ -;V-.
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CHAPTER VI 

ANALYSES OF THE NUCLEIC ACID FRACTIONS

I n t r o d u c t io n

In  an i n v e s t i g a t i o n  o f  t h e  d i f f e r e n c e s  e x i s t i n g  

"between a mutant and th e  norm al organism , i t  would seem  

e s s e n t i a l  to  d e te r m in e  w h a tev e r  f a c t s  one c o u ld  abou t th e  

n u c l e i c  a c id  c o n t e n t .  The fun dam enta l r o l e  o f  chrom atin  

and chromosomes i n  h e r e d i t y  i s  a c c e p te d  by g e n e t i c i s t s .

In  th e  l i f e  h i s t o r y  o f  t h e  c e l l ,  th e  p a r t  o f  i t  
d e s ig n a t e d  by b i o l o g i s t s  a s  chrom atin  d i s p l a y s  e x tr a o r d in a r y  
a c t i v i t y  v i s i b l e  th rou gh  t h e  m ic r o sc o p e .  An a .c t iv e  a rra n g e ­
ment o f  ch rom atin  s t r u c t u r e s  known a s  chromosomes u s u a l l y  
p r e c e d e s  t h e  p r o c e s s  o f  c e l l  d i v i s i o n .  ( 3 3 )

In  an a t te m p t  to  e x p l a in  th e  s i g n i f i c a n c e  o f  

chromosomes i n  h e r e d i t y ,  much work h a s  b e e n  done on th e  

ch e m is tr y  o f  ch ro m a tin  w ith  th e  r e s u l t  t h a t  s u b s t a n t i a l  

p r o g r e s s  h a s  b e e n  made i n  u n d e r s ta n d in g  t h e  im p o rta n ce  o f  

n u c le o p r o t e ln  m a t e r ia l  i n  t h e  c o m p o s it io n  o f  chromosomes. 

Loofbourow h a s  s a i d :  "The chromosomes i n  th e  n u c le u s  -  th e  

r o d -sh a p e d  b o d i e s  i n  w hich  a p p a r e n t ly  l i e  th e  s e c r e t s  o f  th e  

t r a n s m is s io n  o f  h e r e d i t a r y  c h a r a c t e r i s t i c s  -  a r e  a lm o st  

e n t i r e l y  n u c l e o p r o t e i n s . " ( 3 ^)

The work on n u c le o p r o t e in s  h as  p r o g r e s s e d  to  such  

a s t a g e  t h a t  i t  i s  p o s s i b l e  t o  c o n n e c t  t h e s e  s u b s t a n c e s  not  

o n ly  w ith  chromosomes b u t  w i t h  g e n e s .  "The g r e a t  accum ula­

t i o n  o f  d e s o x y r ib o s e  n u c le o p r o t e in s  in  t h e  chromosomes
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s t r o n g l y  s u g g e s t s  t h a t  t h e s e  s u b s ta n c e s  a.re th e  g e n e s  them­

s e l v e s  or a r e  i n t i m a t e l y  r e l a t e d  t o  G en es . 11 (35 )

T h is  c o n n e c t io n  h a s  b een  e l u c i d a t e d  f u r t h e r  by 

G r e e n s te in :

Study o f  th e  f i n e - s t r u c t u r e  o f  c e r t a i n  o f  th e  
l a r g e r  chromosomes r e v e a le d  t h a t  th e  l a t t e r  a re  d i s c o n t i n u o u s ,  
whereby d a r k - s t a i n i n g  bands c o n t a in in g  n u c l e i c  a c id  and 
p r o t e i n  o f  th e  h i s t o n e  ty p e  a l t e r n a t e  w i t h  l i g h t - s t a i n i n g  
bands c o n t a in in g  p r o t e i n  o f  th e  com plex  ty p e  w ith  l i t t l e  o r  
no n u c l e i c  a c id  p r e s e n t .  The g e n ic  e le m e n ts  a r e  l o c a t e d  i n  
t h e  form er  b a n d s .  In  t h i s  c o n n e c t io n  i t  i s  i n t e r e s t i n g  to  
n o te  . . .  t h a t  d u r in g  m i t o s i s  th e  c o n te n t  o f  h i s t o n e  and 
d e s o x y p e n t o s e n u c le i c  a c id  run p a r a l l e l .  The gene i s  th u s  
a s s o c i a t e d  w ith  n u c l e o p r o t e i n  o f  a d e s o x y p e n t o s e n u c le o h i s t o n e  
ty p e ;  w h eth er  i t  i s  i d e n t i f i e d  w ith  th e  l a t t e r  ca n n o t be  
d e f i n i t e l y  answ ered  a t  t h e  p r e s e n t  t i m e . . . .  High e f f i c i e n c i e s  
f o r  m u ta t io n  o f  many o rg an ism s have b een  o b ser v ed  i n  th e  
n eigh b o rh o od  o f  t h e  wave l e n g t h  o f  2600 A a t  w hich n u c l e i c  
a c id  a b so rb s  v e r y  s t r o n g l y .  ( 3 6 )

I t  i s  i n e v i t a b l e  t h a t  one sh o u ld  a g r e e  w i th  th e  

s ta te m e n t  t h a t  " the b a s i c  problem  i n  th e  s tu d y  o f  th e  g e n e t i c  

e f f e c t s  o f  i r r a d i a t i o n  i s  th e  p h y s i c a l  n a tu r e  o f  th e  ch an ges  

in d u c ed  i n  th e  g e n e s  and chrom osom es. T h is  i s  fun dam enta l  

n ot o n ly  to  p ro b lem s o f  in d u c e d  m u ta t io n ,  b u t  t o  th e  l a r g e r  

p rob lem s o f  g e n e  s t r u c t u r e  and b e h a v io r  w h ich  u n d e r l i e  t h e  

w hole  f i e l d  o f  g e n e t i c s .  How d o es  th e  chromosome i n  w h ich  a  

m u ta t io n  h a s  b e e n  in d u ced  d i f f e r ,  p h y s i c a l l y  and c h e m ic a l ly ,  

from an u n e f f e c t e d  s i s t e r  chromosome, and how h a s  t h i s ■ 

d i f f e r e n c e  b een  b rou gh t about?"  ( 3 7 )
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G en era l P roced u re  

A. n i g e r  and m utant t i s s u e s ,  grown on l i q u i d  

medium, w ere d r i e d  w i th  e t h a n o l  and e t h e r .  The a c i d - s o l u b l e  

and t h e  l i p o i d  p o r t i o n s  o f  t h e  d r i e d  t i s s u e  were removed by 

e x t r a c t i o n .  Then t h e  n u c l e i c  a c id  f r a c t i o n  was e x t r a c t e d  

w it h  10/£ NaCl and p r e c i p i t a t e d  from  t h e  NaCl s o l u t i o n  by  

lan th anu m . D e te r m in a t io n s  o f  n i t r o g e n ,  p h o sp h o r u s ,  and 

p e n t o s e  ( r i b o s e  and d e s o x y r ib o s e )  w ere made on th e  lanthanum  

p r e c l p i t a b l e  p o r t i o n s  o f  t h e  normal mold and th e  m u tan t. In  

a d d i t i o n  th e  u l t r a v i o l e t  a b s o r p t io n  c h a r a c t e r i s t i c s  o f  th e  

n u c l e i c  a c id  f r a c t i o n s  w ere i n v e s t i g a t e d .

P r e p a r a t io n  o f  D r ie d  T i s s u e  

The medium u s e d  f o r  t h e  grow th o f  th e  t i s s u e  was 

t h e  same a s  th a t  p r e v io u s l y  d e s c r ib e d  (p g .  2S) e x c e p t  t h a t  

y e a s t  e x t r a c t  was o m it t e d .  The two s t r a i n s  w ere grown i n  

500 m l. E hrlenm eyer f l a s k s  e a ch  c o n t a in in g  100 m l. o f  t h e  

medium. In c u b a t io n  was f o r  se v e n  days a t  37 d e g r e e s .

A f t e r  t h e  f l a s k s  w ere removed from th e  in c u b a to r ,  

t h e  medium was d e c a n te d  and d i s c a r d e d .  The mold m ats w ere  

washed s e v e r a l  t im e s  w ith  l a r g e  p o r t i o n s  o f  d i s t i l l e d  w a te r ,  

and th e n  removed from th e  f l a s k s  on to  p a p er  t o w e l in g  w hich  

ab so rb ed  s u r p lu s  m o is t u r e .  The mats were c u t  up i n t o  sm a ll  

p i e c e s ,  d r ie d  by w ash in g  w i t h  ( 1 ) e t h a n o l ,  ( 2 ) e t h a n o l - e t h e r  

m ix tu r e ,  ( 3 ) e t h e r ,  and th e n  p u t i n t o  a vacuum d e s i c c a t o r .  

A f t e r  a number o f  d a y s ,  th e  m a t e r ia l  was ground i n  a m ortar ,
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and r e tu r n e d  t o  t h e  d e s i c c a t o r  f o r  th e  f i n a l  d r y in g .

E x tr a c t io n  P roced u re

The method o f  e x t r a c t i o n  was t h a t  d e s c r ib e d  by  

D a vid so n  and Waymouth (3<3)> e x c e p t  f o r  s e v e r a l  m inor modi­

f i c a t i o n s  n e c e s s i t a t e d  by th e  f a c t  t h a t  mold t i s s u e  r a th e r  

th an  an im al t i s s u e  was b e i n g  i n v e s t i g a t e d .

In  o r d e r  t o  remove a c i d - s o l u b l e  p h o sp h o ru s , two 

grams o f  th e  pow dered d r ie d  mat was w e ig h ed  o u t ,  p u t i n t o  

a s to p p e r e d  250 m l.  c e n t r i f u g e  tu b e ,  and shaken f o r  s i x  o n e -  

hour p e r io d s  w i t h  s u c c e s s i v e  p o r t i o n s  o f  ab ou t 50 m l. 0 . 1  N 

HC1. The t i s s u e  was th en  washed w ith  e t h a n o l  and e x t r a c t e d  

f o r  two tw o -h o u r  p e r io d s  a t  65 d e g r e e s  u n d er  a r e f l e x  con­

d e n s e r  w ith  s u c c e s s i v e  p o r t i o n s  o f  abou t 100 m l. o f  a  J>\1 

m ix tu r e  o f  e t h a n o l  and c h lo r o fo r m  i n  o r d e r  to  remove l i p o i d  

p h o sp h o r u s .  The m a t e r ia l  th e n  was d r ie d  w ith  e t h e r  and put  

i n t o  a vacuum d e s i c c a t o r .

A f t e r  th o r o u g h  d r y in g  in  th e  d e s i c c a t o r ,  th e  

n u c l e i c  a c i d  e x t r a c t i o n  was done u s i n g  1 0 #  sodium c h l o r i d e  

s o l u t i o n .  750 mg. o f  th e  d r ie d  m a t e r ia l  were p u t i n t o  a  

50 m l.  c o n i c a l  c e n t r i f u g e  t u b e ,  2 d rops o f  t r i a c e t i n  added, 

and e x t r a c t i o n  c a r r i e d  o u t  w ith  f i v e  s u c c e s s i v e  p o r t i o n s  o f  

1 0 #  NaCl un der  th e  f o l l o w i n g  c o n d i t i o n s :  (a )  15 ml. a t  0 °  

f o r  k  h o u r s ,  (b ) 5 nil. a t  0 °  o v e r n ig h t ,  ( c )  ^ m l. a t  1 00 °  

f o r  30 m in u te s ,  (d) 3 m l. a t  1 00 °  f o r  10 m in u te s ,  ( e )  3 m l. 

a t  1 0 0 °  f o r  10 m in u te s .  The f i v e  NaCl e x t r a c t s  were com-
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b in e d  and made up t o  30 m l.

At t h r e e  d i f f e r e n t  t im e s ,  e x t r a c t i o n s  were made 

w ith  HC1, e t h a n o l - c h lo r o f o r m ,  and NaCl a s  d e s c r ib e d  above .

A f o u r t h  e x t r a c t i o n  was made i n  which t r i c h l o r o a c e t i c  a c id  

was s u b s t i t u t e d  f o r  th e  HC1. The u se  o f  t r i c h l o r o a c e t i c  

a c id  was s u g g e s t e d  by Mann’ s work (39 )  on "tb-© p h osp horus  

c o n te n t  o f  A. n l g e r  v .  T ie g h .  The e x t r a c t i o n  was c a r r ie d  

ou t w i t h  s i x  p o r t i o n s  o f  t r i c h l o r o a c e t i c  a c id :  (a )  25 m l. 

o f  1 0 % a c id  a t  0 °  f o r  one h ou r , (b) fo u r  25 m l. p o r t i o n s  

o f  5% a c id  a t  0 °  f o r  one hou r  each , and ( c )  25 m l. o f  5^  

a c id  a t  0 °  o v e r n ig h t .

Lanthanum P r e c i p i t a t i o n

N ine m l.  o f  t h e  NaCl e x t r a c t  w ere  p i p e t t e d  i n t o  

a 50 m l. c o n i c a l  c e n t r i f u g e  tu b e;  1 m l. o f  2 .5 $  lanthanum  

n i t r a t e  end 10 m l. o f  e th a n o l  were added. The tu b e  was 

k e p t  a t  0 °  f o r  one hour and th e n  c e n t r i f u g e d .  The su p e r -  

n a t e n t  was d i s c a r d e d  and t h e  p r e c i p i t a t e  washed t w i c e  w ith  

3 ml. o f  0 .2 5 $  lanthanum  n i t r a t e .  The p r e c i p i t a t e  was 

decomposed w i t h  1 m l. o f  0 . 5  M Na^CO  ̂ and g m l. o f  w ater  

added . A f te r  c e n t r i f u g i n g ,  th e  p r e c i p i t a t e  (lanthanum  

ca rb o n a te )  was d i s c a r d e d  and the  s u p e r n a te n t ,  c o n t a in in g  

th e  lanthanum  p r e c i p i t a b l e  p o r t i o n ,  was u s e d  f o r  th e  v a r io u s  

p h o sp h oru s , n i t r o g e n ,  p e n t o s e ,  and a b s o r p t io n  t e s t s .
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Phosphorus D e te r m in a t io n  

P hosphorus d e t e r m in a t io n s  w ere ni3.de on t h e  l a n ­

thanum p r e c i p i t a b l e  p o r t i o n s  o f  th e  sodium c h l o r i d e  e x t r a c t s  

a c c o r d in g  to  t h e  method o f  F is k e  and SubbaRow ( 4 o ) .  T o t a l  

p h o sp h oru s  was d e term in ed  on a l l  fo u r  o f  t h e  e x t r a c t i o n s  

and in o r g a n ic  phosphorus on t h e  secon d  e x t r a c t i o n  (T a b le  10)'.

N i t r o g e n  D e te r m in a t io n  

N itr o g e n  d e t e r m in a t io n s  were made on t h e  lanthanum  

p r e c i p i t a b l e  p o r t i o n s  o f  th e  f o u r  e x t r a c t i o n s  o f  A. n ig e r  and 

th e  m utant by th e  c o l o r i m e t r i c  m icro -m eth od  w hich  employs  

N e s s l e r ’ s r e a g e n t  ( U-l) .  C a lc u la t io n s  o f  n u c l e i c  a c id  c o n te n t  

were made, a ssum ing  n u c l e i c  a c id  e q u a ls  s i x  t im e s  t h e  n i t r o ­

g e n  c o n c e n t r a t i o n .  R e s u l t s  a r e  shown i n  T a b le  1 1 .

U l t r a v i o l e t  A b so r p t io n  

V a r io u s  u l t r a v i o l e t  a b s o r p t io n  c u r v es  were o b ta in e d  

u s in g  a Beckman q u a r tz  sp e c tr o p h o to m e te r .  The amount o f  

a b s o r p t io n  o f  u l t r a v i o l e t  l i g h t  by th e  s o l u t i o n s  i s  r e p o r te d  

a s  o p t i c a l  d e n s i t y .

0 .  D. = 2 -  l o g 10 G

where G- i s  t h e  p e r  c e n t  t r a n s m i s s io n  o f  l i g h t  by t h e  s o l u t i o n .

a  = i o o ( i / i 0 )

where I  i s  th e  i n t e n s i t y  o f  th e  i n c i d e n t  beam o f  l i g h t  and 

I  i s  t h e  i n t e n s i t y  o f  th e  beam em erging from t h e  s o l u t i o n .
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The r e g io n  i n v e s t i g a t e d  was t h a t  around 260 m i l l i ­

m ic r o n s ,  so th e  w a v e le n g th  was v a r ie d  from 235 t o  J00 m i l l i ­

m icro n s  .

The f o l l o w i n g  d a t a  were c o l l e c t e d :

.( l )  v a r i a t i o n  i n  o p t i c a l  d e n s i t y  w ith  w a v e le n g th  

f o r  y e a s t  n u c l e i c  a c i d  (1 2 . 5  p ig . /m l . )  and sodium d e s o x y r lb o -  

n u c l e a t e  (20 p i g . / m l . ) ,  g i v e n  i n  T ab le  12 and F ig u r e  3 0 ;

( 2 ) v a r i a t i o n  i n  o p t i c a l  d e n s i t y  f o r  v a r io u s  co n cen ­

t r a t i o n s  o f  r i b o n u c l e i c  a c i d  (from  y e a s t )  from 5 M g.Anl. t o

^0 pig ./m l w i th  w a.velength  f i x e d  a t  260 mpL, g iv e n  i n  T a b le  13  

and F ig u r e  J>1;

( 3 ) v a r i a t i o n  i n  o p t i c a l  d e n s i t y  w ith  w a v e le n g th  

f o r  th e  la.ntha.num p r e c i p i t a b l e  p o r t i o n s  o f  r i b o n u c l e i c  a c id ,  

sodium d e s o x y r ib o n u c le a t e ,  and b i l e  s a l t  e x t r a c t  o f  

C lo s tr id iu m  o e r f r i n g e n s .  g i v e n  i n  T a b le  1^  and F ig u r e  32;

(^) v a r i a t i o n  i n  o p t i c a l  d e n s i t y  w ith  w a v e le n g th  

f o r  t h e  la.ntha.num p r e c i p i t a b l e  p o r t i o n s  o f  th e  f o u r  sodium  

c h l o r i d e  e x t r a c t s  o b ta in e d  from  th e  normal A. n i g e r  and from  

th e  m utant, g i v e n  i n  T a b le s  1 5  and 16 and F ig u r e s  33 and J>k-;

( 5 ) t o t a l  n u c l e i c  a c i d  c o n c e n t r a t i o n s  o f  t h e  l a n ­

thanum p r e c i p i t a b l e  p o r t i o n s  o f  th e  fo u r  sodium c h l o r i d e  

e x t r a c t s  o f  A. n i g e r  and o f  th e  m utant, b a s e d  on t h e  s ta n d a r d  

r i b o n u c l e i c  a c i d  c u r v e ,  g i v e n  i n  T ab le  1 7 .
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T a b le  1 0 .  P hosp horus D e te r m in a t io n s  on Lanthanum 
P r e c i p i t a b l e  P o r t io n s  o f  A. n i g e r  and 

Mutant ~~

E x t r a c t io n
T o ta l Phosphorus

A. n ig e r Mutant
(p ig . /m l .) ( | ig . / m l . )

F i r s t n ^3

Second 36

T h ird S5 37

F ou rth 67 39

In o r g a n ic  P hosphorus

E x t r a c t io n A. n ig e r Mutant
T i-ig ./m l.) ( M'S. / m l . )

Second <  2 <  2
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T a b le  1 1 .  N i t r o g e n  D e te r m in a t io n s  and N u c le ic  Acid  
C o n c e n tr a t io n s  (Based on N i t r o g e n )  f o r  
t h e  Lanthanum P r e c i p i t a b l e  P o r t io n s  o f  
A. n i g e r  and Mutant

E x t r a c t io n

A. n i g e r Mutant

N itr o g e n
N u c l e i c  

a c id  
(6  x  N)

N itr o g e n
N u c le ic  

a c id  
(6  x  N)

pig. /m l . lag. /m l . ja g ./m l. ta g ./m l.

F i r s t 29 1 7 ^ 27 162

Second 31 1 S6 2 6 156

T hird 29 17^ 2 6 156

F ou rth 51 30 6 ho Sho
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T ab le  1 2 .  U l t r a v i o l e t  A b so r p t io n  D ata -  Standard  
S o l u t io n s  o f  R ib o n u c le ic  A c id  (Y e a s t )  
and Sodium D e s o x y r ib o n u c le a t e  (Thymus)

W avelength RNA drna

(mp..) ( 1 2 .5  M g ./m l.)  
O.D.

(20 u g . / m l . j  
O.D.

235 _ _ _ 0 .1 9 3

2HO 0 .0 5 2 0 .2 3 3

250 0 .2 ^ 3 0 .3 5 3

260 0 .2 2 4 0 .^ 3 1

270 0 .2 3 ^ 0 .3 7 3

220 0 .1 5 5 0 .2 5 2

290 0 .0 5 4 0 .1 0 2

300 0 .0 2 7 0 .0 2 4

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



IvS W S e ’S1: : ?■; ?'' i / s i
■.............

• '  ;'■■'!" \  ■ ■ ' ' ..■'.. . . • ■ . ' ■ . '

•'■ ‘ : , ,\ ' v : . . -r. • ■■ , ■ • :•". •..
v ;; ; ■■ 'A ;'V ' ̂  /-"■ A'1, -'r

a
:*.r- A:AAA-':

' ' ' '  • .  ‘ .  ' . ' ' . . ’ . : . : . ' ■ ■ - ■ ■ - . ; ■■■■ ■ 

■ ' ■ • . .  V .  V / A -7 ' ■ . • ■ : ■ ■ / . ;  . •■-•■ t . . . ■ ■ . '

■:.. .:-7> ’-a, ?■"
' "  ' ' '

■:r.. -, ,7’ : .1 ' ,:. ;

;:;7>■ ;

i r - " : .-v-; .••."■ -i ;>"• ■ •

T.? v'c :- ;. ...j' .'■’

. r  i :  V .' ". '■ ■- : '. ’ -'C " •
■ ;.- . •'■■ ' • ; . • . ;  . •'.•■■

' . . . ;  ;■'■-■ T  ’ ’ :..',V ■■... v't. ' ■ ' . " ■

•,;;; v , : ; ; ■;_os ^  -.;.
'*■ ni q . -7nF i g .  30

V ; ; ■ '^ r r :v :.’h. ;V ^ ' p ^ ‘: :: ' ,>'WO'Vva.;:o
. ' lr V a r ia t io n  o f  O p t ic a l  D e n s i t y  w i th  W avelength  f o r

. . S tandard S o l u t io n s  o f  R ib o n u c le i c  A c id  (Y e a s t )
’

- ' and Sodium D e s o x y r ih o n u c le a t e r  (Thymus)

l# S S i7:SSe '::< M  W § Z [y■ - ■■ ■  - "• '• '      ■■• - S. i v ■ - c- ^

■ 'tC': v.

;..v

 ̂-- J: ■ 'V * ' -:'i:
• j/ ’V

•V..-

-v ’ :

. ;; •■ •. ■   -i;'■■■■ VV-m ;•.;

. ■ .--■ r ■ : . 1 . .... ...  ̂. ■ '.... ' .' • '■ • ■.; iV, . ■: -• . J.'.; V . ; < v'  '-v ■ - ;r. ■■ ; .
:: 0 :■ >- r ^ - ^ V ' '

::;bl .Vi
r:-:v̂  ;■■■•■■/ •; ■:■ 1 v ■:,r' ■:

.t: :.' iv'i’y”:'.:.;.V ■' ■■■:: i.;' ...-'j,;7

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



O
P

T
I

C
A

L
 

D
E

N
S

I
T

Y

66

0.5 H

0.4 H

0.3 H

o.i H

0.0
240 250 260 270 280 290

W A V E L E N G T H  I N M JJL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



37

T ab le  1 3 . U l t r a v i o l e t  A b so r p tio n  D ata -  V a r io u s  
C o n c e n tr a t io n s  o f  R ib o n u c le ic  A c id  

(Y e a s t )  a t  260 mp,.

C o n c e n tr a tio n
KNA

O p t ic a l  D e n s ity

( ix g . /m l . )

5 0 .1 1 1

10 0 .2 5 7

15 0 .3 7 3

20 0 .^ 9 3

25 0 .6 2 5

30 0 .7 7 3

35 0 .9 0 0

4o 1 .0 3 0
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V a r ia t io n  o f  O p t ic a l  D e n s ity  w ith  C o n c e n tr a tio n  f o r  

S o lu t io n s  o f  R ib o n u c le ic  A c id  (Y e a s t)  a t  260 mpi*
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T a b le  1 4 .  U l t r a v i o l e t  A b so r p t io n  D ata f o r  th e  Lanthanum 
P r e c i p i t a b l e  P o r t i o n s  o f  R ib o n u c le ic  A c id  
( Y e a s t ) ,  Sodium D e s o x y r ib o n u c le a t e  (Thymus), 
and B i l e  S a l t  E x tr a c t  o f  C lo s tr id iu m  p e r f r i n g e n s

W avelength

Na d e s o x y r ib o ­
n u c l e a t e  

O.D.

R ib o n u c le ic
a c id
O.D.

B i l e  S a l t  
E x tr a c t  o f  
C lo s tr id iu m  
p e r f r i n g e n s  
(1 :2 0 0  d i l u t i o n )  

•O.D.
(iTijX. )

235 0.405 o . 34o 0 .2 5 0

2^0 0.4-25 0.4-25 0.293
250 0 , 62S 0.603 0.334-

260 0.635 0.655 0.400
270 0.593 0.525 0.303
22)0 0 .402 0.317 0.137
290 0 .1 3 5 0.123 O.O76

300 0 .0 6 2 0 .0 2 6 0 .0 2 2
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. V a r ia t io n  o f  O p t ic a l  D e n s ity  w ith  • W avelength, f o r  th e
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L /sjnthanum ,Pi*ecipitable -;Por$tionsi o f . R ib o n u c le ic , Acid-
■■ ............. iv ••

( Y e a s t ) /  Sodium D e so x y r ib o n u c le a te  (Thymus) and B i l e  

S a l t  E x tr a c t  o f ’. C lo str id iu m ' p e r fr in g e n s .
• : ? '' ’ /  • .•/’ -V. .. - f . ................ rf. • v • .• .-t-... .;•••-•• ••• • \
Curve A, f o r  r ib o n u c le ic -  a c id ; '  B , f o r  sodium  d e s o x y r ib o ­

n u c le a te ;  C, f o r  C lo s tr id iu m  p e r fr in g e n s  ■
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T a b le  1 5 .  U l t r a v i o l e t  a b s o r p t io n  D ata  -  Lanthanum
P r e c i p i t a b l e  P o r t io n s  o f  th e  Sodium C h lo r id e  

E x t r a c t s  o f  A. n ig e r

Wave­
le n g t h

F ir s t
E x tr a c t io n

( d i l u t e d
1 : 2 0 )
0 .  D.

Second
E x tr a c t io n

( d i l u t e d
1 : 2 0 )
0 .  D.

T h ird
E x tr a c t io n

( d i lu t e d
1 : 1 0 )
0 .  D.

F ou rth
E x tr a c t io n

( d i lu t e d
1 :1 0 )
0 .  D.

(mjjL.)

235 _ _ _ -  -  - 0 .3 5 5 0 .5 2 5

2^0 0 .0 S 1 0 . 0 6 S 0 .3 3 2 0 .5 7 0

250 0 .2 0 ^ 0 . 2 0 S O.k-12 0 .7 ^ 2

260 0 .2 3 3 0 .2 3 5 0 . ^ 0 0 .7 2 5

270 0 .2 0 1 0 .2 0 1 0 .3 6 5 0 . 6^S

2 SO 0 .1 3 1 0 .1 3 2 0 .2 3 1 0 .3 S S

290 0 .0 6 5 0 .0 5 9 0 .1 0 3 O .l^ S

300 0 .0 3 2 0 .0 2 7 0 . 0 3 S 0 .0 3 2
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T ab le  1 6 . U l t r a v i o l e t  A b so r p t io n  D ata  -  Lanthanum
P r e c i p i t a b l e  P o r t io n s  o f  t h e  Sodium C h lo r id e  

E x t r a c t s  o f  Mutant A. n ig e r

Wave­
l e n g t h

F i r s t
E x t r a c t io n

( d i l u t e d
1 :10)
0 .  D.

Second
E x t r a c t io n

( d i l u t e d
1 :10)
0 .  D.

T h ird
E x t r a c t io n

( d i l u t e d
1 :10)
0 .  D.

F ourth
E x t r a c t io n

( d i l u t e d
1 :1 0
O . D .  ____

(mp.)

235 _ _ _ _ _ _ 0.334- 0 .4-4-3
240 0 .2 0 1 0.157 0.325 o.4-go
250 0 .3 6 0 0.370 0.367 0 .5 6 5

260 0.399 0 . 3  g6 0.4-12 o.6og
270 0.34-7 0.376 0.350 o.4-g5
2 SO 0 .2 2 5 0 .2 7 1 0.225 0 .3 0 7

290 o.io4- 0 .1 6 1 0 .1 0 0 0 .1 2 6

300 9 . 0  46 0 .0 9 2 0.04-3 0.04-2
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T a b le  1 J . T o t a l  N u c l e i c  A cid  C o n c e n tr a t io n s  o f  Lanthanum 
P r e c i p i t a b l e  P o r t io n s  o f  A. n i g e r  and Mutant 
Based* on t h e  Standard R ib o n u c le ic  A c id  Curve, 
F i g .  31 , u s i n g  Data f o r  A b so r p t io n  a t  2o0 mjj,. 

from  T a b le s  15  and 1 6

E x t r a c t io n 0 .  D.

C o n c e n tr a t io n  
o f  NA i n  
d i l u t e d  
sam ple

D i l u t i o n

Cone en trs .t  io n  
o f  NA i n  
lanthanum  

p r e c i p i t a t e
( u g . / m l . ) ( US. /m l . )

A. n i g e r

F i r s t 0 .2 3 3 g .S 1 :2 0 176

Second 0 .2 3 5 9 .0 1 :2 0 ISO

T h ird 0 . ^ 0 1 7 .7 1 :1 0 177

F ourth 0 .7 ^ 5 3 0 .7 1 :1 0 307

Mutant

F i r s t 0 .3 9 9 1 5 .5 1 :1 0 155

Second 0 .3 2 6 1 5 .0 1 :1 0 150

T hird 0 .^ 1 2 1 6 .2 1 :1 0 162

F ourth 0.60s 2 3 .6 1 :1 0 23$
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9  6

R ib o se  D e te r m in a t io n

R ib o se  was d e term in ed  by two m ethods: (a )  th a t  

em p loy in g  th e  a n i l i n e  a c e t a t e  r e a g e n t  and (b) t h e  p e r c h l o r i c  

a c id - t r y p to p h a n e  method. The d e term in a .t io n  by th e  f i r s t  

method was done by  a m o d i f i c a t i o n  o f  t h e  p r o c ed u r e  u sed  by  

D av id son  and Waymouth (3&)> b a s e d  on t h e  method o f  R eeves  

and Munro (4-2). I t  i s  known t h a t  w i t h  t h i s  method one can  

e x p e c t  r e c o v e r y  o f  no more th an  5 0 o f  "the r i b o s e  c o n te n t  o f  

t h e  sam p le . Two m l. o f  t h e  lanthanum  p r e c i p i t a b l e  p o r t i o n  

were p i p e t t e d  i n t o  a 25 x  200 m l. t e s t  tu b e  to  w h ich  2 m l. 

o f  5 .5 5  N HC1 s.nd 5 n il. o f  x y l e n e  were added . The tu b e  was 

f i t t e d  t o  a r e f l u x  c o n d e n se r  and submerged i n  a b o i l i n g  water' 

b a t h  f o r  2 .5  h o u r s .  A f t e r  c o o l i n g ,  t h e  x y le n e  l a y e r  was 

rem oved, u s i n g  a  sm a ll  s e p a r a to r y  f u n n e l ,  and 2 m l. o f  x y le n e  

were added to  t h i s  l a y e r .  Then 4- m l. w ere  removed to  a dry  

t e s t  tu b e  and 5 nil. o f  f r e s h l y  made a n i l i n e  a c e t a t e  r e a g e n t  

added . The c o lo r  was a l lo w e d  to  d e v e lo p e  i n  a dark room f o r  

20 m in u te s .  C o n c e n tr a t io n  was d e ter m in e d  by comparing t h e  

unknown s o l u t i o n s  in  th e  sp e c tr o p h o to m e te r  a t  520 mp,. a g a i n s t  

a  sta n d a rd  cu rv e  (T ab le  l g  and F ig u r e  35) d e v e lo p e d  u s i n g  

f u r f u r a l  s o l u t i o n s  to  w h ich  th e  a n i l i n e  a c e t a t e  r e a g e n t  had  

b e e n  added.

The s ta n d a r d  f u r f u r a l  s o l u t i o n s  had b een  made by  

d i s s o l v i n g  f u r f u r a l  in  x y l e n e ,  a ssum ing  1 m l. f u r f u r a l  e q u a ls  

1159 mg. f u r f u r a l ,  and 2 3 .1 3  M-g. f u r f u r a l  a r e  com parable t o
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pig. r i b o s e .

The r e s u l t s  o f  t h i s  r i b o s e  t e s t  on t h e  n u c l e i c  

a c id  f r a c t i o n s  from t h e  f i r s t  e x t r a c t i o n  o f  t h e  normal A. 

n i g e r  and th e  m utant a r e  shown in  T a b le  1 9 .

D e te r m in a t io n  o f  r i b o s e  u s in g  t h e  p e r c h l o r i c  a c i d -  

tr y p to p h a n e  r e a c t i o n  was done a c c o r d in g  t o  th e  p r o c ed u r e  

g i v e n  by Cohen ( ^ 3 ) .  Two m l.  o f  t h e  lanthanum  p r e c i p i t a t e  

b e in g  i n v e s t i g a t e d ,  0 . 5  m l.  o f  1 p e r  cen t  d l - t r y p t o p h a n e ,

2 . 5  m l. o f  60 p e r . c e n t  p e r c h l o r i c  a c i d  c o n s t i t u t e d  t h e  r e ­

a c t i o n  m ix tu r e  w h ich  was s u b j e c t e d  to  th e  te m p e r a tu r e  o f  an 

a u t o c la v e  a t  15 l b s .  p r e s s u r e  f o r  one h o u r . A f t e r  c o o l i n g ,  

t h e  c o l o r  was e x t r a c t e d  w i t h  5 m l. o f  i so a m y l  a l c o h o l ,  and 

a b s o r p t io n  m easured i n  t h e  s p e c tr o p h o to m e te r  a t  6^0 mp.. 

C o n c e n tr a t io n  was d e ter m in e d  by com p arison  w ith  a s ta n d a r d  

cu rv e  (T a b le  20 and F ig u r e  3 6 ) f o r  a b s o r p t io n  o f  r i b o s e  

s o l u t i o n s  s u b j e c t e d  to  t h e  t e s t .  R e s u l t s ,  i n c lu d i n g  c a l c u ­

l a t i o n  o f  r i b o n u c l e i c  a c id  c o n te n t  b a s e d  on r i b o s e ,  a r e  

g iv e n  i n  T a b le  2 1 .
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T ab le  I S .  R ib o se  D e te r m in a t io n  ( A n i l i n e  A c e ta te  
R eagen t)  -  A b so r p t io n  D ata  a t  520 mix. 
f o r  Standard Amounts o f  R ib o se  Based  

on F u r fu r a l

F u r fu r a l R ib o se 0 . D.

( u g . ) (p tg .)

2 .3 2 4-. 54- 0 .0 2 7

4-. 63 9 . 0 S 0 .1 1 6

6 .9 5 1 3 .6 2 0 .1 9 7

9 .2 7 I S . 16 0 . 2SS

1 1 .5 9 2 2 .7 0 .0 . 3 9 9

1 3 .9 1 27.24- 0.4-71
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F i g .  35

R ib o se  D e te r m in a t io n  ( A n i l i n e  A c e ta t e  R eagent) -  

V a r ia t io n  o f  O p t ic a l  D e n s i ty  w ith  C o n c e n tr a t io n  

1', f o r  Standard S o l u t io n s  o f  R ib o se  (B ased  on F u r f u r a l ) ,

* ' a t  520 mp.
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T a b le  1 9 . R ib o se  D e te r m in a tio n  (A n i l in e  A c e ta te
R eagen t) -  A b so r p tio n  D ata  a t  520 mpu fo r  
Lanthanum P r e c i p i t a b l e .P o r t io n s  ( F ir s t  
E x tr a c t io n )  o f  A. n ig e r  and Mutant

R ib o se  C o n c e n tr a tio n
O rganism ________ M l. Used_______ 0 ._D.______ from  S tan dard  Curve

(|_ ig ./m l. )

A. n ig e r  2 0 .1 6 ^  1 1 .1

M utant 2 0 .1 3 2  9 . °

T a b le  2 0 . R ib o se  D e te r m in a t io n  ( P e r c h lo r ic  A c id -
T ryptophane M ethod) -  A b so r p tio n  D ata  a t  
6̂ 4-0 mp, f o r  Stan dard  Amounts o f  R ib o se

R ib o se 0 .  D.

25 0 .2 ^ 3

50 0 . ^ 5

75 0 .5 6 0

100 0 .6 9 3
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R ib o se  D e te r m ln a t lo n  {P e r c h lo r i c  Ac1 d-T ryptophane  

Method) -  V a r ia t io n  o f  O p t ic a l  D e n s i t y  w ith  Concen­

t r a t i o n  fo r -S ta n d a r d  Amounts o f  R ib o s e  a t  640 mp,, .
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T a b le  2 1 .  R ib o se  D e te r m in a t io n  ( P e r c h l o r i c  A c id -
Tryptophane Method) -  A b so r p t io n  D ata  a t  
64o mjjL. f o r  Lanthanum P r e c i p i t a b l e  P o r t io n s  

o f  A. n lg e r  and Mutant

E x t r a c t io n Ml. Used 0 . D.

R ib o se  
C o n c e n tr a t io n  
from Standard  

Curve

RNA
C o n c e n tr a t io n  

(RNA=3.2 r ib o s e )

F i r s t 2

( ijg . / m l . )

A. n ig e r

o .5 ^ S  33

( Ltg. / m l . )  

122

Third
( F i r s t

sam ple) 2 0 .5 3 0 36 115

(Second
sam ple) 2 0 .5 ^ 2 37 1 1 S

F i r s t 2

Mutant

0.11-92 33 10 6

T hird
( F i r s t
sam ple) 2 0 .5 0 0 3 4 109

( Second  
sam ple) 2 0 .^ 3 6 32 102
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D e s o x y r ib o s e  D e te r m in a t io n

D e te r m in a t io n s  o f  d e s o x y r ib o s e  w ere made u s i n g

(a )  th e  d ip h e n y la m in e  r e a g e n t  and (b) th e  p e r c h l o r i c  a c i d -  

tr y p to p h a n e  m ethod. The u se  o f  th e  d ip h e n y la m in e  r e a g e n t  

was c a r r i e d  o u t  a c c o r d in g  t o  th e  p r o c ed u r e  f o l lo w e d  by  

D av id so n  and Waymouth (32>). I t  i s  known tha.t w i th  t h i s  

method one can e x p e c t  r e c o v e r y  o f  no more th a n  50/̂  o f  th e  

d e s o x y r ib o s e  c o n t e n t  o f  t h e  sam p le . A b so r p t io n  was m easured  

a t  600 mp. w i t h  t h e  sp e c tr o p h o to m e te r  and c o n c e n t r a t io n  

c a l c u l a t e d  by com parison  w i t h  a  s ta n d a r d  curve  (T a b le  22 and 

F ig u r e  37) o b ta in e d  u s in g  s o l u t i o n s  o f  sodium  d e s o x y r ib o -  

n u c l e a t e .  R e s u l t s  a r e  g iv e n  i n  T a b le  2 3 .

D e te r m in a t io n  o f  d e s o x y r ib o s e  by th e  p e r c h lo r i c  

a c id - t r y p t o p h a n e  method was perform ed  a c c o r d in g  t o  t h e  p r o ­

c ed u r e  o f  Cohen ( 4 3 ) .  I wo mI« lanthanum  p r e c i p i t a t e

b e in g  I n v e s t i g a t e d ,  0 . 4  m l. o f  1% d l - t r y p t o p h a n e ,  and 2 . 4  m l. 

o f  oO% p e r c h l o r i c  a c id  c o n s t i t u t e d  th e  r e a c t i o n  m ix tu r e  w hich  

was h e a t e d  i n  a b o i l i n g  w a te r  b a th  f o r  10 m in u te s .  A f t e r  

c o o l i n g ,  th e  c o l o r  was e x t r a c t e d  w ith  3 a il .  o f  iso a m y l  

a l c o h o l  and a b s o r p t io n  d e te r m in e d  w i t h  th e  sp e c tr o p h o to m e te r

a t  500 mp,. C a l c u l a t io n  o f  d e s o x y r i b o n u c le i c  a c id  c o n te n t  was 

made by com p arison  w i t h  a s ta n d a r d  curve  (Tab l e  24 and 

F ig u r e  3^) drawn f o r  v a r io u s  amounts o f  sodium d e s o x y r ib o -  

n u c l e a t e  s u b j e c t e d  t o  th e  same t e s t .  The r e s u l t s  o f  t h e s e  

c a l c u l a t i o n s  a r e  shown i n  T a b le  2 5 .
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T a b le  2 2 . D e s o x y r ib o s e  D e te r m in a t io n  (D iphenylam ine  
R eagen t)  -  A b so r p t io n  D ata  a t  600 mu. fo r  
Standard Amounts o f  Sodium D e s o x y r ib o n u c le a te

DRNA 0 .  D.

(|Ug. )

il-0 0 .0 0 9

60 0 .0 2 0

SO 0 .0 3 3

150 0 .1 0 6

200 O .l^ S

250 0 .1 3 7
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D e so x y r ib o se  D e te r m in a tio n  (D ip h en ylam in e R eagen t) -  

V a r ia t io n  o f  O p tic a l  D e n s ity  w ith  C o n c e n tr a tio n  fo r  

Standard Amounts o f  Sodium D e so x y r ib o n u c le a te  a t

600 mp,.
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T ab le  2 3 . D e s o x y r ib o s e  D e te r m in a t io n  (D ip h en y lam in e  
R eagen t)  -  A b so r p t io n  D ata  a t  600 mp,. f o r  
La.nthanum P r e c i p i t a b l e  P o r t i o n s  (Secon d  
E x t r a c t io n )  o f  A. n i g e r  and Mutant

Organism Ml. U sed 0 .  D.
DPUA C o n c e n tr a t io n  B ased  

on Standard Curve
( p .g . / m l . )

A. n i g e r 3 0 .0 2 0 27

Mutant 3 0 . 0 1 ^ 2k

T ab le  2^. D e s o x y r ib o s e  Determins/fcion ( P e r c h lo r i c  A c id -  
Tryptophane Method) -  A b so r p t io n  Data, a t  
500 mp. f o r  Standard  Amounts o f  Sodium  

D e s o x y r ib o n u c le a t e

DRNA 0 .  D.

25 0 . 0 1 ^

50 0 .0 3 3

75 0 .0 5 0

100 0 .0 7 0

150 0 .1 0 9
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D e so x y r ib o se  D e te r m in a tio n  . ( P e r c h lo r ic '  A cid -T ryp top h an e  

M ethod) -  V a r ia t io n  o f  O p t ic a l  D e n s ity  w ith  C o n cen tra tio n ;  

f o r  S tan d ard  A ia p u p ts \o t  Sodium, D e so x y r ib o n u c le a te '. at"

500 mjj,.

,iV >C'; !".t. V
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10  g

T a b le  2 5 .  D e so x y r ib o se  D e te r m in a t io n  ( P e r c h lo r i c  A c id -  
Tryptophane Method) -  A b so r p t io n  D ata a t  
500 mp.. f o r  Lanthanum P r e c i p i t a b l e  P o r t io n s  
o f  A. n l g e r  and Mutant

E x t r a c t io n Ml. Used 0 . D. DRNA C o n c e n tr a t io n  
from Standard  Curve

F i r s t 2

A. n i g e r

O.063

( u g . / m l . )

Third
( F i r s t

sam ple) 2 0 . 06^

( Second  
sam ple) 2 O.069 52

F o u rth 2 0 .0 6 3 6l

F i r s t 2

Mutant

0 .0 5 2 39

T hird  
( F i r s t  

sam ple) 2 0 .0 5 7 ^2

( Second  
sam ple) 2 0 .0 5 3

F ourth 2 0 .0 9 2 6g
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Summary

The co m p a riso n ’ o f  t h e  n u c l e i c  a c i d  c o n te n t  o f  th e  

lanthanum  p r e c i p i t a b l e  p o r t i o n s  o f  t h e  fo u r  sodium c h l o r i d e  

e x t r a c t s  o f  A. n i g e r  and t h e  mutant i s  g iv e n  i n  T a b le  26 . 

B eca u se  o f  t h e  lo w  r e c o v e r y  known t o  b e  p r e s e n t  w ith  th e  u se  

o f  th e  a n i l i n e - a c e t a t e  and d ip h e n y la m in e  r e a g e n t s ,  NA co n c en ­

t r a t i o n s  b a s e d  on t h e s e  r e s u l t s  a r e  not g i v e n .

U s in g  th e  a v e r a g e  v a l u e s  f o r  th e  f i r s t  th r e e  

e x t r a c t i o n s ,  a  com parison o f  th e  two s t r a i n s  w ith  r e s p e c t  to  

c o n c e n t r a t i o n  o f  p h osp horus , n i t r o g e n ,  t o t a l  n u c l e i c  a c id ,  

r i b o s e ,  and d e s o x y r i b o n u c le ic  a c id  i s  g iv e n  i n  T ab le  27 .

B e ca u se  o f  th e  d i s t o r t e d  p h o s p h o r u s -n i t r o g e n  r a t i o  

o b t a in e d  f o r  th e  f i r s t  t h r e e  e x t r a c t i o n s ,  th e  f o u r t h  e x t r a c ­

t i o n  was done a c c o r d in g  t o  t h e  method s u g g e s t e d  by Mann (39)  

b u t  t h i s  d id  n ot y i e l d  a p p r e c ia b ly  d i f f e r e n t  phosphorus  

v a l u e s ;  in  a d d i t i o n ,  th e  n i t r o g e n  c o n c e n t r a t i o n s  were h ig h e r  

th a n  t h e  p r e v io u s  o n e s .  In  o r d e r  t o  c l a r i f y  th e  s i t u a t i o n  

t h e  a b s o r p t io n  s p e c t r a  i n  t h e  u l t r a v i o l e t  r e g io n  w ere  

i n v e s t i g a t e d .
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T a b le  26 . Comparison o f  N u c le ic  A cid  Content o f  
A. n i g e r  and M utant, B ased  on Three  

D i f f e r e n t  Methods

E x t r a c t io n
NA 

b a s e d  on 
n i t r o g e n

NA 
b a s e d  on 

A b so r p t io n  
a t  260 mu.

DRNA + RNA 
b a s e d  on  

p e r c h l o r i c  a c i d -  
tr y p to p h a n e  method

( p i g . / m l . ) (p ig . /m l . ) ( p i g . / m l . )

A. n i g e r

F i r s t 173 176 169

Second 1 ^ ISO 1^7

T hird 172 177 -

F o u rth 30 6 307 -

Mutant

F i r s t 160 155 1^5

Second 155 150 1^7

Third 15^ 1 62 -

F o u rth 239 23^ -
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T ab le  27 . Comparison o f  th e  A n a ly se s  o f  th e  Lanthanum
P r e c ip i t a b le  P o r t io n s  (N u c le ic  A cid  F r a c t io n s )  
o f  A." n ig e r  and Mutant

Su b sta n ce Method

R a t io  o f  
Cone e n t r a t i o n s , 

A. n i g e r  
Mutant

Phosphorus Fi sk e -  Subb aRo tv

% evil

N i t r o g e n M ic r o -K je ld a h l 1 .1 5
( C o lo r im e t r ic ) 1

N u c le ic  A cid A b so r p t io n  a t  260 mp.. 1 .1 4
1

R ib o se A n i l i n e - a c e t a t e 1 ,2 3
r e a g e n t 1

R ib o se P e r c h l o r i c  a c i d - 1 .1 2
tr y p to p h a n e 1

D e s o x y r ib o n u c le ic D iphenylam ine 1 .1 3
a c id r e a g e n t 1

D e s o x y r ib o n u c le ic P e r c h lo r i c  a c i d - 1 .2 3
a c id tr y p to p h a n e 1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



112

The u n iq u e  q u a l i t i e s  o f  th e  a b s o r p t io n  spectrum  o f  

n u c l e i c  acid, a r e  d is c u sse d ,  by Loofbourow ( 3 ^ ) .  T h is  a u th o r  

h as  shown e x p e r im e n t a l ly  t h a t  t h e  u l t r a v i o l e t  a b s o r p t io n  

spectrum  o f  thymus n u c l e i c  a c id  i s  e q u iv a le n t  to  t h e  sum o f  

th e  a b s o r p t io n  s p e c t r a  o f  i t s  p u r in e  and p y r im id in e  con­

s t i t u e n t s .  He a l s o  r e v ie w s  t h e  g e n e r a l  c h a r a c t e r i s t i c s  o f  

th e  a b s o r p t io n  s p e c t r a  o f  a  number o f  s u b s t a n c e s  o f  b iochem ­

i c a l  i n t e r e s t  i n  o rd er  t o  show how th e y  d i f f e r  from one

a n o th e r .  T h ese  c h a r a c t e r i s t i c s  may be summarized a s  fo llo '-vs:  

c a r b o h y d r a te s

m ost su g a r s  -  r a p id  r i s e  from  a b ou t 2300 A.

to  s h o r t e r  w a v e le n g th s  

f r u c t o s e  -  maximum a t  2200 A.

s o r b o s e  -  maximum a t  2750 A.

f a t t y  a c id s

s a t u r a t e d  -  r a p id  r i s e  from  2500 A. to  s h o r t e r  

w a v e le n g th s  

u n s a t u r a t e d  -  s i n g l e  b road  a b s o r p t io n  band  

amino a c id s

t j r r o s in e  -  i n  a c id  s o l u t i o n ,  maximum 2750-  

2200 A.

-  i n  a l k a l i n e  s o l u t i o n ,  maximum 2250-  

2900 A.

tr y p to p h a n e  -  maximum, 2 7 5 0 -2 2 0 0  A. 

p h e n y la la n in e  -  maximum, 25^ 0-2575  A.
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o t h e r s  n o t  c o n t a i n i n g

an a ro m a tic  n u c le u s  -  r i s e  from 2 5 0 0 -2 2 0 0  A.

t o  s h o r t e r  w a v e le n g th s

p u r in e s  and p y r im id in e s

a d e n in e  -  maximum a t  2625 A. 

g u a n in e  -  maxima, a t  2^60 and 273° A, 

u r a c i l  -  maximum a t  2600 A. 

thym ine -  maximum a t  2625 A. 

c y t o s i n e  -  maximum a t  2650 A,

n u c l e i c  a c id s

b road  maximum a t  2600 A. 

minimum a t  2300 A.

In  o r d e r  t o  t e s t  t h e  v a l i d i t y  o f  th e  c h a r a c t e r i s t i c s  

o f  t h e  a b s o r p t io n  spectrum  o f  n u c l e i c  a c i d ,  i n v e s t i g a t i o n  was 

made o f  th e  s p e c t r a  o f  m a t e r ia l  i s o l a t e d  from v a r io u s  s o u r c e s  

and p r e p a r ed  by  v a r io u s  m eth od s . A b so r p t io n  c u r v e s  were  

o b t a in e d  f o r

(a )  RNA (S ch w a rtz )  p u r i f i e d  by r e p r e c i p i t a t i o n  from  

a c e t i c  a c id  a c c o r d in g  t o  th e  method o f  K u n itz  (44-), g i v e n  i n  

F ig u r e  30 ,

(b) DHNA p rep ared  a s  t h e  sodium s a l t  from thymus 

by th e  m ethods o f  M irsky and P o l l i s t e r  (^5) and McCarty (^ 6 ) ,  

g iv e n  i n  F ig u re  30 ,

( c )  th e  lanthanum  p r e c i p i t a b l e  p o r t io n s  o f  RNA

a.nd DRNA p rep a red  by th e  method o f  D av id so n  and Waymouth (3£>), 

g i v e n  i n  F ig u re  3 2 ,
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(d) t h e  lanthanum  p r e c i p i t a b l e  p o r t i o n  o f  th e  

b i l e  s a l t  e x t r a c t  o f  C lo s tr id iu m  p e r f r ln g e n s  w h ich  had b een  

p r e p a r ed  by a m o d i f i c a t i o n  o f  th e  method o f  Henry and 

S ta c e y  ( 4 7 ) ,  g iv e n  i n  F ig u r e  32 ,

( e )  t h e  lanthanum  p r e c i p i t a b l e  p o r t i o n s  o f  th e  

t h r e e  sodium  c h l o r i d e  e x t r a c t s  o f  A. n i g e r  and mutant p r e ­

p ared  by th e  method o f  D a v id so n  and Waymouth (32>), g iv e n  i n  

F ig u r e s  33 a nd 3 4 ,

( f )  t h e  lanthanum  p r e c i p i t a b l e  p o r t i o n s  o f  t h e  

sodium c h l o r i d e  e x t r a c t s  o f  A,, n i g e r  and mutant p r e p a r ed  by 

a  c o m b in a t io n  o f  t h e  m ethods o f  Mann (39) ar*d D a v id so n  and 

Waymouth (J>&), g iv e n  i n  F ig u r e s  33 a nd 3 4 .

A l l  t h e s e  c u r v e s  showed t h e  maximum a b s o r p t io n  

a t  2600 Angstrom s w hich i s  t y p ic a l ,  o f  n u c l e i c  a c i d s .  On 

t h e  b a s i s  o f  t h e  a b s o r p t io n  a t  2o00 A .,  i t  was found t h a t  

(a )  t h e  fo u r t h  e x t r a c t i o n  showed h ig h e r  n u c l e i c  a c id  con cen ­

t r a t i o n  th a n  th e  f i r s t  t h r e e  e x t r a c t i o n s  f o r  b o th  th e  normal 

mold and t h e  m utant, (b) t h e  NA c o n c e n t r a t io n s  f o r  t h e  f i r s t  

t h r e e  e x t r a c t i o n s  a greed  among t h e m s e lv e s ,  and (c )  th e  NA 

c o n c e n t r a t i o n s  f o r  th e  f i r s t  t h r e e  e x t r a c t i o n s  a g r e e d  w ith  

th o s e  c a l c u l a t e d  from th e  n i t r o g e n  c o n t e n t .
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CHAPTER VII 

CONCLUSIONS''

In  none o f  th e  o b s e r v a t io n s  o r  d e te r m in a t io n s  

d id  th e  normal A. n ig e r  and t h e  mutant s t r a i n s  show th e  

same c h a r a c t e r i s t i c s .  The d i f f e r e n c e s  i n  th e  two s t r a i n s  

may b e  summarized a s  f o l l o w s :

1 .  The mutant i s  cream t o  l i g h t  tan  i n  c o lo r

i n s t e a d  o f  v e r y  darlc brown, s p o r u l a t i o n  i s  d e p r e s s e d ,  and

grow th  i s  s lo w e r  than  f o r  t h e  n o r a a l  A. n i g e r .

2 .  The mutant i s  more e f f i c i e n t  in  th e  p r o d u c t io n

o f  c i t r i c  a c i d ,  p r o d u c in g  more c i t r i c  a c i d  w ith  a u t i l i z a ­

t i o n  o f  l e s s  g l u c o s e .

3 .  The mutant i s  more r e s p o n s iv e  to  i n d i v i d u a l  

grow th s u b s ta n c e s  than th e  normal A. n i g e r .  i n d i c a t i n g  l o s s  

o f  s y n t h e s i z i n g  a b i l i t y  on t h e  p a r t  o f  t h e  m utant.

il-. A l l  t e s t s  on t h e  lanthanum  p r e c i p i t a b l e  

p o r t i o n s  o f  th e  two s t r a i n s  i n d i c a t e  a l e s s e r  n u c l e i c  a c id  

c o n t e n t  f o r  t h e  m utant.
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