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SUMMARY

The p u rp o se  o f  t h i s  w ork  was t o  i n v e s t i g a t e  t h e  a c t i v i t y  o f  two 

e n z y m e s , g lu ta m in e  s y n th e t a s e  (GNS) and  g lu ta m a te  s y n th a s e  (GTS) d u r in g  

gnow th  and  s p o r u l a t i o n  i n  B a c i l l u s  s u b t i l i s  l 6 8 . The c o u p le d  a c t i v i t y  o f  

t t i e s e  two enzymes i s  known t o  be  one r o u te  by  w h ich  ammonia i s  a s s i m i l a t e d  

i n  B a c i l l u s  sp p . Ammonia i s  known t o  be  a  r e p r e s s o r  o f  s p o r u l a t i o n  and  

t h e  o v e r a l l  a im  o f  t h e  w ork was t o  a s s e s s  th e  p o s s i b i l i t y  t h a t  one o r  b o th  

o f  t h e s e  enzymes may p l a y  a  r o l e  i n  t h e  r e p r e s s i o n  o f  s p o r u l a t i o n .  The 

i n v e s t i g a t i o n  a d o p te d  tw o  b ro a d  a p p ro a c h e s .  1 .  D e te rm in a t io n  o f  t h e  

s p e c i f i c  a c t i v i t i e s  o f  t h e  enzym es; f i r s t l y ,  d u r in g  g row th  o f  t h e  

o rg a n is m  in  m in im al medium w i th  v a r io u s  n i t r o g e n  s o u rc e s  and  s e c o n d ly ,  

d u r in g  s p o r u l a t i o n  in d u c e d  b y  e i t h e r  c a rb o n  o r  n i t r o g e n  l i m i t a t i o n .  2 . 

C h a r a c t e r i s a t i o n  o f  a  G T S -d e fe c tiv e  m u ta n t and  o b s e r v a t io n s  on i t s  a b i l i t y  

t o  s p o r u l a te  u n d e r  c o n d i t io n s  o f  c a rb o n  an d  n i t r o g e n  d e p r i v a t i o n .

A ssay  p r o c e d u r e s  f o r  GNS an d  GTS w ere d e v e lo p e d  b a s e d  on 

p r e v i o u s l y  p u b l is h e d  m e th o d s . B oth  enzym es w ere  fo u n d  a lm o s t e n t i r e l y  i n  

t h e  s o lu b le  f r a c t i o n  o f  b ro k e n  c e l l  s u s p e n s io n s .  GTS a c t i v i t y  was fo u n d  

t o  b e  s l i g h t l y  u n s ta b l e  on s to r a g e  an d  f o r  t h i s  r e a s o n  a l l  enzyme a s s a y s  

w e re  p e rfo rm e d  on f r e s h l y  p r e p a r e d  c e l l - f r e e  e x t r a c t s .

B. s u b t i l i s  168  grew  w e l l  i n  a  m in im al medium w i th  g lu c o s e  a s  

c a rb o n  s o u rc e  an d  e i t h e r  am m onia, L - a r g in in e  o r  L -g lu ta m in e  a s  n i t r o g e n  

s o u r c e .  I t  grew  more s lo w ly  w i th  L -g lu ta m a te  o r  n i t r a t e  an d  o n ly  v e ry  

s lo w ly  w ith  L - h i s t i d i n e  a s  s o u rc e  o f  n i t r o g e n .  The s p e c i f i c  a c t i v i t y  o f  

e i t h e r  GNS o r  GTS c o u ld  be  a l t e r e d  b y  v a r y in g  t h e  s o u rc e  o f  n i t r o g e n  

s u p p l i e d  f o r  g ro w th . GNS was r e p r e s s e d  when e i t h e r  am m onia, L -g lu ta m in e  

o r  L - a r g in in e  w ere  u s e d  a s  n i t r o g e n  s o u r c e ,  b u t  was d e r e p r e s s e d  when
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I t- g lu ta m a te  o r  n i t r a t e  w ere  u s e d . GTS was r e p r e s s e d  b y  L -g lu ta m a te  o r  

I j - a r g i n in e  and  t o  a  l e s s e r  e x te n t  by L - g lu ta m in e , b u t  was r e l a t i v e l y  

d e r e p r e s s e d  in  th e  p re s e n c e  o f  ammonia o r  n i t r a t e .  T hese  o b s e r v a t io n s  

s u p p o r te d  p r e v io u s  s u g g e s t io n s  t h a t  GNS was r e p r e s s e d  b y  L -g lu ta m in e  and  

GTS r e p r e s s e d  by  L -g lu ta m a te  i n  B a c i l l u s  s p p .

S p o r u la t io n  was o b ta in e d  u s in g  t h e  r e p la c e m e n t  t e c h n iq u e  w hereby  

e x p o n e n t i a l l y  g ro w in g  c e l l s  i n  a  r i c h  medium w ere  r e s u s p e n d e d  i n  a  p o o r  

m edium  t o  in d u c e  s p o r u l a t i o n .  T h is  p ro c e d u re  g iv e s  a  c l e a r l y  d e f in e d  

p o i n t  o f  i n i t i a t i o n  t o  t h e  p r o c e s s  and  a llo w s  good sy n c h ro n y  th ro u g h o u t  

t h e  c e l l  p o p u la t io n  d u r in g  s p o r u l a t i o n .  The c o m p o s i t io n  o f  t h e  

r e s u s p e n s io n  medium was a d ju s t e d  so  t h a t  s p o r u l a t i o n  c o u ld  b e  in d u c e d  

e i t h e r  by  s t a r v a t i o n  f o r  an  a d e q u a te  c a rb o n  s o u rc e  o r  b y  s t a r v a t i o n  f o r  a  

s o u r c e  o f  n i t r o g e n .  No s i g n i f i c a n t  a l t e r a t i o n s  i n  GNS o r  GTS s p e c i f i c  

a c t i v i t i e s  w ere d e te c te d  a t  20  m in o r  40 min a f t e r  i n i t i a t i o n  t o  s p o ru ­

l a t i o n  by  e i t h e r  c a rb o n  o r  n i t r o g e n  s t a r v a t i o n .  T h is  r e s u l t  i n d i c a t e d  

t h a t  r e p r e s s i o n  o r  d e r e p r e s s io n  o f  GNS o r  GTS p la y e d  no r o l e  i n  t h e  o n s e t  

o f  s p o r u l a t i o n ,  a l th o u g h  t r a n s i e n t  c h a n g es  i n  enzyme s p e c i f i c  a c t i v i t y  

c o u ld  n o t  be e x c lu d e d  by  t h e s e  e x p e r im e n t s .

A m u ta n t s t r a i n  ( g i t - 1 0 0 ) ,  i s o l a t e d  o r i g i n a l l y  a s  an a u x o tro p h  

r e q u i r i n g  L - g lu t  am ate  f o r  g ro w th , was more f u l l y  c h a r a c t e r i s e d  a n d  shown 

t o  l a c k  GTS a c t i v i t y .  T h is  s t r a i n  was u n a b le  t o  grow i n  m in im a l medium 

w i t h  ammonia a s  s o u rc e  o f  n i t r o g e n .  T h is  f a c t ,  c o u p le d  w i th  a  f a i l u r e  

t o  d e t e c t  g lu ta m a te  d e h y d ro g e n a se  a c t i v i t y  i n  c e l l - f r e e  e x t r a c t s ,  i n d i c a t e d  

t h a t  B. s u b t i l i s  l 68 l a c k s  g lu ta m a te  d e h y d ro g e n a se  c a p a b le  o f  a s s i m i l a t i n g  

am m onia. Ammonia a s s i m i l a t i o n  was assum ed  t o  o c c u r  v i a  t h e  c o u p le d  

r e a c t i o n s  c a t a ly s e d  by  GNS and  GTS a s  s t r a i n  g i t - 1 0 0 , w h ich  l a c k e d  a 

f u n c t i o n a l  GTS, was u n a b le  t o  grow w i th  amm onia. S t r a i n  g i t -1 0 0  was
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u n a b le  t o  s p o r u l a t e  u n d e r  c o n d i t io n s  w here t h e  p r o c e s s  was assum ed  t o  be 

i n i t i a t e d  b y  s t a r v a t i o n  f o r  an  a d e q u a te  n i t r o g e n  s u p p ly ,  a l th o u g h  i t  

s p o r u l a t e d  n o rm a lly  u n d e r  c o n d i t io n s  o f  c a rb o n  d e p r i v a t i o n .  The 

d e f i c i e n c y  i n  GTS a c t i v i t y  i n  s t r a i n  g i t - 1 0 0 , w h ich  p r e v e n te d  s u c c e s s f u l  

s p o r u l a t i o n  u n d e r  c o n d i t io n s  o f  n i t r o g e n  d e p r i v a t i o n ,  was a c t i v e  d u r in g  

■the i n i t i a l  2 .5  h o u rs  o f  s p o r u l a t i o n .  L -g lu ta m in e  h a s  p r e v i o u s ly  b een  

i m p l i c a t e d - a s  a  r e p r e s s o r - o f - s p o r u l a t i o n , - b u t  t h e  a c t i v i t i e s - o f  GNS fo u n d  

d u r in g  th e  o n s e t  o f  s p o r u l a t i o n  i n  t h e  w i ld - ty p e  and  s t r a i n  g l t -1 0 0  and  

t h e  s p o r u l a t i o n  b e h a v io u r  o f  t h e  m u ta n t s t r a i n  i n  v a r io u s  r e s u s p e n s io n  

m e d ia  te n d e d  t o  c o n f l i c t  w i th  t h i s  h y p o th e s i s .

I V
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7 I n c r e a s e  i n  e x t i n c t i o n  o f  c e l l s  o f  s t r a i n  g l t -1 0 0  

d u r in g  r e s u s p e n s io n  i n  v a r io u s  m ed ia .

V l l l



ABBREVIATIONS

ABP A d en o sin e  5 ' - d ip h o s p h a te

AMP = A d en o sin e  ^ '-m o n o p h o s p h a te

AP A lk a l in e  p h o s p h a ta s e

ATP — A denosine  5 '- t r i p h o s p h a t e

ESA B ovine  se rum  a lb u m in

cAMP - A d en o sin e  3 ' 5 ' “ c y c l i c  m onophosphate

CAP C a ta b o l i t e  gene  a c t i v a t o r  p r o t e i n

cGMP G uanosine  3 '5 ' - c y c l i c  m onophosphate

CTP C y tid in e  5 '" t r i p h o s p h a t e

DNA = D e o x y r ib o n u c le ic  a c id

rPA D i p i c o l in i c  a c id

E E x t in c t io n  c o e f f i c i e n t

EDTA E th y le n e d ia m in e t e t r a a c e t a t e

GBH G lucose  d e h y d ro g e n a se

GHA = y -g lu ta m y l  h y d ro x am ic  a c id

(ms G lu tam ine  s y n th e t a s e

GTS G lu tam a te  s y n th a s e

Km M ic h a e lis  c o n s ta n t

EADH = R educed N ic o tin a m id e  a d e n in e  d i n u c l e o t i d e

NADPH = R educed N ic o tin a m id e  a d e n in e  d i n u c l e o t i d e  p h o s p h a te

nm N a n o m e tre .

nm ole = Nanomole

p . s , i . Pound p e r  s q u a re  in c h

ENA R ib o n u c le ic  a c id

rpm = R e v o lu tio n s  p e r  m in u te

TME b u f f e r  = T ris -H C l + 3 -m e r c a p to e th a n o l  + EDTA b u f f e r

= T e m p e r a tu r e - s e n s i t iv e

T x is 2 -A m ino-2 -(hydroxym e t h y l  ) - l , 5 - p ro p a n e d io l

IX



V /v  = We i  g h t / volum e

l_g = M icrogram

Ijonole = M icrom ole

yGT = y - g lu ta m y l  t r a n s f e r a s e



INTRODUCTION



Morphology and b io ch em istry  o f  sp o ru la tio n

At t h e  end  o f  g ro w th , t h e  v e g e t a t i v e  c e l l s  o f  c e r t a i n  Gram 

p o s i t i v e  b a c t e r i a ,  n o t a b ly  a e r o b ic  ro d s  (B a c i l l u s  s p p . ) ,  a n a e r o b ic  ro d s  

( C lo s tr id iu m  S p p .)  a n d  a  few  c o c c i  ( S p o r o s a r c in a  s ip p .)  a r e  c o n v e r te d  t o  

e n d o s p o re s  th ro u g h  a  t im e - o r d e r e d  se q u en c e  o f  m o rp h o lo g ic a l  and  

"b io ch em ica l s t e p s .  The f i n a l  p r o d u c t ,  t h e  dorm ant e n d o s p o re , d i f f e r s  

c y t o l o g i c a l l y  and  p h y s i o l o g i c a l l y  from  t h e  v e g e t a t i v e  c e l l  . ( M u r r e l l ,  1 9 ^ 7 ) 

I n  m ic ro -o rg a n is m s  s p o re s  a r e  g e n e r a l l y  fo rm ed  a s  a  r e s p o n s e  t o  s t a r v a t i o n  

a n d  a r e  u s e d  by  t h e  o rg a n is m  t o  s u r v iv e  a  p e r io d  o f  n u t r i e n t  d e p r i v a t i o n  

i n  i t s  l i f e - c y c l e .  B a c t e r i a l  e n d o s p o re s  can  rem a in  dorm ant f o r  many 

y e a r s  and  a r e  v e ry  r e s i s t a n t  t o  e x tre m e s  o f  t h e  e n v iro n m e n t i n c l u d in g  h e a t , 

p r e s s u r e ,  d e s i c c a t i o n  an d  r a d i a t i o n .  T hese p r o p e r t i e s ,  t o g e t h e r  w i th  t h e  

p a th o g e n ic  a c t i v i t y  o f  some s p o r u l a t i n g  s p e c i e s ,  h av e  made them  o f  

i n t e r e s t  m e d ic a l ly  and  i n  t h e  fo o d  i n d u s t r y .

When an e n v iro n m e n t m ore s u i t e d  t o  g ro w th  i s  e n c o u n te re d  a g a in ,  

t h e  e n d o sp o re  may g e rm in a te  v e ry  r a p i d l y ,  l o s e  i t s  r e s i s t a n t  p r o p e r t i e s  

a n d  d u r in g  t h e  p r o c e s s  o f  o u tg ro w th  r e t u r n  t o  t h e  v e g e t a t i v e  s t a t e  once  

a g a in  (G ould  & H u r s t ,  1 9 6 9 ) .  F ig u re  1 i s  an i l l u s t r a t i o n  o f  t h e  s t r u c t u r e  

o f  an e n d o s p o re . O r i g i n a l l y  i t  was th o u g h t  t h a t  t h e  o u te rm o s t  l a y e r , 

t h e  e x o sp o riu m , was a b s e n t  fro m  s p o re s  o f  B. s u b t i l i s , b u t  r e c e n t  

e v id e n c e  s u g g e s ts  t h a t  B. s u b t i l i s  I 68 s p o r e s ,  a t  l e a s t ,  a r e  s u r ro u n d e d  by  

a  t i g h t l y  w rapped  e x o s p o r iu m - l ih e  o u t e r l a y e r  ( B a la s s a ,  1 9 7 6 ; A ronson  & 

F i t z - J a m e s ,  1 9 7 ^ ) . B e n e a th  t h i s  a r e  t h e  c o a t  l a y e r s  w h ich  a r e  p r o t e i n  i n  

n a t u r e .  The p o ly p e p t id e s  m ak ing  up t h e  c o a t  l a y e r s  a r e  u n iq u e  t o  t h e

s p o r e .  They a r e  r i c h  i n  t h e  am ino a c id  c y s te in e  w h ich  i s  a b le  t o  fo rm  a

d i s u l p h i d e  b r id g e  w i th  a  c y s t e i n e  r e s i d u e  i n  an a d ja c e n t  p o ly p e p t id e  an d  

t h i s  c r o s s - l i n k i n g  b e tw e en  p o ly p e p t id e s  g iv e s  t h e  c o a t  l a y e r s  r i g i d i t y .



F ig u re  1 .  D iagram  i l l u s t r a t i n g  t h e  s t r u c t u r a l  com ponents o f  a

t y p i c a l  b a c t e r i a l  s p o re  ( a  m o d if ie d  d raw in g  t a k e n  from  

M andelstam  & M e Q u ille n , 1973)
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A ronson  & F i tz - J a m e s  (1976 ) h av e  r e c e n t l y  re v ie w e d  t h e  s t r u c t u r e  o f  

t h e  s p o re  c o a t  l a y e r .  B e n e a th  t h e  c o a t  l a y e r  i s  t h e  c o r t e x  w h ich  i s  a  

p e p t id o g ly c a n  s t r u c t u r e  s i m i l a r  t o  t h a t  o f  t h e  v e g e t a t i v e  c e l l  w a l l . 

H ow ever, t h e r e  i s  l e s s  c r o s s - l i n k i n g  o f  t e t r a p e p t i d e  r e s i d u e s  i n  t h e  

s p o re  c o r t e x  and  t h i s ,  t o g e t h e r  w i th  t h e  a b se n c e  o f  t e i c h o i c  a c i d s ,  

m akes i t  a  l e s s  r i g i d  s t r u c t u r e  t h a n  th e  c e l l  w a l l  (T ip p e r  & G a u th ie r ,  

1 9 7 2 ) .  T h is  f l e x i b i l i t y  i s  im p o r ta n t  b e c a u se  d u r in g  m a tu r a t io n  o f  t h e  

s p o re  th e  c o r t e x  s t r u c t u r e  i s  th o u g h t  t o  expand  an d  d e h y d ra te  t h e  i n n e r  

p r o t o p l a s t  a s  a  r e s u l t  o f  h ig h  o s m o tic  p r e s s u r e  (G ould  & B r in g ,  1 9 7 5 )-  

The c o n se q u e n t low  w a te r  c o n te n t  o f  t h e  p r o t o p l a s t  i s  th o u g h t  t o  h e lp  t o  

g iv e  th e  s p o re  many o f  i t s  r e s i s t a n t  p r o p e r t i e s  and  i s  t h e  r e a s o n  th e  

s p o re s  a p p e a r  r e f r a c t i l e  when v iew e d  i n  th e  p h a s e - c o n t r a s t  m ic ro s c o p e .

The in n e rm o s t l a y e r  o f  t h e  c o r t e x ,  t h e  germ  c e l l  w a l l ,  r e s e m b le s  t h e  

v e g e t a t i v e  c e l l  i n  s t r u c t u r e  (T ip p e r  & G a u th ie r ,  1 9 7 2 ) . I t  becom es t h e  

new em erg ing  c e l l  on g e rm in a t io n  o f  t h e  s p o re  when t h e  dorm ant s t a t e  i s  

b ro k e n  and t h e  c o r t e x  and  c o a t  l a y e r s  a r e  l o s t  (G ou ld  & H u r s t ,  I 9 6 9 ) .

A l l  t h e s e  s t r u c t u r e s  s u r ro u n d  t h e  p r o t o p l a s t  w h ich  i s  bounded  by  a  

m embrane and c o n ta in s  a l l  t h e  n e c e s s a r y  m a t e r i a l s  f o r  t h e  o u tg ro w th  o f  a  

new  c e l l  su ch  a s  r ib o s o m e s , p r o t e i n  s y n th e s i s  m a c h in e ry , enzym es an d  a 

c o m p le te  chromosome f o r  r e p l i c a t i o n .  The p r o t o p l a s t  a l s o  c o n ta in s  many 

o f  t h e  enzymes fo u n d  i n  t h e  g ro w in g  c e l l  (K o rn b erg  ^  , 1 9 6 8 ) a n d  t h e s e

a r e  th o u g h t  t o  be  s t a b i l i s e d  d u r in g  dorm ancy by c h e l a t i o n  w i th  a  compound 

u n iq u e  t o  t h e  e n d o s p o re , c a lc iu m  d i p i c o l i n a t e . T h is  compound c a n  make

up 5- 15% o f  t h e  d ry  w e ig h t o f  t h e  e n d o s p o re s  d e p e n d in g  on th e  s p e c i e s  

( M u r r e l l , 1 9 6 9 ) .  I t  i s  th o u g h t  t o  i n a c t i v a t e  r e v e r s i b l y  t h e  enzym es 

w i t h in  t h e  s p o re  and  so  a llo w s  th em  t o  w i th s ta n d  t h e  e x tre m e s  o f  

e n v iro n m en t w h ich  w ould  d e n a tu r e  th em  i n  t h e  v e g e t a t i v e  c e l l  (K eynan ,

1 9 7 2 ) .



As i t s  name i n d i c a t e s ,  th e  endospore i s  form ed w ith in  th e  

v e g e t a t iv e  c e l l  and when m ature i s  r e le a s e d  by l y s i s  o f  th e  m other c e l l .  

The s t r u c t u r a l  changes w hich accompany th e  t r a n s i t i o n  from growth t o  

sp o r e  form ation  have been  exam ined by e le c t r o n  m icro sco p y . They can  

c o n v e n ie n t ly  be d iv id e d  in t o  sev en  s ta g e s  (R y te r , 19^5) w hich  are  

r e p r e s e n te d  in  F igu re 2 . The work o f  Young & F itz -J a m e s  (1959) w ith  

B . c e r e u s , R yter (1965) w ith  B. s u b t i l i s  and Ohye & M u rrell ( 1 9 6 2 ) w ith  

E . co a g u la n s showed th a t  th e  m o rp h o lo g ic a l changes d u rin g  th e  p r o c e ss  

a r e  s im i la r  fo r  each  s p e c ie s .  The p r o c e ss  can be tim ed  from th e  end o f  

e x p o n e n t ia l  growth ( t - z e r o )  and u s u a l ly  ta k e s  7 -8  hours a t  37^C.

S tage 0 . T h is i s  t h e  v e g e t a t iv e  s ta g e  a t  th e  end o f  growth  

when each  c e l l  w i l l  c o n ta in  a t  l e a s t  two chromosomes as compact b o d ie s .

S tage  I . Form ation o f  a x ia l  ch rom atin . The chromosomes form  

a  s in g le  a x ia l  f ila m e n t  o f  chrom atin  in  th e  c e n tr e  o f  th e  c e l l  and t h i s  

i s  p rob ab ly  co n n ected  t o  th e  c e l l  membrane by mesosome a ttach m en ts  

(M andelstam , Kay & H r a n u e li, 1 9 7 5 ) .

S tage  I I . S e p ta t io n . A septum  i s  form ed by membrane 

in v a g in a t io n  a t one p o le  o f  th e  c e l l .  T h is septum  i s  c l e a r ly  d i s t in g u i s h ­

a b le  from a normal c e l l  d iv i s io n  septum  by i t s  p o la r  p o s i t i o n  and th e  

f a c t  th a t  l i t t l e  p e p tid o g ly c a n  i s  l a i d  down betw een  th e  septum  membranes. 

The septum  s e p a r a te s  one chromosome from  t h e  o th e r  in  what can be  

c o n s id e r e d  now a d o u b le - c e l le d  organ ism  or  sporangium .

S tage  I I I . T h is i s  th e  fo rm a tio n  o f  th e  p r o to p la s t  f r e e  w ith in  

t h e  m other c e l l  brought about by grow th o f  th e  membrane and movement o f  

t h e  septum , a t  th e  p o in t  o f  a ttach m en t t o  th e  m other c e l l  membrane, 

tow ard s th e  p o le  o f  th e  c e l l .  One chromosome i s  now e n c lo s e d  w ith in  th e  

p r o t o p la s t  and th e  o th e r  l e f t  in  th e  m other c e l l .



F ig u re  2 .  S ch em atic  r e p r e s e n t a t i o n  o f  t h e  m o rp h o lo g ic a l  c h a n g es  

a s s o c i a t e d  w ith  t h e  s t a g e s  o f  s p o r u l a t i o n  (show n by  

th e  Roman n u m e r a ls ) .  Taken from  M andelstam  & Me Q u i l le n  

(1 9 7 3 ) .
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s ta g e  IV . The c o r t e x  and  germ  c e l l  w a l l  a r e  l a i d  down b e tw een  

t h e  d o u b le  membrane o f  t h e  p r o t o p l a s t .  At t h i s  s ta g e  t h e  s p o re  b e g in s  

t o  a p p e a r  r e f r a c t i l e  u n d e r  p h a s e - c o n t r a s t  m ic ro sc o p y .

S ta g e  V. The c o a t  l a y e r s  a r e  d e p o s i t e d  a ro u n d  t h e  c o r t e x  and  

a t  t h i s  s ta g e  t h e  s p o re  d e v e lo p s  r e s i s t a n c e  t o  o r g a n ic  c h e m ic a ls  su c h  a s  

n - o c t a n o l  ( R y te r ,  1 9 6 5 ) .

S ta g e  V I . T h is  i s  t h e  s t a g e  o f  m a tu r a t io n  when t h e  s p o re  

d e v e lo p s  r e s i s t a n c e  t o  h e a t  an d  becom es f u l l y  p h a s e - b r ig h t  i n  t h e  

m ic r o s c o p e .

S ta g e  V I I . The m o th e r  c e l l  l y s e s  and  r e l e a s e s  th e  f u l l y  m a tu re

s p o r e .

To o b ta in  s p o r u l a t i o n  i n  l i q u i d  medium one o f  tw o t e c h n iq u e s  

a r e  commonly u s e d , b o th  in v o lv in g  s t a r v a t i o n  o f  t h e  c e l l s .  The f i r s t  i s  

t h e  " e x h a u s t io n "  p ro c e d u re  i n  w h ich  b a c t e r i a  a r e  grown in  a  medium u n t i l  

-they  u se  up some e s s e n t i a l  n u t r i e n t  and  th e n  s p o r u l a t e  ( S c h a e f f e r ,  1 9 6 9 ) . 

The seco n d  i s  t h e  " re p la c e m e n t"  t e c h n iq u e  in  w h ich  t h e  c e l l s  a r e  f i r s t  

grown in  a  r i c h  medium and  t h e n  d u r in g  th e  e x p o n e n t i a l  p h a se  a r e  t r a n s ­

f e r r e d  t o  a  p o o r  medium ( S t e r l i n i  & M andels tam , I 9 6 9 ) .  T h is  " s h i f t - d o w n "  

p r o c e d u re  t r i g g e r s  s p o r u l a t i o n  an d  may in v o lv e  s t a r v a t i o n  f o r  a  good 

c a rb o n  o r  n i t r o g e n  s o u r c e .  The e x p e r im e n ts  on s p o r u l a t i o n  in  t h i s  w ork 

■were p e rfo rm e d  u s in g  t h e  r e p la c e m e n t  te c h n iq u e  ( s e e  M a te r ia l s  and  M ethods 

s e c t i o n ) .  T h is  was p r e f e r r e d  a s  i t  g iv e s  a  c l e a r l y  d e f in e d  s t a r t i n g  

p o i n t , b e t t e r  sy n c h ro n y  th ro u g h o u t  t h e  p r o c e s s ' and  a llo w s  th e  

c o m p o s itio n  o f  t h e  m ed ia  t o  b e  c o n v e n ie n t ly  a l t e r e d .

Use o f  s p o r u l a t i o n  d e f e c t i v e  m u ta n ts

The p r o c e s s  o f  s p o r u l a t i o n  in  B a c i l l u s  s p p .  h a s  r e c e iv e d  so  much



a t t e n t i o n  b e c a u s e  i t  can  be  c o n s id e r e d  a s  a  p r i m i t i v e  fo rm  o f  c e l l u l a r  

d i f f e r e n t i a t i o n  (M an d e lstam , 1 9 7 6 ) . As d i s c u s s e d  above th e  s p o re  h a s  

many c h a r a c t e r i s t i c s  w h ich  d i f f e r  m a rk e d ly  from  t h o s e  o f  t h e  g ro w in g  c e l l .  

I t  m ig h t be hoped  t h a t  in f o r m a t io n  a b o u t t h e  r e g u l a t i o n  o f  t h i s  r e l a t i v e l y  

s im p le  p r o c e s s  m igh t g iv e  some i n s i g h t  i n t o  t h e  c o n t r o l  m echanism s 

g o v e rn in g  g row th  and  d i f f e r e n t i a t i o n  i n  h ig h e r  e u k a ry o te s  and h e lp  to w a rd s  

a n  u n d e r s ta n d in g  o f  such  t h i n g s  a s  c a n c e r  w here c e l l s  f a i l  t o  d i f f e r e n t i a t e  

i n  t h e  no rm al m anner. The u l t i m a t e  a im  o f  t h e  s tu d y  o f  s p o r u l a t i o n  w i l l  

b e  t o  d e s c r ib e  how th e  s t r u c t u r a l  c h a n g e s  a r e  c o n t r o l l e d  by th e  b io c h e m ic a l  

r e a c t i o n s  w i th in  t h e  c e l l .  F o r  t h i s  t o  happen  i t  w i l l  be  e s s e n t i a l  t o  

d i s t i n g u i s h  b e tw een  t h e  b io c h e m ic a l  a c t i v i t i e s  w h ich  a r e  n e c e s s a r y  f o r  

s p o r u l a t i o n  and  th o s e  w h ich  o c c u r  i n c i d e n t a l l y .  S c h a e f f e r  (1 9 6 9 ) 

s u g g e s te d  t h a t  t h e  f o l lo w in g  w ere  n e c e s s a r y  p r e - r e q u i s i t e s  f o r  s p o r u l a t i o n  

t o  o c c u r :  a )  N u c le o t id e s  an d  am ino a c id s  f o r  n u c le i c  a c id  and  p r o t e i n

s y n t h e s i s .  As s p o r u l a t i o n  o c c u r s  u n d e r  s t a r v a t i o n  c o n d i t io n s  t h e s e  w i l l  

n o t  be  s u p p l ie d  by t h e  medium and  m ust b e  d e r iv e d  by  d e g r a d a t io n  o f  

e x i s t i n g  p o ly m e rs . b )  A r e a d y  s u p p ly  o f  e n e rg y  i n  t h e  fo rm  o f  ATP t o  

d r i v e  t h e  b i o s y n t h e t i c  r e a c t i o n s .  O nly  a  f u n c t i o n a l  t r i c a r b o x y l i c  a c id  

c y c l e  and  an  i n t a c t  r e s p i r a t o r y  c h a in  w i l l  p r o v id e  enough e n e rg y  f o r  

s p o r u l a t i o n .  c )  E x p re s s io n  o f  s p o r u l a t i o n  s p e c i f i c  gen es  (w h ich  re m a in  

r e p r e s s e d  d u r in g  g ro w th ) t o  a l lo w  s y n th e s i s  o f  new p r o t e i n s  w h ich  d i r e c t  

t h e  m a n u fa c tu re  o f  t h e  s p o re .

A p a rt from  t h e  g e n e r a l  r e q u i r e m e n ts  g iv e n  above i t  i s  d i f f i c u l t  

t o  know w hich  b io c h e m ic a l  c h a n g es  a r e  e s s e n t i a l  f o r  s p o r u l a t i o n .  Enzymes 

s y n t h e s i s i n g  t h e  com ponents u n iq u e  t o  t h e  s p o r e ,  e . g .  DPA o r  s p o re  c o a t  

p r o t e i n  w i l l  be  th e  o n ly  o b v io u s  r e q u i r e m e n t .  The s tu d y  o f  m u ta n ts  

w h ic h  a r e  u n a b le  t o  fo rm  n o rm a l s p o re s  h a s  h e lp e d  t o  c a t e g o r i s e  some o f  

t h e  b io c h e m ic a l  ch an g es  w h ich  accom pany s p o r u l a t i o n .  S p o r u la t io n  m u ta n ts



c a n  e a s i l y  b e  o b ta in e d  a s  t h e y  f a i l  t o  p ro d u c e  a  brow n p ig m en t 

c h a r a c t e r i s t i c  o f  w i ld - ty p e  s p o re s  and  many have  b e e n  s tu d i e d  ( s e e  

P i g g o t & C o o te , 1976  f o r  r e v ie w  o f  s p o r u l a t i o n  m u ta t i o n s ) .  M u ta tio n s  

i n  e v e n ts  n o t  r e q u i r e d  f o r  s p o r u l a t i o n  s h o u ld  hav e  no e f f e c t  on t h e  

a b i l i t y  o f  t h e  s t r a i n  t o  fo rm  s p o r e s .  C o n v e rs e ly , m u ta t io n s  i n  e v e n ts  

r e q u i r e d  f o r  s p o r u l a t i o n  s h o u ld  p r e v e n t  s p o re  fo rm a tio n  and  i f  t h e  

m u ta te d  e v e n t  i s  s p e c i f i c  t o  s p o r u l a t i o n  i t  s h o u ld  hav e  no e f f e c t  on 

g ro w th . In  a d d i t i o n ,  b io c h e m ic a l  e v e n ts  in v o lv e d  i n  s p o r u l a t i o n  sh o u ld  

n o t  be e x p re s s e d  i n  s p o r u l a t i o n  d e f e c t i v e  m u ta n ts .  Some exam ples  w i l l  

s e r v e  t o  i l l u s t r a t e  t h e s e  p o i n t s .  A m u ta n t o f  B. s u b t i l i s  w h ich  i s  

t e m p e r a t u r e - s e n s i t i v e  f o r  s p o r u l a t i o n  h a s  an accom pany ing  t e m p e r a tu r e -  

s e n s i t i v e  s e r i n e  p r o t e a s e  (L e ig h to n  & D o i, 1 9 7 3 ) . A n o th e r  B. s u b t i l i s  

m u ta n t w ith  r e d u c e d  e x t r a c e l l u l a r  p r o te a s e  a c t i v i t y  show ed r e d u c e d  i n t r a ­

c e l l u l a r  p r o t e i n  t u r n o v e r  (M andelstam  & W a ite s ,  I 9 6 8 ) .  The e f f e c t  o f  

t h e s e  m u ta t io n s  on s p o r u l a t i o n  may r e f l e c t  t h e  r e q u i r e m e n t  f o r  p r o t e i n  

t u r n o v e r  d u r in g  t h e  p r o c e s s .  In  t h e  m u ta n ts  l a c k i n g  t h e  n e c e s s a r y  

p r o t e a s e  t h i s  t u r n o v e r  p re su m a b ly  d o es  n o t  o c c u r ,  w i th  a  c o n s e q u e n t 

e f f e c t  on s p o r u l a t i o n .  M u ta tio n s  i n  many enzym es o f  t h e  t r i c a r b o x y l i c  

a c i d  c y c le  c a u se  a  b lo c k  a t  s ta g e  0 o r  I  o f  s p o r u l a t i o n  ( F o r tn a g e l  & 

F r e e s e ,  1 9 6 8 ) . They c a n n o t m a in ta in  s u f f i c i e n t  q u a n t i t i e s  o f  ATP f o r  

s p o r u l a t i o n  ( F r e e s e ,  1 9 7 2 ) . M u ta tio n s  w h ich  g iv e  r i s e  t o  a  d e f e c t i v e  

a -a m y la s e  do n o t  a f f e c t  s p o r u l a t i o n  ( S c h a e f f e r ,  I 9 6 9 ) .  Thus u n l ik e  th e  

p r o t e a s e  a c t i v i t i e s  m e n tio n e d  above t h i s  enzyme i s  n o t  a s s o c i a t e d  w ith  

s p o r u l a t i o n ,  b u t  i t  a p p e a rs  d u r in g  t h e  p r o c e s s  p r o b a b ly  a s  a  r e s p o n s e  

t o  t h e  s t a r v a t i o n  c o n d i t io n s  u s e d  t o  in d u c e  th e  p r o c e s s .

Many b io c h e m ic a l  a c t i v i t i e s  a s s o c i a t e d  w i th  s p o r u l a t i o n  in c r e a s e  

I n  a c t i v i t y  a t  p a r t i c u l a r  t im e s  d u r in g  t h e  p r o c e s s  (W a rre n , I 968 ; W a ites



, 1 9 7 0 ) . Thus an i n c r e a s e  i n  e x o - p r o te a s e  a c t i v i t y  i s  a s s o c i a t e d  

w i th  t h e  v e ry  e a r l i e s t  s ta g e  (O -  I ) ,  an  i n c r e a s e  i n  a l k a l i n e  p h o s p h a ta s e  

Ca p ) a c t i v i t y  w i th  s ta g e  I I ,  an  i n c r e a s e  i n  g lu c o s e  d e h y d ro g e n a se  (GDH) 

a c t i v i t y  w i th  s ta g e  I I I  and  th e  s y n th e s i s  o f  d i p i c o l i n i c  a c id  w i th  s ta g e  

IV  -  V (W a ite s  ab , 1 9 7 0 ; C o o te , 1 9 7 2 ) . Many s p o r u l a t i o n  d e f e c t i v e  

m u ta n ts  have  b e e n  i s o l a t e d .  The m o rp h o lo g ic a l  s ta g e  a t  w h ich  t h e  c e l l s  

becam e b lo c k e d  was d e te rm in e d  by  e l e c t r o n  m ic ro sc o p y  and  t h e  a c t i v i t y  o f  

v a r io u s  b io c h e m ic a l  m a rk e rs  su ch  a s  t h o s e  above was a l s o  a s s a y e d  i n  t h e  

m u ta n ts  (W a ite s  e t  , 1 9 7 0 ; C o o te , 1 9 7 2 ) . I t  was c l e a r  from  t h i s  w ork 

t h a t  f o r  any one m u ta n t th e  s t r u c t u r a l  ch an g es  and  b io c h e m ic a l  a c t i v i t i e s  

w o u ld  p ro c e e d  n o rm a lly  up t o  t h e  b lo c k ,  b u t  when d e v e lo p m en t s to p p e d  a s  a  

r e s u l t  o f  t h e  m u ta t io n  so  t h e  i n c r e a s e  i n  b io c h e m ic a l  a c t i v i t i e s  n o rm a l ly  

a s s o c i a t e d  w i th  l a t e r  e v e n ts  d id  n o t  o c c u r .

Thus t h e  s tu d y  o f  s p o r u l a t i o n  d e f e c t i v e  m u ta n ts  e s t a b l i s h e d  

t h a t  a  num ber o f  b io c h e m ic a l  a c t i v i t i e s  such  a s  e x o p r o t e a s e ,  AP and  GDH 

w ere  in v o lv e d  i n  some way w i th  t h e  p r o c e s s  b e c a u s e  t h e y  f a i l e d  t o  o c c u r  in  

m u ta n ts  b lo c k e d  b e f o r e  t h e  s ta g e  i n  t h e  p r o c e s s  a t  w h ich  t h e y  i n c r e a s e d  in  

a c t i v i t y .  I n  a d d i t i o n ,  t h e  f a c t  t h a t  a  m u ta tio n  p r e v e n te d ,  i n  m ost c a s e s ,  

a l l  s u b s e q u e n t d e v e lo p m en t i n d i c a t e d  t h a t  t h e  p r o c e s s  c o u ld  be  r e g a r d e d  

a s  a  d e p e n d en t se q u en c e  o f  e v e n ts  w here  l a t e r  s t e p s  d e p en d ed  on t h e  

s u c c e s s f u l  c o m p le tio n  o f  e a r l i e r  o n e s .

More r e c e n t l y  th e  s tu d y  o f  m u ta n ts  h a s  p la y e d  an  i n c r e a s i n g l y  

im p o r ta n t  r o l e  i n  p r o v id in g  in f o r m a t io n  on t h e  r e g u l a t i o n  o f  t h e  p r o c e s s .  

The c o n s t r u c t i o n  o f  s t r a i n s  c a r r y in g  tw o s p o r u l a t i o n  m u ta t io n s  (C o o te  & 

l îa n d e ls ta m , 1973) s u b s t a n t i a t e d  f o r  t h e  m ost p a r t  t h e  i d e a  o f  a  d e p e n d e n t 

se q u e n c e  o f  e v e n ts  f o r  t h e  c o n t r o l  o f  t h e  p r o c e s s .  A m u ta t io n  w h ich  

a f f e c t e d  an e a r l y  e v e n t  i n  s p o r u l a t i o n ,  when in t r o d u c e d  i n t o  a  s t r a i n



c o n ta i n in g  a  m u ta tio n  w h ich  a f f e c t e d  a  l a t e r  s t a g e ,  d e te rm in e d  th e  

p h e n o ty p e  o f  t h e  d o u b le  m u ta n t.  T h is  a t  l e a s t  was t r u e  when m u ta t io n s  

u p  t o  and  in c lu d in g  s ta g e  I I I  w ere  u s e d  t o  c o n s t r u c t  t h e  d o u b le  m u ta n ts .

When m u ta tio n s  a f f e c t i n g  l a t e r  s t a g e s  w ere u s e d  th e  p h e n o ty p e s  o f  t h e  

d o u b le  m u ta n ts  i n  some c a s e s  w ere  d i f f e r e n t  from  e i t h e r  o f  t h e  p a r e n t  

s t r a i n s .  T h is  ty p e  o f  r e s u l t  was e x p la in e d  by  s u g g e s t in g  t h a t  t h e  tw o 

m u ta t io n s  w ere n o t  p a r t  o f  a  d e p e n d e n t s e q u e n c e , b u t  w ere in v o lv e d  in  

s e p a r a t e  pa thw ays e a c h  in d e p e n d e n t  o f  t h e  o t h e r .  T h is  i n d i c a t e d  t h a t  

s p o r u l a t i o n  was n o t  com posed o f  a  s i n g l e  p a thw ay  o f  d e p e n d e n t e v e n ts  

d u r in g  i t s  l a t e r  s t a g e s .  I t  was s u g g e s te d  t h a t  tw o o r  more p a th w a y s  

m ig h t ru n  in  p a r a l l e l  e s p e c i a l l y  d u r in g  t h e  l a t e r  s t a g e s  (C o o te  & M an d e ls tam , 

1 9 T 3 ) .

The w ork d i s c u s s e d  above  i n d i c a t e d  t h a t  spo  m u ta t io n s  w ere  

p l e i o t r o p i c ,  i . e .  a  s p o r u l a t i o n  m u ta t io n  p r e v e n te d  a l l  s u b s e q u e n t e v e n ts  

o n  t h e  pa thw ay  a f t e r  i t s  e x p r e s s io n .  The u se  o f  c o n s t r u c te d  d o u b le  

m u ta n ts  was a b le  t o  show , i n  many c a s e s ,  t h e  o r d e r  o f  e x p r e s s io n  o f  

d i f f e r e n t  spo l o c i  i d e n t i f i e d  b y  t h e  p l e i o t r o p i c  spo  m u ta t io n s .  T h is  

w ork  d id  n o t  i n d i c a t e  t h e  e x a c t  t im e  when a  p a r t i c u l a r  l o c u s ,  c h a r a c t e r ­

i s e d  b y  a  spo m u ta t io n ,  was e x p r e s s e d  d u r in g  t h e  p r o c e s s .  S p o r u la t io n  

c o u ld  r e a s o n a b ly  be  e x p e c te d  t o  c o n t in u e  f o r  some t im e  a f t e r  a  m u ta te d  

^ n e  h ad  been  e x p re s s e d .  The s tu d y  o f  c o n d i t i o n a l  t e m p e r a t u r e - s e n s i t i v e  

( t s )  m u ta n ts  p ro v id e d  some in f o r m a t io n  on t h e  e x a c t  t im e  t h a t  a  spo  

m u ta t i o n - th a t  a f f e c t e d  a  p a r t i c u l a r  s ta g e  was e x p re s s e d  and  a l s o  f o r  how 

lo n g  d u r in g  t h e  p r o c e s s  i t  was e x p r e s s e d .  The w ork w i th  t s  m u ta n ts  h a s  

b e e n  re v ie w e d  e ls e w h e re  (P ig g o t  & C o o te , 1 9 7 6 ) ,  b u t  t h e  m ost s i g n i f i c a n t  

o b s e r v a t io n  seems t o  be  t h a t  t h e  spo  l o c i  v a ry  g r e a t l y  i n  t h e  l e n g t h  o f  

t im e  th e y  a r e  e x p re s s e d  d u r in g  t h e  p r o c e s s .  Thus a  t s  spo m u ta t io n  w h ich  

a f f e c t e d  s e r i n e  p r o te a s e  a c t i v i t y  was i n  a  lo c u s  whose e x p r e s s io n  was
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r e q u i r e d  f o r  a t  l e a s t  t h e  f i r s t  3 h o u rs  o f  t h e  p r o c e s s  (L e ig h to n  e;b a l . , 

1 9 7 2 ) .  On th e  o t h e r  h an d  a n o th e r  t s  spo  m u ta t io n ,  w h ich  a f f e c t e d  some 

e v e n t  d u r in g  s ta g e  I I  o f  t h e  p r o c e s s ,  was i n  a  lo c u s  whose e x p r e s s io n  was 

o n ly  r e q u i r e d  f o r  15 min (Y oung, 1 9 7 6 ) .

The s t u d i e s  o f  s p o r u l a t i o n  d e f e c t i v e  m u ta n ts  have  c l e a r l y  

"thrown some l i g h t  on t h e  m anner i n  w h ich  s p o re  f o rm a tio n  may h e  r e g u l a t e d .  

S c o re s  o f  m u ta n ts  have  b e e n  c h a r a c t e r i s e d  m o rp h o lo g ic a l ly  and  b io c h e m ic a l ly .  

I n  a d d i t i o n ,  t h e  p o s i t i o n s  o f  t h e  spo  m u ta t io n s  on t h e  chromosome o f  

B . s u b t i l i s  l6 8  have  b e e n  d e te rm in e d  i n  many c a s e s  by  a  c o m b in a tio n  o f  

" t r a n s d u c t io n  and  t r a n s f o r m a t io n  t e c h n i q u e s .  The m apping  d a ta  r e l a t i n g  

t o  spo  m u ta t io n s  i s  sum m arised  e ls e w h e re  (P ig g o t  & C o o te , 1 9 7 6 ) . To d a te  

o v e r  30 spo  l o c i  have  b e e n  l o c a t e d  on t h e  g e n e t i c  map and  t h e  p o s i t i o n  o f  

t h e s e  i n  r e l a t i o n  t o  n o n - s p o r u l a t i o n  l o c i  a r e  shown in  F ig u re  3.

The l o c i  have  b e e n  i d e n t i f i e d  by t h e  spo m u ta t io n s  w h ich  a r e  

r e c o g n i s e d  b y  t h e i r  e f f e c t  on t h e  s p o r u l a t i o n  b e h a v io u r  o f  t h e  m u ta n t s t r a i n s  

F o r  t h i s  r e a s o n  th e  p r o d u c ts  o f  t h e  g en es  s p e c i f i e d  by  t h e  spo  m u ta t io n s  a r e  

f o r  t h e  m ost p a r t  unknown and  t h i s  m eans t h a t  i t  i s  d i f f i c u l t  t o  d e te rm in e  

i f  a  p a r t i c u l a r  lo c u s  c o n ta in s  m ore t h a n  one g e n e . M u ta tio n s  w ere 

p l a c e d  i n  s e p a r a te  l o c i  i f  t h e y  w e re :  a )  s e p a r a te d  by  a  n o n - s p o r u l a t i o n

g e n e t i c  m a rk e r , b )  u n l in k e d  by  t r a n s f o r m a t i o n ,  c )  b lo c k e d  a t  d i f f e r e n t  

s t a g e s  i n  t h e  s p o r u l a t i o n  p r o c e s s  ( P ig g o t ,  1 9 7 3 ) . A s t a t i s t i c a l  a p p ro a c h  

( H r a n u e l i ,  P ig g o t  & M an d els tam , 1 9 7 ^ ) s u g g e s te d  t h a t  t h e  m ost p r o b a b le  

num ber o f  s p o r u l a t i o n  l o c i  was 42 w h ich  m eans t h a t  t h e  g r e a t  m a j o r i t y  o f  

s p o r u l a t i o n  l o c i  have  b e e n  i d e n t i f i e d .  I f  i t  i s  assum ed  t h a t  a l l  t h e  

l o c i  c o n ta in  a t  th e  m ost t h r e e  g e n e s , t h e n  a  l i t t l e  o v e r  100 g en es  w i l l  

b e  in v o lv e d  in  t h e  s y n th e s i s  o f  t h e  e n d o s p o re .
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F ig u re  3 . G e n e tic  map o f  t h e  known s p o r u l a t i o n  l o c i  i n

B. s u h t i l i s  168  i d e n t i f i e d  hy  m u ta t io n s  i n t e r f e r i n g  

w ith  s p o r u l a t i o n  ( s p o ) . The d e s ig n a t io n  in c lu d e s  

t h e  s ta g e  o f  b lo c k a g e  a s  d e f in e d  by  R y te r  ej^ (1 9 6 6 ) 

and shown i n  F ig u re  2 (Roman n u m e r a ls ) .  I n  t h e  

expanded  map o f  t h e  pheA  t o  trp C  r e g io n  t h e  g ro u p s  o f  

spo  l o c i  w h ich  have  n o t  b e e n  o r i e n t a t e d  r e l a t i v e  t o  

one a n o th e r  a r e  shown a s  m apping  a t  a  s i n g l e  s i t e .

Where no o r i e n t a t i o n  i s  known r e l a t i v e  t o  a  n o n -  

s p o r u l a t i o n  m a rk e r ,  th e n  t h e  l in k a g e  i s  i n d i c a t e d  by  a  

d o t te d  l i n e .  M arkers p la c e d  in  p a r e n th e s e s  hav e  n o t  

b een  o r d e r e d  r e l a t i v e  t o  o u t s i d e  m a rk e rs . R ep ro d u ced  

from  P ig g o t  & C oote (1 9 T 6 ).
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The g e n e t i c  map o f  t h e  spo  l o c i  (F ig u re  3) shows t h a t  t h e  spo

l o c i  a r e  n o t  c l u s t e r e d  t o g e t h e r  i n t o  one a r e a  o f  t h e  chromosome a n d , in

a d d i t i o n ,  l o c i  a f f e c t i n g  t o t a l l y  d i f f e r e n t  s ta g e s  i n  t h e  p r o c e s s  can  

o f t e n  h e  fo u n d  g ro u p ed  t o g e t h e r .  T h is  o b s e r v a t io n  i s  im p o r ta n t  when a  

m odel f o r  t h e  o v e r a l l  c o n t r o l  a t  t h e  p r o c e s s  i s  c o n s id e r e d .  I n f o r m a t io n  

d e r i v e d  from  t h e  g e n e t i c  w ork u s in g  spo  m u ta n ts  d i s c u s s e d  above  s u g g e s t s  

t h a t  t h e  te m p o ra l  se q u e n c e  o f  s p o r u l a t i o n  e v e n ts  i s  c o n t r o l l e d  b y  a 

p r o c e s s  o f  s e q u e n t i a l  i n d u c t io n  ( H a lv o r s a n ,  1 9 ^ 5 ; M an d els tam , 1 9 7 6 ) .

T h is  p r o c e ss  i s  i l l u s t r a t e d  in  F ig u re  4 . I t  i s  presum ed t h a t  th e r e  i s  

an i n i t i a t i n g  lo c u s  whose t r a n s c r ip t io n  i s  b lo c k e d  d u rin g  growth by  

r e p r e s s in g  compounds d e r iv e d  from  th e  c o n s t i t u e n t s  o f  th e  growth medium. 

S ta r v a t io n  lo w e r s  th e  c o n c e n tr a t io n  o f  r e p r e s s in g  m e ta b o l it e s  and th e  

p r o c e s s  i s  i n i t i a t e d  by e x p r e s s io n  o f  th e  f i r s t  lo c u s .  I t  can be  

assum ed th a t  th e  p rod u ct w i l l  be a p r o t e in  or s e t  o f  p r o t e in s  and t h a t  

on e o f  t h e s e  w i l l  be r e s p o n s ib le  fo r  a c t iv a t in g  th e  n e x t lo c u s .

E x p r e s s io n  o f  t h i s  lo c u s  w i l l  i n  t u r n  be  r e s p o n s i b le  f o r  a c t i v a t i n g  t h e  n e x t

lo c u s  r e q u i r e d  i n  t h e  p r o c e s s  a n d  so  o n . The a c t i v a t i o n  a t  e a c h  s t e p  

c o u ld  o c c u r  i n  tw o w ay s . F i r s t ,  t h e  p r o t e i n  p ro d u c t  i t s e l f  c o u ld  

i n t e r a c t  w i th  t h e  DNA a t  a  p ro m o te r  s i t e  a d ja c e n t  t o  t h e  l o c u s .  T h is  

n i g h t  a l lo w  b in d in g  o f  M A p o ly m e ra s e  t o  t h e  p ro m o te r  s i t e  a n d  so  e n c o u ra g e  

t r a n s c r i p t i o n . T h is  p o s i t i v e  a c t i v i t y  by  a  r e g u l a t o r y  p r o t e i n  i n  a id i n g  

t r a n s c r i p t i o n  o c c u rs  w i th  t h e  c a t a b o l i t e  gene a c t i v a t o r  p r o t e i n  (CAP) 

d u r in g  e x p r e s s io n  in  E. c o l i  o f  t h e  l a c  o p e ro n  ( P a s ta n  & A dhya, 1 9 7 6 ) and  

d u r in g  t h e  p o s i t i v e  r e g u l a t i o n  o f  t h e  a r a  o p e ro n  ( E n g le s b e rg  & W ilc o x ,

1 9 7 ^ ) .  S e co n d , i t  c o u ld  b e  t h e  p r o d u c t  o f  t h e  a c t i o n  o f  t h e  p r o t e i n ,  i f  

i t  was an enzyme f o r  e^iiample, t h a t  m ig h t a l lo w  a c t i v a t i o n  o f  t h e  new l o c u s .  

I n  t h i s  r e s p e c t  t h e  e f f e c t o r  m ig h t com bine w i th  a  p r o t e i n  r e p r e s s o r  and
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F ig u re  h.  D iagram  o f  t h e  s e q u e n t i a l  i n d u c t io n  m odel f o r  t h e

r e g u l a t i o n  o f  s p o r u l a t i o n .  I t  i s  assum ed  t h a t  t h e  

i n i t i a t i n g  gene ( o r  o p e ro n )  i s  u n d e r  some fo rm  o f  

c a t a b o l i t e  r e p r e s s i o n .  S t a r v a t i o n  a l lo w s  t r a n s ­

c r i p t i o n  o f  t h i s  r e g io n  o f  t h e  chrom osom e. The 

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

n e x t  s e t  o f  g en es  r e q u i r e d  i n  t h e  p r o c e s s  a t  a  

r e g u l a to r y  r e g io n  w h ich  c o n t r o l s  t h e  t r a n s c r i p t i o n  

o f  a l l  t h e  g en es  in v o lv e d  i n  t h a t  s t e p .  One o f  

t h e  p r o d u c ts  o f  t h e  t r a n s c r i p t i o n  o f  t h e  a c t i v a t e d  

s e t  o f  genes w i l l  th e n  b e  r e s p o n s i b le  f o r  

a c t i v a t i o n  o f  a  f u r t h e r  s e t  r e q u i r e d  l a t e r  i n  t h e  

p r o c e s s .
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s o  l i f t  t h e  n e g a t iv e  c o n t r o l  o f  a  lo c u s  by  a r e p r e s s o r  m o le c u le ,  a s  

o c c u r s  when t h e  in d u c e r  com bines w i th  t h e  r e p r e s s o r  p r o t e i n  t o  a l lo w  

t r a n s c r i p t i o n  o f  t h e  l a c  o p e ro n  i n  E . c o l i .

A c o n seq u e n c e  o f  t h i s  ty p e  o f  m odel i s  t h a t  e a c h  s e p a r a t e l y  

l o c a t e d  spo  lo c u s  m ust have  i t s  own c o n t r o l  s e c t i o n s  o f  DNA. F o r t h i s  

r e a s o n  t h e  spo  l o c i  h av e  b een  te rm e d  o p é ro n s  ( P ig g o t ,  19 7 3 ) a s  e a c h  w ould 

r e p r e s e n t  a  num ber o f  g en es  r e g u l a t e d  by  common c o n t r o l  e le m e n ts .  T h is  

m o d el i s  a l s o  c o n s i s t e n t  w i th  t h e  f a c t  t h a t  t h e  spo  l o c i  a r e  w id e ly  

s c a t t e r e d  on t h e  chromosome ( F ig u r e  3 ) .  I t  i s  assum ed  t h a t  t h e  a c t i v a t o r s  

a r e  f r e e l y  d i f f u s i b l e  i n  t h e  c y to p la s m  and  can  t h e r e f o r e  r e a c h  any  a r e a  

o f  t h e  genome a t  any  one t im e .  T h is  w ould  a l s o  a l lo w  m ore th e n  one l o c u s ,  

s i t u a t e d  on d i f f e r e n t  a r e a s  o f  t h e  chrom osom e, t o  b e  s w itc h e d  on t o g e t h e r  

a t  t h e  same t im e .

I n i t i a t i o n  o f  s p o r u l a t i o n

The p r o c e s s  o f  s p o r u l a t i o n  i s  s t r o n g l y  i n f l u e n c e d  by  th e  

n u t r i e n t s  i n  t h e  medium (M andelstam  & MeQ ui11e n , 1 9 7 3 ) .  S p o ro g e n e s is  

g e n e r a l l y  i s  r e p r e s s e d  by e a s i l y  m e ta b o l i s a b le  c a rb o n  o r  n i t r o g e n  s o u rc e s  

a n d  s t a r v a t i o n  f o r  e i t h e r  w i l l  a l lo w  s p o r u l a t i o n  t o  o c c u r  ( G r e l e t ,  1 9 5 7 ; 

S c h a e f f e r ,  M i l l e t  & A u b e r t ,  19& 5). In  19&5 S c h a e f f e r  e t  a l .  p ro p o se d  

t h a t  a t  some p o i n t  i n  t h e  g row th  c y c le  e a c h  c e l l  h a d  a  c h o ic e  b e tw een  

w h e th e r  t o  c o n t in u e  g ro w th  o r  t o  s p o r u l a te  and  t h e  d e c i s i o n  was in f lu e n c e d  

b y  th e  r a t e  o f  m e ta b o lis m  o f  t h e  a v a i l a b l e  c a rb o n  an d  n i t r o g e n  s o u r c e s .  

L a t e r  w ork (Dawes & M an d els tam , 1 9 7 0 ; Dawes & T h o r n le y ,  19 7 0 ) u s in g  

c h e m o s ta t  c u l t u r e s  showed t h a t  t h e  in c id e n c e  o f  s p o r u l a t i o n  i n  a  

p a r t i c u l a r  medium was a  f u n c t io n  o f  t h e  g row th  r a t e .  T hese  r e s u l t s  a r e  

c o m p a t ib le  w i th  t h e  i d e a  t h a t  t h e  i n i t i a t i o n  o f  s p o r u l a t i o n  i s  r e p r e s s e d  

b y  c a t a b o l i t e s  d u r in g  g ro w th  and  t h a t  t h e  c e l l  m akes a  r e p r e s s o r ( s )  o r
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i n h i b i t o r ( s )  from  com ponents i n  t h e  medium. S c h a e f f e r  e t  a l . (1 9 ^5 ) 

s u g g e s te d  t h e  n o t io n  o f  a  key  gene o r  o p e ro n  s u b je c t  t o  c a t a b o l i t e  

r e p r e s s i o n  w h ich  h ad  t o  be e x p re s s e d  t o  s e t  t h e  w hole  p r o c e s s  i n  c h a in .

I n  t h i s  way t h e  i n t r a c e l l u l a r  c o n c e n t r a t io n  o f  a t  l e a s t  one n i t r o g e n -  

c o n t a i n i n g  m e ta b o l i te  w ould  r e p r e s s  d i r e c t l y  o r  i n d i r e c t l y  t h e  e x p r e s s io n  

o f  t h e  s p o r u l a t i o n  a s s o c i a t e d  g e n e s . D e p le t io n  o f  a  s u p p ly  o f  c a rb o n  o r  

n i t r o g e n  i s  a b le  t o  r e l i e v e  t h e  r e p r e s s i o n  o f  s p o r u l a t i o n .  At t h e  

p r e s e n t  t im e  i t  i s  n o t  c l e a r  w h e th e r  t h e r e  i s  a  common r e p r e s s i n g  

m e t a b o l i t e ( s )  d e r iv e d  from  b o th  t h e  c a rb o n  and  n i t r o g e n  s o u rc e s  o r  w h e th e r  

e a c h  s u p p l i e s  a  r e p r e s s o r  and  b o th  h a v e  t o  be  p r e s e n t  t o  p r e v e n t  s p o ru ­

l a t i o n .  T h is  p o in t  i s  ta k e n  up a g a in  l a t e r .

At p r e s e n t  t h e  n a tu r e  o f  t h e  r e p r e s s i n g  m e ta b o l i t e s  i s  unknow n,

b u t  many e x p e r im e n ts  have  b e e n  done t o  a t te m p t  t o  d e f in e  them  c l e a r l y .

G r e l e t  (1957) p o in te d  o u t  t h a t  s p o r u l a t i o n  can  be  i n i t i a t e d  by  p h o s p h a te

s t a r v a t i o n  w h ich  s u g g e s t s  t h a t  t h e  r e p r e s s i n g  m e ta b o l i t e s  m ig h t b e  p h o s -  

p h o r y l a t e d  com pounds. F re e s e  and  h i s  c o -w o rk e rs  h av e  a t te m p te d  t o  d e f in e  

t h e  r e p r e s s o r s  by t h e  u s e  o f  m u ta n t s t r a i n s  w h ich  r e s t r i c t  t h e  m e ta b o lism  

o f  c a rb o n  and n i t r o g e n  s o u rc e s  and  a llo w  p a r t i c u l a r  in te r m e d ia t e s  t o  

a c c u m u la te .  Thus t h e  a c c u m u la t io n  o f  a - g l y c e r o l  p h o s p h a te  by  a  s t r a i n  

l a c k i n g  g ly c e r o l  p h o s p h a te  d e h y d ro g e n a se  b lo c k e d  s p o r u l a t i o n  a t  s ta g e  I I  

(O h , F re e s e  & F r e e s e ,  1973) and  t h e  a c c u m u la t io n  o f  g lu c o s e - 6 -p h o s p h a te  by 

a  t r i p l e  m u tan t w h ich  c o u ld  m e ta b o l i s e  t h i s  compound no f u r t h e r  b lo c k e d  

s p o r u l a t i o n  b e f o r e  s ta g e  I I  ( F re e s e  a l . ,  1 9 7 2 ) . D u rin g  g ro w th , 

i n t e r m e d ia t e s  o f  t h i s  s o r t  w ould  be  p r e s e n t  i n  o n ly  low  c o n c e n t r a t io n s  and  

i t  i s  n o t  known i f  t h e i r  d e p le t io n  d u r in g  s t a r v a t i o n  p la y s  a  r o l e  i n  t h e  

i n i t i a t i o n  o f  s p o r u l a t i o n .

A more i n t e r e s t i n g  o b s e r v a t io n  h a s  b e e n  made by  R haese and  h i s

16



c o l l e a g u e s .  They have  fo u n d  t h a t  a  num ber o f  h ig h ly  p h o s p h o r y la te d  

n u c l e o t i d e s  (HPNI t o  HPNIV) a p p e a r  a t  t h e  s t a r t  o f  s p o r u l a t i o n  (R h aese  

a l . ,  1 9 7 5 ) . They a r e  m a in ly  p h o s p h o ry la te d  a d e n o s in e  d e r i v a t i v e s  

a n d  seem  a n a lo g o u s  t o  t h e  p h o s p h o r y la te d  g u a n o s in e  d e r i v a t i v e s  (ppGpp and  

pppG pp) t h a t  a c c u m u la te  on am ino a c id  s t a r v a t i o n  ( G a l l a n t  & M arg aso n ,

1 9 7 2 ) .  They seem  d i r e c t l y  a s s o c i a t e d  w ith  t h e  o n s e t  o f  s p o r u l a t i o n  u n d e r  

c a rb o n  o r  p h o s p h a te  d e p le t i o n  an d  a r e  n o t  fo rm ed  by a  spo  m u ta n t b lo c k e d  

a t  s ta g e  0 (R h a e se , Hoch & G r o s c u r th ,  1 9 7 7 ) . T h e i r  e x a c t  r e l a t i o n s h i p  

t o  i n i t i a t i o n  re m a in s  t o  be  e s t a b l i s h e d .  They may s im p ly  a c c u m u la te  a s  

a  r e s p o n s e  t o  a  f u n c t i o n a l  change  in  t h e  p r o t e i n  s y n t h e s i s i n g  m a c h in e ry  

o f  t h e  c e l l  w h ich  h a s  b e e n  d e m o n s tra te d  i n  B. s u b t i l i s  (C h a m b lis s  & 

L e g a u lt -D e lm a re , 1 9 7 7 )•

The b io c h e m ic a l  s t u d i e s  d e s c r ib e d  above h av e  f a i l e d  t o  r e v e a l  

t h e  n a tu r e  o f  t h e  i n i t i a t i n g  e v e n ts  o f  s p o r u l a t i o n .  The i s o l a t i o n  o f  

m u ta n t s t r a i n s ,  w h ich  p ro v e d  e f f e c t i v e  f o r  e x a m in a tio n  o f  t h e  r e g u l a t i o n  o f  

s p o r u l a t i o n ,  h a s  a l s o  b e e n  a t te m p te d  f o r  e v e n ts  a s s o c i a t e d  w i th  i n i t i a t i o n .  

iM ich e l, Cami & S c h a e f f e r  (1 9 6 8 ) w ere  a b le  t o  e n r i c h  s e l e c t i v e l y  f o r  

m u ta n ts  b lo c k e d  a t  s t a g e  0 by  s h i f t i n g  c e l l s  from  a  good n i t r o g e n  s o u rc e  

t o  a  p o o r  one (am m onia t o  n i t r a t e )  o r  from  a  good c a rb o n  s o u rc e  t o  a  p o o r  

one  (g lu c o s e  t o  c i t r a t e  o r  h i s t i d i n e ) .  T h is  s h if t -d o w n  e n c o u ra g e d  t h e  

c o n t in u e d  g ro w th  o f  t h e  m u tan t s t r a i n s  w h e re as  t h e  w i ld - ty p e  c e l l s  w ere  

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

spoOA lo c u s  ( s e e  F ig u re  3 ) ,  b u t  a s  y e t  t h e  gene p r o d u c t s  a t  t h i s  l o c u s  

h a v e  n o t  b e e n  i d e n t i f i e d .  T hese s t r a i n s  show no c h a r a c t e r i s t i c s  o f  

s p o r u l a t i n g  c e l l s  and  m ust u n d o u b te d ly  b e  d e f e c t i v e  i n  a  com ponent 

r e q u i r e d  f o r  one o f  t h e  e a r l i e s t  e v e n ts  o f  i n i t i a t i o n .

M u ta tio n s  i n  t h e  spoOA lo c u s  may be c o n s id e r e d  a s  h y p e r - r e p r e s s e d  

o r  u n in d u c ib le  f o r  t h e  i n i t i a t i o n  o f  s p o r u l a t i o n .  The c o n v e rs e  ty p e  o f
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m u ta t io n ,  t h e  d e r e p r e s s e d  m u ta n t w h ich  s p o r u l a te d  u n d e r  a l l  c o n d i t i o n s ,  

w o u ld  be l e t h a l  u n l e s s  t h e  m u ta t io n  was c o n d i t i o n a l .  No t s  m u ta n ts  have  

t e e n  d e s c r ib e d  w h ich  grow  a t  t h e  p e rm is s iv e  t e m p e r a tu r e ,  b u t  w h ich  

s p o r u l a t e  when s h i f t e d  t o  a  r e s t r i c t i v e  t e m p e r a tu r e .  S e v e ra l  m u ta n ts  o f  

B . c e re u s  have b e e n  d e s c r ib e d  w h ich  s p o r u l a te  in  m ed ia  w h ich  o n ly  a l lo w  

g ro w th  w ith  t h e  w i ld - ty p e  (L e v iso h n  & A ro n so n , I 9 6 7 ) .  S e v e r a l  o f  t h e s e  

w e re  p u r in e  a u x o tro p h s  , an  o b s e r v a t io n  s i m i l a r  t o  t h a t  made b y  E lm e r ic h  

& A u b ert (1975) u s in g  B. m e g a te r iu m  w here p u r in e  a u x o tro p h s  w ere  fo u n d  

t o  s p o r u l a te  u n d e r  c o n d i t io n s  w here  t h e  w i ld - ty p e  w ould  n o t .  They hav e  

s u g g e s te d  t h a t  a  com ponent o f  t h e  p u r in e  b i o s y n t h e t i c  pa thw ay  may b e  

in v o lv e d  in  t h e  r e p r e s s i o n  o f  s p o r u l a t i o n  ( s e e  b e lo w ) . Two m u ta t io n s

( c a t  A & c a t  B ) h av e  b e e n  d e s c r i b e d  i n  B. s u b t i l i s  w h ich  a l lo w  s p o r u l a t i o n

i n  t h e  p r e s e n c e  o f  g lu c o s e  o r  am ino a c id s  t h a t  n o rm a lly  r e p r e s s  s p o ru ­

l a t i o n .  T hese m u ta t io n s  m apped i n  a r e a s  o f  t h e  genome d i s t i n c t  from

a n y  known spo l o c i ,  b u t  a g a in  t h e  n a tu r e  o f  t h e  p r o d u c ts  o f  t h e  m u ta te d  

g e n e s  i s  unknown ( i t o  & S p i z i z e n ,  1 9 7 3 ) .

The o r i g i n a l  h y p o th e s i s  o f  S c h a e f f e r  e t  (1 9 6 5 ) was t h a t  

s p o r u l a t i o n  was u n d e r  some fo rm  o f  c a t a b o l i t e  r e p r e s s i o n ,  somewhat s i m i l a r  

t o  t h e  c a t a b o l i t e  r e p r e s s i o n  o f  i n d u c ib le  enzyme s y n th e s i s  ( M a g a sa n ik , 

1 9 6 1 ) w hich  i s  a l s o  b ro u g h t  a b o u t  by  e a s i l y  d e g ra d e d  c a rb o n  o r  n i t r o g e n  

s o u r c e s .  E v id e n ce  h a s  a c c u m u la te d ,  h o w ev er, t o  s u g g e s t  t h a t  t h e  

m echanism s o p e r a t in g  t o  overcom e r e p r e s s i o n  o f  s p o r u l a t i o n  an d  r e p r e s s i o n  

o f  in d u c ib le  enzyme s y n th e s i s  a r e  n o t  i d e n t i c a l .  T h is  e v id e n c e  c a n  be  

u s e f u l l y  sum m arised  a s  f o l l o w s .  In  t h e  h y p e r - r e p r e s s e d  spoOA m u ta n ts  

d e s c r ib e d  above t h e  a b i l i t y  t o  s y n th e s i s e  many i n d u c i b le  enzym es was 

u n im p a ire d  (B rehm , S t a a l  & H och, 1 9 7 3 ) . C o n v e rs e ly , t h e  c a t  A an d  c a t  B 

m u ta n ts  i n s e n s i t i v e  t o  g lu c o s e  a s  am ino a c id  r e p r e s s i o n  o f  s p o r u l a t i o n  

w e re  no rm al w i th  r e s p e c t  t o  c a t a b o l i t e  r e p r e s s io n  o f  i n d u c i b l e  enzyme
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s y n t h e s i s  ( i t o  & S p iz iz e n ,  1 9 7 3 ) . S p o r u la t io n  can  o n ly  be  i n i t i a t e d  

d u r in g  chromosome r e p l i c a t i o n  (M an d e ls ta m , S t e r l i n i  & Kay, 1 9 7 1 ;

M an d els tam  & H ig g s , 1 9 7 ^ ) ,  w h e re a s  t h e  i n d u c t io n  o f  enzyme s y n th e s i s  i s  

in d e p e n d e n t  o f  DNA r e p l i c a t i o n  (C o o te ,  1 9 7 ^ ) . T h is  e v id e n c e  d o es  n o t  

r u l e  o u t th e  p o s s i b i l i t y  t h a t  t h e r e  may be  some common f a c t o r  in v o lv e d  

i n  b o th  r e p r e s s i o n  o f  s p o r u l a t i o n  and  t h e  c a t a b o l i t e  r e p r e s s i o n  o f  

i n d u c i b l e  enzym es, b u t  i t  i s  a l s o  l i k e l y  t h a t  many o f  t h e  i n i t i a l  e v e n ts  

o f  s p o r u l a t i o n  a r e  a  m o d i f i c a t i o n  o f  t h o s e  w h ich  n o rm a lly  o c c u r  d u r in g  

v e g e t a t i v e  c e l l  d i v i s i o n  ( H i tc h in s  & S le p e c k y , 1 9 6 9 ; F r e e s e ,  1 9 7 2 ) .

H ie  s t a r v a t i o n  c o n d i t io n s  p ro m o te  new gene e x p r e s s io n  and  t h e  gene 

p r o d u c t s  a r e  r e s p o n s i b le  f o r  t h e  s y n th e s i s  o f  t h e  a s y m m e tr ic a l  s p o re  

se p tu m  ( s e e  F ig u re  2 ) .

From th e  b io c h e m ic a l  i n v e s t i g a t i o n s  and  t h e  m u ta n t s t u d i e s  

o u t l i n e d  above no c l e a r  p i c t u r e  h a s  em erged  o f  t h e  n a tu r e  o f  t h e  i n i t i a l  

r e a c t i o n s  w h ich  o p e r a te  d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n  n o r  o f  t h e  n a tu r e  

o f  t h e  r e p r e s s o r  m o le c u le s  w h ich  a r e  p resum ed  t o  be  made from  e a s i l y  

m e ta b o l i s e d  c a rb o n  and  n i t r o g e n  s o u rc e s  i n  t h e  medium. As s t a t e d  e a r l i e r  

t h e  p o s s i b i l i t y  e x i s t s  t h a t  a  common r e p r e s s o r  m e ta b o l i t e  i s  made b y  t h e  

c e l l s  from  b o th  t h e  c a rb o n  and  n i t r o g e n  s o u rc e  i n  t h e  medium. I n  t h i s  

c a s e  d e p le t io n  o f  c a rb o n  o r  n i t r o g e n  w ould  lo w e r  t h e  l e v e l  o f  r e p r e s s o r  

a n d  i n i t i a t e  s p o r u l a t i o n .  A l t e r n a t i v e l y ,  t h e r e  may be  two d i s t i n c t  

r e p r e s s o r s ,  one made fro m  t h e  c a rb o n  s o u rc e  and  t h e  o t h e r  from  t h e  

n i t r o g e n  s o u rc e .  D e p le t io n  o f  e i t h e r  w i l l  a l lo w  i n i t i a t i o n  t o  o c c u r ,  

b u t  t h i s  c o u ld  o c c u r  i n  2 p o s s i b l e  w ay s . F i r s t ,  t h e  tw o r e p r e s s o r s  t o g e t h e r  

may be n e c e s s a r y  t o  p r e v e n t  t r a n s c r i p t i o n  b y  a  s i n g l e  m echanism  an d  

d e p l e t i o n  o f  e i t h e r  w i l l  a l lo w  t r a n s c r i p t i o n  by  t h i s  one m echanism .

S e c o n d , e a ch  may a c t  a t  a  common s i t e  on t h e  chrom osome by  i n f l u e n c i n g  t h e  

a c t i v i t y  o f  two e n t i r e l y  d i f f e r e n t  m echanism s f o r  t r a n s c r i p t i o n  o f  th e
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common l o c u s .  The p r e c e d e n t  f o r  t h i s  l a t t e r  ty p e  o f  c o n t r o l  i s  fo u n d  

i n  Gram n e g a t iv e  o rg a n ism s  w here i t  h a s  b een  r e p o r t e d  t h a t  t h e  in d u c t io n  

o f  c e r t a i n  enzym es i s  p ro m o te d  by  d i f f e r e n t  m echan ism s d e p e n d in g  on 

w h e th e r  t h e  s t im u lu s  i s  c a rb o n  o r  n i t r o g e n  l i m i t a t i o n  (M agasan ik  a l . , 

1 9 7 ^ ;  M ag asa n ik , 1 9 7 7 ) . A t h i r d  p o s s i b i l i t y ,  t h a t  t h e  tw o r e p r e s s o r s  

may a c t  a t  s e p a r a te  s i t e s  on th e  chromosome an d  d e p le t i o n  o f  e i t h e r  can  

in d u c e  s p o r u l a t i o n  a t  s e p a r a te  s i t e s  by  d i f f e r e n t  m echanism s i s  

e s s e n t i a l l y  a  r e f in e m e n t  o f  t h e  se co n d  p o s s i b i l i t y .

R e g u la t io n  o f  enzyme s y n th e s i s  b y  g lu ta m in e  s y n th e t a s e

I t  was o r i g i n a l l y  o b s e rv e d  t h a t  K l e b s i e l l a  a e ro g e n e s  was u n a b le  

b o  s y n th e s i s e  t h e  i n d u c i b le  enzyme h i s t i d a s e  when grown in  a  medium 

c o n t a i n i n g  g lu c o s e  and  ammonia w i th  L - h i s t i d i n e  a d d e d  a s  t h e  in d u c e r  

( N ie d h a rd t  & M ag asan ik , 1 9 5 7 ) . In  t h i s  medium h i s t i d a s e  s y n th e s i s  was 

s u b j e c t  t o  c a t a b o l i t e  r e p r e s s i o n  b y  g lu c o s e .  H ow ever, i f  t h e  ammonia 

w as o m it te d  from  t h e  medium and h i s t i d i n e  u s e d  a s  t h e  n i t r o g e n  s o u rc e  th e n  

h i s t i d a s e  was s y n th e s i s e d  and  e s c a p e d  t h e  r e p r e s s i o n  b y  g lu c o s e .  H i s t i d i n e  

i s  d e g ra d e d  t o  1 - g lu ta m a te  i n  t h i s  o rg a n ism  by  f o u r  i n d u c i b l e  enzym es :

H i s t i d i n e — H Iro c a n a te — ^ Im id a z o lo n e - p r o p io n a te — > F orm im ino- 

g lu ta m a te  — H rlu ta m a te  + Form am ide.

The enzymes a r e :  A, H i s t i d a s e ;  B , U ro c a n a s e ;  C, Im id a z o lo n e -  

p r o p io n a t e  h y d r o la s e ;  D, F o rm im in o -g lu ta m a te  h y d r o l a s e .  The g en es

r e s p o n s i b l e  f o r  t h e  s y n th e s i s  o f  t h e s e  enzym es a r e  g ro u p e d  t o g e t h e r  i n t o  

tw o  o p é ro n s  c o n t r o l l e d  by  a  common r e p r e s s o r  p r o t e i n  w h ich  i s  s y n th e s i s e d  

b y  a  gene s i t u a t e d  b e tw een  t h e  tw o o p é ro n s  o f  s t r u c t u r a l  g en es  (S m ith  & 

M a g a s a n ik , 1 9 7 1 ; S m ith , H a lp e rn  & M a g asa n ik , 1 9 7 1 ) .

E v id e n ce  h a d  a c c u m u la te d  t o  show t h a t  i n  Gram n e g a t iv e  o rg a n ism s
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"the c a t a b o l i t e  r e p r e s s i o n  o f  i n d u c ib le  enzym es was m e d ia te d  v i a  

a d e n o s in e  3 , 5 ’ c y c l i c  m onophosphate  (cAMP) and  a  p r o t e i n  f a c t o r  ( t h e  

c a t a b o l i t e  gene a c t i v a t o r  p r o t e i n  o r  CAP) w h ich  was a b le  t o  b in d  cAMP 

( R e z n ik o f f ,  1 9 7 2 ) . T hese  tw o f a c t o r s  i n  c o m b in a tio n  w ere  n e c e s s a r y  t o  

p ro m o te  b in d in g  o f  RNA p o ly m e ra se  a t  t h e  p ro m o te r  s i t e  on t h e  DNA and  

s o  a llo w  t r a n s c r i p t i o n  o f  t h e  s t r u c t u r a l  g e n e s . E a s i l y  m e ta b o l i s a b le  

c a rb o n  s o u r c e s ,  su c h  a s  g lu c o s e ,  w ere shown t o  lo w e r  t h e  i n t r a c e l l u l a r  

c o n c e n t r a t i o n  o f  cAMP and  so  t r a n s c r i p t i o n  was p r e v e n te d  (De Crom brugghe 

e t  a l . , 1 9 6 9 ) .  M u ta n ts  o f  E. c o l i  and  K. a e ro g e n e s  hav e  b e e n  d e s c r ib e d  

w h ic h  have  e i t h e r  a  d e f e c t i v e  CAP p r o t e i n  o r  a r e  u n a b le  t o  s y n th e s i s e  

cAMP a s  a  r e s u l t  o f  a  d e f e c t i v e  a d e n y la te  c y c la s e .  T hese  m u ta n ts  a r e  

u n a b le  t o  grow on c a rb o n  s o u rc e s  su ch  a s  l a c t o s e  o r  L - a r a b in o s e  w h ich  

r e q u i r e  in d u c ib le  enzym es f o r  t h e i r  m e ta b o lism  (P e rlm a n  & P a s t a n ,  I 9 6 9 ) .

P r i v a i  & M agasan ik  (1971 ) fo u n d  t h a t  a  m u ta n t o f  K. a e ro g e n e s  

w i th  a  d e f e c t i v e  a d e n y la te  c y c la s e  was u n a b le  t o  s y n th e s i s e  t h e  h i s t i d i n e  

d e g ra d in g  enzym es when L - h i s t i d i n e  was u se d  a s  c a rb o n  s o u rc e  and  ammonia 

a s  n i t r o g e n  s o u rc e .  T h is  was i n  ag reem en t w i th  t h e  o b s e r v a t io n s  

d e s c r i b e d  a b o v e . H ow ever, t h e  h i s t i d i n e  d e g ra d in g  enzym es w ere  

s y n th e s i s e d  i n  t h i s  s t r a i n  when h i s t i d i n e  was s u p p l i e d  a s  a  n i t r o g e n  

s o u rc e  w ith  g lu c o s e  a s  a  c a rb o n  s o u rc e .  T h e re fo re  an a l t e r n a t i v e  t o  t h e  

cAMP m e d ia te d  m echan ism  was b e in g  u s e d  by  t h e  c e l l s  t o  overcom e t h e  

c a t a b o l i t e  r e p r e s s i o n  by  g lu c o s e  i n  t h i s  medium. The f a c t o r  p ro m o tin g  

s y n t h e s i s  o f  t h e  h i s t i d i n e  d e g ra d in g  enzymes u n d e r  c o n d i t i o n s  o f  n i t r o g e n  

l i m i t a t i o n  was shown t o  b e  g lu ta m in e  s y n th e ta s e  (GNS) ( T y le r  e t  a l . , 1 9 7 ^ ) 

M u ta n ts  d e f i c i e n t  i n  GNS a c t i v i t y  w ere u n a b le  t o  p ro d u c e  h i s t i d a s e  u n d e r  

n i t r o g e n  l i m i t i n g  c o n d i t i o n s  and  m u ta n ts  c o n s t i t u t i v e  f o r  t h e  enzyme h ad  

h ig h  l e v e l s  o f  h i s t i d a s e  ev en  in  t h e  p r e s e n c e  o f  g lu c o s e  an d  ammonia 

( P r i v a i , B re n c h le y  & M a g asa n ik , 1 9 7 3 ) . M u tan ts  w h ich  p ro d u c e d  an
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e n z y m ic a l ly  i n a c t i v e  GNS p r o t e i n  w ere  n e v e r t h e l e s s  a b le  t o  p ro d u c e  

t h e  h i s t i d i n e - d e g r a d i n g  enzym es w h ich  i n d i c a t e d  t h a t  t h e  d e f e c t i v e  GNS 

p r o t e i n  s t i l l  r e t a i n e d  t h e  a b i l i t y  t o  s t i m u la t e  t r a n s c r i p t i o n  ( S t r e i c h e r ,  

B e n d e r & M ag asan ik , 1 9 7 5 ) .

The t r a n s c r i p t i o n  o f  t h e  s t r u c t u r a l  g en es  f o r  h i s t i d i n e  

d e g r a d a t io n  i s  th u s  c o n t r o l l e d  i n  t h r e e  w ays. The r e p r e s s o r  e x e r t s  

n e g a t i v e  c o n t r o l  and  p r e v e n t s  t r a n s c r i p t i o n  u n le s s  c o n v e r te d  t o  an  

i n a c t i v e  s t a t e  by  c o m b in a tio n  w i th  t h e  in d u c e r  u r o c a n a te  ( fo rm ed  fro m  t h e  

h i s t i d i n e  in  t h e  medium b y  a  b a s a l  l e v e l  o f  h i s t i d a s e  p r e s e n t  i n  t h e  

c e l l s ) .  T r a n s c r ip t io n  can  th e n  be  a c t i v a t e d  by  e i t h e r  t h e  CAP p r o t e i n  

i n  c o m b in a tio n  w i th  cAMP o r  by  GNS. I n  th e  fo rm e r c a s e  t h i s  w i l l  o n ly  

o c c u r  i n  a  medium w i th  a  p o o r  c a rb o n  s o u rc e  w h ich  a llo w s  cAMP t o  

a c c u m u la te .  In  t h e  l a t t e r  c a s e  t r a n s c r i p t i o n  w i l l  o n ly  o c c u r  i n  a  

m edium  w ith  a  p o o r  n i t r o g e n  s o u r c e .  In  t h i s  way th e  p r o d u c t io n  o f  t h e  

h i s t i d i n e  d e g ra d in g  enzym es i s  r e g u l a t e d  a c c o r d in g  t o  t h e  n e e d s  o f  t h e  

c e l l .  The enzym es a r e  n o t  fo rm ed  u n l e s s  h i s t i d i n e  i s  a v a i l a b l e  an d  a r e  

fo rm e d  b y  d i f f e r e n t  m echan ism s d e p e n d in g  on w h e th e r  h i s t i d i n e  i s  

r e q u i r e d  a s  a  c a rb o n  o r  a s  a  n i t r o g e n  s o u rc e .

T h is  r e g u l a to r y  e f f e c t  o f  GNS on in d u c ib le  enzyme s y n th e s i s  

h a s  b een  found  t o  o c c u r  w i th  o t h e r  enzym es w h ich  can  be  u s e d  t o  m e ta b o l i s e  

com pounds a s  a  s o u rc e  o f  n i t r o g e n .  Thus t h e  s y n th e s i s  o f  u r e a s e  

(M a g a sa n ik , 1 9 7 7 ) ,  L - a s p a r a g in a s e  (R e s n ic k  & M a g asa n ik , 1976) and  

n i t r o g e n a s e  ( T ubb, 197%) in  K. a e ro g e n e s  a r e  a l l  s u b je c t  t o  r e g u l a t i o n  by  

t h i s  enzym e.

The m anner i n  w h ich  GNS i s  a b le  t o  r e g u l a t e  t r a n s c r i p t i o n  h a s  

b e e n  r e c e n t l y  e lu c i d a t e d  by  M agasan ik  and  h i s  c o -w o rk e rs . I t  h a d  

p r e v i o u s ly  b een  shown t h a t  Gram n e g a t iv e  b a c t e r i a  p ro d u c e  tw o fo rm s o f  GNS
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(K in g d o n , S h a p iro  & S ta d tm a n , I 9 6 7 ) d e p e n d in g  on t h e  g ro w th  medium.

I n  a m m o n ia -ric h  m ed ia  an  enzyme a d e n y la te d  on e a c h  s u b u n i t  w i th  AMP i s  

p ro d u c e d  an d  l a c k  o f  ammonia c a u s e s  d e a d é n y la t io n  o f  t h e  enzym e. The 

enzyme i s  a b le  t o  r e g u l a t e  i t s  own s y n th e s i s  (an  exam ple  o f  a u to g e n o u s  

r e g u l a t i o n )  b y  t h i s  m echanism  b e c a u s e  t h e  a d e n y la te d  enzyme can  r e p r e s s  

GNS s y n t h e s i s ,  w h e re a s  d e a d e n y la t io n  c o n v e r t s  i t  t o  a  fo rm  no lo n g e r  

a b l e  t o  e x e r t  t h i s  r e p r e s s i o n  ( J a n s s e n  & M a g asa n ik , 19T T ; F o o r ,  J a n s s e n  

& M a g asa n ik , 1 9 T 5 ). Thus ammonia s t a r v a t i o n  p ro m o te s  i n c r e a s e d  s y n th e s i s  

o f  n o n a d e n y la te d  GNS enzyme w hich  i n  t u r n  can  p ro m o te  s y n th e s i s  o f  

enzym es w hose r e g u l a t o r y  genes a r e  s u s c e p t ib l e  t o  a c t i v a t i o n  by  GNS.

The r e g u l a t o r y  a c t i v i t y  o f  GNS in  Gram n e g a t i v e  b a c t e r i a  o u t s id e  

i t s  n o rm a l c a t a l y t i c  r o l e  i n  t h e  m e ta b o lism  o f  t h e  c e l l  i s  o f  p a r t i c u l a r  

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

enzym e p l a y s  a  m a jo r  r o l e  i n  t h e  a s s i m i l a t i o n  o f  ammonia i n  Gram p o s i t i v e  

b a c t e r i a .  I t  m ust t h e r e f o r e  be  in v o lv e d  in  t h e  s y n th e s i s  o f  any 

m e t a b o l i t e s  d e r iv e d  from  ammonia w h ich  r e p r e s s  s p o r u l a t i o n .  T h is  i s  

d i s c u s s e d  m ore f u l l y  b e lo w .

M e ta b o lism  o f  n i t r o g e n o u s  compounds

In  o r d e r  t o  grow in  a  m in im a l medium i n  w h ic h  ammonia s e rv e s  

a s  th e  o n ly  s o u rc e  o f  n i t r o g e n ,  b a c t e r i a  m ust p o s s e s s  a  m echanism  f o r  

c o m b in in g  t h e  ammonia w ith  i n te r m e d ia t e s  o f  t h e  c e n t r a l  m e ta b o lic  pa th w ay s 

i n  o r d e r  t o  be  a b le  t o  s y n th e s i s e  am ino a c i d s .  Two m ain  p a th w ay s  f o r  

t h e  i n c o r p o r a t io n  o f  ammonia hav e  b e e n  shown t o  o p e r a t e  i n  b a c t e r i a .

1 . D i r e c t  r e d u c t iv e  a m in a tio n  o f  2 - o x o g lu t a r a te  c a t a l y s e d  by  

g lu ta m a te  d e h y d ro g e n a se  (E .C .1 .% .1 .% .) .

NH^ + 2 - o x o g lu t a r a te  + NADPH + h"*" ^  L -g lu ta m a te  + NADP"̂  + H^O,
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2 . A c o u p le d  r e a c t i o n  in v o lv in g  f i r s t  t h e  a m in a tio n  o f  L - g lu ta m a te  

c a ta ly s e d  b y  g lu ta m in e  s y n th e ta s e  (E .G .6 .3 . 1 . 2 )  fo llo w e d  b y  t h e  

r e d u c t iv e  t r a n s f e r  o f  t h e  am ide n i t r o g e n  t o  2 - o x o g lu t a r a te  

c a t a ly s e d  by  g lu ta m in e  ( a m id e ) ;  2 - o x o g lu t a r a te  a m in o t r a n s f e r a s e  

o x id o r e d u c ta s e  (NADP) o r  g lu ta m a te  s y n th a s e  (E .G .2 .6 .1 ,5 3 )

L -g lu ta m a te  + ATP +....................— L -g lu ta m in e  + ADP + P i  + H^O

L -g lu ta m in e  + 2 - o x o g lu t a r a te  + NADPH + h’*'  2!: 2 L -g lu ta m a te  + NADp"*".

G lu tam a te  d e h y d ro g e n a se  h a s  a  p o o r  a f f i n i t y  f o r  ammonia 

(T e m p e s t, M eers & B row n, 1 9 7 0 ; B re n c h le y  & M a g asa n ik , 197%) w h ich  m eans 

t h a t  when c e l l s  a r e  g ro w in g  i n  low  c o n c e n t r a t io n s  o f  ammonia t h i s  enzyme 

becom es i n o p e r a t i v e .  Tem pest e t  a l .  (1970) e s t im a te d  t h a t  i n  am m onia- 

l i m i t e d  c h e m o s ta t c u l t u r e s  o f  K. a e ro g e n e s  t h e  f r e e  i n t r a c e l l u l a r  ammonia 

c o n c e n t r a t i o n  was b e lo w  0 .5  mM, w e l l  b e lo w  th e  Km v a lu e  o f  % mM f o r  

K. a e ro g e n e s  g lu ta m a te  d e h y d ro g e n a s e . T h is  o b s e r v a t io n  p ro m p te d  t h e  

a u th o r s  t o  s e a r c h  f o r  an a l t e r n a t i v e  pa thw ay  f o r  ammonia i n c o r p o r a t io n  

w h ic h  th e y  showed in v o lv e d  t h e  com bined a c t i o n  o f  g lu ta m in e  s y n th e t a s e  

(GNS) and  g lu ta m a te  s y n th a s e  (GTS). An im p o r ta n t  o b s e r v a t io n  was t h a t ,  

com pared  t o  g l u c o s e - l i m i t e d  c u l t u r e s ,  a m m o n ia - lim ite d  c u l t u r e s  o f  

K. a e ro g e n e s  show ed a  t e n - f o l d  d e c re a s e  i n  g lu ta m a te  d e h y d ro g e n a se  s p e c i f i c  

a c t i v i t y  acco m p an ied  by  an e i g h t - f o l d  i n c r e a s e  i n  GNS a c t i v i t y .  In  

a d d i t i o n ,  t h e  m easu red  Km f o r  ammonia i n c o r p o r a t io n  in  t h e  r e a c t i o n  

c a t a l y s e d  by  GNS was shown t o  b e  l e s s  th a n  1 mM w h ich  s u b s t a n t i a t e d  i t s  

r o l e  i n  ammonia i n c o r p o r a t io n  when t h e  i n t r a c e l l u l a r  c o n c e n t r a t i o n  o f  

ammonia was lo w . The n e t  s y n th e s i s  o f  g lu ta m a te  i n  ammonia l i m i t e d  

c u l t u r e s  o f  K. a e ro g e n e s  was shown by  Tem pest ^  a l . (1 9 7 0 ) t o  be  t h e  

r e s u l t  o f  t h e  a c t i o n  o f  a  se c o n d  enzym e, g lu ta m a te  s y n th a s e .  T h is  enzyme 

c a t a l y s e d  t h e  t r a n s f e r  o f  t h e  am ide g ro u p  o f  g lu ta m in e  t o  2 - o x o g l u t a r a t e ,  

t h e r e b y  fo rm in g  two m o le c u le s  o f  g lu ta m a te .  A lth o u g h  b o th  r o u t e s ,  t h e
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g lu ta m a te  d e h y d ro g e n a se  r e a c t i o n  o r  t h e  c o u p le d  GNS and  GTS r e a c t i o n ,  

a s s i m i l a t e  ammonia t o  fo rm  g lu ta m a te  t h e  se co n d  p a th w ay  in v o lv e s  t h e  

p a r t i c i p a t i o n  o f  ATP. I t  was s u g g e s te d  hy  th e  a u th o r s  t h a t  t h i s  

e x p e n d i tu r e  o f  e n e rg y  was t h e  p e n a l t y  n e c e s s a r y  f o r  a s s i m i l a t i o n  o f  lo w  

i n t r a c e l l u l a r  c o n c e n t r a t io n s  o f  amm onia.

A s u b s e q u e n t i n v e s t i g a t i o n  (M e e rs , Tem pest & Brow n, 19T0) 

r e v e a l e d  t h a t  c e r t a i n  s p e c ie s  o f  b a c t e r i a ,  n o ta b ly  E rw in ia  c a r o t o v o r a . 

B a c i l l u s  m eg a te riu m  KM an d  B a c i l l u s  s u b t i l i s  W23 la c k e d  n o t i c e a b l e  

g lu ta m a te  d e h y d ro g e n a se  a c t i v i t y .  T hese s p e c i e s ,  t o g e t h e r  w i th  

Pseudom onas f l u o r é s c e n s , s y n th e s i s e d  GTS u n d e r  b o th  c o n d i t io n s  o f  ammonia 

o r  g lu c o s e  l i m i t a t i o n .  The a u th o r s  c o n c lu d e d  t h a t  t h e  a b i l i t y  t o  

s y n th e s i s e  g lu ta m a te  v i a  GNS an d  GTS was n o t  r e s t r i c t e d  t o  ammonia l i m i t e d  

c u l t u r e s  and  c o u ld  be  t h e  p re d o m in a n t pa thw ay  in  c e r t a i n  s p e c i e s , 

p a r t i c u l a r l y  th o s e  l a c k i n g  g lu ta m a te  d e h y d ro g e n a se .

P re v io u s  w ork h a d  n o te d  t h e  a b se n c e  o f  g lu ta m a te  d e h y d ro g e n a se  

a c t i v i t y  i n  B. s u b t i l i s  ( F r e e s e ,  P a rk  & C a s h e l ,  196%) and  t h e  w ork o f  

E lm e r ic h  (1972) c o n firm e d  t h a t  i n  B. m eg a teriu m  ammonia was i n c o r p o r a t e d  

s o l e l y  v i a  GNS and  GTS. The e v id e n c e  f o r  t h i s  can  b e  u s e f u l l y  su m m arised .

a )  B. m eg a te riu m  when grown i n  m in im al medium w i th  g lu c o s e  a s  c a rb o n  

s o u rc e  and  ammonia a s  n i t r o g e n  s o u rc e  h a d  no d e t e c t a b l e  g lu ta m a te  d e h y d ro g ­

e n a s e  o r  a s p a r t a s e  a c t i v i t y .  A s p a r ta s e  (E .C .% .3 .1 .1 )  c a t a l y s e s  t h e  

r e a c t i o n  :

F u m ara te  + NH^ - ..1 L - a s p a r t a t e .

b )  A m u tan t l a c k i n g  a la n i n e  d e h y d ro g e n a se  a c t i v i t y  grew  n o rm a l ly  i n  t h e  

g lu co se -am m o n ia  medium. A la n in e  d e h y d ro g e n a se  ( E .C .1 .% .1 .1 )  c a t a l y s e s  

t h e  r e a c t i o n  :

P y ru v a te  + NH^ + NADH + H**"  1 L - a la n in e  + H^O + NAD"*".
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T h is  o b s e r v a t io n  was s u p p o r te d  by  o t h e r  w ork w h ich  i n d i c a t e d  t h a t  in  

3 a c i l l u s  sp p . t h i s  enzyme a p p e a r s  t o  f u n c t io n  c a t a b o l i e a l l y  t o  p ro d u c e  

p y r u v a te  and  i s  n o t  u s e d  f o r  ammonia a s s i m i l a t i o n  ( B e r b e r ic h ,  K aback & 

P r e e s e , 1 9 6 8 ; M eers & P e d e r s e n ,  1 9 7 2 ) .

c )  M u tan ts  o f  B. m eg a te riu m  w ere  i s o l a t e d  w h ich  la c k e d  e i t h e r  GNS o r  GTS 

a c t i v i t y .  N e i th e r  o f  t h e s e  s t r a i n s  was a b le  t o  grow  on g lu co se -am m o n ia  

m in im a l medium.

F o llo w in g  t h e  a s s i m i l a t i o n  o f  ammonia v i a  GNS and  GTS t o  g iv e  

B - g lu ta m a te , E lm e r ic h  showed t h a t  t h e  g lu ta m a te  was t r a n s a m in a t e d  u s in g  

p y r u v a te  o r  o x a lo a c e ta t e  t o  y i e l d  L - a la n in e  o r  L - a s p a r t a t e  r e s p e c t i v e l y .  

T h is  r e a c t i o n  can  b e  i l l u s t r a t e d  a s  :

L -g lu ta m a te  + R. CO. COOH  ̂ R.CHNH^.COOH + 2 - o x o g lu t a r a te  

The t r a n s a m in a t io n  r e a c t i o n s  y i e l d  2 - o x o g lu t a r a te  w h ich  i s  made a v a i l a b l e  

a g a in  f o r  t h e  GTS r e a c t i o n ,  so  fo rm in g  a  c y c le  c a l l e d  t h e  g lu ta m a te  c y c le  

b y  E lm e r ic h  (1 9 7 2 ) . T h is  c y c le  i s  i l l u s t r a t e d  i n  F ig u re  5 . The 

d ia g ra m  a l s o  i l l u s t r a t e s  t h a t  b a c t e r i a  do n o t  n e c e s s a r i l y  depend  on t h e  

p r o v i s i o n  o f  ammonia i n  t h e  medium f o r  t h e  s y n th e s i s  o f  L - g lu ta m a te .

They can  o b ta in  t h i s  am ino a c id  by t h e  d e g r a d a t io n  o f  o t h e r  am ino a c id s  

p r o v id e d  in  t h e  g ro w th  medium i f  t h e y  a r e  a b le  t o  in d u c e  t h e  n e c e s s a r y  

enzym es. Thus L - h i s t i d i n e ,  L - p r o l in e  and L - a r g i n i n e ,  f o r  e x a m p le , y i e l d  

L - g lu ta m a te  a s  t h e  e n d -p ro d u c t  o f  t h e i r  d e g r a d a t iv e  p a th w a y s . The 

d e g r a d a t iv e  p a th w ay  f o r  L - h i s t i d i n e  i n  K. a e ro g e n e s  was m e n tio n e d  e a r l i e r .  

A l t e r n a t i v e l y ,  compounds can  b e  m e ta b o l i s e d  t o  y i e l d  am m onia. G luco ­

sam in e  and  L - s e r in e  can  be  d e g ra d e d  t o  y i e l d  am m onia. N i t r a t e  can  be  

a s s i m i l a t e d  t o  ammonia by  many m ic ro -o rg a n is m s  v i a  t h e  com bined  a c t i o n  o f  

n i t r a t e  and  n i t r i t e  r e d u c t a s e s .

W ith  Gram n e g a t iv e  b a c t e r i a  su ch  a s  E. c o l i  o r  K. a e ro g e n e s  t h e
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F ig u re  5* D iagram  o f  t h e  p a th w ay s o f  ammonia a s s i m i l a t i o n  and  

g lu ta m a te  m e ta b o lis m  i n  B a c i l l u s  sp p . w h ich  l a c k  

g lu ta m a te  d e h y d ro g e n a se  a c t i v i t y .  Numbers 1 and  2 

r e p r e s e n t  t h e  enzym es g lu ta m in e  s y n th e ta s e  and  

g lu ta m a te  s y n th a s e  r e s p e c t i v e l y .
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com bined  a c t i o n  o f  GKS,.andGIS i s  n o t, r e q u i r e d  when th e  l e v e l  o f  am m onia i n  

t h e  medium i s  h ig h  (ab o v e  1 mM). At h ig h  c o n c e n t r a t io n s  o f  ammonia 

g lu ta m a te  d e h y d ro g e n a se  w i l l  o p e r a t e  s a t i s f a c t o r i l y .  The c e l l  h a s  

e v o lv e d  a p p r o p r i a t e  c o n t r o l  m echanism s t o  a llo w  c o n t in u e d  a s s i m i l a t i o n  o f  

ammonia a t  low  c o n c e n t r a t i o n s . As m e n tio n e d  p r e v i o u s ly  a  f a l l  i n  ammonia 

c o n c e n t r a t i o n  p ro m o te s  d e a d e n y la t io n  o f  GNS in  t h e  c e l l  w h ich  i n  t u r n  

a l lo w s  an in c r e a s e d  s y n th e s i s  o f  t h e  n o n - a d e n y la te d  GNS w h ich  now t a k e s  on 

■the r o l e  o f  g lu ta m a te  p r o v id e r  t o g e t h e r  w i th  GTS. In  f a c t ,  t h e  i n c r e a s e  

i n  t h e  l e v e l  o f  n o n - a d e n y la te d  GNS h a s  b een  shown t o  be a c co m p an ied  by  

r e p r e s s i o n  o f  g lu ta m a te  d e h y d ro g e n a se  s y n th e s i s  (B r e n c h le y , P r i v a i  & 

I-ia g asa n ik , 1 9 T 3 ). Thus t h e  t r a n s f e r  o f  t h e  Gram n e g a t iv e  c e l l  fro m  h ig h  

t o  a  low  ammonia c o n d i t io n  b r in g s  a b o u t an i n c r e a s e  i n  t h e  a c t i v i t y  o f  

t h e  enzym es c a p a b le  o f  a s s i m i l a t i n g  t h e  ammonia a t  low  c o n c e n t r a t io n s  (GNS

a n d  GTS) and  a  f a l l  i n  t h e  a c t i v i t y  o f  t h e  enzyme ( g lu ta m a te  d e h y d ro g e n a s e )

o n ly  u s e f u l  a t  h ig h  ammonia c o n c e n t r a t i o n s .  In  a d d i t i o n ,  t h e  i n c r e a s e  i n  

GNS i s  a b le  t o  r e l i e v e  c e r t a i n  enzym es from  c a t a b o l i t e  r e p r e s s i o n  w h ich

c a n  be  u s e d  t o  d e g ra d e  com pounds t o  g lu ta m a te  ( s e e  ab o v e ) f o r  u s e  a s  an

a l t e r n a t i v e  n i t r o g e n  s o u r c e .

I t  i s  a p p a re n t  t h a t  t h e  enzyme GNS in  a d d i t i o n  t o  i t s  enzym ic 

f u n c t i o n ,  p la y s  a  c r i t i c a l  r o l e  i n  t h e  a d a p ta t i o n  by t h e  Gram n e g a t i v e  

c e l l  t o  a  c o n d i t io n  o f  n i t r o g e n  l i m i t a t i o n .  In  t h e  Gram p o s i t i v e  

B a c i l l u s  s p p . w h ich  l a c k  g lu ta m a te  d e h y d ro g e n a se  a c t i v i t y  i t  i s  c l e a r  t h a t  

t h e  enzym es GNS and  GTS w i l l  o p e r a t e  f o r  ammonia a s s i m i l a t i o n  u n d e r  a l l  

c o n d i t io n s  and  t h e r e f o r e  s u p p le m e n ta ry  c o n t r o l  m echanism s w ou ld  o n ly  be 

e x p e c te d  t o  o c c u r  t o  r e l i e v e  i n d u c i b le  enzym es from  c a t a b o l i t e  r e p r e s s i o n  

u n d e r  c o n d i t io n s  o f  n i t r o g e n  l i m i t a t i o n .  T h is  p o s s i b i l i t y  h a s  n o t ,  a s  

y e t ,  b een  i n v e s t i g a t e d .
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P o s s i b l e  r o l e  o f  g lu ta m in e  s y n th e t a s e  and  g lu ta m a te  s y n th a s e  in  

I n i t i a t i o n  o f  s p o r u l a t i o n

In  t h e  m e ta b o lis m  o f  t h e  c e l l  GNS p la y s  an  im p o r ta n t  r o l e  

“b e c a u s e  t h e  am ide g ro u p  o f  g lu ta m in e ,  t h e  compound i t  s y n t h e s i s e s ,  i s  a  

s o u rc e  o f  n i t r o g e n  in  t h e  b i o s y n t h e s i s  o f  a  v a r i e t y  o f  m a jo r  c e l l  

com ponents su ch  a s  t h e  am ino a c id s  t r y p to p h a n  an d  h i s t i d i n e ,  n u c l e o t id e s  

s u c h  a s  CTP and  AMP an d  p e p t id o g ly c a n  v i a  g lu c o s a m in e -6- p h o s p h a te .  As a  

r e s u l t  o f  i t s  p i v o t a l  r o l e  o r  b r a n c h - p o in t  i n  m e ta b o lis m  i t  i s  s u b je c t  

•to fe e d -b a c k  i n h i b i t i o n  by  a  v a r i e t y  o f  m e t a b o l i t e s .  The enzyme h a s  

b e e n  p u r i f i e d  from  E. c o l i  (W o o lfo lk , S h a p iro  & S ta d tm a n , I 9 6 6 ) and  from  

B. s u b t i l i s  (D euel & P r u s i n e r ,  197^)*  B o th  enzym es a r e  c u m u la t iv e ly  

i n h i b i t e d  by  f i n a l  p r o d u c ts  o f  g lu ta m in e  m e ta b o lism  su c h  a s  AMP, h i s t i d i n e  

a n d  CTP. B oth  a r e  s u b je c t  t o  r e g u l a t i o n  by  L - g lu ta m in e , b u t  by  

d i f f e r e n t  m echan ism s. An i n c r e a s e  i n  L -g lu ta m in e  c o n c e n t r a t io n  

s t i m u l a t e s  a d é n y la t io n  o f  t h e  enzyme from  E. c o l i  ( S c h u t t  & H o lz e r ,  1972) 

w h ic h , a s  h a s  b e e n  n o te d  a l r e a d y ,  r e s u l t s  i n  an  a u to g e n o u s  r e p r e s s i o n  o f  

GNS s y n th e s i s .  The enzyme from  B. s u b t i l i s , h o w e v e r, i s  s u b j e c t  t o  d i r e c t  

i n h i b i t i o n  by  i t s  p r o d u c t ,  L -g lu ta m in e  (D euel & P r u s i n e r ,  197^) w h ich  

p r o v id e s  a  g r e a t l y  s i m p l i f i e d  m echan ism  f o r  t h e  o v e r a l l  r e g u l a t i o n  o f  

L -g lu ta m in e  s y n th e s i s  by  t h e  c e l l .  Thus t h e  Gram p o s i t i v e  c e l l  a p p e a r s  t o  

r e g u l a t e  t h e  amount o f  g lu ta m in e  in  t h e  c e l l  m a in ly  v i a  a  change  i n  enzyme 

a c t i v i t y ,  w h e reas  a  change  i n  t h e  r a t e  o f  enzyme s y n th e s i s  p l a y s  a  g r e a t e r  

r o l e  i n  t h e  Gram n e g a t iv e  c e l l .  I n d e e d , t h e r e  i s  no e v id e n c e  t h a t  t h e  

GNS from  B a c i l l u s  s p p . e x i s t s  i n  an  a d e n y la te d  fo rm  ( Gance do & H o lz e r ,

1 9 6 8 ; D euel e t  a l .  , 1 9 7 0 ) . I n  a d d i t i o n ,  s y n th e s i s  o f  t h e  enzyme h a s  

b e e n  fo u n d  t o  be o n ly  m a r g in a l ly  s e n s i t i v e  t o  r e g u l a t i o n  ( R e b e llo  & S t r a u s s ,  

1 9 6 9 ) ;  i t s  s y n th e s i s  b e in g  p a r t i a l l y  r e p r e s s e d  by  g lu ta m in e ,  a s p a r a g in e .
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a r g i n i n e  a n d , t o  a  l e s s e r  e x t e n t ,  g lu ta m a te .  T hese  o b v io u s  d i f f e r e n c e s  

b e tw e e n  th e  r e g u l a t i o n  o f  GNS a c t i v i t y  i n  t h e  Gram p o s i t i v e  an d  Gram 

n e g a t i v e  c e l l  make i t  d i f f i c u l t  t o  draw _a p o s s i b l e  a n a lo g y  b e tw e e n  t h e  

b e h a v io u r  o f  t h e  enzyme i n  t h e  tw o c e l l  ty p e s  w i th  r e g a r d  t o  i n d u c i b l e  

enzyme s y n th e s i s  a n d , from  t h e  p o in t  o f  v iew  o f  t h i s  d i s c u s s i o n ,  t h e  

in d u c t io n  o f  s p o r u l a t i o n  u n d e r  c o n d i t io n s  o f  n i t r o g e n  l i m i t a t i o n .  The 

s i t u a t i o n  i s  c o m p lic a te d  f u r t h e r  b y  t h e  o b s e r v a t io n  t h a t  cAMP i s  a b s e n t  

fro m  B a c i l l u s  s p p . ( i d e ,  1 9 7 1 i B e r n lo h r ,  Haddox & G o ld b e rg , 197%)* I t  

p re s u m a b ly  p l a y s  no r o l e  i n  t h e  c a t a b o l i t e  r e p r e s s i o n  o f  i n d u c i b l e  enzym es 

a s  i t  d o es  i n  Gram n e g a t iv e  b a c t e r i a  g ro w in g  w i th  a  good c a rb o n  s o u rc e .

I t  i s  t h u s  p o s s i b l e  t h a t  a  d i f f e r e n t  m echanism  o f  c a t a b o l i t e  r e p r e s s i o n  

o p e r a t e s  i n  Gram p o s i t i v e  b a c t e r i a ,  a l th o u g h  an a n a lo g o u s  com pound t o  cAMP 

may p la y  e s s e n t i a l l y  t h e  same r o l e .  In  t h i s  c o n te x t  i t  i s  i n t e r e s t i n g  t o  

n o t e  t h a t  t h e  i n t r a c e l l u l a r  c o n c e n t r a t io n  o f  3 ’ 5 ' c y c l i c  g u a n o s in e  5 ’-  

m onophosphate  (cGMP) ch an g es  s h a r p ly  a t  t h e  s t a r t  o f  s p o re  f o rm a tio n  i n  

B . l i c h e n i f o r m i s  (B e rn lo h r  a l . ,  1 9 7 ^ ) ,  a l th o u g h  i t  was n o t  c l e a r  from  

t h i s  w ork w h e th e r  s p o r u l a t i o n  was in d u c e d  by  c a rb o n  o r  n i t r o g e n  d e p r i v a t i o n .

The enzym es GNS and  GTS a p p e a r  t o  be  s o l e l y  r e s p o n s i b l e  f o r  

ammonia a s s i m i l a t i o n  in  B. s u b t i l i s  and  B. m e g a te r iu m . I t  m ust b e  a ssu m ed , 

t h e r e f o r e , t h a t  t h e s e  enzym es a r e  r e s p o n s i b le  i n  some way f o r  t h e  

r e p r e s s i o n  o f  s p o r u l a t i o n  w h ich  i s  e x e r t e d  by  am m onia. They c o u ld  

c o n c e iv a b ly  o p e r a t e  i n  t h i s  r e s p e c t  i n  two w ays. a )  They c o u ld  o p e r a t e  

e n z y m ic a l ly  i n  t h e  fo rm a tio n  a t  m e ta b o l i te  r e p r e s s o r s  d e r iv e d  fro m  t h e  

ammonia i n  t h e  medium. b )  One o r  t h e  o t h e r  c o u ld  o p e r a t e  i n  a  s i m i l a r  

m anner t o  t h e  r o l e  o f  GNS i n  Gram n e g a t iv e  b a c t e r i a  b y  p ro m o tin g  t h e  

e x p r e s s io n  o f  g en es  r e q u i r e d  f o r  t h e  i n i t i a t i o n  o f  s p o r u l a t i o n .  By 

a n a lo g y  t h i s  w ou ld  r e q u i r e  a  ch ange  in  enzyme l e v e l s  a s  a  r e s u l t  o f  t h e  

d e p le t i o n  o f  ammonia ( n i t r o g e n  l i m i t a t i o n )  from  t h e  m edium . A c o n v e n ie n t
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p r o c e d u r e  f o r  e s t a b l i s h i n g  w h e th e r  GNSand GTS p l a y  a  r o l e  i n  t h e  

m a n u fa c tu re  o f  m e ta b o l i t e  r e p r e s s o r s  w ould  b e  t o  i s o l a t e  m u ta n t s t r a i n s  

w h ic h  p o s s e s s e d  e i t h e r  an i n a c t i v e  GNS o r  GTS enzym e. A d e f e c t i v e  GNS 

w o u ld  n o t a l lo w  ammonia t o  be  m e ta b o l i s e d  a t  a l l  and  a  d e f e c t i v e  GTS 

w o u ld  a llo w  ammonia t o  be  m e ta b o l i s e d  o n ly  a s  f a r  a s  g lu ta m in e .  The 

e f f e c t s  o f  t h e s e  r e s t r i c t i o n s  on t h e  s p o r u l a t i o n  c a p a c i t y  o f  t h e  m u ta n t 

c e l l s  c o u ld  t h e n  b e  a s s e s s e d .  T h is  a p p ro a c h  h a s  b e e n  a d o p te d  i n  b o th  

B . m eg a te riu m  and  E. s u b t i l i s  and  w i l l  be  d i s c u s s e d  b e lo w . The e x a m in a tio n  

o f  m u ta n ts  d e f e c t i v e  i n  GNS o r  GTS w ould  a l s o  h e lp  t o  e s t a b l i s h  a  p o s s ib l e  

r o l e  f o r  e i t h e r  enzyme a s  an  e f f e c t o r  o u t s i d e  i t s  c a t a l y t i c  r o l e .

P r o d u c t io n  o f  a  GNS enzyme p r o t e i n  i n a c t i v e  c a t a l y t i c a l l y  s t i l l  a l lo w e d  i t  

t o  f u n c t io n  n o rm a l ly  i n  enzyme in d u c t io n  ( s e e  ab o v e ) w h e re as  a  r e g u l a t o r y  

m u ta n t p r o d u c in g  no enzyme p r o t e i n  was i n a c t i v e  in  b o th  w ays. In  

a d d i t i o n ,  any  ch an g e  i n  enzyme l e v e l  c a u se d  by  c h a n g es  i n  enzyme s y n th e s i s  

a t  t h e  o n s e t  o f  s p o r u l a t i o n  s h o u ld  be  d e t e c t a b l e  a s  ch a n g es  i n  enzyme 

s p e c i f i c  a c t i v i t y  b y  d i r e c t  a s s a y  i n  c e l l - f r e e  e x t r a c t s  o f  s p o r u l a t i n g  c e l l s .

As f a r  a s  i s  known no a t te m p ts  have  b e e n  made t o  d e t e c t  c h a n g es  

i n  GNS o r  GTS s p e c i f i c  a c t i v i t i e s  d u r in g  th e  o n s e t  o f  s p o r u l a t i o n .

H ow ever, R e b e llo  & S t r a u s s  (1 9 6 9 ) i n v e s t i g a t e d  t h e  c o n t r o l  o f  GNS s y n th e s i s  

u n d e r  c o n d i t io n s  o f  c a rb o n  an d  n i t r o g e n  d e p r i v a t i o n  i n  a  c h e m o s ta t  ; 

c o n d i t io n s  w h ich  w ou ld  be  e x p e c te d  t o  e n c o u ra g e  t h e  o n s e t  o f  s p o r u l a t i o n .  

Com pared w i th  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  enzyme from  c e l l s  g ro w in g  in  

^ u c o s e -a m m o n ia  medium i n  b a tc h  c u l t u r e ,  n i t r o g e n  l i m i t a t i o n  ( u s in g  ammonia 

o r  L -g lu ta m in e  a s  t h e  l i m i t i n g  com ponen t) c a u se d  a  2 . 9 - f o l d  i n c r e a s e  in  

s p e c i f i c  a c t i v i t y ,  w h e re as  c a rb o n  l i m i t a t i o n  ( u s in g  g lu c o s e  a s  t h e  l i m i t i n g  

com ponen t) c a u s e d  an 8 - f o l d  d e c re a s e  i n  s p e c i f i c  a c t i v i t y .  I n  a d d i t i o n ,  

t h e y  i n v e s t i g a t e d  t h e  change  in  s p e c i f i c  a c t i v i t y  o f  GNS d u r in g  t r a n s i t i o n
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f ro m  a  f a s t  t o  a  s low  g ro w th  r a t e .  T h is  was a c c o m p lis h e d  by g row ing  

E . s u b t i l i s  i n  a  g lu co se -am m o n ia  m in im a l medium c o n ta i n in g  a  l i m i t i n g  

am ount o f  c a s e in  h y d r o ly s a t e .  E x h a u s tio n  o f  t h e  c a s e in  h y d r o ly s a te  

r e d u c e d  th e  g row th  r a t e  an d  was acco m p an ied  by  a  t r a n s i e n t  i n c r e a s e  i n  t h e  

s p e c i f i c  a c t i v i t y  o f  GNS fo l lo w e d  b y  a  l a g  i n  enzyme s y n th e s i s  f o r  a  s h o r t  

p e r i o d  a s  g row th  s lo w e d . F i n a l l y ,  enzyme s y n th e s i s  resum ed  a t  a  re d u c e d  

r a t e .  The a u th o r s  a l s o  showed t h a t  t h e s e  o b s e rv e d  c h a n g es  i n  GNS s p e c i f i c  

a c t i v i t y  w ere d u e y to  s p e c i f i c  c h a n g es  i n  enzyme s y n th e s i s  and  n o t  t o  

g e n e r a l  ch an g es i n  t h e  r a t e  o f  p r o t e i n  d e g r a d a t io n .  T h is  w ork i n d i c a t e d  

t h a t  t h e  l e v e l  o f  GNS i n  B. s u b t i l i s  ch an g ed  on t r a n s i t i o n  from  a  r i c h  t o  

a  p o o r  g row th  e n v iro n m e n t an d  a lm o s t a  1 0 - f o l d  d i f f e r e n c e  i n  s p e c i f i c  

a c t i v i t y  o f  th e  enzyme was fo u n d  b e tw e en  c o n d i t io n s  o f  c a rb o n  an d  n i t r o g e n  

s t a r v a t i o n .  S h if t-d o w n  c o n d i t i o n s  i n v o lv in g  c a rb o n  o r  n i t r o g e n  

l i m i t a t i o n  a r e  known t o  t r i g g e r  s p o r u l a t i o n ,  b u t  t h e  a u th o r s  d id  n o t  se e k  

a n y  c o r r e l a t i o n  b e tw e en  s p o r u l a t i o n  an d  t h e  a c t i v i t y  o f  GNS.

A p o s s ib l e  r o l e  f o r  GNS an d  GTS d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n  

h a s  a l s o  been  so u g h t by  t h e  i s o l a t i o n  o f  GNS an d  GTS d e f e c t i v e  s t r a i n s  i n  

B . m eg a te riu m  by  A u b e rt and  h i s  c o l l e a g u e s  (E lm e ric h  & A u b e r t ,  1 9 7 1 , 1 9 7 2 , 

1 9 7 3 , 1975 ; R e y s s e t  & A u b e r t ,  1 9 7 5 ) . T hese a u th o r s  f i r s t  r e p o r t e d  t h a t  

a  G N S -negative  m u tan t was a b le  t o  s p o r u l a t e  e f f i c i e n t l y  i n  a  medium 

c o n ta i n in g  g lu c o s e  an d  ammonia w h ich  p r e v e n te d  s p o r u l a t i o n  i n  t h e  w i ld - ty p e  

(E lm e r ic h  & A u b e r t ,  1 9 7 2 ) . A d d i t io n  o f  L -g lu ta m in e  t o  t h i s  medium 

lo w e re d  th e  l e v e l  o f  s p o r u l a t i o n  i n  t h e  G N S -negative  s t r a i n ,  b u t  t h e  

a d d i t i o n  o f  L -g lu ta m a te  d id  n o t .  The a u th o r s  c o n c lu d e d  t h a t  t h e  r e p r e s s i o n  

o f  s p o r u l a t i o n  d epended  on L -g lu ta m in e  and  n o t  L - g lu ta m a te .  In  k e e p in g  

w i th  t h i s  a  G T S -n eg a tiv e  s t r a i n  was u n a b le  t o  s p o r u l a t e  even  in  t h e  

p r e s e n c e  o f  g lu ta m a te  b e c a u s e ,  t h e  a u th o r s  s u g g e s te d ,  t h e  a b s e n c e  o f  GTS 

c a u s e d  an a c c u m u la tio n  o f  L -g lu ta m in e  w h ich  r e p r e s s e d  s p o r u l a t i o n  u n d e r
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eJ_1 c o n d i t i o n s .  A s u b s e q u e n t r e p o r t  (E lm e ric h  & A u b e r t , 1973) s u g g e s te d  

t l i a t  i t  v a s  n o t  L -g lu ta m in e  i t s e l f ,  b u t  r a t h e r  a  com ponent i n  t h e  e a r l y  

p a r t  o f  t h e  p u r in e  b i o s y n t h e t i c  p a th w ay  t h a t  v a s  in v o lv e d  in  t h e  r e p r e s s i o n  

o f  s p o r u l a t i o n .  L -g lu ta m in e  v a s  im p l ic a te d  o n ly  a s  an  a m id p -g ro u p  d o n o r , 

î 'h z ta n ts  v e re  s e l e c t e d  from  th e  G IT 8-negative s t r a i n  v h ic h  s p o r u l a te d  i n  

t h e  g lu c o s e  ammonia medium p lu s  ad d ed  L -g lu ta m in e  v h e re  t h e  G N S -n eg a tiv e  

s t r a i n  v a s  u n a b le  t o  s p o r u l a t e .  T hese v e re  o f t e n  b lo c k e d  i n  t h e  p u r in e  

b i o s y n t h e t i c  p a th v a y .  S i m i l a r l y ,  m u ta n ts  v e re  s e l e c t e d  from  th e  GTS -  

s t r a i n  v h ic h  s p o r u l a te d  i n  t h e  g lu co se -am m o n ia  medium v h e re  t h e  GTS -  s t r a i n  

v a s  u n a b le  t o  s p o r u l a t e  b e c a u s e  o f  t h e  p resum ed  a c c u m u la t io n  o f  L -g lu ta m in e . 

A g a in  t h e s e  m u ta n ts  v e r e  b lo c k e d  in  an  e a r l y  s t e p  o f  p u r in e  b i o s y n t h e s i s .

I t  v a s  c o n c lu d e d  t h a t  t h e r e  i s  a  com ponent o f  t h e  p u r in e  p a th v a y ,  fo rm ed  

u s in g  L - g lu ta m in e ,  v h ic h  a c t s  a s  a  r e p r e s s o r  o r  p e r m i ts  t h e  s y n th e s i s  o f  

a  r e p r e s s o r  f o r  s p o r u l a t i o n .  T h is  h y p o th e s i s  v a s  t e s t e d  d i r e c t l y  by  th e  

i s o l a t i o n  o f  p u r in e  d e f i c i e n t  s t r a i n s  from  t h e  v i l d - t y p e  E. m e g a te r iu m . 

C la s s e s  o f  m u ta n ts  b lo c k e d  i n  t h e  s t e p s  b e tw een  5“p h o s p h o r i b o s y l - l - p y r o ­

p h o s p h a te  and  5“ a m in o im id a z o le  r ib o n u c l e o t id e  v e r e  a b le  t o  s p o r u l a t e  in  

t h e  g lu co se -am m o n ia  medium v h ic h  p r e v e n te d  s p o r u l a t i o n  i n  t h e  v i l d - t y p e .

I n  a  l a t e r  r e p o r t  R e y s s e t  & A u b e rt (1 975 ) exam ined  t h e  p r o p e r t i e s  

o f  a  num ber o f  GRS d e f e c t i v e  s t r a i n s .  A l l  d e g re e s  o f  s p o r u l a t i o n  v e r e  

fo u n d  in  t h e s e  m u ta n ts  from  100% down t o  0.001% . T h ere  v a s  no c o r r e l a t i o n  

h e tv e e n  th e  d e g re e  o f  s p o r u l a t i o n  and  t h e  a c t i v i t y  o f  GNS n o r  was t h e r e  

a n y  c o r r e l a t i o n  b e tw e en  t h e  d e g re e  o f  s p o r u l a t i o n  an d  t h e  am ount o f  GNS 

p r o t e i n  a s  e s t im a te d  b y  im m u n o lo g ic a l m eans. I t  v a s  n o te d  e a r l i e r  t h a t  

i n  K. a e ro g e n e s  t h e  r e g u l a t o r y  f u n c t io n  o f  GNS i n  h i s t i d a s e  s y n th e s i s  was 

in d e p e n d e n t  o f  i t s  enzyme a c t i v i t y  so t h a t  a  m u ta n t v h ic h  s y n th e s i s e d  

enzym ic  a l l y  i n a c t i v e  GNS was s t i l l  a b le  t o  c o n t r o l  h i s t i d a s e  s y n th e s i s  

n o r m a l ly .  I f  GNS was p l a y in g  an a n a lo g o u s  r o l e  i n  B. m e g a te r iu m  i n  t h e
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c o n t r o l  o f  s p o r u l a t i o n  i t  m ig h t h a v e  b e e n  e x p e c te d  t h a t  t h e  p re s e n c e

o r  a b se n c e  o f  GNS a n t ig e n  w ould  h av e  c o r r e l a t e d  w i th  t h e  l e v e l  o f

s p o r u l a t i o n ,  b u t  t h e r e  was no c o r r e l a t i o n  in  t h i s  r e s p e c t .  Thus one

G N S -negative  s t r a i n  h ad  an a n t ig e n  l e v e l  e q u iv a le n t  t o  t h e  w i l d - t y p e , b u t

“ 5s p o r u l a t e d  o n ly  a t  a  l e v e l  o f  5 x  10 , a n o th e r  s t r a i n  l a c k e d  any

d e t e c t a b l e  a n t ig e n  and  s p o r u l a te d  a t  a  l e v e l  o f  5 x 10 and y e t  a n o th e r  

p o s s e s s e d  l i t t l e  a n t i g e n ,  b u t  s p o r u l a t e d  n o rm a l ly .  The c o n c lu s io n  o f  

A u b e rt and  h i s  c o l le a g u e s  (R e y s s e l  & A u b e r t ,  1975) from  t h e  s tu d y  o f  

GNS and GTS d e f e c t i v e  s t r a i n s  i n  E. m eg a te riu m  i s  t h a t  GNS i s  t h e  f i r s t  

enzyme in v o lv e d  in  t h e  s y n th e s i s  o f  a  low  m o le c u la r  w e ig h t e f f e c t o r  

d e r iv e d  from  an  e a r l y  in te r m e d ia t e  o f  t h e  p u r in e  b i o s y n t h e t i c  p a th w a y . 

They a l s o  s u g g e s t  t h a t  t h e  GNS p r o t e i n  h a s  a  r e g u l a t o r y  r o l e  in d e p e n d e n t 

o f  i t s  c a t a l y t i c  a c t i v i t y  and  may i t s e l f  be  t h e  r e c e p t o r  o f  t h e  low  

m o le c u la r  w e ig h t e f f e c t o r  m o le c u le  w h ic h , i t  i s  p o s t u l a t e d ,  may a l t e r  i t s  

r e g u l a t o r y  f u n c t io n .  Thus c o m b in a tio n  w ith  t h e  e f f e c t o r  may p r e v e n t  

t r a n s c r i p t i o n  o f  e s s e n t i a l  g en es  r e q u i r e d  f o r  s p o r u l a t i o n .  T h is  i s  

a n a lo g o u s  t o  K. a e ro g e n e s  w here  s i m i l a r  r e g u l a t o r y  e f f e c t s  a r e  c a u se d  by  

a d é n y la t i o n .  I t  i s  d i f f i c u l t ,  h o w e v e r, t o  r e c o n c i l e  t h i s  h y p o th e s i s  

w i th  A u b e r t 's  own o b s e r v a t io n s  on t h e  l a c k  o f  c o r r e l a t i o n  b e tw een  t h e  

d e g re e  o f  s p o r u l a t i o n  and  t h e  l e v e l  o f  GNS p r o t e i n .

The s i t u a t i o n  i s  c o m p l ic a te d  f u r t h e r  by  a  r e c e n t  r e p o r t  (D ean , 

Eoch & A ro n so n , 1977) w h ich  s t a t e d  t h a t  a  l a r g e  num ber o f  GNS d e f e c t i v e  

m u ta n ts  o f  E. s u b t i l i s  w ere a b le  t o  s p o r u l a t e  n o rm a l ly  w h ich  i s  t h e  

o p p o s i t e  t o  w hat was fo u n d  in  E. m e g a te r iu m  (R e y s s e t  & A u b e r t ,  1 9 7 5 ) .

The a u th o r s  n o te d  t h a t  a l l  t h e  E . s u b t i l i s  m u ta n ts  c o n ta in e d  some GNS 

a c t i v i t y ,  b u t  s u g g e s te d  t h a t  a c t i v e  GNS may n o t  b e  n e c e s s a r y  f o r  

s p o r u l a t i o n  in  E. s u b t i l i s .
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I t  s h o u ld  h e  n o te d  t h a t  L -g lu ta jn a te  i s  a  m a jo r  c o n s t i t u e n t  o f  

t h e  dorm ant s p o re .  S p o re s  o f  B. s u b t i l i s  c o n ta in  a b o u t 1% o f  t h e i r  d ry  

w e ig h t  a s  f r e e  g lu ta m ic  a c id  (N e lso n  & K o rn b e rg , 1 9 7 0 ) . A r e q u ir e m e n t  

f o r  t h e  s y n th e s i s  o f  L -g lu ta m a te  d u r in g  s p o r u l a t i o n  w ould  be e x p e c te d  t o  

h e  an  e s s e n t i a l  p a r t  o f  t h e  s p o r u l a t i o n  p r o c e s s .  Thus m u ta n ts  d e f i c i e n t  

i n  th e  f i r s t  t h r e e  enzym es o f  t h e  t r i c a r b o x y l i c  a c id  c y c l e ,  c i t r a t e  

s y n th a s e ,  a c o n i t a s e  an d  i s o c i t r a t e  d e h y d ro g e n a s e , a r e  u n a b le  t o  s p o r u l a t e  

ev e n  in  n u t r i e n t  b r o t h .  They a r e  u n a b le  t o  s y n th e s i s e  2 - o x o g lu t a r a t e  w h ich  

c a n  th e n  be t r a n s a m in a te d  t o  fo rm  L -g lu ta m a te  ( F o r tn a g e l  & F r e e s e ,  1 9 ^ 8 ; 

C a r ls  & H anson , 1 9 7 1 ) . In  m in im a l medium th e y  hav e  t o  be  s u p p l i e d  w i th  a

s o u rc e  o f  L -g lu ta m a te .  T h is  m eans t h a t  th e y  a r e  g lu ta m a te  a u x o tro p h s

a n d  w i l l  n o t  grow on g lu co se -am m o n ia  m in im al medium. They can  b e  

d i s t i n g u i s h e d  from  g lu ta m a te  s y n th a s e  n e g a t iv e  s t r a i n s  w h ich  h av e  a  s i m i l a r  

p h e n o ty p e  by  t h e  f a c t  t h a t  L -a  s p a r t  a t e  w i l l  s e rv e  a s  an  a l t e r n a t i v e  t o  

L -g lu ta m a te  i n  t h e  l a t t e r  s t r a i n s  (Young & W ilso n , 1 9 7 5 ) ,  b u t  n o t  i n  t h e  

TCA c y c le  m u ta n ts .  L - a s p a r t a t e  c a n  b e  t r a n s a m in a te d  t o  fo rm  L -g lu ta m a te  

o n ly  i f  a  s u p p ly  o f  2 - o x o g l u t a r a t e  i s  a v a i l a b l e  ( s e e  F ig u re  5 ) .

No c l e a r  p i c t u r e  h a s  e v o lv e d  o f  t h e  p o s s ib l e  r o l e  o f  GNS o r  GTS 

i n  t h e  o n s e t  o f  s p o r u l a t i o n .  The w ork w ith  GNS d e f e c t i v e  m u ta n ts  h a s  

p r e s e n t e d  a  c o n fu s in g  p i c t u r e .  In  B. m eg a te riu m  a  s i n g l e  m u ta t io n  can  

r e n d e r  th e  c e l l  d e f e c t i v e  i n  GNS a c t i v i t y  and  som etim es i n  s p o r u l a t i o n  

w h e re a s  in  B. s u b t i l i s  l a c k  o f  GNS a c t i v i t y  h a s  a p p a r e n t ly  no e f f e c t  on 

s p o r u l a t i o n .  H ow ever, i n  b o th  t h e s e  s t u d i e s  s p o r u l a t i o n  was e s t i m a t e d  

b y  e x h a u s t io n  in  b r o th  medium w h ich  m eant t h a t  a  d i s t i n c t i o n  b e tw e en  

c a rb o n  and  n i t r o g e n  l i m i t a t i o n  a s  a  m eans o f  p ro m o tin g  s p o r u l a t i o n  was n o t  

m ade. F o r th e  r e a s o n s  d i s c u s s e d  above GNS and  GTS w ould  b e  e x p e c te d  t o  

p l a y  a  r o l e  in  r e p r e s s i o n  o f  s p o r u l a t i o n  v i a  m e ta b o lism  o f  n i t r o g e n o u s  

com pounds. The w ork o f  R e b e l lo  & S t r a u s s  (1 9 6 9 ) s u g g e s te d  a  d i f f e r e n c e  i n
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b e h a v io u r  o f  GNS u n d e r  c a rb o n  and  n i t r o g e n  l i m i t a t i o n .  T h is  i s  t h e  o n ly  

w ork  a v a i l a b l e  w h ich  h a s  i n v e s t i g a t e d  t h e  a c t i v i t y  o f  GNS i n  B. s u b t i l i s  

■under t h e s e  d i f f e r e n t  c o n d i t i o n s . I t  seem ed im p o r ta n t  t o  make a

d i s t i n c t i o n  b e tw e en  c a rb o n  and  n i t r o g e n  l i m i t a t i o n  a s  a  means o f  in d u c in g  

s p o r u l a t i o n  and  t o  exam ine th e  r o l e  o f  b o th  GNS an d  GTS u n d e r  t h e s e  tw o 

s e p a r a t e  s i t u a t i o n s .

The w ork d e s c r ib e d  i n  t h i s  t h e s i s  was done w ith  t h e  p o s s i b i l i t y  

i n  m ind t h a t  s p o r u l a t i o n  may b e  in d u c e d  u n d e r  c a rb o n  o r  n i t r o g e n  l i m i t a t i o n  

b y  d i f f e r e n t  m echan ism s. The w ork  c e n t r e d  on t h e  a c t i v i t y  o f  GNS an d  GTS 

d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n .  Lack o f  a  r e a d i l y  m e ta b o l i s a b l e  c a rb o n  

o r  n i t r o g e n  s o u rc e  w i l l  i n i t i a t e  s p o r u l a t i o n .  C o n v e r s e ly ,  a  good s o u rc e  

o f  n i t r o g e n ,  su ch  a s  am m onia, w i l l  r e p r e s s  s p o r u l a t i o n  and  a s  ammonia i s  

a p p a r e n t ly  a s s i m i l a t e d  v i a  t h e  a c t i o n  a t  GNS and  GTS i n  B. s u b t i l i s  i t  

m ig h t be e x p e c te d  t h a t  t h e s e  enzym es w ould  p la y  a  r o l e  i n  t h e  r e p r e s s i o n  o f  

s p o r u l a t i o n .  T h is  p o s s i b i l i t y  was i n v e s t i g a t e d  in  tw o w ays. F i r s t ,  by  

s t u d i e s  on t h e  s p e c i f i c  a c t i v i t y  o f  t h e  enzymes d u r in g  t h e  o n s e t  o f  

s p o r u l a t i o n  in d u c e d  by  e i t h e r  c a rb o n  o r  n i t r o g e n  s t a r v a t i o n .  In  Gram 

n e g a t iv e  b a c t e r i a  t h e r e  i s  an  i n c r e a s e  i n  s p e c i f i c  a c t i v i t y  o f  GNS 

a s s o c i a t e d  w ith  t h e  r e l i e f  from  c a t a b o l i t e  r e p r e s s i o n  o f  c e r t a i n  i n d u c i b le  

enzym es u n d e r  n i t r o g e n  l i m i t a t i o n .  On th e  a s su m p tio n  t h a t  t h e  i n i t i a t i o n  

e v e n ts  o f  s p o r u l a t i o n  a r e  u n d e r  some form  o f  c a t a b o l i t e  r e p r e s s i o n ,  i t  

m i ^ t  b e  a n t i c i p a t e d  t h a t  a  r o l e  f o r  one o r  o th e r  o f  t h e s e  enzym es i n  t h e  

r e l i e f  from  t h i s  r e p r e s s i o n  m ig h t be r e f l e c t e d  in  an i n c r e a s e  i n  s p e c i f i c  

a c t i v i t y  d 'u r in g  th e  o n s e t  o f  s p o r u l a t i o n  in d u c e d  by  n i t r o g e n  l i m i t a t i o n .  

S e c o n d , b y  s t u d i e s  on a  m u tan t s t r a i n  w h ich  was p resu m ed  d e f e c t i v e  i n  GTS 

a c t i - v l t y .  P r e v io u s ly  r e p o r t e d  w ork h a s  c o n c e n t r a te d  on s t r a i n s  d e f e c t i v e  

i n  GNS a c t i v i t y  and  t h e r e  h a s  b e e n  l i t t l e  em p h asis  p la c e d  on m u ta n ts  

d e f e c t i v e  i n  GTS. I t  m ig h t b e  a n t i c i p a t e d  t h a t  t h e  s tu d y  o f  a  GTS d e f e c t i v e  

s t r a i n  u n d e r  s p o r u l a t i o n  c o n d i t io n s  m ig h t a l s o  i n d i c a t e  w h e th e r  t h i s  enzyme 

h a s  a  r o l e  i n  s p o r u l a t i o n .
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OBJECT OF THE RESEARCH

The m ain o b j e c t  o f  t h i s  w ork was t o  d e te rm in e  t h e  r o l e  o f  t h e

enzym es g lu ta m in e  s y n th e t a s e  (CHS) and  g lu ta m a te  s y n th a s e  (GTS) d u r in g

t h e  i n i t i a t i o n  o f  s p o r u l a t i o n  in  B. s u b t i l i s  u n d e r  n i t r o g e n  l i m i t a t i o n .

I n  o r d e r  t o  do t h i s  i t  was n e c e s s a r y  f i r s t ,  t o  o b t a in  e x p e r im e n ta l  

c o n d i t i o n s  w hich '^w ould a llo w  s p o r u l a t i o n  t o  o c c u r  e q u a l ly  w e l l  u n d e r  

c a rb o n  o r  n i t r o g e n  l i m i t a t i o n ;  s e c o n d , t o  e s t a b l i s h  s a t i s f a c t o r y  a s s a y  

p r o c e d u r e s  f o r  GNS and  GTS and  t o  a s s a y  th e  enzym es d u r in g  g row th  o f  

B . s u b t i l i s  u n d e r  c o n d i t io n s  w here  a  change  in  s p e c i f i c  a c t i v i t y  w ould  be 

e x p e c te d  t o  o c c u r ;  t h i r d ,  t o  a s s a y  t h e  enzym es a t  i n t e r v a l s  a f t e r  t h e  

o n s e t  o f  s p o r u l a t i o n  in d u c e d  by  e i t h e r  c a rb o n  o r  n i t r o g e n  l i m i t a t i o n ;

f o u r t h ,  t o  c h a r a c t e r i s e  f u l l y  a  m u ta n t s t r a i n  o f  B. s u b t i l i s  w h ich  was

p resu m e d  d e f i c i e n t  i n  GTS a c t i v i t y  an d  t o  n o te  i t s  s p o r u l a t i o n  b e h a v io u r  

u n d e r  c o n d i t io n s  o f  c a rb o n  and  n i t r o g e n  l i m i t a t i o n .  F i n a l l y ,  t o  com pare 

t h e  enzyme a c t i v i t i e s  d u r in g  g ro w th  and  s p o r u l a t i o n  o f  t h e  m u tan t s t r a i n  

w i th  t h o s e  o f  t h e  w i ld - ty p e .
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MATERIALS AND METHODS



O rgan ism s

B a c i l l u s  s u b t i l i s  l 68 ( t r p C 2 ) was u s e d  a s  t h e  w i ld - ty p e  

s t r a i n .  T h is  s t r a i n  r e q u i r e s  in d o le  o r  L - t r y p to p h a n  f o r  g ro w th . I t  

fo rm s  s p o re s  n o rm a l ly  i n  m ed ia  c o n ta in in g  L - t r y p to p h a n . S t r a i n  g i t -1 0 0  

w as made a v a i l a b l e  b y  D r. J .G .  C o o te . I t  was i s o l a t e d  o r i g i n a l l y  from  

B . s u b t i l i s  168  ( t r p C 2 ) a s  u n a b le  t o  grow on a  num ber o f  c a rb o n  s o u r c e s ,  

s u c h  a s  D -g lu c o se  o r  L - a r a b in o s e ,  w i th  ammonia a s  n i t r o g e n  s o u r c e .  I t  

w as l a t e r  i d e n t i f i e d  a s  a  g lu ta m a te  a u x o tro p h , i . e .  i t  r e q u i r e d  L -g lu ta m a te  

a s  a  n i t r o g e n  s o u rc e  f o r  g ro w th . The m u ta tio n  was t r a n s f e r r e d  t o  

B . s u b t i l i s  168  (p h e - 1 2 , l e u - 8 ) by  t r a n s f o r m a t io n  (C o o te , 1 9 T 2 ) . In  

t h i s  c r o s s ,  h i ^  c o n c e n t r a t io n s  o f  DNA w ere u s e d  ( c o n g r e s s io n )  an d
4-

s e l e c t i o n  was made f o r  l e u  t r a n s f o r m a n t s .  T hese  w ere  t h e n  t e s t e d  f o r  a  

r e q u i r e m e n t  f o r  L - g lu ta m a te .

Work d e s c r ib e d  h e re  i d e n t i f i e s  th e  a b s e n c e  o f  g lu ta m a te  

s y n th a s e  (g lu ta m in e  : 2 - o x o g lu t a r a te  a m in o t r a n s f e r a s e )  i n  t h i s  s t r a i n .

The g e n o ty p ic  d e s ig n a t io n  g i t  was t h a t  u s e d  by  Eoch & M athews (1 9 7 2 ) t o  

d e s c r i b e  a  s i m i l a r  g lu ta m a te  s y n th a s e  n e g a t iv e  s t r a i n  an d  t h i s  d e s ig n a t io n  

h a s  b e e n  in c o r p o r a t e d  i n t o  t h e  g e n e t i c  map o f  B. s u b t i l i s  168  (L e p e s a n t 

^ .  , 1 9 7 5 ; Young & W ils o n , 1 9 7 5 ) . The s t r a i n  u s e d  i n  t h e  e x p e r im e n ts  

d e s c r i b e d  h e r e  was g i t - 1 0 0 , p h e -1 2  an d  f o r  g ro w th  and  s p o r u l a t i o n  a l l  

m ed ia  w ere  s u p p le m e n te d  w i th  L -p h e n y la la n in e  and  L - g lu ta m a te  ( o r  am ino 

a c i d s  w h ich  c o u ld  r e p l a c e  L - g lu ta m a te ) .

M a in te n an c e  o f  o rg a n ism s

S to c k  c u l t u r e s  o f  t h e  o rg a n ism s  w ere m a in ta in e d  a t  4°C on 

n u t r i e n t  a g a r  (O x o id  L t d . ,  L ondon, E n g la n d ) . B o th  B. s u b t i l i s  w i ld - ty p e
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a n d  s t r a i n  g i t -1 0 0  fo rm ed  s p o re s  on t h i s  medium so th e y  re m a in e d  v i a b l e  

f o r  lo n g  p e r io d s  and  w ere  o n ly  s u b c u l tu r e d  o n to  f r e s h  n u t r i e n t  a g a r  a t  

a p p ro x im a te ly  f o u r  m onth  i n t e r v a l s .  The c u l t u r e s  w ere  p e r i o d i c a l l y  

c h e c k e d  f o r  c o n ta m in a t io n  b y  s t r e a k i n g  t h e  w i ld - ty p e  s t r a i n  o n to  

m in im a l a g a r  ( s e e  b e lo w ) and  t h e  g i t -1 0 0  s t r a i n  o n to  m in im al a g a r  w i th  

a d d e d  p h e n y la la n in e .  B o th  s t r a i n s  w ere  u n a b le  t o  grow  on t h e s e  m ed ia  

a n d  any  c o n ta m in a t in g  c o lo n ie s  o r  r e  v e r t  a n t s  w ould  become v i s i b l e  a f t e r  

i n c u b a t io n  a t  3T°C f o r  48 h o u r s .

G row th m edia

l )  C a se in  h y d r o ly s a te  medium (CH m edium )

The b a s a l  medium c o n ta in e d  10  g o f  c a s e in  h y d r o l y s a t e ,  3 .6 8  g 

L r-g lu tam ic  a c i d ,  1 ,2 5  g L - a l a n i n e , 1 .3 9  g L - a s p a r a g in e , 1 .3 6  g KH^PO^, 

0 .1 0 7  g Ka^SO^, 0 .0 0 1  g FeCl^ÔH^O, 0 .1  g NH^NO^ and  0 .5 4  g NH^Cl i n  1 

l i t r e  o f  d i s t i l l e d  w a te r .  The pH was a d ju s t e d  t o  7 .0  w ith  4o% NaOH 

a n d  t h e  medium s t e r i l i s e d  by  a u to c l a v i n g  a t  15 p s i  f o r  15 m in .

A d d i t io n s  t o  t h e  CH medium

CH^. T h is  c o n ta in e d  2 .0  g MgS0^.7H20 p l u s  0 .4  g CaClg.ZHgO 

m ade up t o  one l i t r e  and  s t e r i l i s e d  b y  a u to c l a v in g  a t  15 p s i  f o r  15 m in .

CHj .̂ T h is  c o n ta in e d  1 .1  g Mh80^.4Hg0 made up  t o  100 ml and

s t e r i l i s e d  by  a u to c la v in g  a t  15 p s i  f o r  15 m in .

C om plete  CH medium

To e a ch  100 ml o f  b a s a l  medium was ad d ed  5 .0  ml o f  CH^, 0 .2  ml 

CH|^, 1 .0  ml 0.2% (w /v ) L - t r y p to p h a n  o r  L -p h e n y la la n in e  ( s t e r i l i s e d  b y  f i l ­

t r a t i o n  th ro u g h  c e l l u l o s e  a c e t a t e  m em brane f i l t e r s  o f  p o re  s i z e  0 .4 5  pm
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O x o id  L t d . ,  B a s in g s to k e ,  H a n t s ) .  The medium i s  a lm o s t i d e n t i c a l  t o  t h a t  

d e s c r ib e d  by  S t e r l i n i  & M andelstam  (1 9 6 9 ) .

2 )  M inim al s a l t s  m ed ia

T h is  medium h a s  b e e n  d e s c r ib e d  p r e v i o u s ly  ( S c h a e f f e r  ^  a l . ,

1 9 6 5 ) .  The b a s a l  medium c o n ta in e d  1 0 .5  g K^HPO^, 3 .5  g KH^PO^ and

0 .5  g NHj^Cl made up t o  1 l i t r e  w i th  d i s t i l l e d  w a te r  and  a d ju s t e d  t o  pH 

Y.O w ith  kO% NaOH. I t  was s t e r i l i s e d  by a u to c l a v in g  a t  15 p s i  f o r  15 m in .

A d d i t i o n s . The f o l lo w in g  s a l t  s o lu t i o n s  w ere  p r e p a r e d ;

PeSO^.THgO ( 0 . 05% w /v ) ,  MhClg.kHgO (0.05%  w /v ) ,  MgSO^.TH^O (0.5%  w /v ) ,  

CaCl^.SH^O ( 2 . 2 % w /v ) .  T hese  w ere  a l l  s t e r i l i s e d  by  a u to c l a v in g  a t  

15  p s i  f o r  15 m in .

C om plete m in im al m edium . To e a c h  100 ml o f  b a s a l  medium was ad d ed

1 . 0  ml o f  FeSO^.TH^O s o l u t i o n ,  1 .0  ml MnCl^.ilH^O s o l u t i o n ,  1 .0  ml MgSOj^.TH^O 

s o l u t i o n ,  0 .2 5  ml CaCl^.SH^O s o l u t i o n  and  1 .0  ml L - t r y p to p h a n  o r  L - 

p h e n y la la n in e  (0.2%  w /v ) .  I t  was su p p le m e n te d  b y  a s e p t i c  a d d i t i o n  o f  a  

c a rb o n  s o u rc e  a t  0.5% f i n a l  c o n c e n t r a t i o n  ( 5 .0  ml 10% s o lu t i o n  a d d e d  p e r  

1 0 0  ml o f  m edium ). A l l  c a rb o n  s o u rc e s  w ere s t e r i l i s e d  by  f i l t r a t i o n .

When an a l t e r n a t i v e  t o  ammonia was r e q u i r e d  a s  a  s o u rc e  o f

n i t r o g e n  a  b a s a l  medium was made up i n  t h e  same way e x c e p t  t h a t  NH^Cl

w as o m it te d .  A l t e r n a t i v e  n i t r o g e n  s o u rc e s  w ere  u s e d  a t  0.1% (w /v )  f i n a l  

c o n c e n t r a t io n  ( l .O  ml 10% s o l u t i o n  ad d ed  a s c e p t i c a l l y  p e r  100 ml o f  

m edium ). A l l  am ino a c id  s o l u t i o n s  w ere  s t e r i l i s e d  b y  f i l t r a t i o n ,  

e x c e p t  L -g lu ta m a te  w h ich  was a u to c la v e d  a t  15 p s i  f o r  15 m in .

3 ) R e su sp e n s io n  m edia

The f o l lo w in g  s to c k  s o l u t i o n s  w ere  p r e p a r e d :
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S o lu t io n  A. T h is  c o n ta in e d ;  FeC l^.ôH ^O , 0 .1  g ; M gCl^.ôH^O, 0 .8 3  g ;

M hClg.kHgO, 1 .9 8  g made up t o  100 ml w ith  d i s t i l l e d  w a te r .

S o lu t io n  B. T h is  c o n ta in e d ;  NHj^Cl, 5 3 .5  g ;  Na^SO^, 1 0 ,6  g ;  KE^PO^,

6 .8  g ;  NH^NOg, 9 .7  g made up t o  1 l i t r e  w i th  d i s t i l l e d  w a te r .

S o lu t io n  C. T h is  c o n ta in e d :  Na^SO^, 1 0 .6  g ;  KH^PO^, 6 .8  g ;  NaNO^,

1 0 .0  g made up t o  1 l i t r e  w i th  d i s t i l l e d  w a te r .

T hese s to c k  s o lu t i o n s  w ere  s to r e d  a t  4 ^ 0 .

B a s a l  s a l t s  s o lu t i o n s

( 1 ) 8 (0 )  Medium. T h is  s a l t s  medium was u se d  a s  a  b a s a l  medium f o r  th e  

p r e p a r a t i o n  o f  t h e  r e s u s p e n s io n  medium c o n ta in in g  an  a d e q u a te  s o u rc e  o f  

n i t r o g e n ,  b u t  l a c k i n g  a  good c a rb o n  s o u rc e  ( s e e  b e lo w ) . To 900 ml o f  

d i s t i l l e d  w a te r  was ad d ed  1 .0  ml o f  s to c k  s o l u t i o n  A fo l lo w e d  by  1 0 .0  ml 

o f  s to c k  s o l u t i o n  B. The pH was a d ju s t e d  t o  7 .0  w i th  40% NaOH and  th e  

m edium  s t e r i l i s e d  by  a u to c l a v in g  a t  15 p s i  f o r  15 m in .

(2 )  8(N) Medium. T h is  s a l t s  medium was u se d  a s  a  b a s a l  medium f o r  t h e  

p r e p a r a t i o n  o f  t h e  r e s u s p e n s io n  medium c o n ta in in g  an  a d e q u a te  s o u rc e  o f  

c a rb o n  b u t  l a c k i n g  a  good n i t r o g e n  s o u rc e  ( s e e  b e lo w ) . The medium was 

p r e p a r e d  i n  t h e  same way a s  t h e  8 (C ) m edium , e x c e p t  t h a t  s to c k  s o l u t i o n  B 

w as r e p l a c e d  b y  s o l u t i o n  C.

A d d i t io n s  t o  t h e  b a s a l  s a l t s  s o lu t i o n

The f o l lo w in g  s o l u t i o n s  w ere p r e p a r e d  s e p a r a t e l y :

( 1 ) L -g lu ta m a te  s o l u t i o n . A 1.5% (w /v ) s o l u t i o n  o f  L - ^ u ta m a t e  was 

b ro u g h t  t o  pH 7*0 w i th  40% NaOH.

( 2 ) C alc ium  c h l o r i d e  s o l u t i o n . A 2.2% (w /v ) s o l u t i o n  o f  C aC l2 .2H 20.

( 3 ) M agnesium  s u lp h a te  s o l u t i o n . M Mg80^.7Hg0 s o l u t i o n .
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T hese  s o l u t i o n s  w ere  s t e r i l i s e d  by  a u to c l a v in g  a t  15 p s i  

f o r  15 m in.

R es u s p e n s io n  medium f o r  in d u c t io n  o f  s p o r u l a t i o n  by  c a rb o n  d e p r i v a t i o n  

( 8 ( c )  m edium ) . T h is  i s  t h e  o r i g i n a l  re p la c e m e n t medium d e s c r ib e d  by  

S t e r l i n i  & M andelstam  ( 1 9 6 9 ) .  To e a ch  100 ml o f  8 ( c )  b a s a l  s a l t s  medium 

w as added  10 ml L -g lu ta m a te  s o l u t i o n ,  1 .0  ml CaCl^ s o l u t i o n ,  4 .0  ml 

Mg80|^. TEgO s o l u t i o n  an d  1 ,0  ml 0.2% (w /v ) L - t r y p to p h a n  o r  L - p h e n y la la n in e .  

T h is  medium c o n ta in e d  an  a d e q u a te  n i t r o g e n  s o u rc e  i n  t h e  fo rm  o f  ammonia 

(NH^CI and  NH^NO^ from  s to c k  s o l u t i o n  B ) , b u t  o n ly  a  p o o r  c a rb o n  s o u rc e  

i n  t h e  fo rm  o f  L - g lu ta m a te .

R e s u s p e n s io n  medium f o r  in d u c t io n  o f  s p o r u l a t i o n  b y  n i t r o g e n  d e p r i v a t i o n  

(8 (H ) medium ) .  To e a c h  100  ml o f  8 ( n ) b a s a l  s a l t  medium was a d d e d  1 .0  ml 

CaClg s o l u t i o n ,  4 .0  ml MgSO^.TH^O s o l u t i o n ,  1 .0  ml 0.2% (w /v ) L - t r y p to p h a n  

o r  L - p h e n y la la n in e  an d  2 .0  ml 10% (w /v ) D -g lu c o se  s o l u t i o n .  T h is  medium 

c o n ta in e d  a  good c a rb o n  s o u r c e ,  D -g lu c o s e ,  b u t  o n ly  a  p o o r  n i t r o g e n  

s o u rc e  i n  t h e  form  o f  NaNO^ from  s to c k  s o lu t i o n  C.

B u f f e r s

TME b u f f e r . 0 .0 5  M t r i s - H C l  (pH T .4 )  c o n ta in in g  0 .0 1  M g -m e rc a p to -  

e th a n o l  and  0 .1  M EDTA. T h is  b u f f e r  h a s  b een  u s e d  p r e v i o u s ly  ( R e b e l lo  & 

S t r a u s s ,  I 9 6 9 ) .

I m id a z o le  b u f f e r . 0 .5  M im id a z o le  a d ju s t e d  t o  pH %.5 w i th  c o n c e n t r a t e d  

E C l.

G row th o f  o rg a n ism s

I n o c u l a t i o n  p ro c e d u re  f o r  g ro w th  i n  c a s e in  h y d r o ly s a te  medium

From t h e  s to c k  p l a t e  a  f r e s h  n u t r i e n t  a g a r  p l a t e  was i n o c u l a t e d
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e n d  in c u b a te d  a t  37°C f o r  a p p ro x im a te ly  e ig h t  h o u r s .  Two lo o p s  o f  

b a c t e r i a  w ere th e n  t r a n s f e r r e d  t o  1 .0  ml o f  s t e r i l e  P e n a ssa y  b r o th  

( a n t i b i o t i c  medium 3 , D ifc o  L a b o r a t o r i e s ,  P .O . Box IU b , W est M o le se y , 

S u r r e y  KT8 OSE), m ix e d , and  one d ro p  o f  t h e  s u s p e n s io n  t r a n s f e r r e d  t o

1 0 .0  ml o f  P en as  sa y  b r o th  w ith  a  s t e r i l e  p a s te u r  p i p e t t e .  A f te r  

m ix in g ,  one d ro p  o f  t h i s  s u s p e n s io n  was added  t o  a  f u r t h e r  10 ml o f  

P e n a s s a y  b r o th .  F o u r d ro p s  o f  t h i s  f i n a l  d i l u t e d  s u s p e n s io n  w ere  u s e d  

t o  i n o c u l a te  20 ml CH medium i n  a  100  ml c o n ic a l  f l a s k .  The f l a s k  was 

in c u b a te d  o v e rn ig h t  a t  37°C on an  o r b i t a l  s h a k e r  (G allenkam p L t d . ,

B ra e  v iew  P l a c e ,  N e r s to n ,  E a s t  K i l b r i d p , G lasgow ) w i th  t h e  p l a t f o r m  s e t  t o  

sh a k e  a t  125 rpm . The f o l lo w in g  d ay  1 ml o f  t h e  o v e r n ig h t  c u l t u r e  was 

u s e d  t o  i n o c u l a te  50 ml o f  f r e s h  CH medium c o n ta in e d  i n  a  250 ml d im p le d  

c o n i c a l  f l a s k  w h ich  was sh a k en  a t  37^0 .

I n o c u l a t i o n  p ro c e d u re  f o r  g ro w th  i n  m in im a l medium

E s s e n t i a l l y  t h e  same p r o c e d u r e  was a d o p te d  e x c e p t  t h a t  t h e  

i n i t i a l  1 .0  ml b a c t e r i a l  s u s p e n s io n  was n o t  f u r t h e r  d i l u t e d  and  k d ro p s  

w e re  u se d  t o  i n o c u l a t e  20 ml m in im a l medium in  a  100 ml c o n ic a l  f l a s k .  

A f t e r  o v e rn ig h t  g row th  a t  37°C on an  o r b i t a l  s h a k e r ,  2 .5  ml o f  t h e  

c u l t u r e  was u s e d  t o  i n o c u l a t e  f r e s h  m in im al medium (50  m l) .

E s t im a t io n  o f  g row th

The g row th  o f  an  o rg a n is m  was fo llo w e d  by  m e a s u r in g  th e  

a b s o rb a n c e  o f  a s  o p t i c a l l y  rem oved p o r t i o n s  o f  a  c u l t u r e  a t  600  nm i n  a  

P ye  Unicam SP 500 s p e c t r o p h o to m e te r  u s in g  1 .0  cm c u v e t t e s  and  r e a d in g  

a g a i n s t  a  w a te r  b la n k .

C o n d i t io n s  f o r  o b t a i n in g  s p o r u l a t i o n

The o rg a n ism s  w ere  grown w i th  s h a k in g  a t  37°0  i n  50 ml CH medium
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c o n ta in e d  i n  250 ml d im p led  c o n ic a l  f l a s k s .  When th e  e x p o n e n t i a l l y  

g ro w in g  c e l l s  h ad  r e a c h e d  an  o f  0 .6  to  0 .8  th e  c u l t u r e  was

c e n t r i f u g e d  a t  4OOO rpm f o r  I 5 m in  and  th e  p e l l e t e d  c e l l s  ta k e n  up  i n  

a  r e s u s p e n s io n  medium (S o r  S ( n ) )  a t  th e  same d e n s i t y .  The t im e  a t  

w h ich  th e  c e l l s  w ere r e s u s p e n d e d  was ta k e n  a s  th e  s t a r t  o f  th e  

s p o r u l a t i o n  p r o c e s s  ( t —z e r o ) .  The c e l l s  w ere sh a k e n  a t  57°C an d  th e

e x t e n t  o f  s p o r u l a t i o n  d e te rm in e d  a f t e r  o v e r n ig h t  i n c u b a t io n .

D e te rm in a t io n  o f  s p o r u l a t i o n

R e s i s t a n c e  t o  h e a t  and  o r g a n ic  c h e m ic a ls  i s  a  c h a r a c t e r i s t i c  

p r o p e r t y  o f  th e  m a tu re  s p o re  and  r e f l e c t s  th e  s t r u c t u r a l  an d  p h y s io ­

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

R e s i s t a n c e  t o  h e a t  above 80°C , w h ich  k i l l s  v e g e t a t i v e  c e l l s ,  c a n  

t h e r e f o r e  be  u s e d  a s  a  c o n v e n ie n t  a s s a y  f o r  d e t e c t i o n  o f  m a tu re  s p o re s  

i n  a  c u l t u r e .

A ssay  f o r  h e a t - r e s i s t a n c e . A 0 .1  ml sam ple  o f  th e  b a c t e r i a l  s u s p e n s io n  

was t r a n s f e r r e d  to  0 ,9  ml o f  s t e r i l e  m in im al s a l t s  ( s e e  a b o v e ) .  The 

sam ple  was h e a te d  a t  85°0  f o r  I 5 m in i n  a  w a te r  b a th  (G ra n t  I n s t r u m e n ts  

L t d . ,  B a r r in g to n ,  Cam bridge CB2 5Q2, E n g la n d ) an d  th e  h e a te d  sam p le  was 

th e n  d i l u t e d  i n  m in im a l s a l t s  an d  p l a t e d  o u t  on n u t r i e n t  a g a r  (O x o id ) . 

F o r  a  10 ^ d i l u t i o n  0 .1  ml o f  th e  h e a te d  s u s p e n s io n  was s p re a d  d i r e c t l y  

o n to  n u t r i e n t  a g a r .  A f te r  in c u b a t io n  o v e r n ig h t  a t  37°C th e  num ber o f  

c o lo n ie s  a p p e a r in g  on th e  a g a r  r e p r e s e n t e d  th e  num ber o f  h e a t  

r e s i s t a n t  c e l l s  p e r  ml i n  th e  o r i g i n a l  c u l t u r e  x  10*"^, F u r th e r  

d i l u t i o n s  w ere made i n  m in im al s a l t s  when r e q u i r e d .

T o ta l  v i a b l e  c o u n t . T h is  was a s s e s s e d  i n  a  s i m i l a r  m anner to  th e  

above  a s s a y  f o r  h e a t - r e s i s t a n c e  e x c e p t  t h a t  th e  h e a t i n g  s t e p  was o m it te d ,

The d e g re e  o f  s p o r u l a t i o n  i n  a  c u l t u r e  was e x p re s s e d  a s  a  

p e r c e n ta g e  o f  th e  v i a b l e  c e l l  c o u n t .

44



M ic ro s c o p ic  e x a m in a t io n  o f  c e l l s . E n d o sp o res  a r e  c h a r a c t e r i s e d  by  

e x tre m e  r e f r a c t i l i t y  and  t h i s  f a c t  can  be  u s e d  a s  a  s im p le  and  r a p i d  

m eans t o  a s s e s s  t h e  e x te n t  o f  s p o r u l a t i o n  in  a  c u l t u r e .  A d ro p  o f  

c u l t u r e  was p la c e d  on a  m ic ro sc o p e  s l i d e  and  v iew ed  b y  o i l  im m ers io n  in  

a  p h a se  c o n t r a s t  m ic ro sc o p e  (V ic k e rs  I n s t r u m e n ts ,  Haxby R oad , Y o rk , E n g la n d ),

P r e p a r a t i o n  o f  c e l l - f r e e  e x t r a c t s

The p r o c e d u re  r o u t i n e l y  em ployed was t h a t  o f  u l t r a s o n i c  

d i s i n t e g r a t i o n .  B a c t e r i a  from  20 ml o r  50 ml c u l t u r e s  a t  an  Eg^^ o f  

0 .6  -  0 .8  w ere  c e n t r i f u g e d  a t  5000 rpm f o r  15 m in , t h e  tu b e s  d r a in e d  w e l l  

a n d  t h e  p e l l e t  ta k e n  up i n  2 .0  o r  3 .0  ml o f  TME b u f f e r .  The c e l l  

s u s p e n s io n  was t h e n  d i s r u p t e d  by  s o n ic  o s c i l l a t i o n  u s in g  a  MSE 100 w a t t  

u l t r a s o n i c  d i s i n t e g r a t o r .  I t  was u s e d  a t  30% o f  i t s  maximum am perage 

f o r  2 min and  t h e  c e l l  s u s p e n s io n  was c o o le d  th ro u g h o u t  t h e  p r o c e d u r e  by  

s t a n d in g  th e  tu b e  i n  i c e .  The s u s p e n s io n  o f  b ro k e n  c e l l s  was t h e n  

c e n t r i f u g e d  a t  l 8 ,0 0 0  rpm f o r  30 min a t  4°C i n  a  MSE H igh  S peed  l 8  

c e n t r i f u g e .  The s u p e r n a ta n t  was u s e d  d i r e c t l y  a s  a  s o u rc e  o f  enzyme 

a c t i v i t y  o r  s t o r e d  f r o z e n  a t  -2 0 °C .

O c c a s io n a l ly ,  tw o o t h e r  p ro c e d u re s  w ere u s e d  t o  b r e a k  t h e  

b a c t e r i a l  c e l l s :  a )  X - p r e s s .  C e l l s  from  a  50 ml c u l t u r e  w ere  p r e p a r e d

a s  a b o v e , t a k e n  up i n  5 .0  ml TME b u f f e r  and  s h e a r e d  by  p a s s a g e  th ro u g h  an 

X -p re s s  ( B io t i c  L t d . ,  C roydon , E n g la n d ) a t  -25°C  a t  a  p r e s s u r e  o f  2 8 ,0 0 0  

p s i .  C e l l  d e b r i s  was rem oved b y  c e n t r i f u g a t i o n  a t  l 8 ,0 0 0  rpm f o r  30 m in 

a t  4°C . b ) T o lu en e  t r e a t m e n t .  C e l l s  from  a  50 ml c u l t u r e  w ere  p r e p a r e d  

a s  above an d  ta k e n  up i n  2 .0  ml TME b u f f e r .  T o lu en e  ( 0 .2  m l) w as added  

t o  t h e  c e l l  s u s p e n s io n  w h ich  was t h e n  m ixed v ig o r o u s ly  f o r  one m in .
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Bnzyme a s s a y s

G lu tam in e  s y n th e t a s e  (L -g lu ta m a te -a n m io n ia  l i g a s e , E . C .6 .3 .1 .2 )

G lu tam in e  s y n th e t a s e  a c t i v i t y  was d e te rm in e d  by  t h e  fo rm a tio n  

o f  Y -g lu tam y lh y d ro x am ic  a c id  (GHA) ( E l l i o t ,  1 9 5 5 ) . The a s s a y  r o u t i n e l y  

em p loyed  was t h e  fo rw a rd  o r  b i o s y n t h e t i c  r e a c t i o n  m e a s u r in g  t h e  a b i l i t y  

o f  t h e  enzyme t o  fo rm  g lu ta m in e . The r e a c t i o n  m ix tu re  ( 3 .0  m l) 

c o n ta in e d  0 .5  M L -g lu ta m a te  i n  0 .5  M im id a z o le -H C l b u f f e r ,  pH T .5 

( 2 .0 5  m l) ,  0 .0 5  M ATP ( 0 .5  m l ) ,  M MgSO^TH^O ( O .l  m l) , 'M  h y d ro x y la m in e , 

pH T.O ( o . l  m l ) ,  and  a  s u i t a b l e  a l i q u o t  o f  c e l l  e x t r a c t  ( 0 .2 5  m l) .  The 

r e a c t i o n  was s t a r t e d  b y  t h e  a d d i t i o n  o f  t h e  enzyme p r e p a r a t i o n  a f t e r  5 

r u n  p r e in c u b a t io n  o f  t h e  r e a c t i o n  m ix tu re  a t  30°C an d  t h e  i n c u b a t io n  

c o n t in u e d  f o r  30 m in . The r e a c t i o n  was s to p p e d  by  t h e  a d d i t i o n  o f  

0 .7 5  ml o f  f e r r i c  c h lo r i d e  r e a g e n t .  The r e a g e n t  was made up o f  e q u a l  

p a r t s  o f  10% (w /v ) FeC l^.éH ^O  i n  0 .2  M H C l, 24% (w /v ) t r i c h l o r o a c e t i c  

a c i d  and  50% HCl. The m ix tu re  was c e n t r i f u g e d  a t  5000 rpm f o r  15 min 

a n d  t h e  e x t i n c t i o n  a t  510 nm o f  t h e  s u p e r n a ta n t  was d e te rm in e d  i n  1 cm 

c u v e t t e s  on a  Pye Unicam  SP 500 s p e c t r o p h o to m e te r  a g a in s t  a  b la n k  

r e a c t i o n  m ix tu re  l a c k i n g  L - g lu ta m a te .

On o c c a s io n ,  an  a s s a y  w h ich  m ea su re s  t h e  y -g lu ta m y l  t r a n s f e r a s e  

a c t i v i t y  o f  t h e  enzyme was u s e d  ( P r u s i n e r  & M i l l e t ,  1 9 7 2 ) . The r e a c t i o n  

m ix tu r e  ( 3 .0  m l) c o n ta in e d  0 .4  M L -g lu ta m in e  i n  0 .0 2  M im id a z o le -H C l 

b u f f e r ,  pH 7 .4  ( 2 .3 5  m l ) ,  0 .0 0 4  M ADP ( O . l  m l ) ,  0 .0 0 3  M MnClg.kH^O ( 0 .1  m l) ,  

0 .0 6  M h y d ro x y la m in e , pH 7 .0  ( O .l  m l ) ,  0 .0 2  M sod ium  a r s e n a t e  ( 0 .1  m l) 

a n d  a  s u i t a b l e  a l i q u o t  o f  c e l l  e x t r a c t  (0 .2 5  m l) .  The a s s a y  p r o c e d u r e  

v a s  i d e n t i c a l  t o  t h a t  g iv e n  a b o v e .
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G lu ta m a te  s y n th a s e  ( L -g lu ta m in e  ( am ide ) : 2 - o x o p ; lu ta r a te  a m in o t r a n s f e r a s e  

o x id o r e d u c ta se  (NADP), E . C . 2 . 6 . 1 . 5 3 )

A c t iv i t y  o f  t h i s  enzyme was d e te rm in e d  by  f o l lo w in g  t h e  r a t e  o f  

o x i d a t io n  o f  re d u c e d  NADP a t  340 nm (M eers a l . ,  1 9 7 0 ; E lm e r ic h  &

A u b e r t , 1 9 7 1 ) . The r e a c t i o n  m ix tu re  ( 3 .0  m l) c o n ta in e d  0 .5  M im id a z o le -  

HCl b u f f e r ,  pH 7 .5  ( u s u a l ly  2 .6  m l ) ,  0 .0 0 0 1 2  M NADPH ( 0 .1  m l) ,  0 .0 0 1 2 5  M 

L -g lu ta m in e  (O .l  m l) ,  0 .0 0 5  M 2 - o x o g lu t a r a t e  ( 0 .1  m l) and a  s u i t a b l e  

a l i q u o t  o f  c e l l  e x t r a c t  ( 0 .1  m l) .  The r e a c t i o n  was s t a r t e d  b y  t h e  

a d d i t i o n  o f  s u b s t r a t e  (L - g lu ta m in e ) a f t e r  5 min p r e i n c u b â t io n  o f  t h e  

r e a c t i o n  m ix tu re  a t  30°C. The d e c re a s e  i n  e x t i n c t i o n  a t  3^0 nm was 

fo l lo w e d  on a  Pye Unicam  SP 8OO r e c o r d in g  s p e c t r o p h o to m e te r  a t  30^C i n  

1  cm c u v e t t e s  u s in g  a  r e a c t i o n  m ix tu re  l a c k i n g  L -g lu ta m in e  a s  a  c o n t r o l  t o  

m o n ito r  endogenous NADPH o x i d a t io n .

G lu ta m a te  d e h y d ro g e n a se  ( E . C . 1 . 4 . 1 . 4 )

A c t i v i t y  o f  t h i s  enzyme was a s s a y e d  i n  a  r e a c t i o n  m ix tu re  

i d e n t i c a l  t o  t h a t  u s e d  f o r  g lu ta m a te  s y n th a s e ,  e x c e p t  t h a t  L -g lu ta m in e  was 

r e p l a c e d  by 0 .0 4  M NH^Cl ( 0 .1  m l) .  The d e c re a s e  i n  e x t i n c t i o n  a t  3^0 nm

w as a g a in  fo llo w e d  on a  SP 8OO r e c o r d in g  s p e c t r o p h o to m e te r  a t  30^C i n  1 cm

c u v e t t e s  u s in g  a  r e a c t i o n  m ix tu re  l a c k i n g  NH^Cl a s  a  c o n t r o l  t o  m o n ito r  

en d o g en o u s NADPH o x i d a t io n .

P r o t e i n  e s t im a t io n

The p r o t e i n  c o n c e n t r a t io n  o f  c e l l  e x t r a c t s  was e s t im a te d  by  t h e

m ethod  o f  Lowry e t  a l .  (1951 ) w h ich  i s  a  m o d i f ic a t io n  o f  t h a t  u s e d  by

P o l i n  & C io c a l te a u  (1 9 2 7 ) . The f o l lo w in g  s o lu t i o n s  w ere  r e q u i r e d :

A. 2% (w /v ) Na^CO^ in  0 .1  M NaOH.
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B. 1% (w /v ) CuS0^.5H ^0.

C. 2% (w /v ) NaK t a r t r a t e .4 h^ 0 .

D. B .D .H . P o l i n - C i o c a l t e a u ’s  r e a g e n t  d i l u t e d  w i th  an e q u a l  volum e

o f  d i s t i l l e d  w a te r .

E . 25 ml o f  A, 0 ,2 5  ml o f  B and  0 .2 5  ml o f  C made up im m e d ia te ly  

b e f o r e  u s e .

The p r o t e i n  s o l u t i o n  (n o rm a lly  0 .1  m l) was d i l u t e d  t o  1 .0  ml 

w i t h  d i s t i l l e d  w a te r .  F o u r ml o f  S o lu t io n  E was ad d ed  an d  t h e  m ix tu re  

a l lo w e d  t o  s t a n d  a t  room  te m p e r a tu r e  f o r  10 m in . S o lu t io n  D ( 0 ,5  m l) 

w as th e n  ad d ed  w ith  r a p i d  m ix in g . A f t e r  s ta n d in g  t h e  m ix tu re  a t  room 

t e m p e r a tu r e  f o r  a  f u r t h e r  30 min t h e  e x t i n c t i o n  o f  t h e  s o lu t i o n  a t  750 nm 

w as m ea su red  a g a in s t  a  r e a g e n t  b la n k  on a  Pye Unicam  SP 500 s p e c t r o ­

p h o to m e te r  u s in g  1 .0  cm c u v e t t e s .  The p r o t e i n  c o n c e n t r a t i o n  was 

e s t i m a t e d  by  r e f e r e n c e  t o  a  c a l i b r a t i o n  c u rv e  o b ta in e d  w i th  b o v in e  serum  

a lb u m in  o v e r  a  c o n c e n t r a t io n  ra n g e  o f  0 -2 0 0  ug .

Enzyme u n i t s

An enzyme u n i t  was d e f in e d  a s  t h e  am ount o f  enzyme w h ich  

c a t a l y s e s  t h e  fo rm a tio n  o f  p ro d u c t  o r  t h e  d is a p p e a ra n c e  o f  s u b s t r a t e  a t  

t h e  r a t e  o f  1 .0  nm ole p e r  m in a t  30°C . S p e c i f i c  a c t i v i t y  f o r  t h e  

g lu ta m in e  s y n th e t a s e  a s s a y  was e x p re s s e d  a s  nm oles o f  g lu ta m y lh y d ro x a m a te  

fo rm ed /m in /m g  p r o t e i n ,  and  s p e c i f i c  a c t i v i t i e s  f o r  t h e  g lu ta m a te  s y n th a s e  

a n d  g lu ta m a te  d e h y d ro g e n a se  a s s a y s  w ere  e x p re s s e d  a s  nm o les NADPH 

o x id is e d /m in /m g  p r o t e i n .

F o r t h e  c a l c u l a t i o n  o f  enzyme a c t i v i t i e s  t h e  m o la r  e x t i n c t i o n  

c o e f f i c i e n t  o f  NADPH was ta k e n  a s  6 ,2 0 0  a t  3^0 nm (W eber, I 9 6 1 ) .  The 

c o n c e n t r a t i o n  o f  y -g lu ta m y lh y d ro x a m a te  was e s t im a te d  b y  r e f e r e n c e  t o  a
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s ta n d a r d  c u rv e  p r e p a r e d  u s in g  Y -g lu ta m y lh y d ro x a in a te  ( S igm a,

N o rb i to n  S t a t i o n  Y a rd , K in g s to n  upon Tham es, London) ( F ig u r e  6 ) .

To d i l u t i o n s  o f  y -g lu ta m y lh y d ro x a m a te  i n  d i s t i l l e d  w a te r  ( t o t a l  volum e

1 .0  m l) was ad d ed  0*75 oil o f  F eC l^  r e a g e n t  ( s e e  g lu ta m in e  s y n th e t a s e  

a s s a y ) , and  th e  e x t i n c t i o n  a t  ^10 nm m easu red  i n  a  Pye Unicam  SP500 

s p e c t r o p h o to m e te r  u s in g  1#0 cm s e m i-m ic ro  c u v e t t e s .  One nm ole o f  

Y -g lu ta m y lh y d ro x am a te  gave  an  o f  0*6 u n d e r  t h e s e  c o n d i t i o n s .

C h em ica ls

C a s e in  h y d r o ly s a t e ,  n u t r i e n t  a g a r ,  s t e r i l e  d i s p o s a b le  P e t r i -  

d i s h e s  w ere o b ta in e d  fro m  O xoid  L td .  L - g lu ta m a te ,  L - g lu ta m in e , 

L - a la n in e ,  L - a s p a r a g in e , L - t r y p to p h a n ,  ATP, im id a z o le ,  h y d ro x y la m in e , 

NADPH, 2 o x o - g l u t a r a t e ,  ADP, BSA, GHA, L - p h e n y la la n in e  and  |3 -m e rc a p to -  

e th a n o l  w ere  o b ta in e d  from  S igm a. A l l  o t h e r  c h e m ic a ls  w ere o b ta in e d  

from  B r i t i s h  D rug  H ouses L t d . ,  E n g la n d .
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F ig u re  £ .  C a l ib r a t i o n  c u rv e  r e l a t i n g  e x t i n c t i o n  a t  510 nm t o

c o n c e n t r a t io n  o f  y -g lu ta m y lh y d ro x a m a te  (GHA). 

I n c r e a s in g  c o n c e n t r a t io n s  o f  GHA i n  d i s t i l l e d  

w a te r  w ere t r e a t e d  w i th  0 .7 5  ml f e r r i c  c h lo r i d e  

r e a g e n t  ( s e e  ^ u ta m in e  s y n th e t a s e  a s s a y )  and  th e  

e x t i n c t i o n  m ea su red  in  a  Pye Unicam  SP 500 

s p e c t r o p h o to m e te r .

50



E
c

O
î )

c
O
■¥->
u
c

4-»

X
lU

* 7 0

• 3 5

O
O 0 * 5 1*0

GHA ( ;ju moles  )



RESULTS



E x a m in a tio n  o f  p ;lu tam ine  s y i i th é tà s e  arid f^ ù tà m a te  s y n th a s e  d u r in g  

g ro w th  o f  B a c i l l u s  s u b t i l i s  l6 8  w i ld - ty p e

As a  p r e l im in a r y  t o  an  i n v e s t i g a t i o n  o f  p o s s i b l e  c h a n g e s  in  

s p e c i f i c  a c t i v i t y  o f  g lu ta m in e  s y n th e ta s e  (GNS) o r  g lu ta m a te  s y n th a s e  (GTS) 

d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n ,  i t  was d e c id e d  t o  i n v e s t i g a t e  t h e  

b e h a v io u r  o f  t h e  enzym es u n d e r  v a r io u s  c o n d i t io n s  o f  n i t r o g e n  a v a i l a b i l i t y  

d u r in g  v e g e ta t i v e  g ro w th . P r e v io u s  e v id e n c e  ( R e b e llo  & S t r a u s s ,  1 9 ^9 ) 

h a d  i n d i c a t e d  t h a t  GNS s y n th e s i s  was s e n s i t i v e  t o  in d u c t io n  o r  

r e p r e s s i o n ,  b u t  a p p a r e n t ly  no e v id e n c e  was a v a i l a b l e  on t h e  r e g u l a t i o n  

o f  GTS i n  B. s u b t i l i s . I t  was a n t i c i p a t e d  t h a t  an  i n v e s t i g a t i o n  o f  

enzyme b e h a v io u r  u n d e r  v a r io u s  g row th  c o n d i t io n s  w ou ld  e s t a b l i s h  a  

p a t t e r n  o f  r e g u l a t i o n  f o r  t h e  enzym es w i th  r e g a r d  t o  n i t r o g e n  a v a i l a b i l i t y  

a n d  p ro v id e  u s e f u l  in f o r m a t io n  on t h e  e x te n t  o f  r e p r e s s i o n  an d  d e ­

r e p r e s s i o n  o f  t h e s e  enzym es.

G row th r a t e  o f  B. s u b t i l i s  w i ld - ty p e  w i th  d i f f e r e n t  n i t r o g e n  s o u rc e s

I n  p r e l i m i n a r y  e x p e r im e n ts  t h e  g row th  r e s p o n s e  o f  B. s u b t i l i s  

t o  v a r io u s  s o u rc e s  o f  n i t r o g e n  in  l i q u i d  m ed ia  was d e te r m in e d . C e l l s  

w ere  grown o v e r n ig h t  i n  20 ml c u l t u r e s  o f  m in im al medium e a c h  c o n ta i n in g  

g lu c o s e  a s  s o le  c a rb o n  s o u rc e  w i th  v a r io u s  c o m b in a tio n s  o f  n i t r o g e n  

s o u r c e .  Ammonia was u s e d  a lo n e  o r  i n  c o m b in a tio n  w i th  e i t h e r  g lu ta m in e ,  

g lu ta m a te ,  a r g i n i n e  o r  h i s t i d i n e .  A l t e r n a t i v e l y ,  e a c h  o f  t h e  f o u r  am ino 

a c id s  was u s e d  a s  s o le  s o u rc e  o f  n i t r o g e n  . F i n a l l y ,  n i t r a t e  was

u s e d  i n s t e a d  o f  ammonia a s  s o u rc e  o f  n i t r o g e n .  A f t e r  o v e r n ig h t  g ro w th  

2 .5  ml o f  e a c h  c u l t u r e  was u s e d  t o  i n o c u l a t e  f r e s h  50 ml o f  t h e  same 

m edium . The c e l l s  w ere  sh a k en  a t  3T°C and  g ro w th  was f o l lo w e d  by
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m e a s u r in g  t h e  o f  1 ml sam p le s  w ith d ra w n  a s e p t i c a l l y  from  e a c h

m edium a t  30 min i n t e r v a l s .

The r e s u l t s  o b ta in e d  fro m  t h e  g ro w th  e x p e r im e n ts  a r e  sum m arised  

i n  T ab le  1 .  B. s u b t i l i s  g e n e r a l l y  grew  r a p i d l y  i n  t h e  g lu c o s e -  ammonia 

m in im a l m edium, a l th o u g h  o c c a s i o n a l l y  a  much s lo w e r  g ro w th  r a t e  was 

o b ta in e d .  A d d it io n  o f  an e x t r a  s o u rc e  o f  n i t r o g e n  t o  t h i s  m edium , in  

t h e  fo rm  o f  a r g i n i n e ,  g lu ta m in e ,  g lu ta m a te  o r  h i s t i d i n e  d id  a p p a r e n t ly  

p ro m o te  a  somewhat s lo w e r  g ro w th  r a t e .  S u b s t i t u t i o n  o f  ammonia w i th  

e i t h e r  a r g in in e  o r  g lu ta m in e  a s  s o le  n i t r o g e n  s o u rc e s  had  no m arked  

e f f e c t  on th e  c e l l  d o u b l in g  t im e .  G lu ta m a te , h o w e v e r, w ould  n o t  s e rv e  

a s  w e l l  and  t h e r e  was a  m arked  te n d e n c y  f o r  t h e  c e l l s  t o  clum p t o g e t h e r  

i n  t h i s  medium. A p ro n o u n c e d  i n c r e a s e  i n  c e l l  d o u b lin g  t im e  u s in g

n i t r a t e  a s  t h e  o n ly  a v a i l a b l e  n i t r o g e n  s o u rc e  was o b s e rv e d . H i s t i d i n e  

w o u ld  n o t  s e rv e  a s  a  s a t i s f a c t o r y  s o u rc e  o f  n i t r o g e n  w ith  g lu c o s e  a s  

c a rb o n  s o u rc e .  T h is  r e s u l t  i s  i n  a g re e m e n t w i th  p r e v io u s  r e s u l t s  

(C h a s in  & M ag asan ik , 1 9 68 ) w h ich  show ed t h a t  h i s t i d i n e  was r e a d i l y  

u t i l i s e d  a s  s o u rc e  o f  n i t r o g e n  o n ly  w ith  t h o s e  c a rb o n  s o u r c e s ,  su c h  a s  

c i t r a t e  o r  a r a b in o s e ,  w h ic h  d i d  n o t  e x e r t  a  s t r o n g  c a t a b o l i t e  r e p r e s s i o n  

on t h e  s y n th e s i s  o f  t h e  h i s t i d i n e  d e g ra d in g  enzym es. The r e s u l t s  h e re  

i n d i c a t e  t h a t  t h e  enzym es d e g ra d in g  a r g i n i n e  t o  g lu ta m a te  a r e  n o t  a s  

s u s c e p t i b l e  t o  g lu c o s e  c a t a b o l i t e  r e p r e s s i o n  a s  t h o s e  u s e d  f o r  h i s t i d i n e  

d e g r a d a t io n  a s  t h e  c e l l s  grew  w e l l  i n  t h e  g lu c o s e - a r g in in e  medium.

T h is  r e s u l t  i s  a l s o  i n  a g re e m e n t w i th  C h asin  & M agasan ik  (1 9 6 8 ) .

P r e l im in a r y  s tu d i e s  on GNS a n d  GTS enzyme a c t i v i t i e s

a )  C om parison o f  m ethods f o r  c e l l  b re a k a g e

T hree  p r o c e d u r e s  w ere  u s e d  t o  d i s r u p t  t h e  b a c t e r i a  i n  o r d e r
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TABLE 1

G row th r a t e s  o f  B. s u b t i l i s  l6 8  w i ld - ty p e  on m ed ia  c o n ta i n in g  v a r io u s  

n i t r o g e n  s o u rc e s

The c e l l s  w ere  grown i n  m in im al medium ( s e e  M a te r i a l s  an d  

3fethods s e c t i o n ) .  The c a rb o n  s o u rc e  i n  e a ch  c a s e  was g lu c o s e  (0.5%  

w /v )  and  e a ch  n i t r o g e n  s o u rc e  was u s e d  a t  a  c o n c e n t r a t io n  o f  0.1%  (w /v ) 

e x c e p t  ammonium s u lp h a t e  (0 .0 5 % ). The v a lu e s  g iv e n  a r e  t h e  mean 

g e n e r a t io n  o r  c e l l  d o u b l in g  t im e s  d e te rm in e d  by f o l lo w in g  t h e  i n c r e a s e  

i n  t u r b i d i t y  o f  a  c u l t u r e  a t  600 nm. E ach  v a lu e  i s  t h e  a v e ra g e  fro m  

t h e  num ber o f  s e p a r a te  d e te r m in a t io n s  shown. The e x tre m e  r a n g e s  o f  

t h e  v a lu e s  fo u n d  a r e  a l s o  in c lu d e d .

n i t r o g e n  s o u rc e Number o f  
d e te r m in a t io n s

C e l l  d o u b l in g  
t im e  (m in)

Range

Ammonia 9 56 5 0 -100

Ammonia & L - a r g in in e 3 66 5%-72

Ammonia & L -g lu ta m in e k 67 60 - 8^

Ammonia & L -g lu ta m a te 5 71 6 0 -9 0

Ammonia & L - h i s t i d i n e 3 66 6 0 -7 2

N i t r a t e 3 1 U7 lh k -150

L - a r g in in e 5 69 5 1 -9 0

L -g lu ta m in e 5 58 U8-66

L -g lu ta m a te k I lk 9 5 -1 5 0

L - h i s t i d i n e 1 360 360
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t o  o b ta in  a  b ro k e n  c e l l  s u s p e n s io n  o r  c e l l - f r e e  e x t r a c t  w h ich  w ou ld  g iv e  

raaximum activ ity  i n  t h e  GNS a s s a y .  E x p o n e n t ia l ly  g row ing  c u l t u r e s  

(5 0  m l) o f  B. s u b t i l i s  w i ld - ty p e  i n  g lu co se -am m o n ia  m in im al medium w ere 

h a r v e s t e d ,  t h e  c e l l s  b ro k e n  i n  an  u l t r a s o n i c  d i s i n t e g r a t o r  o r  an X -p re s s  

a n d  a  c e l l - f r e e  e x t r a c t  p r e p a r e d  a s  d e s c r ib e d  in  t h e  M a te r ia l s  and  

I ^ th o d s  s e c t i o n .  I t  was fo u n d  t h a t  e x t r a c t s  p r e p a r e d  b y  s o n ic a t io n  h ad  

a  h ig h  p r o t e i n  c o n te n t  ( a v e ra g e  200 p g /m l ) ,  w h e re a s  t h e  e x t r a c t  fro m  t h e  

X -p r e s s  had  a  much lo w e r  p r o t e i n  c o n te n t  (50  y g /m l) .  T h is  was p re su m a b ly  

a  r e f l e c t i o n  o f  t h e  g r e a t e r  volum e r e q u i r e d  f o r  p a s s a g e  o f  a  c e l l  

s u s p e n s io n  th ro u g h  t h e  X -p re s s  r a t h e r  t h a n  a  d i f f e r e n c e  i n  e f f i c i e n c y  o f  

c e l l  b r e a k a g e . In  a d d i t i o n ,  a l th o u g h  e x t r a c t s  p r e p a r e d  by  s o n ic a t io n  w ere  

a c t i v e  i n  b o th  t h e  GNS and  GTS a s s a y ,  no a c t i v i t y  was d e t e c t a b l e  i n  

e x t r a c t s  p r e p a r e d  by  t h e  X -p re s s  m ethod ,

T re a tm e n t o f  c e l l  s u s p e n s io n s  w i th  t o lu e n e  gave r i s e  t o  a  

s u s p e n s io n  w h ich  when ad d ed  t o  t h e  a s s a y  m ix tu re  f o r  GNS a c t i v i t y  gave 

r i s e  t o  a  t u r b i d  s o l u t i o n .  ' I t  was t h e r e f o r e  d e c id e d  t h a t  u l t r a s o n i c  

d i s i n t e g r a t i o n  was t h e  m ethod o f  c h o ic e  and  a l l  t h e  r e s u l t s  p r e s e n t e d  in  

t h e  t h e s i s  w ere  o b ta in e d  u s in g  c e l l - f r e e  e x t r a c t s  p r e p a r e d  by  t h i s  m eth o d .

b )  S o l u b i l i t y  o f  enzymes

An ex p o n en t io n  a l l y  g ro w in g  50 ml c u l t u r e  o f  B. s u b t i l i s  w i ld - ty p e  

i n  g lu co se -am m o n ia  m in im al medium was h a r v e s t e d  and  th e  c e l l s  d i s r u p t e d  by  

s o n ic a t io n  ( s e e  M a te r ia l s  an d  M ethods s e c t i o n ) .

GNS a c t i v i t y  by  t h e  b i o s y n t h e t i c  a s s a y  and  GTS a c t i v i t y  w ere  

a s s a y e d  i n  t h e  c ru d e  b ro k e n  c e l l  s u s p e n s io n  b e f o r e  c e n t r i f u g a t i o n  an d  in  

t h e  c e l l - f r e e  e x t r a c t  a f t e r  c e n t r i f u g a t i o n .  F o r t h e  GNS a s s a y  a  ch an g e  i n  

o f  0 .0 0 3 5 /m in  was o b ta in e d  f o r  b o th  t h e  b ro k e n  c e l l  s u s p e n s io n  and



c e l l - f r e e  e x t r a c t  i n d i c a t i n g  t h a t  t h e  enzyme was c o n f in e d  t o  t h e  s o lu b le  

f r a c t i o n .  F o r  t h e  GTS a s s a y  a  ch an g e  i n  o f  0 .0 0 7 /m in  v a s  o b ta in e d

-u sin g  t h e  b ro k e n  c e l l  s u s p e n s io n  and a  v a lu e  o f  0 . 06U/min f o r  t h e  c e l l  

f r e e  e x t r a c t .  T hese  v a lu e s  i n d i c a t e d  t h a t  t h e  GTS a c t i v i t y  was a g a in  

m o s t ly  t o  be  found  in  t h e  s o lu b le  f r a c t i o n .

c ) C om parison o f  y - t r a n s f e r  an d  b i o s y n t h e t i c  a s s a y  f o r  g lu ta m in e  s y n th e t a s e

GNS a c t i v i t y  may b e  a s s a y e d  e i t h e r  by  n o t in g  t h e  y -g lu ta m y l  

t r a n s f e r a s e  a c t i v i t y  o f  t h e  enzyme o r  by  m e a s u r in g  t h e  b i o s y n t h e t i c  

a b i l i t y  o f  t h e  enzyme t o  fo rm  g lu ta m in e .  T h is  d i s t i n c t i o n  i s  im p o r ta n t  in  

e n t e r i c  b a c t e r i a  b e c a u s e  b o th  t h e  a d e n y la te d  and  d e a d e n y la te d  fo rm  o f  t h e  

enzym e a r e  a c t i v e  i n  t h e  y -g lu ta m y l  t r a n s f e r a s e  a s s a y ,  b u t  a d é n y la t io n  

m a rk e d ly  lo w e rs  t h e  b i o s y n t h e t i c  a c t i - v i t y  o f  t h e  enzyme (S ta d tm a n  a l . , 

1 9 7 0 ;  K ingdon e t  a l . , 19&7; S c h u t t  & H o lz e r ,  1 9 7 2 ) . As a d é n y la t i o n  o f  

t h e  enzyme from  B a c i l l u s  sp p . d o es  n o t  a p p e a r  t o  o c c u r  a s  a  means o f  

r e g u l a t i o n  ( s e e  I n t r o d u c t i o n )  t h e s e  d i f f e r e n t  a s s a y  p ro c e d u re s  a r e  n o t  a s  

s i g n i f i c a n t .  N e v e r th e le s s  a  c o m p a riso n  o f  t h e  y-GT an d  b i o s y n t h e t i c  

a c t i v i t i e s  was done u s in g  a  c e l l - f r e e  e x t r a c t  p r e p a r e d  from  B. s u b t i l i s  

w i l d - t y p e  grown on g lu co se -am m o n ia  medium. The a s s a y  p ro c e d u re s  a r e  

g iv e n  in  t h e  M a te r ia ls  and  M ethods s e c t i o n .

A s p e c i f i c  a c t i v i t y  o f  90 n m o les/m in /m g  p r o t e i n  was o b ta in e d  

f ro m  t h e  y-GT a s s a y  and  a  v a lu e  o f  250 n m o les/m in /m g  from  t h e  b i o s y n t h e t i c  

a s s a y .  As t h e  b i o s y n t h e t i c  a s s a y  p r o c e d u re  y i e l d e d  a  h ig h e r  a c t i v i t y  

t h i s  a s s a y  was u se d  r o u t i n e l y  i n  a l l  s u b s e q u e n t e x p e r im e n ts .

d )  S t a b i l i t y  o f  enzym es

C e l l - f r e e  e x t r a c t s  w ere  p r e p a r e d  i n  TME b u f f e r  ( s e e  M a te r i a l s  

a n d  M ethods s e c t i o n ) , T h is  b u f f e r  h a d  p r e v i o u s ly  b e e n  shown by R e b e l lo  &
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S t r a u s s  (1 9 ^9 ) t o  s t a b i l i s e  t h e  GNS o f  B. s ù b t i l i s . To t e s t  t h e  

s t a b i l i t y  o f  t h e  enzyme p r e p a r a t i o n  a  c e l l - f r e e  e x t r a c t  was p r e p a r e d  

fro m  c e l l s  grown i n  g lu co se -am m o n ia  medium. In  t h e  GNS a s s a y ,  f r e s h  

e x t r a c t  gave a  change  i n  o f  0 .0 l6 /m in  an d  a f t e r  2k h o u rs  s to r a g e

a t  -20°C  t h e  same e x t r a c t  gave a v a lu e  o f  0 .0 l8 /m in .  T h is  i n d i c a t e d  

t h a t  t h e r e  was no l o s s  i n  GNS a c t i v i t y  a f t e r  2k h o u rs  i n  t h i s  b u f f e r  

w h ich  a g re e d  w i th  t h e  o b s e r v a t io n  o f  R e b e l lo  & S t r a u s s  (1 9 6 9 ) .  l u  t h e  

GTS a s s a y  some e v id e n c e  o f  l o s s  o f  a c t i v i t y  on s to r a g e  was fo u n d  f o r  

t h i s  enzym e. The f r e s h  c e l l  e x t r a c t  gave a  change  i n  E^^^ o f  0 .0 8 /m in  

w h ic h  d ro p p ed  t o  0 .0 2 8 /m in  on s to r a g e  a t  -2 0 ^ 0  f o r  2k h o u r s .  B ecause  

o f  t h e  a p p a re n t  l o s s  o f  GTS a c t i v i t y  on s t o r a g e ,  a l l  s u b s e q u e n t  a s s a y s  

f o r  b o th  GNS and  GTS a c t i v i t i e s  w ere  p e rfo rm e d  on a  f r e s h l y  p r e p a r e d  

e x t r a c t .

e )  C o n tro l  e x p e r im e n ts  f o r  GNS and  GTS a s s a y s

A c e l l - f r e e  e x t r a c t  was p r e p a r e d  from  g lu co se -am m o n ia  grown 

c e l l s .  In  t h e  GNS a s s a y  a  change  in  E^^^ o f  0 .0 l6 /m in  was o b s e rv e d  f o r  

t h e  c o m p le te  sy s te m . I f  ATP was r e p l a c e d  by  b u f f e r ,  no chan g e  i n  E^^^ 

was o b s e rv e d  o v e r  a  30 min p e r i o d .  ATP was t h e r e f o r e  e s s e n t i a l  f o r  t h e  

b i o s y n t h e t i c  a s s a y  f o r  GNS. I t  was fo u n d  t h a t  t h e  ATP s o l u t i o n  u s e d  

i n  t h e  a s s a y  c o u ld  b e  s a f e l y  s t o r e d  a t  -20^C . C om parison  o f  f r e s h l y  

p r e p a r e d  ATP s o l u t i o n  an d  a  ATP s o l u t i o n  s t o r e d  f r o z e n  f o r  72 h o u r s  gave 

i d e n t i c a l  r a t e s  o f  r e a c t i o n  u s in g  t h e  same c e l l  e x t r a c t .  I t  was a l s o  

n o te d  t h a t  h e a t i n g  a  p o r t i o n  o f  t h e  e x t r a c t  t o  lOO^C f o r  5 min gave  a  

n e g l i g i b l e  ch an g e  i n  E^^^ o f  0 .0 0 0 3 /m in . T h is  low  r a t e  o f  r e a c t i o n  was 

co m p a rab le  t o  t h e  ch an g e  i n  E^^^ when enzyme p r e p a r a t i o n  was r e p l a c e d  by 

b u f f e r  i n  t h e  a s s a y  m ix tu r e .  I t  was c o n c lu d e d  t h a t  h e a t i n g  t h e  e x t r a c t  

c a u s e d  a  t o t a l  l o s s  o f  GNS a c t i v i t y .
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In  t h e  GTS a s s a y  a  change  in  o f  0 .08H /m in  was o b s e rv e d

f o r  t h e  c o m p le te  s y s te m . R ep lacem en t o f  t h e  s u b s t r a t e  L - g lu ta m in e ,  by  

b u f f e r  gave a  v a lu e  o f  0 ,0 0 5 /m in . T h is  r e p r e s e n te d  t h e  endogenous

o x id a t io n  o f  NADPH and  a l l  s u b s e q u e n t  GTS e s t im a t io n s  w ere c o r r e c t e d  f o r  

t h i s  endogenous o x id a t io n  w h ich  was d e te rm in e d  a t  t h e  same t im e  a s  t h e  

GTS a s s a y  by  t h e  i n c l u s i o n  o f  a  c o n t r o l  l a c k in g  L -g lu ta m in e  ( s e e  M a te r i a l s  

a n d  M ethods s e c t i o n ) .  The c o - f a c t o r  s p e c i f i c i t y  o f  t h e  GTS r e a c t i o n  

f o r  NADPH Ôr NADH was a l s o  t e s t e d .  R ep lacem en t o f  t h e  NADPH i n  t h e  

a s s a y  m ix tu re  b y  an  e q u a l  q u a n t i t y  o f  NADH gave a  low  change i n  E^^^ o f  

0 . 0 0 6 /m in . The enzyme t h e r e f o r e  h a d  a  h ig h  s p e c i f i c i t y  f o r  NADPH a s  

c o - f a c t o r .

f ) A ssay  f o r  g lu ta m a te  d e h y d ro g e n a se

GDH can  c o n v e n ie n t ly  be  a s s a y e d  u s in g  t h e  sy s te m  f o r  t h e  GTS 

a s s a y ,  b u t  r e p l a c i n g  L -g lu ta m in e  w i th  NH^Cl ( s e e  M a te r ia l s  and  M ethods 

s e c t i o n ) .  U sin g  t h e  c e l l - f r e e  e x t r a c t  p r e p a r e d  f o r  t h e  e x p e r im e n t 

d e s c r ib e d  in  ( e )  above i t  was fo u n d  t h a t  t h e r e  was no change  in  E^^^ o v e r  

a n d  above t h e  endogenous r a t e  when NH^Cl r e p la c e d  L -g lu ta m in e  a s  s u b s t r a t e  

o r  when NADH r e p la c e d  NADPH a s  c o - f a c t o r .  I t  was c o n c lu d e d  t h a t  GDH was 

u n d e te c ta b l e  i n  e x t r a c t s  o f  B. s u b t i l i s  168  grown i n  g lu co se -am m o n ia  

m edium . T h is  r e s u l t  i s  i n  a g re e m e n t w ith  t h a t  o f  o t h e r  w o rk e rs  ( s e e  

I n t r o d u c t i o n ) .

A summary o f  some o f  t h e  r e s u l t s  from  t h i s  s e c t i o n  i s  p r e s e n t e d  

i n  T a b le  2 .

Enzyme s p e c i f i c  a c t i v i t y  d u r in g  g ro w th  o f  B. s u b t i l i s

The o b j e c t  o f  t h i s  s e c t i o n  o f  t h e  w ork was t o  lo o k  f o r  c h a n g e s
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TABLE 2

Summary o f  t h e  p r o p e r t i e s  and  s p e c i f i c i t y  o f  GNS an d  GTS a c t i v i t i e s  

fro m  B. s u h t i l i s  l6 8

C e l l - f r e e  e x t r a c t s  w ere  p r e p a r e d  from  c e l l s  g row ing  

e x p o n e n t i a l l y  in  m in im a l medium w i th  g lu c o s e  w /v ) a s  c a rb o n

s o u rc e  and  (NH^)280^ (0 .0 5 ^  w /v ) a s  n i t r o g e n  s o u r c e .  The d e t a i l s  o f  

t h e  a s s a y  f o r  GNS and  GTS a re  g iv e n  i n  t h e  M a te r i a l s  and  M ethods

s e c t i o n .  A c t i v i t i e s  a r e  e x p r e s s e d  a s  AE^^^/m in f o r  GNS and  AE^^^/m in

f o r  GTS. In  t h e  GTS a s s a y  a l l  v a lu e s  a r e  c o r r e c t e d  f o r  endogenous

o x i d a t io n  o f  NADPH o r  NADH w hich  was a  ch an g e  i n  E^^^ o f  0 .0 0 6 /m in

u s in g  NADPH a s  c o - f a c t o r .

G lu tam in e  s y n th e ta s e  a s s a y

C om plete  sy s te m  O .O I6

ATP o m it te d  0 .0

Enzyme p r e p a r a t i o n  h e a te d  t o  100°C 0 .0 0 0 3

Enzyme p r e p a r a t i o n  s to r e d  a t  - 2 0 ° C

f o r  2h h o u rs  O .O I8

G lu ta m a te  s y n th a s e  a s s a y

C om plete  sy s te m  O.O8

C om plete  sy s te m  w ith  NADPH

r e p l a c e d  by  NADH O.OO6

C om plete  sy s te m  w ith  L -g lu ta m in e  r e p l a c e d  

b y  NH^Cl (g lu ta m a te  d e h y d ro g e n a se  a s s a y )

( c o r r e c t e d  f o r  endogenous NADPH o x i d a t io n )  0 ,0

Enzyme p r e p a r a t i o n  s to r e d  a t  -20°C

f o r  2k h o u rs  0 .0 2 8
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i n  t h e  s p e c i f i c  a c t i v i t i e s  o f  GNS an d  GTS u n d e r  g ro w th  c o n d i t io n s  w here 

r e p r e s s i o n  an d  d e r e p r e s s io n  o f  t h e  enzym es m ig h t h e  e x p e c te d  t o  o c c u r .

I f  ch a n g es  a s s o c i a t e d  w ith  n i t r o g e n  a v a i l a b i l i t y  d u r in g  g row th  w ere 

d e t e c t a b l e  t h i s  w ould  b e  a  s u i t a b l e  p r e lu d e  t o  an i n v e s t i g a t i o n  o f  

p o s s i b l e  ch a n g es  d u r in g  th e  o n s e t  o f  s p o r u l a t i o n .

Enzyme l e v e l s  w ere  d e te rm in e d  in  c e l l - f r e e  e x t r a c t s  p r e p a r e d  

fro m  e x p o n e n t i a l l y  g ro w in g  B. s u b t i l i s  w i ld - ty p e  u s in g  g lu c o s e  a s  c a rb o n  

s o u rc e  and  v a r io u s  n i t r o g e n  s o u rc e s  u s e d  f o r  t h e  g ro w th  d e te r m in a t io n s  

( T a b le  l ) .  The s p e c i f i c  a c t i v i t y  o f  GNS and GTS u n d e r  t h e  v a r io u s  g row th

c o n d i t i o n s  a r e  p r e s e n t e d  i n  T a b le  3 . As some f l u c t u a t i o n  in  s p e c i f i c  

a c t i v i t y  o f  b o th  enzym es from  s e p a r a te  c e l l  e x t r a c t s  was o b s e rv e d ,  

a v e ra g e  v a lu e s  a r e  p r e s e n te d  t o g e t h e r  w i th  t h e  e x tre m e  v a lu e s  f o r  e a c h  

enzym e. The f i g u r e s  show t h a t  c e l l s  grown w i th  ammonia a s  n i t r o g e n  

s o u rc e  p o s s e s s e d  q u i t e  h ig h  l e v e l s  o f  b o th  enzym es. A d d i t io n  o f  

a r g i n i n e ,  g lu ta m a te ,  g lu ta m in e  o r  h i s t i d i n e  t o  t h e  medium c o n ta in in g  

amm onia p ro d u c e d  a  d e c re a s e d  a c t i v i t y  f o r  b o th  enzym es. In  t h e  c a s e  o f  

GNS t h i s  r e p r e s s i o n  was g r e a t e s t  w i th  g lu ta m in e  and  a r g i n i n e  w h ich  w ere 

i n  t u r n  g r e a t e r  t h a n  g lu ta m a te  o r  h i s t i d i n e .  T h is  r e s u l t  i s  e x a c t l y  in  

a g re e m e n t w i th  t h a t  o f  R e b e llo  & S t r a u s s  ( 1 9 6 9 ) who o b ta in e d  a  s i m i l a r  

p a t t e r n  o f  GNS r e p r e s s i o n  i n  B. s u b t i l i s  168  by  a r g i n i n e ,  g lu ta m a te  and  

g lu ta m in e  i n  t h e  p r e s e n c e  o f  am m onia, a l th o u g h  t h e  d e g re e  o f  r e p r e s s i o n  

o b ta in e d  h e re  was s l i ^ t l y  g r e a t e r .  F o r e x a m p le , t h e y  r e p o r t e d  a  55% 

r e p r e s s i o n  o f  GNS a c t i v i t y  b y  L -g lu ta m in e  i n  t h e  p r e s e n c e  o f  ammonia 

com pared  w i th  t h e  a c t i v i t y  o b ta in e d  fro m  c e l l s  grown w i th  ammonia a lo n e .  

The r e s u l t s  i n  T a b le  3 show an  a v e ra g e  66^ r e p r e s s i o n .  The r e p r e s s i o n  

b y  t h e  ad d ed  am ino a c id s  o f  GTS was n o t  i d e n t i c a l  t o  t h a t  o f  GNS. W ith 

GTS a  s i x - f o l d  r e d u c t io n  in  a c t i v i t y  was o b ta in e d  by  t h e  a d d i t i o n  o f  

a r g i n i n e  w h i le  g lu ta m a te  an d  g lu ta m in e  c a u s e d  o n ly  a  tw o - f o ld  r e d u c t io n .
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TABLE 3

L e v e ls  o f  g lu ta m in e  s y n th e t a s e  and  g lu ta m a te  s y n th a s e  i n  B. s u b t i l i s  

w i ld - ty p e  u n d e r  d i f f e r e n t  g ro w th  c o n d i t io n s

The c e l l s  w ere  grown i n  m in im al medium c o n ta in in g  g lu c o s e  

( 0 , 5% w /v ) a s  c a rb o n  s o u rc e  a n d  t h e  a p p r o p r i a t e  n i t r o g e n  s o u rc e  g iv e n  

b e lo w  a t  0.1% (w /v )  e x c e p t  f o r  ammonium s u lp h a te  w h ich  was u s e d  a t  

0 . 05% (w /v ) .  Enzyme a s s a y s  w ere  p e rfo rm e d  u s in g  f r e s h l y  p r e p a r e d  

c e l l - f r e e  e x t r a c t s  a s  d e s c r ib e d  in  t h e  M a te r ia l s  and  M ethods s e c t i o n .

The num ber o f  d e te r m in a t io n s  r e p r e s e n t s  t h e  num ber o f  s e p a r a t e  enzyme 

a s s a y s ,  e a c h  u s in g  an  e x t r a c t  p r e p a r e d  from  a  d i f f e r e n t  c u l t u r e .

V a lu e s  a r e  s p e c i f i c  a c t i v i t i e s  e x p re s s e d  a s  n m o les/m in /m g  p r o t e i n  an d  

r e p r e s e n t  t h e  a v e ra g e  o f  t h e  t o t a l  num ber o f  d e te r m in a t io n s .  G e n e r a l ly

b o th  GNS and  GTS a s s a y s  w ere p e rfo rm e d  on ea ch  e x t r a c t .

N i t ro g e n
s o u rc e

Ammonia

Ammonia & 
L - a r g in in e

Ammonia & 
L -g lu ta m in e

Ammonia & 
L -g lu ta m a te

Ammonia & 
L - h i s t i d i n e

N i t r a t e

L - a r g in in e

L -g lu ta m in e

L -g lu ta m a te

L - h i s t i d i n e

Number o f  
d e te r m in a t io n s

12

G lu tam ine  Number o f  G lu tam a te
s y n th e ta s e  d e te r m in a t io n s  s y n th a s e  

_________________  ( r m g e )

1

3

k

k

1

N.D,

( ra n g e )

170  (100 - 2 5 0 ) 

63 ( 6 3 , 6 3 )

70 ( 60 - 8 8 ) 

116  ( 88 - 1 5 0 ) 

138

516 (4 1 3 -5 7 5 ) 

l4 6  ( 88 - 1 5 0 ) 

105 ( 63 - 1 0 0 ) 

325

10 7 4 0 ( 650 - 8 0 0 )

1 3 0 (1 1 0 -1 4 0 )

3 0 0 ( 180 - 4 0 0 )

3 4 0 (3 0 0 -4 3 0 )

700

4 0 0 ( 260 - 5 0 0 )

1 1 3 (1 0 0 -1 3 0 )

343(200- 500 )

80

*N.D . m eans n o t  d o n e . As B. s u b t i l i s  grew  v e ry  s lo w ly  w i th  L - h i s t i d i n e  

a s  n i t r o g e n  s o u rc e  no a t te m p t  was made t o  p r e p a r e  a  c e l l - f r e e  e x t r a c t .
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The o b v io u s  r e p r e s s i o n  o f  GTS s y n th e s i s  by  g lu ta m a te  i s  i n  a g re e m e n t 

w i th  E lm e ric h  (1 972 ) who r e p o r t e d  r e p r e s s i o n  o f  GTS s y n th e s i s  by  

g lu ta m a te  i n  E . m e g a te r iu m . The g r e a t e r  r e p r e s s i o n  c a u s e d  by  t h e  

i n c l u s i o n  o f  a r g i n i n e  i n  t h e  g lu co se -am m o n ia  medium was somewhat 

s u r p r i s i n g  a s  i t  c o u ld  be  assum ed  t h a t  a r g in in e  w ou ld  b e  d e g ra d e d  t o  

g lu ta m a te  u n d e r  t h e s e  c i r c u m s ta n c e s .  H i s t i d i n e  h ad  o n ly  a  m a rg in a l  

e f f e c t  on t h e  s y n th e s i s  o f  b o th  enzym es. T h is  w ou ld  b e  i n  k e e p in g  w ith  

i t s  l a c k  o f  m e ta b o lis m  in  t h e  p r e s e n c e  o f  g lu c o s e  due t o  c a t a b o l i t e  

r e p r e s s i o n  o f  t h e  h i s t i d i n e  d e g ra d in g  enzym es.

When n i t r a t e  r e p l a c e d  ammonia in  t h e  g row th  m edium , a  3 - f o l d  

i n c r e a s e  i n  GNS s p e c i f i c  a c t i v i t y ,  acco m p an ied  by a lm o s t a  2 - f o l d  

r e d u c t io n  in  GTS a c t i v i t y  was fo u n d , com pared  t o  ammonia grown c e l l s .  In  

f a c t ,  t h e  h ig h e s t  s p e c i f i c  a c t i v i t y  f o r  GNS was c o n s i s t e n t l y  fo u n d  f o r  

c e l l s  grown w i th  n i t r a t e  a s  s o u rc e  o f  n i t r o g e n .  As c e l l s  grow o n ly  

s lo w ly  w ith  n i t r a t e  a s  n i t r o g e n  s o u rc e  (T a b le  l ) ,  t h e y  w ere p re su m a b ly  in  

a  c o n d i t io n  o f  n i t r o g e n  d e p r i v a t i o n .  S t a r v a t io n  f o r  a  re a d y  s o u rc e  o f  

n i t r o g e n  i s  known t o  c a u se  s p o r u l a t i o n  in  B. s u b t i l i s  ( s e e  I n t r o d u c t i o n )  

e n d  in  f a c t  was u s e d  i n  l a t e r  w ork  a s  a  mean f o r  o b t a i n in g  s p o r u l a t i o n .

I t  was th u s  o f  i n t e r e s t  t o  n o te  a t  t h i s  s ta g e  t h e  d e r e p r e s s io n  o f  GNS 

when c e l l s  w ere grown w ith  n i t r a t e  a s  s o u rc e  o f  n i t r o g e n .

In  o t h e r  e x p e r im e n ts  e x t r a c t s  w ere  p r e p a r e d  from  c u l t u r e s  grown 

w i th  g lu ta m a te  o r  g lu ta m in e  o r  a r g i n i n e  a s  s o le  s o u rc e  o f  n i t r o g e n .  As 

n o te d  p r e v io u s ly  B. s u b t i l i s  g rew  v e ry  s lo w ly  w ith  h i s t i d i n e  a s  s o le  

s o u rc e  o f  n i t r o g e n  and  a  c u l t u r e  s u i t a b l e  f o r  p r e p a r a t i o n  o f  a  c e l l - f r e e  

e x t r a c t  was n o t  o b ta in e d .  A ls o ,  a s  n o te d  b e f o r e ,  t h e  c e l l s  d id  n o t  grow 

i n  a  s a t i s f a c t o r y  m anner w i th  g lu ta m a te  a s  s o le  n i t r o g e n  s o u r c e ,  t h e y  

t e n d e d  t o  clum p t o g e t h e r  and  f o r  t h i s  r e a s o n  th e  GNS and  GTS a c t i v i t i e s
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o b ta in e d  from  t h e s e  c e l l s  may be u n r e l i a b l e .  The u se  o f  e i t h e r  

L -g lu ta m in e  o r  L - a r g in in e  a s  s o le  n i t r o g e n  s o u rc e  p ro d u c e d  enzyme 

s p e c i f i c  a c t i v i t i e s  s i m i l a r  t o  t h o s e  o b ta in e d  w i th  c u l t u r e s  grown w ith  

ammonia t o g e t h e r  w i th  t h e  am ino a c i d .  Thus w i th  L - a r g in in e  a s  s o le  

n i t r o g e n  s o u rc e  b o th  GNS and  GTS w ere  e x t e n s i v e l y  r e p r e s s e d  o v e r  t h e  

v a lu e s  o b ta in e d  w i th  ammonia a s  n i t r o g e n  s o u rc e  and  w i th  L -g lu ta m in e  GNS 

w as even  more r e p r e s s e d  and  GTS som ew hat l e s s  s o .

T h is  work c l e a r l y  e s t a b l i s h e d  t h a t  c h a n g es  i n  s p e c i f i c  a c t i v i t y  

o f  b o th  enzym es c o u ld  b e  d e t e c t e d  d u r in g  g ro w th  w i th  d i f f e r e n t  n i t r o g e n  

s o u r c e s .  Growth l i m i t a t i o n  by  t h e  u s e  o f  n i t r a t e  a s  n i t r o g e n  s o u rc e  

p ro m p te d  d e r e p r e s s io n  o f  GNS. P r e v io u s  r e s u l t s  o f  R e b e llo  & S t r a u s s  

( 1 9 6 9 ) had  shown a  t r a n s i e n t  i n c r e a s e  i n  GNS a c t i v i t y  d u r in g  s h if t -d o w n  

fro m  a  r i c h  t o  a  p o o r  g row th  m edium . S h i f t-d o w n  c o n d i t io n s  in v o lv in g  

t r a n s f e r  o f  c e l l s  from  a  r i c h  t o  a  p o o r  g ro w th  medium w i th  l i m i t i n g  

c a rb o n  o r  n i t r o g e n  s o u rc e s  a r e  known t o  in d u c e  s p o r u l a t i o n  ( s e e  I n t r o ­

d u c t i o n ) .  I t  was now n e c e s s a r y  t o  exam ine  t h e  b e h a v io u r  o f  GNS an d  GTS 

d u r in g  t h e  t r a n s i t i o n  from  g ro w th  t o  s p o r u l a t i o n .

S p o r u la t io n  b e h a v io u r  o f  B. s u b t i l i s  w i ld - ty p e  i n  v a r io u s  r e s u s p e n s io n  m ed ia

The te c h n iq u e  u s e d  f o r  o b t a i n in g  s p o r u l a t i o n  i s  t h e  re p la c e m e n t  

o r  r e s u s p e n s io n  p ro c e d u re  ( s e e  M a te r i a l s  and  M ethods s e c t i o n )  w hereby  

b a c t e r i a  t h a t  a r e  g ro w in g  e x p o n e n t i a l l y  i n  a  r i c h  medium a r e  t r a n s f e r r e d  

t o  a  p o o r  medium. The r e s u s p e n s io n  medium d e s c r ib e d  b y  S t e r l i n i  & 

M an d els tam  ( 1 9 6 9 ) c o n ta in s  an a d e q u a te  s u p p ly  o f  ammonia i n  t h e  fo rm  o f  

NHj^N03  and  NH^Cl, b u t  o n ly  a  p o o r  c a rb o n  s o u rc e  i n  t h e  fo rm  o f  L -g lu ta m a te  

( s e e  M a te r ia l s  and M ethods s e c t i o n ) .  T h is  r e s u s p e n s io n  medium i s  

r e f e r r e d  t o  a s  8(C ) and  i n  t h i s  medium  s p o r u l a t i o n  i s  assum ed  t o  be  

t r i g g e r e d  b y  s t a r v a t i o n  f o r  a  c a rb o n  s o u r c e .  T h is  i s  s u p p o r te d  b y  th e
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f a c t  t h a t  i n c l u s io n  o f  D -g lu c o se  (0.2%  w /v ) i n  t h i s  medium a t  f i r s t  

a l lo w e d  t h e  c e l l s  t o  grow r a t h e r  th a n  s p o r u l a t e  ( s e e  b e lo w ) .

In  o r d e r  t o  o b t a in  s p o r u l a t i o n  by  n i t r o g e n  d e p r i v a t i o n  t h e  8(C) 

r e s u s p e n s io n  medium was m o d if ie d .  The NE^Cl and  c o n s t i t u e n t s

w e re  r e p l a c e d  by  NaWO  ̂ an d  t h e  L -g lu ta m a te  was r e p l a c e d  b y  D -g lu c o se  

(0 .2%  w /v ) .  T h is  medium i s  r e f e r r e d  t o  a s  S ( n ) medium and  a  f u l l e r  

d e s c r i p t i o n  i s  g iv e n  i n  t h e  M a te r ia l s  an d  M ethods s e c t i o n .  S u p p le m e n t­

a t i o n  o f  t h i s  S(N) medium w ith  L -g lu ta m a te  (0,15%  w /v ) a s  an e x t r a  

n i t r o g e n  s o u rc e  a g a in  p ro m o ted  g ro w th  o f  t h e  c e l l s  r a t h e r  th a n  s p o r u l a t i o n .  

T he b e h a v io u r  o f  B, s u b t i l i s  w i ld - ty p e  i n  t h e  d i f f e r e n t  r e s u s p e n s io n  m ed ia  

i s  i l l u s t r a t e d  i n  T a b le  4 , C u l tu r e s  w ere  grown in  CH medium an d  r e s u s p e n d e d  

i n  8(C)  m edium , 8(C)  medium su p p le m e n te d  w ith  g lu c o s e ,  S(N) medium o r  S(N) 

m edium  su p p le m e n te d  w ith  L - g lu ta m a te .  C e l l  d e n s i t i e s  w ere m ea su red  a f t e r  

r e s u s p e n s io n  a t  h o u r ly  i n t e r v a l s  f o r  5 h o u r s .  H e a t - r e s i s t a n c e  was 

a s s a y e d  a t  5 h o u rs  a f t e r  r e s u s p e n s io n  and  a f t e r  o v e r n ig h t  i n c u b a t io n .

The r e s u l t s  show t h a t  i n  t h e  8(C)  a nd  S(N) m e d ia , t h e  ro u g h ly  d o u b le d

i n  t h e  f i r s t  4 - 5  h o u r s .  T h is  i s  i n  a g re e m e n t w i th  p r e v io u s  r e s u l t s  

o b t a i n e d  w i th  t h e  8(C)  medium w here t h e  O.D. d o u b le d  and  th e n  l e v e l l e d  o f f  

( s t e r l i n i  & M andelstam , 1 9 6 9 ) .  H e a t - r e s i s t a n t  c o lo n ie s  w ere d e t e c t a b l e  

a t  10 ^ d i l u t i o n  5 h o u rs  a f t e r  r e s u s p e n s io n  i n  b o th  t h e s e  m ed ia  an d  

e x a m in a t io n  o f  t h e  c u l t u r e s  i n  t h e  p h a s e - c o n t r a s t  m ic ro sc o p e  r e v e a le d  t h a t  

1  -  5% o f  t h e  c e l l s  c o n ta in e d  r e f r a c t i l e  s p o r e s .  H e a t - r e s i s t a n c e  

d e te r m in a t io n s  a t  24 h o u rs  r e v e a le d  t h a t  i n  t h i s  e x p e r im e n t s l i g h t l y  b e t t e r  

s p o r u l a t i o n  was a c h ie v e d  i n  t h e  S(C) r e s u s p e n s io n  medium th a n  in  t h e  S(N) 

m edium , a l th o u g h  t h i s  was n o t  c o n s i s t e n t l y  fo u n d  ( s e e  T a b le  5 ) .

The 8 ( c )  medium was assum ed t o  t r i g g e r  s p o r u l a t i o n  by  c a rb o n  

d e p r i v a t i o n  and  T ab le  4 shows t h a t  s u p p le m e n ta t io n  o f  t h i s  medium w ith
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g lu c o s e  a llo w e d  a  r a p i d  i n c r e a s e  i n  t o  a  v a lu e  w e l l  above t h a t  o f  th e

S(C)  medium a lo n e  > 2 . 0 ) .  The c e l l  d o u b l in g  t im e  o v e r  th e  f i r s t

2  h o u rs  was c a l c u l a t e d  a s  63 m in u te s , a  v a lu e  s i m i l a r  t o  t h a t  o b ta in e d

f o r  B. s u b t i l i s  g row ing  in  g lu co se -am m o n ia  m in im al medium ( s e e  T a b le  1 ) .

The S(N) medium was assum ed t o  t r i g g e r  s p o r u l a t i o n  b y  n i t r o g e n

d e p r i v a t i o n  and  a g a in  T a b le  4 shows t h a t  s u p p le m e n ta t io n  o f  t h i s  medium

v i t h  a  good s o u rc e  o f  n i t r o g e n  ( L -g lu ta m a te )  c a u se d  a  r a p i d  i n c r e a s e  in

Egoo w ith  an i n i t i a l  c e l l  d o u b l in g  t im e  c a l c u l a t e d  a s  90 m in , s i m i l a r  t o

t h e  v a lu e  o b ta in e d  f o r  B. s u b t i l i s  g ro w in g  in  g lu c o s e - g lu ta m a te  m in im a l

medium ( s e e  T a b le  l ) .  The p re s u m p tio n  t h a t  c e l l s  re s u s p e n d e d  i n  8(C)  +

g lu c o s e  o r  S(N) + g lu ta m a te  c o n t in u e d  t o  grow  r a t h e r  t h a n  i n i t i a t e

s p o r u l a t i o n  was s u p p o r te d  by  t h e  h e a t - r e s i s t a n c e  d e te r m in a t io n s  made 5

h o u r s  a f t e r  r e s u s p e n s io n .  T a b le  4 shows t h a t  no c o lo n ie s  w ere  d e t e c t e d  

-6  . .a t  10 d i l u t i o n  a t  5 h o u r s  i n  e i t h e r  medium and  e x a m in a tio n  o f  t h e  c e l l s  

i n  t h e  p h a s e - c o n t r a s t  m ic ro sc o p e  r e v e a le d  o n ly  an o c c a s io n a l  s p o r e .

H ow ever, by  24 h o u rs  t h e  h e a t - r e s i s t a n c e  v a lu e s  show ed t h a t  t h e  c e l l s  had  

s u c c e s s f u l l y  s p o r u l a te d  b y  t h i s  t im e .  The f i n a l  l e v e l  o f  s p o r u l a t i o n  

i n  t h e  g lu c o s e  su p p le m e n te d  8(C)  medium was lo w e r  t h a n  in  t h e  o t h e r  t h r e e  

m ed ia  (T a b le  4 ) .

Enzyme l e v e l s  d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n

The r e s u l t s  above h a d  s a t i s f a c t o r i l y  d e m o n s tra te d  t h a t  

s p o r u l a t i o n  c o u ld  b e  in d u c e d  b y  c a rb o n  s t a r v a t i o n  in  t h e  8(C)  medium and  

b y  n i t r o g e n  s t a r v a t i o n  i n  t h e  S(N) m edium . C hanges i n  s p e c i f i c  a c t i v i t y  

o f  GNS and GTS a s s o c i a t e d  w i th  t h e  i n i t i a t i o n  o f  s p o r u l a t i o n  m ig h t n o t  be  

e x p e c te d  t o  o c c u r  d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n  u n d e r  c o n d i t io n s  o f  

c a rb o n  s t a r v a t i o n .  A ssay  o f  enzyme l e v e l s  i n  t h e  8 ( c )  medium w ou ld  

t h e r e f o r e  a c t  a s  a  c o n t r o l  a s  any  c h a n g e s  i n  enzyme l e v e l s  d e t e c t e d  i n  t h i s
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m edium  w ould  b e  more l i k e l y  t o  r e f l e c t  d e r e p r e s s io n  o f  enzyme s y n th e s i s  

f o l lo w in g  t r a n s f e r  o f  c e l l s  from  th e  r i c h  CH medium w i th  i t s  num erous 

s o u r c e s  o f  n i t r o g e n  t o  t h e  m in im al 8(C)  r e s u s p e n s io n  medium.

F o r t h e  a s s a y  o f  t h e  enzym es d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n  

200  ml c u l t u r e s  o f  B. s u b t i l i s  w i ld - ty p e  in  1 l i t r e  d im p le d  f l a s k s  w ere 

u s e d .  T hese  c e l l s  w ere r e s u s p e n d e d  i n  t h e  same volum e o f  e i t h e r  8(C)  

o r  S( n ) r e s u s p e n s io n  medium. P o r t i o n s  (50 m l) w ere  rem oved a t  t im e  z e ro  

a n d  a t  20 and  40 m in u te s  a f t e r  t im e  z e ro  and  a  c e l l  f r e e  e x t r a c t  p r e p a r e d  

f ro m  e a c h . The r e s u l t s  o f  t h e  enzyme a s s a y s  from  many s e p a r a te  

e x p e r im e n ts  t o g e t h e r  w i th  t h e  p e r c e n ta g e  s p o r u l a t i o n  f i n a l l y  o b ta in e d  in  

e a c h  medium a r e  shown i n  T a b le  5 . As some v a r i a t i o n  i n  s p e c i f i c  a c t i v i t y  

o f  b o th  enzym es from  c e l l  e x t r a c t s  fro m  s e p a r a te  e x p e r im e n ts  was o b s e rv e d , 

t h e  e x tre m e  v a lu e s  f o r  e a ch  enzyme a r e  in c lu d e d  in  t h e  t a b l e .

The r e s u l t s  f o r  t h e  enzyme a s s a y s  i n  T a b le  5 show t h a t  no 

m arked  c h a n g e s  i n  s p e c i f i c  a c t i v i t y  o f  e i t h e r  enzyme h a d  o c c u r r e d  a t  e i t h e r  

2 0  min o r  4o m in a f t e r  t h e  i n i t i a t i o n  o f  s p o r u l a t i o n  i n  e i t h e r  t h e  8(C)  o r  

S ( n ) m e d ia . I n  t h e  8(C)  medium i t  d id  a p p e a r  t h a t  t h e  GNS a c t i v i t y  had  

i n c r e a s e d  s l i g h t l y  by  20 min and  th e n  f a l l e n  b a c k  t o  ro u g h ly  t h e  o r i g i n a l  

a c t i v i t y  by  40 m in . T h is  f l u c t u a t i o n  was n o t  so  a p p a re n t  i n  t h e  S ( n ) 

m edium , a l th o u g h  t h e  s p e c i f i c  a c t i v i t y  o f  GN8 was on a v e ra g e  s l i g h t l y  

h i g h e r  a t  e a c h  t im e  i n t e r v a l  i n  t h e  S( n ) medium th a n  i n  t h e  8(C)  m edium.

No o b v io u s ly  s i g n i f i c a n t  d i f f e r e n c e  i n  GTS a c t i v i t y  w as d e t e c t e d  i n  t h e  

tw o  m ed ia .

T h e re fo re  no s t r i k i n g  d i f f e r e n c e s  w ere  fo u n d  in  GN8 o r  GTS 

a c t i v i t i e s  when s p o r u l a t i o n  was in d u c e d  by  e i t h e r  c a rb o n  o r  n i t r o g e n  

s t a r v a t i o n .  T h e re fo re  i t  m ust b e  c o n c lu d e d  t h a t  c h a n g e s  i n  t h e  am ount o f  

GNS o r  GTS enzym es p la y  no r o l e  i n  t h e  o n s e t  o f  s p o r u l a t i o n ,  a t  l e a s t  a t  

t h e  t im e s  s t u d i e d .
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An a l t e r n a t i v e  a p p ro a c h  t o  s e e k  a  r o l e  f o r  t h e s e  enzym es in  

s p o r u l a t i o n  i s  t o  exam ine t h e  "behav iou r o f  a  m u tan t s t r a i n  l a c k i n g  t h e  

p a r t i c u l a r  enzyme a c t i v i t y  i n  q u e s t i o n .  T h is  a p p ro a c h  h a s  a l r e a d y  b e e n  

a p p l i e d  i n  B. m eg a te riu m  i n  t h e  c a s e  o f  GNS ( s e e  I n t r o d u c t i o n ) .  A 

p o s s ib l e  r o l e  f o r  GTS a c t i v i t y  d u r in g  s p o r u l a t i o n  was i n v e s t i g a t e d  u s in g  

t h e  g lu ta m a te  a u x o tr o p h ,  g i t - 1 0 0 , t e n t a t i v e l y  i d e n t i f i e d  a s  l a c k i n g  GTS 

a c t i v i t y .

E x a m in a tio n  o f  g lu ta m in e  s y n th e t a s e  and  g lu ta m a te  s y n th a s e  d u r in g  g ro w th  

and  s p o r u l a t i o n  o f  s t r a i n  g i t -1 0 0

Growth c h a r a c t e r i s t i c s  o f  t h e  p resu m ed  g lu ta m a te  s y n th a s e  n e g a t iv e  

s t r a i n  ( g i t - 1 0 0 )

T h is  s t r a i n  was o r i g i n a l l y  i s o l a t e d  by  D r. J .  C o o te . I t  was 

u n a b le  t o  grow i n  g lu co se -am m o n ia  m in im al medium b u t  grew  n o rm a l ly  in  

g lu c o s e - g lu ta m a te  m in im a l m edium . F o r  t h e s e  r e a s o n s  i t  was p resu m e d  t o  

have  a  d e f e c t i v e  g lu ta m a te  s y n th a s e  by  a n a lo g y  w ith  a  p r e v i o u s ly  d e s c r ib e d  

GTS n e g a t iv e  s t r a i n  o f  B. m e g a te r iu m  (E lm e ric h  & A u b e r t , 1 9 7 1 ) .

The g ro w th  p a t t e r n  o f  t h i s  s t r a i n  was i n v e s t i g a t e d  i n  m ore 

d e t a i l .  The o rg a n is m  was i n o c u l a t e d  i n t o  20 ml p o r t i o n s  o f  v a r io u s  m ed ia  

and in c u b a te d  o v e r n ig h t  a t  37°C . A t u r b i d  c u l t u r e  was s c o r e d  a s  p o s i t i v e  

g row th  and  no o b v io u s  i n c r e a s e  i n  t u r b i d i t y  was s c o re d  a s  a  n e g a t iv e  growth 

re s p o n s e  t o  t h e  medium i n  q u e s t i o n .  The w i ld - ty p e  B. s u b t i l i s  was 

in o c u la te d  and  grown i n  e a c h  medium i n  an i d e n t i c a l  m anner a s  a  c o n t r o l .

The r e s u l t s  o f  t h e  g ro w th  e x p e r im e n ts  a r e  g iv e n  i n  T a b le  6 . The r e s u l t s
0

w ith  th e  w i ld - ty p e  o rg a n is m  w i l l  be  c o n s id e r e d  f i r s t .  Some g ro w th
z

p r o p e r t i e s  o f  B. s u b t i l i s  w i ld - ty p e  u s in g  g lu c o s e  a s  c a rb o n  s o u rc e  and  a  

v a r i e t y  o f  n i t r o g e n  s o u rc e s  w ere  m ore f u l l y  exam ined  e a r l i e r  (T a b le  1 )  whei

68



TABLE 6

Growth p a t t e r n  o f  B. s u b t i l i s  w i ld - ty p e  and  g lu ta m a te  s y n th a s e  

n e g a t iv e  s t r a i n  ( g i t - 1 0 0 ) i n  l i q u i d  m ed ia

The c e l l s  w ere  grown o v e r n ig h t  i n  m in im a l medium c o n ta in in g  

a  c a rb o n  s o u rc e  a t  0 . 5% (w /v ) an d  n i t r o g e n  s o u rc e  a t  0 . 1 % (w /v ) 

e x c e p t  f o r  ammonia w h ich  was u s e d  a s  (# 5^ ) 280^ a t  0.05%  ( w /v ) .  A f t e r  

o v e r n ig h t  in c u b a t io n  e a c h  c u l t u r e  was s c o re d  a s  +++ f o r  a  h e a v y  

t u r b i d i t y ,  ++ f o r  a  d i s t i n c t l y  t u r b i d  c u l t u r e ,  + f o r  s l i g h t l y  t u r b i d  

an d  -  f o r  no o b v io u s  i n c r e a s e  i n  t u r b i d i t y  o v e r  t h a t  o f  t h e  o r i g i n a l  

in o c u lu m .

C arbon s o u rc e  N it ro g e n  s o u rc e

G lu co se

C i t r a t e

H i s t i d i n e

G lucose

G lucose

G lu co se

G lucose

G lu co se

G lucose

G lucose

C i t r a t e

C i t r a t e

C i t r a t e

G ly c e ro l

G ly c e ro l

G ly c e ro l

Ammonia

Ammonia

Ammonia

H i s t i d i n e

A rg in in e

G lu tam a te

G lu tam in e

P r o l i n e

A s p a r ta t e

G lucosam ine

H i s t i d i n e

A rg in in e

G lucosam ine

H i s t i d i n e

A rg in in e

G lucosam ine

B. s u b t i l i s  
w i ld - ty p e

+ + +

++

++

+

+++

+++

+++

+++

+++

+++

++ +

+++

+++

+++

+++

B. s u b t i l i s  
g l t -1 0 0

++

+ + +

+++

+ + +

+++

++ +

++

+++

+ + +
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t h e  c e l l  d o u b lin g  t im e s  w ere  c a l c u l a t e d .  In  T a b le  1 i t  was se e n  t h a t  

t h e  w i ld - ty p e  grew  q u i t e  r a p i d l y  u s in g  g lu c o s e  a s  c a rb o n  s o u rc e  and  

e i t h e r  a r g i n i n e ,  g lu ta m a te  o r  g lu ta m in e  a s  n i t r o g e n  s o u rc e .  I t  grew  

o n ly  s lo w ly  w i th  h i s t i d i n e  a s  n i t r o g e n  s o u r c e .  S im i la r  r e s u l t s  w ere 

o b t a i n e d  in  t h e  e x p e r im e n ts  p r e s e n t e d  i n  T a b le  6 . A low  t u r b i d i t y  was 

p ro d u c e d  in  t h e  g l u c o s e - h i s t i d i n e  m edium , b u t  m ore v ig o ro u s  g ro w th  was 

o b t a i n e d  u s in g  a l l  o t h e r  n i t r o g e n  s o u rc e s  i n c l u d in g  p r o l i n e ,  a s p a r t a t e  

a n d  g lu c o s a m in e . The u s e  o f  L - h i s t i d i n e  a s  n i t r o g e n  s o u r c e ,  b u t  w i th  

t h e  s u b s t i t u t i o n  o f  g lu c o s e  b y  e i t h e r  c i t r a t e  o r  g l y c e r o l  a l lo w e d  more 

v ig o r o u s  g ro w th . T h is  i s  i n  k e e p in g  w i th  e a r l i e r  p u b l is h e d  r e s u l t s  

(C h a s in  & M ag asa n ik , 1968) w h ich  showed t h a t  t h e  h i s t i d i n e  d e g ra d in g  

enzym es w ere  s t r o n g l y  c a t a b o l i t e  r e p r e s s e d  by g lu c o s e ,  l e s s  so  b y  g l y c e r o l  

a n d  n o t  a t  a l l  by  c i t r a t e .  I t  s h o u ld  a l s o  b e  n o te d  t h a t  h i s t i d i n e  u se d  

a s  a  c a rb o n  s o u r c e ,  w i th  ammonia a s  n i t r o g e n  s o u r c e ,  s u p p o r te d  b e t t e r  

g ro w th  t h a n  when h i s t i d i n e  was u s e d  a s  a  n i t r o g e n  s o u r c e .  In  t h i s  c a s e  

ammonia w ou ld  be  e x e r t i n g  m in im a l c a t a b o l i t e  r e p r e s s i o n  on t h e  in d u c t io n  

o f  t h e  h i s t i d i n e  d e g ra d in g  enzym es.

The g row th  r e s p o n s e  o f  t h e  p ro p o s e d  GTS n e g a t iv e  s t r a i n  g l t - 1 0 0  

i s  a l s o  g iv e n  in  T ab le  6 . T h is  s t r a i n  was u n a b le  t o  grow i n  a  g lu c o s e  o r  

c i t r a t e  medium w i th  ammonia a s  n i t r o g e n  s o u r c e .  I t  was a b le  t o  grow in  

t h e  h is t id in e -a m m o n ia  medium. T h is  i s  b e c a u s e  t h e  breakdow n o f  h i s t i d i n e  

t o  g lu ta m a te  w i l l  a l lo w  t h e  c e l l  t o  u s e  g lu ta m a te  a s  a  n i t r o g e n  s o u rc e  and 

a l s o  a s  a  c a rb o n  and  e n e rg y  s o u r c e ,  and  so t h e  p r e s e n c e  o f  an  e x t r a  

n i t r o g e n  s o u r c e ,  am m onia, i s  n o t  n e c e s s a r y .  C o n v e rs io n  o f  L -g lu ta m a te  t o  

2 - 0 X 0 g l u t a r a t e  w i l l  a l lo w  e n t r y  t o  t h e  t r i c a r b o x y l i c  a c id  c y c l e ,  w here 

e n e rg y  c a n  b e  g e n e ra te d  i n  t h e  fo rm  o f  NADH  ̂ an d  s u b s e q u e n t ly  ATP v i a  t h e  

r e s p i r a t o r y  c h a in .  T h u s , am ino a c id s  su ch  a s  L - h i s t i d i n e ,  L - a r g in in e  o r
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L - p r o l i n e , w h ich  a r e  d e g ra d e d  t o  L - g lu ta m a te ,  can  s e rv e  a s  s o u rc e s  o f  

b o th  n i t r o g e n  an d  e n e rg y  (M agasan ik  e t  a l , , 1 9 7 ^ ) . The s t r a i n  g l t - 1 0 0  

w as a b le  t o  grow n o rm a l ly  u s in g  L - a r g i n in e ,  L - g lu ta m a te ,  L - g lu ta m in e ,  

L - p r o l i n e  an d  L - a s p a r t a t e  a s  n i t r o g e n  s o u r c e s .  L - a r g in in e  an d  L - p r o l in e  

w i l l  g iv e  r i s e  t o  L -g lu ta m a te  by  d e g r a d a t io n  an d  L - a s p a r t a t e  i s  

t r a n s a m in a t e d  w i th  2 - o x o g lu t a r a te  t o  g iv e  o x a lo a c e ta t e  an d  L -g lu ta m a te  

( s e e  F ig u re  2 ) .  L -g lu ta m in e  w ould  b e  e x p e c te d  t o  y i e l d  g lu ta m a te  by  

t h e  a c t i o n  o f  a  g lu ta m in a s e  ( P r u s i n e r ,  1 9 7 5 ) . U n lik e  t h e  w i ld - ty p e  

s t r a i n  g l t - 1 0 0  was u n a b le  t o  u se  g lu c o sa m in e  a s  a  s o u rc e  o f  n i t r o g e n  f o r  

g ro w th . T h is  i s  b e c a u s e  g lu c o sa m in e  i s  d e g ra d e d  t o  y i e l d  amm onia w h ich  

t h i s  s t r a i n  i s  u n a b le  t o  u t i l i s e .  L - s e r in e  i s  a l s o  d e g ra d e d  t o  ammonia 

( s e e  F ig u re  2 ) and  so  i t  w ould  b e  e x p e c te d  t h a t  g l t - 1 0 0  w ould  a l s o  be  

u n a b le  t o  u se  t h i s  am ino a c id  a s  a  n i t r o g e n  s o u rc e .  H ow ever, i t  was 

fo u n d  t h a t  t h e  w i ld - ty p e  s t r a i n  w ould  n o t  grow w i th  L - s e r in e  a s  n i t r o g e n  

s o u rc e  and  so  t h i s  p r o p o s i t i o n  c o u ld  n o t  be t e s t e d .  The o t h e r  p o i n t  t o  

n o t i c e  when c o m p a rin g  t h e  r e s u l t s  o b ta in e d  w ith  t h e  w i ld - ty p e  a n d  w i th  

s t r a i n  g l t - 1 0 0  i s  t h a t  L - h i s t i d i n e  a llo w e d  p o o r e r  g ro w th  o f  t h e  m u ta n t 

when u s e d  a s  a  n i t r o g e n  s o u r c e .  Thus i n  t h e  g l u c o s e - h i s t i d i n e  medium th e  

w i ld - ty p e  grew p o o r ly ,  b u t  t h e  m u ta n t d id  n o t  grow a t  a l l .  S i m i l a r l y ,  

a l th o u g h  i n  t h e  c i t r a t e - h i s t i d i n e  and  g l y c e r o l - h i s t i d i n e  m ed ia  t h e  w i ld -  

ty p e  grew  w e l l ,  t h e  m u ta n t showed no g ro w th  i n  t h e  l a t t e r  medium and  

p o o r e r  g ro w th  i n  t h e  fo rm e r .

In  sum m ary, t h e  g row th  re s p o n s e  o f  t h e  m u ta n t s t r a i n  g l t - 1 0 0  was 

w hat w ould  be  e x p e c te d  o f  a  s t r a i n  l a c k i n g  t h e  a b i l i t y  t o  a s s i m i l a t e  

amm onia. The s t r a i n  was u n a b le  t o  grow i n  m ed ia  c o n ta i n in g  ammonia a s  

s o le  n i t r o g e n  s o u rc e  o r  i n  a  medium c o n ta in in g  g lu c o sa m in e  w h ich  a c t s  a s  

a  n i t r o g e n  s o u rc e  b y  d e g r a d a t io n  t o  y i e l d  ammonia. I t  grew  w e l l  w i th

71



n i t r o g e n  s o u rc e s  w h ich  y i e l d e d  g lu ta m a te  e i t h e r  hy  d e g r a d a t io n  o r  

t r a n s a m i n a t i o n .

Enzyme a c t i v i t y  o f  s t r a i n  g l t - 1 0 0  d u r in g  g row th

As a  p r e l im in a r y  t o  an e x a m in a t io n  o f  g l t - 1 0 0  u n d e r  s p o r u l a t i o n  

c o n d i t io n s  i t  was d e c id e d  t o  a s s a y  GNS and  GTS a c t i v i t i e s  i n  t h e  m u ta n t 

d u r in g  g ro w th . The enzym ic a c t i v i t i e s  w ere exam ined  in  c e l l - f r e e  e x t r a c t s  

p r e p a r e d  from  c e l l s  grown i n  t h e  r i c h  CH medium and  a l s o  i n  t h e  m in im al 

m edium  c o n ta in in g  D -g lu c o se  w i th  amm onia and  L -g lu ta m a te  a s  n i t r o g e n  

s o u r c e s .  The w ild  ty p e  was in c lu d e d  a s  a  c o n t r o l .  The r e s u l t s  a r e  

p r e s e n t e d  in  T a b le  7 .

In  t h e  e x t r a c t s  from  c e l l s  grown i n  t h e  CH medium t h e  s p e c i f i c  

a c t i v i t y  o f  GNS was h ig h e r  i n  t h e  w i ld - ty p e  th a n  i n  t h e  m u ta n t.  T h ere  

w as no d e t e c t a b l e  GTS a c t i v i t y  i n  t h e  m u ta n t e x t r a c t ,  a l th o u g h  a  c l e a r  

a c t i v i t y  was o b ta in e d  u s in g  t h e  w i ld - ty p e  e x t r a c t .  W ith  t h e  e x t r a c t s  

fro m  c e l l s  grown in  t h e  m in im a l medium a  s l i g h t l y  h ig h e r  GNS a c t i v i t y  was 

o b ta in e d  i n  t h e  m u tan t r a t h e r  t h a n  t h e  w i l d - t y p e .  A gain  no GTS a c t i v i t y  

w as d e te c t a b l e  i n  t h e  m u ta n t s t r a i n ,  a l th o u g h  a  h ig h  a c t i v i t y  was g iv e n  

b y  th e  w i ld - ty p e .

T hese r e s u l t s  f i r m ly  e s t a b l i s h e d  t h a t  s t r a i n  g l t - 1 0 0  l a c k e d  GTS 

a c t i v i t y .  Lack o f  t h i s  a c t i v i t y  h a d  th e  a p p a re n t  e f f e c t  o f  r e p r e s s i n g  

GNS a c t i v i t y  i n  t h e  CH medium w h i le  a l lo w in g  a  s l i g h t  d e r e p r e s s io n  i n  t h e  

m in im a l medium when a c t i v i t i e s  o f  t h e s e  enzym es w ere com pared  i n  t h e  

w i ld - ty p e  and  m u ta n t.

Enzyme a c t i v i t y  i n  s t r a i n  g l t - 1 0 0  d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n

The e x p e r im e n ta l  p r o c e d u r e  f o r  t h e  a s s a y  o f  GNS and  GTS
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TABLE 7

L e v e ls  o f  g lu ta m in e  s y n th e t a s e  an d  g lu ta m a te  s y n th a s e  in  B. s u b t i l i s  

w i ld - ty p e  and  m u ta n t g l t - 1 0 0  u n d e r  d i f f e r e n t  g ro w th  c o n d i t io n s

The c e l l s  w ere grown in  50 ml c u l t u r e s  o f  e i t h e r  r i c h  CH 

m edium  o r  m in im a l medium c o n ta in in g  D -g lu c o se  (0.5%  w /v ) a s  c a rb o n  

s o u rc e  an d  (NH^)2S0^ (0.05%  w /v ) w i th  L -g lu ta m a te  (0.1%  w /v ) a s  

n i t r o g e n  s o u r c e s .  Enzyme a s s a y s  w ere p e rfo rm e d  u s in g  f r e s h l y  

p r e p a r e d  c e l l - f r e e  e x t r a c t s  a s  d e s c r ib e d  i n  t h e  M a te r ia l s  and  M ethods 

s e c t i o n .  V a lu es  a r e  s p e c i f i c  a c t i v i t i e s  e x p re s s e d  a s  nm o les/m in /m g  

p r o t e i n .

G row th medium B. s u b t i l i s  w i ld - ty p e

G lu tam in e  G lu tam a te
s y n th e t a s e  s y n th a s e

S t r a i n  g l t - 1 0 0

G lu tam in e  G lu tam a te  
s y n th e t a s e  s y n th a s e

CH medium

M in im al medium

63 88

100

32

143
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a c t i v i t i e s  i n  g l t - 1 0 0  d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n  was i d e n t i c a l  t o  

t h a t  d e s c r ib e d  e a r l i e r  f o r  t h e  a s s a y s  i n  t h e  w i l d - t y p e .  R e s u s p e n s io n  

c u l t u r e s  (200  m l) i n  8 (C ) and  S(N) m ed ia  w ere s e t  up an d  50 ml p o r t i o n s  

rem oved  a t  t im e  z e ro  an d  a t  20 and  kO m in a f t e r  t im e  z e r o .  C e l l - f r e e  

e x t r a c t s  w ere  p r e p a r e d  an d  t h e  enzym es a s s a y e d  on t h e  f r e s h  e x t r a c t s .  

L -g lu ta m a te  i s  an  im p o r ta n t  c o n s t i t u e n t  o f  t h e  m a tu re  s p o re  i n  B a c i l l u s  

s p p . ( s e e  I n t r o d u c t i o n )  an d  i t  seem ed r e a s o n a b le  t o  assum e t h a t  s t r a i n  

g l t - 1 0 0  w ould  r e q u i r e  a  s u p p ly  o f  L -g lu ta m a te  i n  t h e  S (n )  medium a s  i t  

w ou ld  be  u n a b le  t o  s y n th e s i s e  t h e  am ino a c id  from  n i t r a t e , t h e  o n ly  

n i t r o g e n  s o u rc e  s u p p l i e d .  F o r  t h i s  r e a s o n  a d d i t i o n a l  r e s u s p e n s io n  

c u l t u r e s  w ere s e t  up  u s in g  t h e  S (n )  m edium , b u t  w i th  L - g lu ta m a te  a d d e d .

The r e s u l t s  o f  t h e  enzyme a s s a y s  t o g e t h e r  w i th  t h e  p e r c e n ta g e  s p o r u l a t i o n  

f i n a l l y  o b ta in e d  in  t h e  t h r e e  r e s u s p e n s io n  m ed ia  a r e  shown i n  T a b le  8 .

F o r t h e  GNS a c t i v i t y  t h e  r e s u l t s  i n  T a b le  8 can  b e  com pared  w ith  

t h o s e  i n  T a b le  5 o b t a in e d  from  t h e  w i ld - ty p e  u n d e r  s i m i l a r  c o n d i t i o n s .

I n  t h e  S(N) r e s u s p e n s io n  m edium , t h e  l e v e l  o f  GNS a c t i v i t y  i n  t h e  m u ta n t 

w as t h e  same a t  a l l  t im e  i n t e r v a l s  a s  was found  in  t h e  w i ld - ty p e  and  was 

o n ly  s l i g h t l y  lo w e r  t h a n  t h e  w i ld - ty p e  a c t i v i t y .  A d d i t io n  o f  L -g lu ta m a te  

t o  t h i s  medium h a d  no o b v io u s  e f f e c t  on GNS a c t i v i t y .  W ith  r e g a r d  t o  

t h e  S(C) m edium , a  d i f f e r e n c e  b e tw e en  GNS b e h a v io u r  i n  t h e  w i ld - ty p e  and  

s t r a i n  g l t - 1 0 0  was n o t i c e a b l e .  W ith  t h e  w i ld - ty p e  GNS a c t i v i t y  h a d  

i n c r e a s e d  by  20 m in a f t e r  t im e  z e r o ,  w h ereas  w i th  s t r a i n  g l t - 1 0 0  th e  

a c t i v i t y  h a d  f a l l e n  b y  t h i s  t im e .

In  a c c o rd a n c e  w i th  t h e  r e s u l t s  i n  T a b le  7 ,  no  d e t e c t a b l e  GTS 

a c t i v i t y  was o b ta in e d  a t  any  t im e  d u r in g  s p o r u l a t i o n  o f  t h e  g l t - 1 0 0  s t r a i n ,  

An i n t e r e s t i n g  r e s u l t  was o b t a in e d  when t h e  l e v e l  o f  s p o r u l a t i o n  was 

d e te rm in e d  in  t h e  r e s u s p e n s io n  m ed ia . Good s p o r u l a t i o n  was o b ta in e d  in
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“ h e  8(C ) medium and a s  e x p e c te d  a lm o s t no s p o re s  w ere  d e te c te d  i n  th e  

S(N ) medium. H ow ever, i n  t h e  S (n ) + L -g lu ta m a te  m edium , w here 

L -g lu ta m a te  was added  a s  a  n i t r o g e n  s o u rc e  t o  overcom e t h e  m u ta t io n  i n  

s t r a i n  g l t - 1 0 0 , a g a in  a  v e ry  low  l e v e l  o f  s p o r u l a t i o n  was o b ta in e d  

(T a b le  8 ) .

R e s u l ts  p r e s e n t e d  e a r l i e r  u s in g  t h e  w i ld - ty p e  o rg a n ism  h ad  

shown t h a t  t h e  c e l l  d e n s i t i e s  i n  t h e  8 ( c )  an d  S (n )  r e s u s p e n s io n  m ed ia  

r o u g h ly  d o u b le d  and  th e n  l e v e l l e d  o f f  ( T a b le  k ) , The c e l l  d e n s i t i e s  o f  

s t r a i n  g l t - 1 0 0  d u r in g  s p o r u l a t i o n  i n  t h e  t h r e e  r e s u s p e n s io n  m ed ia  

d e s c r i b e d  in  T ab le  8 w ere  fo l lo w e d  f o r  c o m p a r is o n . The r e s u l t s  a r e

shown in  F ig u re  T. As w i th  t h e  w i ld - ty p e  t h e  v a lu e s  f o r  s t r a i n

g l t - 1 0 0  re s u s p e n d e d  i n  t h e  8 (C ) medium r o u g h ly  d o u b le d  o v e r  t h e  f i r s t  3 

h o u r s  and  th e n  b eg an  t o  l e v e l  o f f .  S i m i l a r l y , t h e  E^^^ v a lu e s  i n  t h e  

S ( n ) medium, su p p le m e n te d  w i th  L - g lu ta m a te ,  i n c r e a s e d  r a p i d l y ,  b u t  began  

t o  l e v e l  o f f  a t  a  somewhat lo w e r  e x t i n c t i o n  th a n  t h e  w i l d - t y p e . An 

E^Oo v a lu e  o f  2 .0  was o b ta in e d  i n  t h e  S(N ) + g lu ta m a te  medium 3 h r  a f t e r  

r e s u s p e n s io n  w ith  t h e  w i ld - ty p e  (T a b le  4 ) ,  b u t  s t r a i n  g l t - 1 0 0  gave o n ly  

a  v a lu e  o f  l . T  a t  a  s i m i l a r  t im e  ( F ig u r e  7 ) an d  th e n  b e g a n  t o  l e v e l  o f f .  

C om parison  o f  t h e  b e h a v io u r  o f  t h e  w i ld - ty p e  and  t h e  m u ta n t s t r a i n  i n  t h e  

S(N ) medium shows ro u g h ly  a  d o u b l in g  i n  E^^^ f o r  t h e  w i ld - ty p e  ( T a b le  4 ) ,  

w h e re a s  t h e  E^^^ f o r  t h e  m u ta n t i n c r e a s e d  s l i g h t l y  o v e r  t h e  f i r s t  h o u r  

a n d  th e n  a b r u p t ly  l e v e l l e d  o f f  (F ig u r e  7)*

In  sum m ary, i t  was fo u n d  t h a t  s t r a i n  g l t - 1 0 0  s p o r u l a t e d  

n o r m a l ly  in  t h e  8(C ) r e s u s p e n s io n  m edium , b u t  o n ly  p o o r ly  i n  t h e  S ( r ) 

m edium  even  i f  t h i s  medium was s u p p le m e n te d  w i th  L - g lu ta m a te ,  P o o r  

s p o r u l a t i o n  was e x p e c te d  i n  t h e  S(N) medium  a lo n e  a s  t h e  c e l l s  h a d  no 

u t i l i s a b l e  s o u rc e  o f  n i t r o g e n  e x c e p t  t h a t  a c c u m u la te d  b y  t h e  c e l l s  d u r in g
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F ig u re  7 . I n c r e a s e  i n  e x t i n c t i o n  o f  c e l l s  o f  s t r a i n  g l t - 1 0 0  d u r in g  

r e s u s p e n s io n  i n  v a r io u s  m ed ia . C e l l s  w ere  grown i n  CH 

medium t o  an  v a lu e  o f  a b o u t 0 ,6 .  They w ere  th e n

re s u s p e n d e d  i n  an e q u a l  volum e o f  one o f  t h e  f o l lo w in g  

m ed ia  and  t h e  E^^^ n o te d  a t  h o u r ly  i n t e r v a l s .

S(c) medium 

S(N) medium

*  ■ S(N) medium + L -g lu ta m a te  (0.15%  w /v )

A f u l l  d e s c r i p t i o n  o f  t h e  8 ( c )  and  8( n )  m edia  i s  g iv e n  in  

t h e  M a te r i a l s  and  M ethods s e c t i o n .
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g ro w th . In  k e e p in g  w i th  t h i s  t h e r e  was o n ly  a  s l i g h t  i n c r e a s e  i n  c e l l  

d e n s i t y  i n  t h e  S(N) r e s u s p e n s io n  medium (F ig u r e  7 ) .  H ow ever, i t  was 

a n t i c i p a t e d  t h a t  a d d i t i o n  o f  L -g lu ta m a te  t o  t h e  S(N) medium w ou ld  a l lo w  

t h e  c e l l s  t o  b e h a v e  n o rm a l ly  a s  t h e  b lo c k  i n  n i t r o g e n  a s s i m i l a t i o n  in  

t h e  m u tan t w ould  b e  b y - p a s s e d  b y  t h e  a d d i t i o n  o f  exogenous L - g lu ta m a te .

I n  k e e p in g  w i th  t h i s  t h e  c e l l  d e n s i t y  r e a d in g s  w ere  s i m i l a r  t o  t h o s e  

o b t a in e d  w i th  w i ld - ty p e  (F ig u r e  7 ) » S u r p r i s i n g l y ,  h o w e v e r, a  v e r y  low  

l e v e l  o f  s p o r u l a t i o n  was o b ta in e d  (T a b le  8 ) .  I t  c o u ld  be  c o n c lu d e d  

t h a t  s t r a i n  g l t - 1 0 0  s p o r u l a t e d  s a t i s f a c t o r i l y  u n d e r  c o n d i t io n s  o f  c a rb o n  

d e p r i v a t i o n  (S (c ) m ed iu m ), b u t  n o t  u n d e r  c o n d i t io n s  o f  n i t r o g e n  

d e p r i v a t i o n  (S ( n ) medium + g lu ta m a te ) .

S p o r u la t io n  b e h a v io u r  o f  B. s u b t i l i s  w i ld - ty p e  an d  s t r a i n  g l t - 1 0 0  

P e r c e n ta g e  s p o r u l a t i o n  i n  v a r io u s  m ed ia

The l a c k  o f  s p o r u l a t i o n  o f  t h e  g l t - 1 0 0  s t r a i n  i n  t h e  S (n ) + 

g lu ta m a te  medium s u g g e s te d  t h a t  i t  w ou ld  be  u s e f u l  t o  com pare t h e  

s p o r u l a t i o n  c a p a c i ty  o f  t h e  w i ld - ty p e  an d  m u ta n t s t r a i n s  i n  o t h e r  m ed ia .

F o r  t h i s  p u rp o se  50 ml c u l t u r e s  i n  CH medium w ere  r e s u s p e n d e d  i n  S (c) o r  

S(N ) m ed ia  i n  w h ich  t h e  c a rb o n  o r  n i t r o g e n  s o u rc e s  w ere  v a r i e d .  The 

c u l t u r e s  w ere  i n c u b a te d  o v e r n ig h t  and  v i a b i l i t y  and  h e a t - r e s i s t a n c e  

d e te r m in a t io n s  done t h e  n e x t  d a y . The r e s u l t s  a r e  p r e s e n t e d  i n  T a b le  9» 

They show t h a t  s t r a i n  g l t - 1 0 0  s p o r u l a t e d  n o rm a l ly  i n  t h e  8 (C ) medium 

(am m onia a s  n i t r o g e n  s o u rc e  and  L - g lu ta m a te  a s  c a rb o n  s o u r c e )  b u t  n o t  in  

t h e  S (n ) medium ( n i t r a t e  a s  n i t r o g e n  s o u rc e  an d  D -g lu c o s e  a s  c a rb o n  s o u r c e ) 

T h is  r e s u l t  t o g e t h e r  w i th  t h e  o b s e r v a t io n  t h a t  a d d i t i o n  o f  L - g lu ta m a te  

s t i l l  d id  n o t  a l lo w  s p o r u l a t i o n  t o  o c c u r ,  h a d  b e e n  n o te d  e a r l i e r  (T a b le  8 ) .  

I f  g lu c o s e  was o m it te d  from  t h e  S(HJ) m edium  and  L - g lu ta m a te  u s e d  a s  c a rb o n  

s o u rc e  i n  i t s  p l a c e ,  t h e n  s p o r u l a t i o n  o c c u r r e d  n o r m a l ly .  A s i m i l a r  r e s u l t
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TABLE 9

S p o r u la t io n  b e h a v io u r  o f  s t r a i n  p i t -1 0 0  in  v a r io u s  r e s u s p e n s io n  m ed ia

C u l tu r e s  (50  m l) g ro w in g  in  CH medium w ere e a c h  h a r v e s t e d  

a n d  r e  su sp en d e d  i n  an e q u a l  volum e o f  one o f  t h e  r e  su sp e n s  io n  m ed ia  

g iv e n  b e lo w . A f u l l  d e s c r i p t i o n  o f  t h e  8(C ) and  S (n ) m ed ia  i s  g iv e n  

i n  t h e  M a te r ia l s  and  M ethods s e c t i o n .  When L -g lu ta m a te  and  L -g lu ta m in e  

w e re  added  i t  was t o  a  f i n a l  c o n c e n t r a t io n  o f  0.15% ( w /v ) .  In  one 

c a s e  t h e  S(N) medium was u s e d  w i th  D -g lu c o se  (0.2% w /v ) o m it te d  and  in  

a n o th e r  S (n ) medium t h e  g lu c o s e  was r e p l a c e d  by  c i t r a t e  (0.2%  w /v ) .

The r e s u s p e n s io n  m ed ia  w ere  in c u b a te d  o v e rn ig h t  an d  t o t a l  v i a b l e  c o u n t 

a n d  h e a t - r e s i s t a n c e  d e te r m in a t io n s  w ere  done t h e  n e x t  d ay . V a lu e s  

a r e  p e rc e n ta g e  s p o r u l a t i o n  e x p r e s s e d  a s  num ber o f  h e a t - r e s i s t a n t  

c o l o n i e s / t o t a l  v i a b l e  c o u n t x  1 0 0 . Each v a lu e  i s  t h e  a v e ra g e  o f  a t  

l e a s t  2 d e te r m in a t io n s .

F.e su sp e n s  io n  Medium

w ild - ty p e  s t r a i n s t r a i n  g i t -1 0 0

S(C ) medium 3 5 .0 7 2 .0

S(C ) medium + g lu c o s e 9 3 .0 6 .0

S (E ) medium Uo.o < 0.1%

S (E ) medium + g lu ta m a te 5 0 .0 0 .2

S ( e ) medium + g lu ta m in e 8 5 .0 5 .0

S(N ) medium ( g lu c o s e  o m it te d )  
+ g lu ta m a te 6 6 .0 8 8 .0

S ( n ) medium ( g lu c o s e  r e p l a c e d  
by  c i t r a t e )  + g lu ta m a te 9 3 .0 l h ,0
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was o b ta in e d  i f  g lu c o s e  was r e p l a c e d  by  c i t r a t e .  I t  seem ed t h a t  t h e  

p r e s e n c e  o f  t h e  e a s i l y  m e ta b o l i s e d  c a rb o n  s o u rc e  g lu c o s e  i n  t h e  

r e s u s p e n s io n  medium was t h e  d e te r m in in g  f a c t o r  w h ich  s u p p re s s e d  

s p o r u l a t i o n  in  s t r a i n  g l t - 1 0 0 . Thus i n c l u s io n  o f  g lu c o s e  i n  t h e  S(C) 

medium a l s o  s u p p re s s e d  s p o r u l a t i o n  i n  s t r a i n  g l t - 1 0 0 , b u t  n o t  i n  t h e  

w i ld  t y p e .  I n t e r e s t i n g l y ,  t h e  p r e s e n c e  o f  L -g lu ta m in e  i n s t e a d  o f  

L -g lu ta m a te  i n  t h e  S(N) medium a llo w e d  a  much g r e a t e r  d e g re e  o f  

s p o r u l a t i o n  t o  o c c u r  i n  s t r a i n  g l t - 1 0 0 . I t  s h o u ld  a l s o  be  n o te d  t h a t  

t h e  S(N) medium + g lu ta m a te  i s  e s s e n t i a l l y  i d e n t i c a l  t o  t h e  8 (C ) medium 

+ g lu c o s e ,  e x c e p t  t h a t  n i t r a t e  s e r v e s  a s  t h e  m ain n i t r o g e n  s o u rc e  i n  

t h e  fo rm e r and  ammonia i n  t h e  l a t t e r  ( s e e  M a te r ia l s  and  M ethods s e c t i o n )  

T h is  d i f f e r e n c e  b e tw een  n i t r a t e  an d  ammonia i n  t h e  tw o m ed ia  c a u s e d  a  

m arked  d i f f e r e n c e  i n  t h e  s p o r u l a t i o n  c a p a c i ty  o f  g l t - 1 0 0  (8.0%  f o r  t h e  

8 (C ) + g lu c o s e  and  0.2% f o r  t h e  8(N ) medium + g lu ta m a te ) .  I t  i s  

c o n c lu d e d  t h a t  s t r a i n  g l t - 1 0 0 , l a c k i n g  GT8 a c t i v i t y ,  i s  u n a b le  t o  

s p o r u l a t e  i n  m ed ia  c o n ta in in g  a  good c a rb o n  s o u rc e  su ch  a s  g lu c o s e  

w here  s p o r u l a t i o n  w ou ld  b e  e x p e c te d  t o  o c c u r  a s  a  r e s u l t  o f  n i t r o g e n  

s t a r v a t i o n .

I n f lu e n c e  on s p o r u l a t i o n  o f  s t r a i n  g l t - 1 0 0  o f  a d d i t i o n  o f  g lu c o s e  a t  

i n t e r v a l s  d u r in g  r e s u s p e n s io n

The r e s u l t s  p r e s e n t e d  i n  T a b le  9 showed t h a t  t h e  i n c l u s i o n  o f  

g lu c o s e  i n  t h e  r e s u s p e n s io n  medium p r e v e n te d  s u c c e s s f u l  s p o r u l a t i o n  

w i th  s t r a i n  g l t - 1 0 0 . I t  was th o u g h t  t o  b e  o f  i n t e r e s t  t o  d e te rm in e  i f  

a d d i t i o n  o f  g lu c o s e  a t  any  t im e  d u r in g  t h e  r e s u s p e n s io n  p e r i o d  w ou ld  

p r e v e n t  t h e  c e l l s  fo rm in g  s p o re s  o r  w h e th e r  t h e  c e l l s  w ould  e s c a p e  t h e  

r e p r e s s i o n  o f  s p o r u l a t i o n  by  a d d ed  g lu c o s e  a f t e r  a  c e r t a i n  t im e .  To 

i n v e s t i g a t e  t h i s  t h e  f o l lo w in g  e x p e r im e n t  was p e rfo rm e d . Two 50 ml

80



c u l t u r e s  o f  s t r a i n  g l t - 1 0 0  w ere  grown i n  CH medium. When th e  

r e a c h e d  0 .6  -  0 .8  t h e  c e l l s  from  e a c h  c u l t u r e  w ere r e s u s p e n d e d  i n  e q u a l  

vo lum es o f  S(N) + L -g lu ta m a te  from  w h ich  g lu c o s e  was o m it te d .  At t im e  

i n t e r v a l s  10 ml p o r t i o n s  w ere  rem oved from  t h e  S(N) + L -g lu ta m a te  (no 

g lu c o s e )  m ed ia  an d  p l a c e d  i n  a  p re -w arm ed  s t e r i l e  100 ml f l a s k  t o  w h ich  

g lu c o s e  h ad  p r e v i o u s ly  b e e n  a d d ed  t o  g iv e  a  f i n a l  c o n c e n t r a t io n  o f  0.2% 

( w /v ) .  Each f l a s k  was sh a k en  a t  3T°C. A f i n a l  10 ml in  t h e  o r i g i n a l  

m edium  was t r a n s f e r r e d  t o  a  100  ml f l a s k  and  in c u b a te d  a s  a  c o n t r o l .

The 10 ml c u l t u r e s  w ere  a l l  in c u b a te d  o v e r n ig h t  and  t h e  d e g re e  o f  

s p o r u l a t i o n  d e te rm in e d  t h e  n e x t  d a y . The r e s u l t s  (T a b le  1 0 ) show t h a t  

a d d i t i o n  o f  g lu c o s e  a t  any  t im e  up t o  2 h r  a f t e r  r e s u s p e n s io n  p r e v e n te d  

t h e  c e l l s  from  fo rm in g  s p o r e s .  A f t e r  t h i s  t im e  t h e  c e l l s  b e g a n  t o  

e s c a p e  t h e  e f f e c t s  o f  t h e  a d d ed  g lu c o s e .  By 3 h r  a f t e r  r e s u s p e n s io n  i t  

h a d  e s s e n t i a l l y  no e f f e c t  and  c e l l s  s p o r u l a te d  a s  w e l l  a s  t h e  c o n t r o l  

c e l l s  in c u b a te d  in  t h e  S ( n ) medium + g lu ta m a te  w i th  g lu c o s e  o m i t te d .

I t  i s  c o n c lu d e d  t h a t  t h e  i n h i b i t o r y  e f f e c t s  o f  g lu c o s e  a r e  n o t  

r e s t r i c t e d  t o  t h e  i n i t i a t i o n  e v e n t s ,  b u t  a r e  e f f e c t i v e  d u r in g  t h e  f i r s t  

2—3 h r 'o f  s p o r u l a t i o n .  T h is  i s  on t h e  a s su m p tio n  t h a t  s p o r u l a t i o n  i s  

i n i t i a t e d  im m e d ia te ly  on r e s u s p e n s io n  i n  t h e  S (n ) + g lu ta m a te  medium 

w i t h  g lu c o s e  o m it te d .  T h is  i s  a  r e a s o n a b le  a s su m p tio n  a s  t h i s  medium 

i s  d e p r iv e d  o f  b o th  a  good c a rb o n  and  n i t r o g e n  s o u r c e ;  L -g lu ta m a te  

s e r v e s  a s  b o th  c a rb o n  an d  n i t r o g e n  s o u rc e  i n  t h i s  medium i f  i t  i s  

assum ed  t h a t  s t r a i n  g l t - 1 0 0  l a c k i n g  GTS a c t i v i t y  c a n n o t u t i l i s e  t h e  

ammonia d e r iv e d  from  t h e  n i t r a t e  i n  t h e  medium.
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TABLE 10

E f f e c t  o f  a d d i t i o n  o f  g lu c o s e  a t  t im e  i n t e r v a l s  d u r in g  r e s u s p e n s io n  

on  t h e  s u b s e q u e n t s p o r u l a t i o n  o f  s t r a i n  g l t - 1 0 0

The e x p e r im e n ta l  p r o c e d u re  i s  d e s c r ib e d  i n  t h e  t e x t .  The 

c o n t r o l  c u l t u r e  was r e s u s p e n d e d  i n  S (e ) medium + L -g lu ta m a te  (0.15%  

w /v )  from  w h ich  g lu c o s e  was o m i t te d .  T h is  medium was known t o  g iv e

s u c c e s s f u l  s p o r u l a t i o n  ( s e e  T a b le  9 ) .  P e rc e n ta g e  s p o r u l a t i o n  was

d e te rm in e d  a f t e r  2k h r  i n c u b a t io n  and  i s  e x p re s s e d  a s  num ber o f  

h e a t - r e s i s t a n t  c o lo n ie s /m l  o f  c u l t u r e .

Time (m in) o f  a d d i t i o n  
o f  g lu c o s e  a f t e r  
r e s u s p e n s io n

S p o r u la t io n  
H e a t - r e s i s t a n t  c o lo n ie s /m l  o f  

c u l t u r e  X 10"^

15 k

30 1

6o 6

90 1

120 6

150 16

180 i6oo

210 4200

2U0 1300

270 2800

C o n tro l  (no g lu c o s e  ad d ed ) 1^ ,800
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DISCUSSION



In  o r d e r  t o  i n v e s t i g a t e  an y  p o s s i b l e  ch an g es  i n  s p e c i f i c  

a c t i v i t y  o f  GNS and  GTS d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n  i t  was n e c e s s a r y  

f i r s t  o f  a l l  t o  d e v e lo p  s a t i s f a c t o r y  a s s a y  p ro c e d u re s  f o r  t h e s e  tw o 

enzym es. Once t h i s  was done t h e  a s s a y  p ro c e d u re s  c o u ld  th e n  be  t e s t e d  

u n d e r  c o n d i t io n s  w here  c h a n g e s  i n  s p e c i f i c  a c t i v i t y  m igh t b e  e x p e c te d  t o  

o c c u r .  P re v io u s  r e s u l t s  u s in g  B. s u b t i l i s  (D euel e t  , 1 9 7 0 ; R e b e l lo  

& S t r a u s s ,  19&9) an d  o t h e r  m ic ro -o rg a n is m s  (E lm e r ic h ,  1 9 7 2 ; Wu & Y uan, 

1 9 6 8 ; P a tem an , 1 9 6 9 ; M eers , 1970 ) had  i n d i c a t e d  t h a t  t h e

a c t i v i t y  o f  GNS and GTS v a r i e d  d e p e n d in g  on t h e  a v a i l a b i l i t y  an d  ty p e  o f  

n i t r o g e n  s o u rc e  u se d  d u r in g  g ro w th . T h e r e f o r e ,  t h e  a s s a y  p r o c e d u r e s  

w e re  t e s t e d  d u r in g  g ro w th  o f  B. s u b t i l i s  u n d e r  v a r io u s  c o n d i t io n s  o f  

n i t r o g e n  a v a i l a b i l i t y  t o  e n s u re  t h a t  t h e  e x p e c te d  d i f f e r e n c e s  i n  s p e c i f i c  

a c t i v i t y  w ere  d e t e c t a b l e .  O nly  t h e n  w ould  enzyme a c t i v i t y  fo u n d  

d u r in g  th e  o n s e t  o f  s p o r u l a t i o n  b e  a c c e p ta b le  a s  a  r e a l i s t i c  r e f l e c t i o n  

o f  e v e n ts .

The f i r s t  e x p e r im e n ts  w ere  c o n c e rn e d  w i th  d e te r m in in g  t h e  r a t e  

o f  g row th  o f  B. s u b t i l i s  i n  a  m in im a l s a l t s  medium su p p le m e n te d  w i th  

g lu c o s e  a s  c a rb o n  s o u rc e  an d  v a r io u s  s o u rc e s  o f  n i t r o g e n .  G e n e r a l ly ,  

c a n y  s e p a r a te  e s t i m a t io n s  o f  t h e  g ro w th  r a t e  w ere  made f o r  e a ch  

c o m b in a tio n  o f  c a rb o n  and  n i t r o g e n  s o u rc e  (T a b le  l ) .  C o n s id e ra b le  

v a r i a t i o n  was o f t e n  fo u n d  f o r  any  one medium from  one e x p e r im e n t t o  

a n o th e r  and  f o r  t h i s  r e a s o n  an  a v e ra g e  c e l l  d o u b lin g  t im e  i s  p r e s e n t e d  

i n  T ab le  1 f o r  e a c h  medium t o g e t h e r  w i th  e x trem e  v a lu e s  i n  e a c h  c a s e .

The v a r i a t i o n s  may h av e  a r i s e n  b e c a u s e  t h e  c e l l s  grown o v e r n ig h t  f o r  

e a c h  e x p e r im e n t may h av e  b e e n  a t  d i f f e r e n t  s ta g e s  o f  g ro w th  when 

in o c u l a t e d  i n t o  f r e s h  medium. C e l ls  w e l l  i n t o  t h e  s t a t i o n a r y  p h a s e  h ad  

a  lo n g e r  l a g  t im e  when i n o c u l a t e d  i n t o  f r e s h  medium th a n  c e l l s  s t i l l  i n
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t h e  e x p o n e n t ia l  p h a se  and  t h i s  c a u s e d  d i f f i c u l t i e s  i n  d e c id in g  w here  t o  

d raw  t h e  l i n e  on t h e  g row th  c u rv e  w h ich  in  t u r n  a f f e c t e d  t h e  c a l c u l a t i o n  

o f  t h e  mean g e n e r a t io n  t im e .

B. s u h t i l i s  grew  w e l l  w i th  ammonia a s  n i t r o g e n  s o u rc e  an d  t h e  

a d d i t i o n  o f  an  e x t r a  s o u rc e  o f  n i t r o g e n  in  t h e  form  o f  e i t h e r  L - a r g i n in e ,  

L - g lu t a m a te , L -g lu ta m in e  o r  L - h i s t i d i n e  p ro m o ted  a  s l i g h t l y  s lo w e r  

g ro w th  r a t e .  T h is  may hav e  b e e n  due t o  th e  f a c t  t h a t  b o th  GNS and  GTS 

a c t i v i t y  w ere r e p r e s s e d  by  t h e s e  a d d i t i o n a l  n i t r o g e n  s o u rc e s  (T a b le  3) 

a n d  so  th e  ammonia i n  t h e  medium c o u ld  n o t  p e rh a p s  be  a s s i m i l a t e d  q u i t e  

s o  r a p i d l y .  H ow ever, b e c a u s e  o f  t h e  v a r i a t i o n  i n  c e l l  d o u b l in g  t im e  

f ro m  one e x p e rim e n t t o  a n o th e r  i t  i s  d i f f i c u l t  t o  a s s e s s  t h e s e  s l i g h t  

d i f f e r e n c e s  and  th e y  may o n ly  be  a  r e f l e c t i o n  o f  e x p e r im e n ta l  v a r i a t i o n .

T h is  i s  b o rn e  o u t by  t h e  f a c t  t h a t  when L -g lu ta m in e  r e p l a c e d  ammonia

a s  n i t r o g e n  s o u rc e  t h e  c e l l  d o u b l in g  t im e s  w ere  v e ry  s i m i l a r  i n  e a c h  c a s e  

( T a b le  l ) , y e t  L -g lu ta m in e  a s  s o le  n i t r o g e n  s o u rc e  c a u se d  r e p r e s s i o n  o f  

b o t h  GNS and  GTS a c t i v i t i e s  com pared  t o  t h e  a c t i v i t i e s  i n  am m onia-grow n 

c e l l s  (T a b le  3 ) .  N e i th e r  L - h i s t i d i n e  n o r  n i t r a t e  w ould  s e rv e  a s  good 

n i t r o g e n  s o u rc e s  f o r  g ro w th  o f  B. s u b t i l i s . In  t h e  c a s e  o f  L - h i s t i d i n e  

t h i s  r e s u l t  i s  i n  a g re e m e n t w i th  t h a t  o f  C h a s in  & M agasan ik  (1 9 6 8 ) who 

show ed t h a t  i t  was c a u se d  by  g lu c o s e  r e p r e s s i o n  o f  t h e  enzym es r e q u i r e d  

f o r  L - h i s t i d i n e  u t i l i s a t i o n .  I t  i s  known t h a t  n i t r a t e  r e d u c t a s e  i s  

i n d u c i b l e  b y  n i t r a t e  i n  B. s u b t i l i s  (G u e s p in -M ic h e l,  P ie c h a u d  & S c h a e f f e r ,  

19T 0) and  t h e  s lo w  g row th  o f  t h e  o rg a n is m  on n i t r a t e  i n  t h e  p r e s e n c e  o f  

g lu c o s e  may b e  due t o  g lu c o s e  r e p r e s s i o n  o f  t h e  n i t r a t e  r e d u c t a s e .  

A l t e r n a t i v e l y  one o f  t h e  enzym ic s t e p s , n i t r a t e  o r  n i t r i t e  r e d u c t a s e ,

w h ic h  c o n v e r t  n i t r a t e  t o  ammonia may be  r a t e - l i m i t i n g .  In  A s p e r g i l lu s

n i d u la n s  t h e s e  enzym es a r e  r e p r e s s e d  b y  ammonia w h ich  i s  m ore p o w e r fu l  

t h a n  t h e  in d u c t io n  b y  n i t r a t e  (P a tem an  & Cove, 196% ). Thus t h e  g ro w th
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r a t e  o f  B. s u b t i l i s  on n i t r a t e  may b e  l i m i t e d  by  t h e  r a t e  o f  p r o d u c t io n  

o f  amm onia.

The m ethod o f  u l t r a s o n i c  d i s i n t e g r a t i o n  o f  w ho le  c e l l s  was 

c h o se n  f o r  p r e p a r a t i o n  o f  c e l l - f r e e  e x t r a c t s .  T h is  m ethod  gave an  

e x t r a c t  w i th  a  h ig h  p r o t e i n  c o n te n t  w h ich  was a c t i v e  i n  b o th  GNS an d  

GTS a s s a y s .  X -p re s s  t r e a tm e n t  f o r  c e l l - f r e e  e x t r a c t  p r e p a r a t i o n  gave 

lo w e r  p r o t e i n  v a lu e s  an d  l i t t l e  d e t e c t a b l e  a c t i v i t y  i n  e i t h e r  a s s a y ,  

A lth o u g h  to lu e n e  t r e a tm e n t  o f  w hole  c e l l s  was u s e d  by  R e b e l lo  & S t r a u s s  

( 1 9 6 9 ) t o  g iv e  p r e p a r a t i o n s  a c t i v e  i n  t h e  GNS a s s a y ,  i n  t h i s  work 

t o l u e n e  was fo u n d  t o  g iv e  a  t u r b i d  c e l l  p r e p a r a t i o n  u n s u i t a b l e  f o r  u s e ,  

p a r t i c u l a r l y  i n  t h e  GTS a s s a y  w h ich  m o n ito re d  a  f a l l  i n  e x t i n c t i o n  a t  

340 nm.

A l l  enzyme a s s a y s  w ere  ta k e n  from  p r e v i o u s ly  p u b l i s h e d  

p r o c e d u r e s .  The GNS a s s a y  was t h a t  d e s c r ib e d  b y  R e b e l lo  & S t r a u s s  (1 9 6 9 ) 

m e a s u r in g  t h e  b i o s y n t h e t i c  a b i l i t y  o f  t h e  enzyme t o  fo rm  L -g lu ta m in e .

T hese  a u th o r s  h a d  p r e v i o u s ly  shown t h a t  a  t r i s  b u f f e r  c o n ta i n in g  EBTA 

a n d  g-me r  c a p t  o e th a n o l  (TME), b o th  a t  0 .0 1  M, f a v o u re d  s t a b i l i t y  o f  t h e  

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

e x t r a c t s  and  e x p e r im e n ts  showed t h a t  GNS a c t i v i t y  was s t a b l e  in  t h i s  

b u f f e r  a f t e r  s to r a g e  a t  -20°C  f o r  24 h o u rs  ( T a b le  2 ) .  In  c e r t a i n  Gram 

n e g a t i v e  s p e c i e s  a  d i s t i n c t i o n  h a s  b e e n  draw n b e tw e e n  t h e  c a p a c i ty  o f  th e  

enzyme t o  c a t a l y s e  t h e  y -g lu ta m y l  t r a n s f e r  r e a c t i o n  ( e q u a t io n  l )  and  th e  

b i o s y n t h e t i c  c a p a c i ty  c a t a ly s e d  ^  v iv o  ( e q u a t io n  2 ) w h ich  can  be 

c o n v e n ie n t ly  a s s a y e d  by  h y d ro x am ate  fo rm a tio n  when ammonia i s  r e p l a c e d  

b y  h y d ro x y la m in e  ( e q u a t io n  3 ) .

1 .  L -g lu ta m in e  + h y d ro x y la m in e  ----------  ̂ y -g lu ta m y lh y d ro x a m a te  + ammonia
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2 .  L -g lu ta m a te  + ATP + ammonia --------> L -g lu ta m in e  + ADP + P i .

3 .  L -g lu ta m a te  + ATP + h y d ro x y la m in e  -------^  y -g lu ta m y lh y d ro x a m a te  +

ADP + P i .

The a d e n y la te d  fo rm  o f  GNS enzym e, fo rm ed  d u r in g  g ro w th  o f  

E . c o l i  o r  K. a e ro g e n e s  i n  t h e  p r e s e n c e  o f  ammonia ( s e e  I n t r o d u c t i o n )  i s  

r e l a t i v e l y  i n a c t i v e  i n  t h e  b i o s y n t h e t i c  r e a c t i o n  ( e q u a t io n s  2 an d  3 ) ,  

w h i le  r e m a in in g  f u l l y  a c t i v e  i n  t h e  y-GT a s s a y  ( e q u a t io n  l )  (K ingdon  

e t  a l . ,  1 9 6 7 ; B ender a l . , 1 9 7 7 ) . In  an  e x t r a c t  p r e p a r e d  fro m  

B . s u b t i l i s  grown in  g lu co se -am m o n ia  medium a  h ig h e r  a c t i v i t y  was 

d e t e c t e d  in  t h e  b i o s y n t h e t i c  a s s a y  th a n  in  t h e  y-GT a s s a y .  T h is  a g re e s  

w i th  r e s u l t s  o b ta in e d  from  A s p e r g i l lu s  n id u la n s  an d  N e u ro sp o ra  c r a s s a  

w h ere  b i o s y n t h e t i c  a c t i v i t i e s  w ere  h ig h e r  t h a n  y-GT a c t i v i t i e s  i n  

e x t r a c t s  p r e p a r e d  from  c e l l s  grown u n d e r  s i m i l a r  c o n d i t io n s  (P a te m a n , 

1 9 6 9 ) .  In  t h e s e  o rg a n is m s , a s  i n  B. s u b t i l i s , t h e r e  i s  no e v id e n c e  

f o r  tw o fo rm s o f  t h e  GNS enzym e. In  Gram n e g a t iv e  b a c t e r i a  t h e  

a d e n y la te d  fo rm  o f  t h e  enzyme p ro d u c e d  u n d e r  c o n d i t io n s  o f  g ro w th  w ith  

e x c e s s  ammonia i s  r e l a t i v e l y  i n a c t i v e  i n  t h e  b i o s y n t h e t i c  a s s a y .  The 

g r e a t e r  a c t i v i t y  o f  GNS from  B. s u b t i l i s  i n  t h e  b i o s y n t h e t i c  a s s a y  

r a t h e r  th a n  th e  y-GT a s s a y  s u p p o r t s  p r e v io u s  w ork w h ich  h a s  fo u n d  no 

e v id e n c e  f o r  a d é n y la t io n  o f  t h e  E . s u b t i l i s  enzyme ( s e e  I n t r o d u c t i o n ) .

In  t h e  GNS b i o s y n t h e t i c  a s s a y  ATP was fo u n d  t o  b e  an  e s s e n t i a l  

c o - f a c t o r  f o r  t h e  r e a c t i o n  and  i n  t h e  GTS a s s a y  NADPH was a  f a r  s u p e r i o r  

c o - f a c t o r  t h a n  NADH (T a b le  2 ) .  B o th  t h e s e  r e s u l t s  a r e  i n  a g re e m e n t 

w i th  p r e v io u s  w ork (W o o lfo lk  e t  a l . , 1 9 6 6 ; T em pest e t  a l . ,  1 9 7 0 ;

R e b e l lo  & S t r a u s s ,  1 9 6 9 ; E lm e r ic h ,  1 9 7 2 ) . In  a d d i t i o n ,  no d e t e c t a b l e

g lu ta m a te  d e h y d ro g e n a se  a c t i v i t y  was fo u n d  in  an  e x t r a c t  p r e p a r e d  from  

g lu e o s e -am m onia grown c e l l s .  The a b s e n c e  o f  g lu ta m a te  d e h y d ro g e n a se
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a c t i v i t y  i n  B. s u b t i l i s  l 6 8  was s u p p o r te d  by  th e  f a c t  t h a t  t h e  m u ta n t 

s t r a i n ,  g l t - 1 0 0 , w h ich  l a c k e d  GTS a c t i v i t y  was u n a b le  t o  grow w i th  

ammonia a s  n i t r o g e n  s o u rc e  (T a b le  6 ) .  T hese o b s e r v a t io n s  w ere  s i m i l a r  

t o  th o s e  p r e v i o u s ly  o b t a in e d  b y  E lm e r ic h  (1972) u s in g  B. m eg a te riu m  

w h ere  g lu ta m a te  d e h y d ro g e n a se  a c t i v i t y  was a l s o  u n d e te c ta b l e .  In  

a d d i t i o n ,  M eers ^  ( l9 7 0 )  h a d  fo u n d  l i t t l e  g lu ta m a te  d e h y d ro g e n a se

a c t i v i t y  i n  B. m e g a te r iu m  KM o r  i n  B. s u b t i l i s  W23. The same a u th o r s  

d i d ,  h o w ev er, f i n d  a p p r e c ia b l e  a c t i v i t y  i n  B. s u b t i l i s  v a r .  n i g e r  and  

a c t i v i t y  h a s  a l s o  b e e n  r e p o r t e d  i n  B. l i c h e n i f o r m i s  (M eers & P e d e r s e n ,  

1 9 7 2 ) and  B. t h u r i n g i e n s i s  ( B o r r i s  & A ro n so n , 1 9 6 9 ) .  I t  w ou ld  seem  

t h a t  n o t  a l l  B a c i l l u s  s p p . r e l y  on t h e  com bined  a c t i o n  o f  GTS a n d  GNS 

t o  a s s i m i l a t e  amm onia. Some p o s s e s s  g lu ta m a te  d e h y d ro g e n a se  a c t i v i t y  

an d  so  may h av e  s i m i l a r  c o n t r o l  m echanism s o p e r a t in g  a s  Gram n e g a t iv e  

b a c t e r i a  t o  r e g u l a t e  t h e  o p e r a t i o n  o f  t h e  t h r e e  enzym es ( s e e  I n t r o ­

d u c t i o n ) .  A l t e r n a t i v e l y ,  t h e  enzyme may o n ly  be  u s e d  i n  a  d e g r a d a t iv e  

c a p a c i ty  and  n o t  f o r  t h e  a s s i m i l a t i o n  o f  ammonia (M eers & P e d e r s e n ,

1 9 7 2 ) .

W ith  s a t i s f a c t o r y  a s s a y  p r o c e d u r e s  e s t a b l i s h e d  f o r  b o th  GNS 

a n d  GTS enzym es, t h e i r  a c t i v i t y  d u r in g  th e  g ro w th  o f  B. s u b t i l i s  w i th  

v a r io u s  s o u rc e s  o f  n i t r o g e n  was exam ined  (T a b le  3 ) .  I t  was n o te d  a t  

an  e a r l y  s ta g e  t h a t  e x t r a c t s  p r e p a r e d  from  s e p a r a te  c u l t u r e s  o f  c e l l s  

grown i n  g lu co se -am m o n ia  medium showed o b v io u s  v a r i a t i o n s  i n  b o th  GNS 

and  GTS s p e c i f i c  a c t i v i t y .  F o r  t h i s  r e a s o n  enzyme a c t i v i t i e s  w ere  

d e te rm in e d  fro m  as  many s e p a r a t e  c u l t u r e s  a s  p o s s i b l e  f o r  e a c h  g ro w th  

c o n d i t io n  and  an a v e ra g e  s p e c i f i c  a c t i v i t y  c a l c u l a t e d .  F o r  e x a m p le , 

tw e lv e  s e p a r a te  e x t r a c t s  w ere p r e p a r e d  in  a l l  from  c e l l s  grown i n  t h e  

g lu co se -am m o n ia  medium. T a b le  3 shows t h a t  t h e  GNS a s s a y  gave  e x tre m e  

s p e c i f i c  a c t i v i t i e s  o f  100  an d  250 and  t h e  GTS a s s a y  e x tre m e  v a lu e s  o f  

650  and  8 0 0 , In  f a c t ,  t h e s e  v a lu e s  show t h a t  GTS s p e c i f i c  a c t i v i t y
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w as r e a s o n a b ly  r e p r o d u c ib l e  from  g lu co se -am m o n ia  grown c e l l s ,  w h e re as  

GNS a c t i v i t y  was l e s s  s o .  C e l l s  fro m  o t h e r  m ed ia  gave t h e  o p p o s i t e  

r e s u l t .  Thus g lu e  o s e - L - g l u t  am ine grown c e l l s  gave e x tre m e  GTS s p e c i f i c  

a c t i v i t i e s  o f  200 an d  500 w h e re as  t h e  GNS e x trem e  v a lu e s  w ere  63 and  1 0 0 . 

The r e a s o n  f o r  t h e  v a r i a t i o n  i n  enzyme a c t i v i t y  from  i d e n t i c a l l y  grown 

c e l l s  i s  n o t  o b v io u s  a s  t h e  c e l l s  w ere  a l l  h a r v e s t e d  d u r in g  t h e  m id­

e x p o n e n t i a l  p h a se  o f  g ro w th . I t  may r e f l e c t  d i f f e r e n c e s  i n  s t a b i l i t y  

o f  e a ch  enzyme t o  s o n ic a t io n  d u r in g  p r e p a r a t i o n  o f  c e l l - f r e e  e x t r a c t s .  

P e rh a p s  d i f f e r e n c e s  i n  t h e  d e g re e  o f  c o o l in g  d u r in g  s o n ic a t io n  may h av e  

c a u s e d  d i f f e r e n c e s  i n  enzyme s t a b i l i t y  from  one e x t r a c t  t o  a n o th e r .

As a  r e s u l t  o f  t h e  o b v io u s  v a r i a t i o n  i n  enzyme s p e c i f i c  

a c t i v i t y  from  one c e l l  e x t r a c t  t o  a n o th e r  i t  w ould  seem  n e c e s s a r y  n o t  t o  

t a k e  s m a ll d i f f e r e n c e s  i n  a v e ra g e  a c t i v i t i e s  from  e x t r a c t s  from  d i f f e r e n t  

m ed ia  a s  m e a n in g fu l c h a n g e s  due t o  r e p r e s s i o n  o r  d e r e p r e s s io n  o f  enzyme 

s y n t h e s i s .  N e v e r th e le s s ,  some d i f f e r e n c e s  i n  a v e ra g e  s p e c i f i c  a c t i v i t y  

o f  GNS and  GTS from  one medium t o  a n o th e r  a r e  l a r g e  enough t o  j u s t i f y  

c e r t a i n  c o n c lu s io n s .  In  g e n e r a l ,  t h e  r e s u l t s  p r e s e n t e d  i n  T a b le  3 a r e  

i n  ag reem en t w ith  p r e v io u s  w ork on GNS and GTS a c t i v i t i e s  i n  B a c i l l u s  spp , 

H ow ever, a s  f a r  a s  i s  know n, t h e r e  a r e  no p u b l is h e d  r e p o r t s  c o m b in in g  

a s s a y s  f o r  b o th  enzym es an d  so  a  c o m p a riso n  h a s  t o  be  made from  r e p o r t s  

w h ere  o n ly  one enzyme a c t i v i t y  was ex am in ed . I t  h ad  b e e n  r e p o r t e d  

p r e v i o u s ly  t h a t  GNS was d e r e p r e s s e d  b y  ammoni a -1  im i t  a t  io n  i n  B. s u b t i l i s  

i . e .  a  low  a c t i v i t y  was o b ta in e d  fro m  c e l l s  grown in  g lu co se -am m o n ia  

m in im a l medium b u t  a  h ig h  a c t i v i t y  g iv e n  by  c e l l s  grown i n  g lu c o s e -  

g lu ta m a te  medium w here  g lu ta m a te  was t h e  s o le  n i t r o g e n  s o u rc e  (D eu e l 

e t  a l . , 1 9 7 0 ) .  T h is  r e s u l t  was c o n f irm e d  h e r e .  E lm e r ic h  (1 972 ) 

r e p o r t e d  t h a t  GTS i n  B. m e g a te r iu m  was r e p r e s s e d  when L -g lu ta m a te  s e r v e d  

a s  s o l e ’n i t r o g e n  s o u rc e .  A gain  t h e  v a lu e s  i n  T a b le  3 a g re e  w i th  t h i s
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o b s e r v a t i o n ,  a l th o u g h  i t  s h o u ld  b e  n o te d  t h a t  d i f f i c u l t y  was fo u n d  in  

o b t a i n i n g  a  s a t i s f a c t o r y  c e l l  p r e p a r a t i o n  from  g lu c o s e - g lu ta m a te  grown 

c e l l s  and  f o r  t h i s  r e a s o n  o n ly  a s s a y s  from  one c e l l  e x t r a c t  a r e  in c lu d e d  

i n  T a b le  3 . T hese r e s u l t s  a r e  a l s o  i n  a g re e m e n t w i th  t h o s e  o b ta in e d  

f ro m  Gram n e g a t iv e  s p e c i e s .  N i t ro g e n  l i m i t a t i o n  ( u s in g  g lu ta m a te  a s  

s o l e  n i t r o g e n  s o u rc e )  c a u se d  d e r e p r e s s io n  o f  GNS i n  K. a e ro g e n e s  and  

E . c o l i  (Tem pest , 1 9 7 0 ; W o o lfo lk  e t  a l . , I 9 6 6 ; P a tem a n , 1 9 6 9 ;

I - î i l l e r  & S ta d tm a n , 1 9 7 2 ; Wu & Y uan, 1 9 6 8 ) ,  b u t  r e p r e s s e d  GTS (M eers 

e t  a l . , 1 9 7 0 ; M i l l e r  & S ta d tm a n , 1 9 7 2 ) .

Use o f  L - a r g in in e  o r  L -g lu ta m in e  a s  s o le  n i t r o g e n  s o u rc e  gave 

lo w e r  s p e c i f i c  a c t i v i t i e s  f o r  GNS an d  GTS th a n  th o s e  o b ta in e d  w i th  am m onia. 

T h is  r e p r e s s i o n  was m ost m arked  i n  t h e  GTS a c t i v i t y  from  c e l l s  grown 

w i t h  L - a r g in in e .  I t  can  b e  c o n c lu d e d  t h a t  GTS i s  m ost s u s c e p t i b l e  t o  

r e p r e s s i o n  by  L -g lu ta m a te  an d  t o  a  l e s s e r  e x te n t  by L - a r g in in e  and  

L - g lu ta m in e .  The r e p r e s s i o n  b y  a r g i n i n e  may b e  a  c o n seq u e n c e  o f  i t s  

m e ta b o lis m  v i a  L -g lu ta m a te .  The r e p r e s s i o n  o f  GNS by  L -g lu ta m in e  and  

L - a r g i n in e  i s  i n  c o n t r a s t  t o  t h e  d e r e p r e s s io n  b y  L - g lu ta m a te ,  b u t  i s  i n  

a g re e m e n t w i th  r e s u l t s  o b ta in e d  i n  E . c o l i  (Wu & Y uan, I 9 6 8 ; P a tem a n , 

1 9 6 9 ) and  i s  d i s c u s s e d  a g a in  b e lo w .

When L - a r g in in e  o r  L -g lu ta m in e  was u s e d  a s  n i t r o g e n  s o u rc e  in  

c o m b in a tio n  w ith  ammonia r e p r e s s i o n  o f  b o th  enzym es was o b ta in e d .  In  

b o t h  c a s e s  t h e  v a lu e s  w ere  lo w e r  t h a n  t h o s e  o b ta in e d  when t h e  am ino a c id  

w as u s e d  a lo n e .  Enzyme a c t i v i t i e s  fro m  c e l l s  grown w i th  g lu c o s e  and 

am m onia p lu s  L -g lu ta m a te  w ere  a l s o  r e p r e s s e d  com pared  t o  ammonia grown 

c e l l s  and  m ark ed ly  d i f f e r e n t  t o  t h e  v a lu e s  o b ta in e d  when L -g lu ta m a te  was 

u s e d  a lo n e .  T hese r e s u l t s  a r e  s i m i l a r  t o  p r e v io u s  r e s u l t s  u s in g  

B . s u b t i l i s  (D euel e t  a l . ,  1 9 7 0 ; R e b e l lo  & S t r a u s s ,  I 9 6 9 ) w here
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r e p r e s s i o n  o f  GNS s y n th e s i s  was fo u n d  by  L - g lu t  a m in e , L - g lu ta m a te  and  

L—a r g i n i n e  i n  c o m b in a tio n  w i th  am m onia, b u t  a re  h e r e  e x te n d e d  t o  

i n c lu d e  GTS a s  w e l l .  I t  s h o u ld  b e  n o te d  t h a t  no o b v io u s  r e p r e s s i o n  

o f  e i t h e r  enzyme was o b ta in e d  o v e r  and  above t h e  v a lu e s  w i th  ammonia 

a lo n e  b y  t h e  u s e  o f  L - h i s t i d i n e  i n  c o m b in a tio n  w i th  am m onia. T h is  

r e s u l t  i s  i n  k e e p in g  w ith  t h e  l a c k  o f  m e ta b o lism  o f  L - h i s t i d i n e  due t o  

t h e  c a t a b o l i t e  r e p r e s s i o n  o f  t h e  h i s t i d i n e  d e g ra d in g  enzym es b y  g lu c o s e  

i n  t h e  medium ( C h a s in  & M a g a sa n ik , I 9 6 8 ) .

The u s e  o f  n i t r a t e  a s  s o le  n i t r o g e n  s o u rc e  a llo w e d  m arked  

d e p r e s s io n  o f  GNS a c t i v i t y  t o g e t h e r  w i th  a  p ro n o u n c e d  r e p r e s s i o n  o f  

GTS a c t i v i t y .  T h is  c o n t r a s t s  w i th  t h e  r e p o r t  b y  Patem an  (1 9 ^ 9 ) t h a t  

E . c o l i , A. n id u la n s  and  N. c r a s s a  grown w ith  n i t r a t e  a s  s o le  n i t r o g e n  

s o u rc e  h ad  GNS a c t i v i t i e s  s i m i l a r  t o  t h o s e  o b ta in e d  i n  am m onia-grow n 

c e l l s .  I t  was s u g g e s te d  i n  t h i s  r e p o r t  t h a t  g lu ta m in e  r e p r e s s e d  GNS 

s y n t h e s i s  i n  t h e s e  o rg a n ism s  and  t h a t  t h e  h ig h  a c t i v i t y  o f  GNS fro m  

c e l l s  grown w i th  g lu ta m a te  a lo n e  was due t o  t h e  lo w  c o n c e n t r a t i o n  o f  

am m onia i n  t h e s e  c e l l s  w h ich  w ould  l i m i t  t h e  p r o d u c t io n  o f  L -g lu ta m in e  

a n d  so i n  t u r n  d e r e p r e s s  GNS s y n t h e s i s .  T h is  h y p o th e s i s  i s  s u b s t a n t i a t e d  

b y  t h e  o b s e r v a t io n  t h a t  i n  E . c o l i  a n d  K. a e ro g e n e s  t h e  r a t i o  o f  i n t r a ­

c e l l u l a r  2 - 0x0 g l u t a r a t e  t o  L - ^ u ta m in e  i s  c r i t i c a l  i n  d e te r m in in g  t h e  

a d é n y la t i o n  s t a t e  and  th u s  t h e  b i o s y n t h e t i c  a c t i v i t y  o f  GNS ( S e n io r ,

1 9 7 5 ) .  H igh g lu ta m in e  l e v e l s  e n h an ce  a d é n y la t io n  o f  GNS and  so  re d u c e  

i t s  b i o s y n t h e t i c  c a p a c i ty  ( s e e  I n t r o d u c t i o n ) ,  B. s u b t i l i s  h a s  a  h ig h  

l e v e l  o f  GNS when grown on L -g lu ta m a te  o r  n i t r a t e  a s  s o l e  n i t r o g e n  s o u r c e .  

I n  e a c h  c a s e  t h i s  can  be  e x p la in e d  b y  su p p o s in g  t h a t  t h e  c e l l  h a s  a  lo w  

i n t r a c e l l u l a r  c o n c e n t r a t io n  o f  ammonia w h ich  l i m i t s  g lu ta m in e  p r o d u c t io n  

an d  so  a llo w s  d e r e p r e s s io n  o f  GNS, B. s u b t i l i s  grow s m o re . s lo w ly  on
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n i t r a t e  t h a n  ammonia w h ich  w ould  s u g g e s t  t h a t  t h e  i n t r a c e l l u l a r  

c o n c e n t r a t io n  o f  ammonia w ould  b e  lo w  a s  i t s  p r o d u c t io n  from  n i t r a t e  

w ould  l i m i t  g row th  o f  t h e  o rg a n is m . L - a r g in in e  i s  u l t i m a t e l y  

d e g ra d e d  t o  L - g lu ta m a te ,  b u t  t h e  d e g r a d a t iv e  pa thw ay  r e l e a s e s  ammonia 

(D ag ley  & N ic h o ls o n ,  1 9 7 0 ) , ‘ B, s u b t i l i s  can  grow r a p i d l y  u s in g  

L - a r g in in e  a s  s o le  n i t r o g e n  s o u rc e  (T a b le  l ) ,  so ammonia p r o d u c t io n  

w ould  n o t  be  l i m i t i n g .  T h is  w ou ld  e x p la in  why L - a r g in in e  h a s  a  

s t r o n g  r e p r e s s i v e  e f f e c t  on GNS s y n th e s i s  w h e re as  L -g lu ta m a te  a lo n e  

do es  n o t .  The p a t t e r n  o f  GNS s p e c i f i c  a c t i v i t i e s  i n  T a b le  3 c a n  a l s o  

b e  e x p la in e d  on t h e  s u p p o s i t io n  t h a t  am m onia, and  n o t  L - g lu ta m in e ,  

r e p r e s s e s  GNS s y n t h e s i s .  O th e r  w ork (R e b e llo  & S t r a u s s ,  19&9) f a v o u r s  

L -g lu ta m in e  a s  t h e  r e p r e s s i n g  com pound.

In  sum m ary, t h e  r e s u l t s  p r e s e n t e d  in  T a b le  3 do n o t  c o n f l i c t  

w i th  t h e  h y p o th e s i s  made p r e v i o u s ly  (R e b e llo  & S t r a u s s ,  1 9 6 9 ; P a te m a n , 

1 9 6 9 ; A d le r ,  P u r ic h  & S ta d tm a n , 1 9 75 ) t h a t  L -g lu ta m in e  i s  a b le  t o  

r e p r e s s  GNS s y n t h e s i s .  The r e s u l t s  a l s o  show t h a t  GTS s y n th e s i s  i s  

r e p r e s s e d  by  L -g lu ta m a te  o r  com pounds l i k e  L - a r g in in e  and  L -g lu ta m in e  

w h ich  w ould  b e  e x p e c te d  t o  g iv e  r i s e  t o  L -g lu ta m a te  i n  t h e  c e l l .  I t  i s  

d i f f i c u l t  t o  e x p l a i n ,  h o w e v e r, why c e l l s  grown w i th  n i t r a t e  a s  s o le  

n i t r o g e n  s o u rc e  s h o u ld  hav e  a  m a rk e d ly  lo w e r  GTS a c t i v i t y  t h a n  c e l l s  

grown w ith  am m onia. U nder t h e  h y p o th e s i s  p r e s e n t e d  above  c e l l s  g ro w in g  

w i th  n i t r a t e  s h o u ld  h av e  l i m i t i n g  p r o d u c t io n  o f  ammonia w h ich  w o u ld  i n  

t u r n  l i m i t  t h e  p r o d u c t io n  o f  L -g lu ta m in e  and  L -g lu ta m a te  by  GNS an d  GTS 

r e s p e c t i v e l y .  I t  w ou ld  b e  e x p e c te d  th e n  t h a t  GTS s y n th e s i s  w o u ld  be  

f u l l y  d e r e p r e s s e d .  The p o s s i b i l i t y  i s  s u g g e s te d  b y  some o f  t h e  v a lu e s  

i n  T a b le  3 t h a t  t h e r e  i s  an i n v e r s e  r e l a t i o n s h i p  b e tw e en  t h e  a c t i v i t i e s  

o f  t h e  two enzym es, su c h  t h a t  when one i s  h ig h  th e  o t h e r  i s  lo w . T h is
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d o e s  n o t  h o ld  i n  a l l  i n s t a n c e s  th o u g h ,  a s  t h e  v a lu e s  f o r  c e l l s  grown 

v i t h  L - a r g in in e  show.

The d e te r m in a t io n  o f  t h e  enzyme l e v e l s  i n  B. s u b t i l i s  d u r in g  

g ro w th  e s t a b l i s h e d  c l e a r l y  t h a t  s i g n i f i c a n t  ch a n g es  i n  s p e c i f i c  a c t i v i t y  

w e re  d e t e c t a b l e .  The r e s u l t s  i n d i c a t e d  t h a t  s y n th e s i s  o f  e a c h  enzyme 

v a s  s u b je c t  t o  r e g u l a t i o n .  GNS s y n th e s i s  was r e p r e s s e d  by ammonia o r  

L - g lu t  a,mine ( o r  b o th )  and  GTS s y n th e s i s  was r e p r e s s e d  by  L - g lu ta m a te .  

T h e se  o b s e r v a t io n s  p r o v id e d  a  f i r m  b a s e  from  w h ich  t o  exam ine t h e  

b e h a v io u r  o f  t h e  enzym es d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n .  In  a d d i t i o n  

t h e  o b s e rv e d  d e r e p r e s s io n  o f  GNS s y n th e s i s  when n i t r a t e  was u s e d  a s  

n i t r o g e n  s o u rc e  d u r in g  g ro w th  s u g g e s te d  t h a t  t h e r e  m ig h t w e l l  be  a  

c o r r e l a t i o n  b e tw e en  i n c r e a s e d  GNS s y n th e s i s  and  t h e  c a p a c i ty  o f  c e l l s  

t o  s p o r u l a t e .  S h if t-d o w n  o f  c e l l s  from  a  medium w here ammonia was 

s o l e  n i t r o g e n  s o u rc e  t o  one w here  n i t r a t e  was u s e d  in d u c e d  s p o r u l a t i o n  

i n  B. s u b t i l i s  (M ich e l e t  , I 9 6 8 ) .

The m ethod u s e d  f o r  o b t a i n in g  s p o r u l a t i o n  was t h e  re p la c e m e n t  

p ro c e d u r e  o r i g i n a l l y  d e s c r ib e d  by  S t e r l i n i  & M andelstam  (1 9 6 9 ) .  T h is  

in v o lv e d  th e  t r a n s f e r  o f  c e l l s  g ro w in g  e x p o n e n t i a l l y  i n  a  r i c h  c a s e in  

h y d r o ly s a te  (CH) medium t o  a  m in im al s a l t s  medium c o n ta in in g  an a d e q u a te  

s u p p ly  o f  ammonia a s  n i t r o g e n  s o u r c e ,  b u t  o n ly  a  p o o r  c a rb o n  s o u rc e  in  

t h e  fo rm  o f  L -g lu ta m a te  (S (C ) m edium ). I t  was assum ed  t h a t  s p o r u l a t i o n  

w o u ld  be i n i t i a t e d  by  d e p r i v a t i o n  o f  an a d e q u a te  c a rb o n  s o u rc e .  T h is  

a s su m p tio n  was t e s t e d  b y  i n c l u d in g  a  good c a rb o n  s o u r c e ,  g lu c o s e ,  i n  

t h e  r e s u s p e n s io n  medium. T h is  c a u s e d  t h e  o p t i c a l  d e n s i t y  o f  t h e  

c u l t u r e  t o  i n c r e a s e  r a p i d l y  t o  a  v a lu e  w e l l  above  t h a t  o b ta in e d  i n  t h e  

n o rm a l medium (T a b le  4 ) .  I n  a d d i t i o n ,  h e a t - r e s i s t a n c e  d e te r m in a t io n s  

show ed t h a t  s p o r u l a t i o n  was d e la y e d  by  t h e  i n c l u s i o n  o f  g lu c o s e  i n  t h e

92



m edium . I t  was c o n c lu d e d  t h e r e f o r e  t h a t  t h e  S(C) r e  s u sp e n s  io n  medium 

i n i t i a t e d  s p o r u l a t i o n  by  c a rb o n  d e p r i v a t i o n .

The o r i g i n a l  r e s u s p e n s io n  medium o f  S t e r l i n i  & M andelstam  (1 9 6 9 ) 

w as m o d if ie d  i n  an a t te m p t  t o  p ro m o te  s p o r u l a t i o n  b y  n i t r o g e n  

d e p r i v a t i o n .  To t h i s  end t h e  ammonia i n  t h e  medium was r e p l a c e d  by 

n i t r a t e  ( a  p o o r  n i t r o g e n  s o u rc e )  an d  t h e  L -g lu ta m a te  was r e p l a c e d  by  

D -g lu c o s e  ( a  good c a rb o n  s o u r c e ) .  Good s p o r u l a t i o n  was o b ta in e d  in  

t h i s  medium (T a b le  4 ) and  s u p p le m e n ta t io n  o f  t h e  S(N) medium w i th  an  

a d d i t i o n a l  n i t r o g e n  s o u rc e  i n  t h e  fo rm  o f  L -g lu ta m a te  had  a  s i m i l a r  

e f f e c t  t o  g lu c o s e  s u p p le m e n ta t io n  o f  t h e  8 ( c )  m edium . O p t ic a l  d e n s i t y  

o f  t h e  c u l t u r e  i n c r e a s e d  r a p i d l y  t o  a  l e v e l  w e l l  above  t h a t  a t t a i n e d  

b y  t h e  n o rm al S(N) medium and  s p o r u l a t i o n  was a g a in  d e la y e d  ( T a b le  4 ) .  

T hese  r e s u l t s  l e d  t o  t h e  c o n c lu s io n  t h a t  s p o r u l a t i o n  c o u ld  be  i n i t i a t e d  

b y  r e s u s p e n s io n  o f  g ro w in g  c e l l s  i n  e i t h e r  t h e  8 (C ) o r  S(N) m edium , 

b u t  t h a t  i n i t i a t i o n  was a c h ie v e d  by  c a rb o n  s t a r v a t i o n  in  t h e  fo rm e r  c a s e  

an d  by  n i t r o g e n  s t a r v a t i o n  i n  t h e  l a t t e r  c a s e .

C e l l - f r e e  e x t r a c t s  p r e p a r e d  from  50 ml p o r t i o n s  o f  r e s u s p e n s io n  

c u l t u r e s  i n  b o th  8 ( c )  a n d  S(N) m ed ia  w ere  a s s a y e d  f o r  GNS and GT8 

a c t i v i t i e s  a t  z e ro  t im e  and  a t  20 m in and 40 min f o l lo w in g  i n i t i a t i o n .  

F o r  p r a c t i c a l  r e a s o n s  i t  was o n ly  c o n v e n ie n t  t o  p r e p a r e  and  a s s a y  t h r e e  

e x t r a c t s  d u r in g  one e x p e r im e n t .  The t im e s  a t  20 m in and 40 min a f t e r  

t im e  z e ro  w ere a r b i t r a r i l y  c h o se n  a s  t im e s  d u r in g  w h ich  c h a n g es  i n  

enzym e s p e c i f i c  a c t i v i t y  m igh t be  e x p e c te d  t o  o c c u r  i f  t h e y  w ere 

i n v o lv e d  i n  t h e  e a r l i e s t  s t e p s  o f  s p o r u l a t i o n .  A g a in , c o n s id e r a b le  

v a r i a t i o n  i n  s p e c i f i c  a c t i v i t y  o f  b o th  enzym es was d e t e c t e d  from  one 

e x p e r im e n t  t o  a n o th e r  and  f o r  t h i s  r e a s o n  a v e ra g e  v a lu e s  a r e  t a b u l a t e d  

i n  T a b le  5 t o g e t h e r  w i th  t h e  e x tre m e  v a lu e s  o b ta in e d .  The r e s u l t s  i n
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T a b le  5 show t h a t  t h e r e  i s  no m arked  a l t e r a t i o n  in  a c t i v i t y  f o r  e i t h e r  

enzyme when t h e  a v e ra g e  v a lu e s  a t  e a c h  t im e  i n t e r v a l  a r e  co m p ared . I t  

s h o u ld  b e  n o te d  t h a t  when e x tre m e  v a lu e s  w ere  o b ta in e d  a l l  3 t im e  

i n t e r v a l s  gave s i m i l a r  enzyme l e v e l s .  Thus t a k i n g  an  a v e ra g e  o f  v a lu e s  

h a s  n o t  ev e n ed  o u t  d i f f e r e n c e s  b e tw e e n  t im e  i n t e r v a l s  i n  i n d i v i d u a l  

e x p e r im e n ts .  Each s e p a r a t e  e x p e r im e n t i n d i c a t e d  l i t t l e  ch an g e  i n  enzyme 

a c t i v i t i e s  i n  e i t h e r  8(C ) o r  8 ( n ) m e d ia , a t  t h e  t im e  i n t e r v a l s  s t u d i e d .

T h ese  r e s u l t s  w ere som ewhat s u r p r i s i n g  in  v iew  o f  t h e  f a c t  t h a t  

p r e v io u s  r e s u l t s  u s in g  g ro w in g  c e l l s  h ad  s u g g e s te d  t h a t  g ro w th  l i m i t a t i o n  

b y  th e  u se  o f  n i t r a t e  a s  n i t r o g e n  s o u rc e  c a u se d  d e r e p r e s s io n  o f  GN8 

s y n th e s i s  (T a b le  3 ) .  In  a d d i t i o n ,  R e b e llo  & 8 t r a u s s  (1 9 ^ 9 ) u s in g  

c h e m o s ta t  c u l t u r e s  o f  B. s u b t i l i s  h ad  shown t h a t  n i t r o g e n  l i m i t a t i o n  

c a u s e d  d e r e p r e s s io n  a n d  c a rb o n  l i m i t a t i o n  r e p r e s s i o n  o f  GRS s y n th e s i s  

( s e e  I n t r o d u c t i o n ) .  P o s s ib l e  e x p la n a t io n s  f o r  t h e  r e s u l t s  r e p r e s e n t e d  in  

T a b le  5 a r e  t h a t  t h e  t im e s  c h o se n  t o  i n v e s t i g a t e  t h e  enzym es were' 

in a d e q u a te  t o  d e m o n s tra te  a  t r a n s i e n t  ch an g e  in  s p e c i f i c  a c t i v i t y  o r  

t h a t  c h a n g es  o c c u r r e d  a f t e r  t h e  40 m in p e r io d .  I f  t h e  enzym es w ere  

in v o lv e d  i n  t h e  i n i t i a t i o n  e v e n ts  o f  s p o r u l a t i o n  t h e  l a t t e r  p o s s i b i l i t y  

c a n  r e a s o n a b ly  b e  e x c lu d e d .  I t  c o u ld  be  assum ed t h a t  by  4o  m in a f t e r  

t im e  z e ro  t h e  m a j o r i t y  o f  c e l l s  w ere  en g ag ed  in  fo rm in g  s p o r e s .  The 

fo rm e r  p o s s i b i l i t y ,  t h a t  t h e  t im e s  ch o sen  m is se d  a  t r a n s i e n t  ch an g e  in  

enzyme s p e c i f i c  a c t i v i t y ,  i s  s u g g e s te d  by  t h e  o b s e r v a t io n  o f  R e b e l lo  & 

S t r a u s s  (1 9 6 9 ) t h a t  t r a n s i t i o n  from  a  f a s t  t o  a  s lo w  g ro w th  r a t e  was 

acco m p an ied  by  a  b r i e f  i n c r e a s e  i n  GNS s p e c i f i c  a c t i v i t y  ( s e e  I n t r o d u c t i o n )  

The r e s u l t s  p r e s e n t e d  i n  T a b le  5 a l lo w  th e  t e n t a t i v e  c o n c lu s io n  t h a t  

p r o lo n g e d  c h a n g e s  i n  GNS o r  GTS s p e c i f i c  a c t i v i t y  do n o t  a c co n p a n y  th e  

i n i t i a t i o n  o f  s p o r u l a t i o n  by  e i t h e r  c a rb o n  o r  n i t r o g e n  d e p r i v a t i o n .  The 

p o s s i b i l i t y  o f  t r a n s i e n t  ch a n g es  t a k i n g  p la c e  a r e  n o t  e x c lu d e d  b y  th e s e
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e x p e r im e n ts .  U n f o r tu n a t e ly ,  t im e  d id  n o t  a l lo w  a  more th o ro u g h  

i n v e s t i g a t i o n  o f  enzyme l e v e l s  a t  c l o s e r  i n t e r v a l s  d u r in g  s p o r u l a t i o n .

D e te rm in a t io n  o f  t h e  s p e c i f i c  a c t i v i t i e s  o f  GNS and  GTS h a d  

n o t  e s t a b l i s h e d  any  r o l e  f o r  t h e s e  enzym es d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n .  

F o r  t h i s  r e a s o n  i t  was d e c id e d  t o  i n v e s t i g a t e  t h e  s p o r u l a t i o n  b e h a v io u r  

c f  a  m u tan t s t r a i n ,  t e n t a t i v e l y  i d e n t i f i e d  a s  l a c k in g  GTS a c t i v i t y .  A 

s i m i l a r  a p p ro a c h , u s in g  b o th  GNS an d  GTS d e f e c t i v e  s t r a i n s  o f  

B . m e g a te r iu m , h ad  s u g g e s te d  a  r o l e  f o r  L -g lu ta m in e  a s  t h e  p r e c u r s o r  o f  

a  s p o r u l a t i o n  r e p r e s s o r  ( s e e  I n t r o d u c t i o n ) .  E s t im a t io n  o f  t h e  i n  v i t r o  

a c t i v i t y  o f  enzym es g iv e s  no i n d i c a t i o n  o f  t h e i r  a c t i v i t y  v iv o  w h ich  

w i l l  be g o v e rn e d  b y  s u b s t r a t e  a v a i l a b i l i t y  and  t h e  e f f e c t s  o f  a l l o s t e r i c  

a c t i v a t o r s  and  i n h i b i t o r s .  T h e r e f o r e ,  a l th o u g h  t h e  r e s u l t s  p r e s e n t e d  

ab o v e  s u g g e s te d  t h a t  an  i n c r e a s e  i n  enzyme p r o t e i n  was n o t  a  c o n t r o l l i n g  

in f l u e n c e  d u r in g  s p o r u l a t i o n ,  t h e y  d id  n o t  r u l e  o u t  t h e  p o s s i b i l i t y  

t h a t  e a ch  enzyme p la y e d  a  r o l e  i n  t h e  c o n t r o l  o f  s p o r u l a t i o n  by  t h e i r  

enzym ic  a c t i v i t y .  I f  i t  was e s t a b l i s h e d  t h a t  t h e  s t r a i n  g l t - 1 0 0  la c k e d  

GTS a c t i v i t y  th e n  t h e  e f f e c t  o f  t h i s  d e f e c t  (w h ich  w ou ld  n o t  a l lo w  t h e  

f u r t h e r  m e ta b o lism  o f  L -g lu ta m in e  d e r iv e d  from  GNS a c t i v i t y )  on 

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

The d e f e c t  i n  s t r a i n  g l t - 1 0 0  was e s t a b l i s h e d  by  d i r e c t  a s s a y  f o r  

GTS a c t i v i t y  (T a b le  T ) an d  by  n o t in g  t h e  g row th  r e s p o n s e  o f  t h e  s t r a i n  t o  

v a r io u s  s o u rc e s  o f  c a rb o n  an d  n i t r o g e n  ( T a b le  6 ) .  P r e v io u s  r e s u l t s  h ad  

shown t h a t  a  G T S -n eg a tiv e  s t r a i n  o f  K. a e ro g e n e s  was u n a b le  t o  grow  w i th  

ammonia o r  g lu c o sa m in e  w h ich  i s  d e g ra d e d  t o  y i e l d  ammonia (M ag asan ik  e ^  a l . , 

1 9 7 4 ) . A G T S -n e g a tiv e  s t r a i n  o f  B. s u b t i l i s  was r e p o r t e d  t o  r e q u i r e  

L -g lu ta m a te  o r  L - a s p a r t a t e  f o r  g ro w th  (Young & W ils o n , 1 9 7 5 ) .  The g ro w th  

p a t t e r n  o f  s t r a i n  g l t - 1 0 0  was i n  k e e p in g  w ith  t h e s e  o b s e r v a t io n s .  S t r a i n
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g l t - 1 0 0  grew  n o rm a lly  when L -g lu ta m a te  o r  a  compound w h ich  c o u ld  be  

d e g ra d e d  t o  y i e l d  L - g lu ta m a te ,  su ch  a s  L - g lu ta m in e , L - a r g i n in e ,  o r  

L - p r o l i n e ,  was s u p p l i e d  a s  n i t r o g e n  s o u rc e .  I t  w ould  n o t  grow w ith  

amm onia o r  g lu c o sa m in e . The a b i l i t y  t o  grow w i th  L - a s p a r t a t e  a s  

n i t r o g e n  s o u rc e  m eant t h a t  i t  c o u ld  be  d i s t i n g u i s h e d  from  th e  g lu ta m a te  

r e q u i r i n g  a u x o tro p h s  d e f e c t i v e  i n  one o f  t h e  f i r s t  t h r e e  enzym es o f  

t h e  t r i c a r b o x y l i c  a c id  c y c le  ( s e e  I n t r o d u c t i o n ) .  An i n t e r e s t i n g  

o b s e r v a t io n  was made when L - h i s t i d i n e  was u s e d  a s  s o u rc e  o f  n i t r o g e n .

The s t r a i n  g l t - 1 0 0  showed a  c o n s i s t e n t l y  w orse  g ro w th  r e s p o n s e  t h a n  th e  

w i l d - t y p e  w ith  L - h i s t i d i n e  a s  n i t r o g e n  s o u r c e ,  y e t  i t  g rew  a s  w e l l  a s  

t h e  w i ld - ty p e  w ith  t h e  o t h e r  s o u rc e s  o f  n i t r o g e n  an d  a l s o  when L - h i s t i d i n e  

w as u s e d  a s  a  c a rb o n  s o u rc e  w i th  ammonia a s  n i t r o g e n  s o u rc e  (T a b le  6 ) .  

L - h i s t i d i n e  s e rv e s  a s  a  p o o r  s o u rc e  o f  n i t r o g e n  i n  t h e  p r e s e n c e  o f  

c a rb o n  compounds t h a t  a r e  e a s i l y  m e ta b o l i s e d  and  so  r e p r e s s  s y n th e s i s  

o f  t h e  h i s t i d i n e  d e g ra d in g  enzym es (C h a s in  & M a g asa n ik , 1 9 6 8 ) .  T h is  i s  

c l e a r l y  shown i n  T a b le  6 w here  t h e  w i ld - ty p e  grew  o n ly  p o o r ly  w i th  

L - h i s t i d i n e  and  g lu c o s e  o r  g l y c e r o l ,  b u t  n o rm a lly  w i th  c i t r a t e  a s  c a rb o n  

s o u r c e .  The m u tan t s t r a i n  w ou ld  n o t  grow a t  a l l  w i th  L - h i s t i d i n e  and 

g lu c o s e  o r  g ly c e r o l  and  i t s  r e s p o n s e  t o  c i t r a t e  was p o o r e r  th a n  t h e  

w i l d - t y p e .  T h is  s u g g e s te d  t h a t  t h e  d e f e c t i v e  GTS a c t i v i t y  i n  t h e  m u ta n t 

w as c a u s in g  a  g r e a t e r  r e p r e s s i o n  o f  t h e  L - h i s t i d i n e  d e g ra d in g  enzym es 

t h a n  o c c u r r e d  i n  t h e  w i l d - t y p e .  L ack  o f  t im e  p r e v e n te d  t h i s  p o s s i b i l i t y  

fro m  b e in g  i n v e s t i g a t e d ,  b u t  a  s i m i l a r  o b s e r v a t io n  was made by  B re n c h le y  

e t  a l . , (1 9 7 3 ) who fo u n d  t h a t  a  G T S -n e g a tiv e  s t r a i n  o f  K. a e ro g e n e s  was 

u n a b le  t o  grow i n  a  g l u c o s e - h i s t i d i n e  m in im al m edium . They e x p la in e d  

t h e i r  o b s e r v a t io n  b y  s a y in g  t h a t  t h e  l a c k  o f  GTS a c t i v i t y  w ould  n o t  

a l lo w  d e p le t io n  o f  g lu ta m in e  an d  t h e r e f o r e  no n o n - a d e n y la te d  GNS w ou ld  

b e  a v a i l a b l e  t o  a l lo w  t r a n s c r i p t i o n  o f  t h e  h i s t i d i n e  d e g ra d in g  enzymes
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( s e e  I n t r o d u c t i o n ) .  By a n a lo g y  l a c k  o f  GTS a c t i v i t y  w ou ld  a llo w  

g lu ta m in e  a c c u m u la t io n  i n  B. s u b t i l i s  w h ich  a p p a r e n t ly  a f f e c t e d  t h e  r a t e  

o f  h i s t i d i n e  m e ta b o lism  b y  t h e  c e l l s .

No GTS a c t i v i t y  was fo u n d  i n  t h e  c e l l - f r e e  e x t r a c t s  o f  s t r a i n  

g l t - 1 0 0  (T a b le  T ) .  As o n ly  one e x t r a c t  was a s s a y e d  f o r  t h e  r e s u l t s  

p r e s e n t e d  i n  T a b le  7 l i t t l e  s i g n i f i c a n c e  can  b e  a t t a c h e d  t o  th e  

d i f f e r e n c e s  i n  GNS a c t i v i t y  b e tw e en  t h e  w i ld - ty p e  an d  s t r a i n  g l t - 1 0 0 . I t  

c a n  be  n o t e d ,  h o w ev er, t h a t  w i th  b o th  s t r a i n s  enzyme s p e c i f i c  a c t i v i t i e s  

a r e  v e ry  low  in  e x t r a c t s  p r e p a r e d  from  c e l l s  grown i n  t h e  r i c h  c a s e in  

h y d r o ly s a te  (CH) medium. T h is  i s  i n  a g re e m e n t w i th  R e b e l lo  & S t r a u s s  

(1 9 6 9 ) who fo u n d  maximum r e p r e s s i o n  o f  GNS s y n th e s i s  i n  a  c a s e in  h y d ro -  

l y s a t e  medium su p p le m e n te d  w i th  am m onia, L - g lu ta m a te  and  L - a s p a r a g in e .

The r e s u l t s  i n  T a b le s  6 and  7 e s t a b l i s h e d  t h a t  s t r a i n  g l t - 1 0 0  

l a c k e d  GTS a c t i v i t y .  I n  a d d i t i o n ,  t h e  f a c t  t h a t  t h i s  s t r a i n  was u n a b le  

t o  grow w ith  ammonia a s  n i t r o g e n  s o u rc e  showed t h a t  B. s u b t i l i s  I 68 

l a c k e d  a  g lu ta m a te  d e h y d ro g e n a se  t h a t  c o u ld  b e  u s e d  t o  a s s i m i l a t e  amm onia. 

T h is  was in  k e e p in g  w ith  t h e  n e g a t iv e  r e s u l t  o b t a in e d  e a r l i e r  when c e l l  

e x t r a c t s  w ere  a s s a y e d  f o r  t h i s  enzyme a c t i v i t y .

The e f f e c t  on s p o r u l a t i o n  o f  t h e  l a c k  o f  GTS a c t i v i t y  was 

i n v e s t i g a t e d  n e x t .  F i r s t  t h e  l e v e l s  o f  GNS w ere i n v e s t i g a t e d  i n  t h e  

g l t - 1 0 0  s t r a i n  i n  S(C) and  S(N) r e s u s p e n s io n  m ed ia  (T a b le  8 ) .  J u s t  a s  i n  

t h e  w i ld - ty p e  (T a b le  5) v a r i a t i o n  i n  enzyme s p e c i f i c  a c t i v i t y  was fo u n d  

fro m  one e x p e r im e n t t o  a n o th e r ,  b u t  i n d i v i d u a l  c e l l  e x t r a c t s  gave GNS 

v a lu e s  w h ich  showed l i t t l e  v a r i a t i o n  a t  t im e  z e r o ,  20 m in and  4o min 

i n t e r v a l s  a f t e r  r e s u s p e n s io n ,  a l th o u g h  t h e r e  was a  s u g g e s t io n  o f  a  s l i g h t  

f a l l  i n  GNS a c t i v i t y  i n  t h e  8(C ) medium w i th  s t r a i n  g l t - 1 0 0  w h ich  d id  n o t
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o c c u r  i n  t h e  w i l d - t y p e .  I t  i s  d i f f i c u l t  t o  a s s e s s  t h e  s i g n i f i c a n c e  

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

a c t i v i t y  fro m  one e x p e r im e n t t o  a n o th e r .

S t r a i n  g l t - 1 0 0  was u n a b le  t o  s p o r u l a t e  i n  t h e  S(N) medium 

(T a b le  8 ) and  t h i s  was e x p e c te d  b e c a u s e  t h e  o n ly  n i t r o g e n  s o u rc e  a v a i l a b l e ,  

n i t r a t e ,  c o u ld  n o t  b e  a s s i m i l a t e d  i n  t h i s  s t r a i n .  In  k e e p in g  w i th  t h i s  

t h e  o f  t h e  c u l t u r e  i n  S(N) medium in c r e a s e d  o n ly  s l i g h t l y  ( F ig u r e  7 ) .

I t  was a n t i c i p a t e d  t h a t  a d d i t i o n  o f  L - g lu ta m a te ,  w h ich  b y - p a s s e d  t h e  

d e f e c t  i n  GTS a c t i v i t y ,  w ou ld  r e s t o r e  n o rm a l s p o r u l a t i o n  t o  t h e  s t r a i n .  

F ig u re  7 shows t h a t  s t r a i n  g l t - 1 0 0  b eh a v ed  n o rm a l ly  w i th  r e g a r d  t o  t h e  

i n c r e a s e  i n  i n  t h e  S(N) + L -g lu ta m a te  r e s u s p e n s io n  m edium , b u t

n o rm a l s p o r u l a t i o n  was n o t  r e s t o r e d  (T a b le  8 ) .  T h is  o b s e r v a t io n  was 

e n t i r e l y  u n e x p e c te d  an d  s u g g e s te d  t h e  p o s s i b i l i t y  t h a t  s t r a i n  g l t - 1 0 0  was 

a b le  t o  s p o r u l a t e  n o rm a lly  when i n i t i a t e d  u n d e r  c o n d i t io n s  o f  c a rb o n  

d e p r i v a t i o n  b u t  was n o t  a b le  t o  do so  u n d e r  n i t r o g e n  d e p r i v a t i o n .  T h is  

p o s s i b i l i t y  was i n v e s t i g a t e d  f u r t h e r  by  co m p arin g  t h e  e x t e n t  o f  

s p o r u l a t i o n  o f  t h e  w i ld - ty p e  and  s t r a i n  g l t - 1 0 0  i n  v a r io u s  r e s u s p e n s io n  

m ed ia  (T a b le  9 ) .  I t  was fo u n d  t h a t  o m is s io n  o f  g lu c o s e  o r  i t s  r e p la c e m e n t  

b y  c i t r a t e  i n  t h e  S(N) medium + g lu ta m a te  a l lo w e d  n o rm a l s p o r u l a t i o n  in  

s t r a i n  g l t - 1 0 0 . T h is  was f i r m  e v id e n c e  t h a t  t h e  p r e s e n c e  o f  an  e a s i l y  

m e ta b o l i s a b l e  c a rb o n  s o u rc e  was s u p p r e s s in g  s p o r u l a t i o n  i n  t h e  m u ta n t 

s t r a i n .  S i m i l a r l y ,  a d d i t i o n  o f  g lu c o s e  t o  t h e  8 (C ) medium s u p p re s s e d  

s p o r u l a t i o n .  T h is  w ould  be e x p e c te d  b e c a u s e  i n  t h i s  medium o n ly  

L -g lu ta m a te  c o u ld  s e rv e  a s  a  n i t r o g e n  s o u rc e  a s  t h e  ammonia p r e s e n t  

w o u ld  n o t  b e  a s s i m i l a t e d .  A d d i t io n  o f  g lu c o s e  w o u ld  e n s u re  s p o r u l a t i o n  

w as in d u c e d  by  n i t r o g e n  d e p r i v a t i o n .  In  t h e  c a s e  o f  t h e  8(C ) medium 

a lo n e  s p o r u l a t i o n  w ould  n o rm a lly  b e  e x p e c te d  t o  o c c u r  b y  c a rb o n  d e p r i v a t i o n .  

W ith  s t r a i n  g l t - 1 0 0 , th o u g h ,  g lu ta m a te  w ould  h av e  t o  s e r v e  a s  b o th  c a rb o n
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a n d  n i t r o g e n  s o u rc e  a s  ammonia w ou ld  n o t  be  u t i l i s a b l e .  P re su m a b ly  

t h e r e f o r e  s p o r u l a t i o n  i n  s t r a i n  g l t - 1 0 0  c o u ld  be  t r i g g e r e d  b y  e i t h e r  

m eans i n  t h e  8(C ) m edium . T h is  s i t u a t i o n  a l s o  a p p l i e s  t o  t h e  S(N) 

m edium  + g lu ta m a te  w here  g lu c o s e  i s  o m i t te d .  In  t h i s  c a s e  t h e  n i t r a t e  

i n  t h e  medium w ould  n o t  be  u t i l i s e d .  The S (n ) + g lu ta m a te  w i th  g lu c o s e  

o m i t te d  and  t h e  8(C ) medium a r e  i d e n t i c a l  e x c e p t  t h e  fo rm e r  h a s  n i t r a t e  

p r e s e n t  and  t h e  l a t t e r  am m onia, b u t  a s  t h e  m u ta n t can  u t i l i z e  n e i t h e r  o f  

t h e s e  i t  m ust r e l y  on t h e  g lu ta m a te  p r e s e n t  t o  s e rv e  a s  s o le  s o u rc e  o f  

c a rb o n  o r  n i t r o g e n .  In  b o th  m ed ia  s t r a i n  g l t - 1 0 0  s p o r u l a t e s  n o r m a l ly ,  

p re s u m a b ly  b e c a u s e  s p o r u l a t i o n  can  b e  i n i t i a t e d  by  c a rb o n  s t a r v a t i o n .

The e x te n t  o f  s p o r u l a t i o n  a c h ie v e d  b y  s t r a i n  g l t - 1 0 0  i n  t h e  

v a r io u s  r e s u s p e n s io n  shown i n  T a b le  9 s u g g e s te d  s t r o n g l y  t h a t  t h e  s t r a i n  

w o u ld  o n ly  s p o r u l a t e  u n d e r  c o n d i t io n s  w here th e  c e l l s  w ere  s t a r v e d  o f  an  

a d e q u a te  c a rb o n  s o u r c e .  C o n d i t io n s  o f  n i t r o g e n  d e p r i v a t i o n  a lo n e  i n  th e  

p r e s e n c e  o f  a  good c a rb o n  s o u rc e  d id  n o t  a l lo w  s p o r u l a t i o n  t o  o c c u r .  

B e s id e s  t h i s  p r im a ry  o b s e r v a t i o n ,  tw o o t h e r  p o i n t s  a r e  w o rth  d i s c u s s i o n .  

F i r s t , T a b le  9 shows t h a t  s t r a i n  g l t - 1 0 0  s p o r u l a te d  t o  a  g r e a t e r  e x te n t  

i n  t h e  8(C ) + g lu c o s e  medium (8%) t h a n  in  t h e  8(N) + g lu ta m a te  medium 

(0 .2 % ) . S e c o n d , u s e  o f  L -g lu ta m in e  a s  n i t r o g e n  s o u rc e  i n  t h e  S(N) medium 

i n s t e a d  o f  L -g lu ta m a te  a l lo w e d  a  g r e a t e r  d e g re e  o f  s p o r u l a t i o n  t o  o c c u r  

(5% i n s t e a d  o f  0 .2 % ).

The above o b s e r v a t io n s  a r e  b e s t  d i s c u s s e d  w ith  r e g a r d  t o  t h e  

h y p o th e s i s  t h a t  L -g lu ta m in e  p l a y s  a  m a jo r  r o l e  i n  t h e  r e p r e s s i o n  o f  

s p o r u l a t i o n  (E lm e ric h  & A u b e r t ,  1 9 7 2 ) . B oth  E lm e r ic h  & A u b e rt (1 9 7 2 ) and  

R e b e l lo  & S t r a u s s  (1 9 6 9 ) h a v e  s u g g e s te d  t h a t  d e p le t io n  o f  L -g lu ta m in e  

a c t s  a s  t h e  p r im a ry  t r i g g e r  f o r  t h e  i n i t i a t i o n  o f  s p o r u l a t i o n .  The 

e x p e r im e n ta l  b a s i s  f o r  t h i s  h y p o th e s i s  i s  g iv e n  i n  d e t a i l  i n  t h e  I n t r o -
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a u c t io n .  E lm e ric h  & A u b e rt (1 9 7 2 , 1973) n o te d  t h a t  a  G T S -n e g a tiv e  

s t r a i n  o f  B. m eg a te riu m  was u n a b le  t o  s p o r u l a t e  even  i n  t h e  p r e s e n c e  

o f  L -g lu ta m a te .  They s u g g e s te d  t h e  r e a s o n  f o r  t h i s  was t h a t  t h e  

s t r a i n  w ould  a c c u m u la te  L -g lu ta m in e  w h ich  was a  r e p r e s s o r  o f  s p o r u l a t i o n .  

The r e s u l t s  i n  T a b le  9 can  o n ly  p a r t l y  be r e c o n c i l e d  w i th  t h i s  h y p o th e s i s ,  

I t  c o u ld  be  a rg u e d  t h a t  s t r a i n  g l t - 1 0 0  was u n a b le  t o  s p o r u l a te  p r o p e r l y  

u n d e r  c o n d i t io n s  o f  a d e q u a te  c a rb o n  s u p p ly  ( s (N) medium) b e c a u s e  

L -g lu ta m in e  a c c u m u la te d . TVhere an  a d e q u a te  c a rb o n  s o u rc e  was n o t  

s u p p l i e d  (S (C ) medium) i t  w ou ld  n o t  h av e  a c c u m u la te d  b e c a u s e  i t  h a d  t o  

b e  m e ta b o lis e d  t o  p r o v id e  c a rb o n  an d  e n e rg y . H ow ever, b e t t e r  

s p o r u l a t i o n  was o b ta in e d  i n  t h e  S(N) medium + L -g lu ta m in e  (5 .0% ) t h a n  in  

t h e  S (n ) medium + L - ^ u ta m a t e  (0 .2 % ). T h is  d o es  n o t  f i t  w i th  t h e  

h y p o th e s i s  l i n k i n g  L -g lu ta m in e  t o  t h e  s p o r u l a t i o n  r e p r e s s o r ( s ) .

S i m i l a r l y ,  b e t t e r  s p o r u l a t i o n  was o b ta in e d  in  t h e  S(C) medium + g lu c o s e  

(8%) th a n  i n  t h e  S (n ) medium + g lu ta m a te  (0 .2 % ). T hese  m ed ia  a r e  

i d e n t i c a l  e x c e p t  t h a t  ammonia i s  s u p p l i e d  a s  t h e  m ain  n i t r o g e n  s o u rc e  

i n  t h e  fo rm e r and n i t r a t e  i n  t h e  l a t t e r  medium. H ow ever, a s  t h e  m u tan t 

i s  u n a b le  t o  a s s i m i l a t e  e i t h e r  o f  t h e s e  tw o s o u rc e s  o f  n i t r o g e n ,  

L -g lu ta m a te  s u p p l i e s  t h e  o n ly  s o u rc e  o f  u t i l i s a b l e  n i t r o g e n  t o  t h e  c e l l s .  

T h e re fo re  i t  w ould  be  assum ed  t h a t  a s  s t r a i n  g l t - 1 0 0  can  u t i l i s e  o n ly  

g lu c o s e  and  L -g lu ta m a te  from  e a c h  m edium , t h e  l e v e l  o f  s p o r u l a t i o n  

a t t a i n e d  s h o u ld  be  s i m i l a r .  A p p a r e n t ly  th o u g h , t h e  p re s e n c e  o f  ammonia 

a l lo w s  a  g r e a t e r  d e g re e  o f  s p o r u l a t i o n  t o  o c c u r .  I t  can  be  assum ed  

t h a t  t h e  ammonia w ould  b e  r e a d i l y  c o n v e r te d  t o  L -g lu ta m in e  b y  t h e  GNS 

i n  t h e  c e l l s .  I t  t h e r e f o r e  f o l lo w s  t h a t  L -g lu ta m in e  w ould  b e  m ore 

l i k e l y  t o  a c c u m u la te  i n  t h e  8 (C ) medium + g lu c o s e ,  y e t  g r e a t e r  

s p o r u l a t i o n  was a c h ie v e d  i n  t h i s  m edium .
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Some o f  t h e  r e s u l t s  p r e s e n t e d  i n  T a b le  9 t h e r e f o r e  d id  n o t  f i t  

r e a d i l y  i n t o  t h e  h y p o th e s i s  t h a t  L -g lu ta m in e  i s  r e s p o n s ib le  f o r  t h e  

r e p r e s s i o n  o f  s p o r u l a t i o n .  I t  was c l e a r ,  t h o u g h ,  t h a t  t h e  d e f e c t i v e  GTS 

i n  s t r a i n  g l t - 1 0 0  was p r e v e n t in g  t h e  c e l l s  from  s p o r u l a t i n g  i n  c e r t a i n  

c i r c u m s ta n c e s .  From t h e  d a ta  a v a i l a b l e  i t  seem ed t h a t  t h e s e  

c i r c u m s ta n c e s  in v o lv e d  c o n d i t io n s  w here  an  a d e q u a te  s o u rc e  o f  c a rb o n  

e n s u r e d  t h a t  s p o r u l a t i o n  w ou ld  h av e  t o  b e  i n i t i a t e d  by n i t r o g e n  

d e p r i v a t i o n .  I t  w ould  f o l lo w  from  t h i s  t h a t  a  d e f e c t i v e  GTS a c t i v i t y  

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

l i m i t a t i o n .

The s p e c i f i c  a c t i v i t i e s  o f  GNS and  GTS o b ta in e d  u n d e r  v a r io u s  

c o n d i t i o n s  o f  g row th  (T a b le  3) d id  n o t  c o n f l i c t  w i th  t h e  h y p o th e s i s  t h a t  

L - g lu ta m in e  r e p r e s s e d  GNS s y n t h e s i s .  U nder g ro w th  c o n d i t io n s  w here 

L -g lu ta m in e  w ould  n o t  b e  e x p e c te d  t o  a c c u m u la te  (g lu ta m a te  o r  n i t r a t e  a s  

n i t r o g e n  s o u rc e )  t h e  GNS s p e c i f i c  a c t i v i t y  was fo u n d  t o  be h ig h .  The 

s p e c i f i c  a c t i v i t i e s  o f  GNS an d  GTS d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n  (T a b le  

5 and  8 ) do n o t  s u p p o r t  t h e  id e a  t h a t  i n i t i a t i o n  t o  s p o r u l a t i o n  i s  

a c co m p a n ie d  by  a  d e p le t io n  o f  L -g lu ta m in e . No d e r e p r e s s io n  o f  GNS 

s y n t h e s i s  was o b s e rv e d  in  t h e  w i ld - ty p e  a t  l e a s t  a t  20 and  40 m in i n t o  

s p o r u l a t i o n .  I f  L -g lu ta m in e  was d e p le te d  d u r in g  s p o r u l a t i o n  i t  s h o u ld  

h a v e  b e e n  i n d i c a t e d  b y  a  d e p r e s s io n  o f  GNS s y n t h e s i s . In  a d d i t i o n ,  

L -g lu ta m in e  w ould  be  e x p e c te d  t o  a c c u m u la te  i n  s t r a i n  g i t -1 0 0  b e c a u s e  o f  

t h e  b lo c k  in  GTS a c t i v i t y .  In  k e e p in g  w i th  t h i s  a  s l i g h t  f a l l  i n  GNS 

a c t i v i t y  was n o t i c e a b l e  a t  20 m in a n d  4o m in a f t e r  i n i t i a t i o n  t o  

s p o r u l a t i o n  in  t h e  8(C ) medium w h ich  was n o t  a p p a r e n t  i n  t h e  w i ld - ty p e  

(com pare  GNS a c t i v i t i e s  i n  t h e  S(C ) medium i n  T a b le  5 an d  8 ) .  T h is  f a l l  

i n  GNS a c t i v i t y  may h av e  b een  due t o  r e p r e s s i o n  o f  GNS s y n th e s i s  b y  th e
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a c c u m u la te d  L - g lu ta m in e ,  y e t  s t r a i n  g l t - 1 0 0  s p o r u l a te d  n o rm a l ly  i n  t h i s  

m edium . T hese  o b s e r v a t i o n s , t a k e n  t o g e t h e r  w i th  t h e  l e v e l s  o f  

s p o r u l a t i o n  o b ta in e d  i n  s t r a i n  g l t - 1 0 0  i n  t h e  v a r io u s  r e s u s p e n s io n  m ed ia  

(T a b le  9 ) ,  l e n d  l i t t l e  s u p p o r t  t o  t h e  i d e a  t h a t  d e p le t i o n  o f  L -g lu ta m in e  

a c t s  a s  a  t r i g g e r  f o r  s p o r u l a t i o n .

I t  was n o te d  e a r l i e r  t h a t  s t r a i n  g l t - 1 0 0  was n o t  a b le  t o  u t i l i s e  

L - h i s t i d i n e  a s  a  n i t r o g e n  s o u rc e  a s  e f f e c t i v e l y  a s  t h e  w i ld - ty p e  s t r a i n  

i n  t h e  p r e s e n c e  o f  g lu c o s e  o r  g l y c e r o l  (T a b le  6 ) .  By a n a lo g y  w i th  a  

s i m i l a r  o b s e r v a t io n  w i th  a  G T S -n e g a tiv e  s t r a i n  o f  K. a e ro g e n e s  i t  was 

s u g g e s te d  t h a t  t h i s  may b e  b e c a u s e  t h e  L - h i s t i d i n e  d e g ra d in g  enzym es w ere 

m ore s e v e r e ly  r e p r e s s e d  i n  t h i s  s t r a i n  by  t h e  p r e s e n c e  o f  e a s i l y  

m e ta b o l i s e d  c a rb o n  s o u rc e s  su ch  a s  g lu c o s e .  I t  may n o t  b e  c o i n c i d e n t a l  

t h a t  s t r a i n  g l t - 1 0 0  i s  a l s o  u n a b le  t o  s p o r u l a t e  i n  t h e  p r e s e n c e  o f  a  good 

c a rb o n  s o u r c e .  I t  was n o te d  t h a t  s t r a i n  g l t - 1 0 0  g rew  n o rm a l ly  when 

L - h i s t i d i n e  was s u p p l i e d  a s  c a rb o n  s o u rc e  w ith  ammonia a s  n i t r o g e n  s o u rc e  

(T a b le  6 ) .  T h is  i s  a  c o n d i t io n  e s s e n t i a l l y  o f  c a rb o n  d e p r i v a t i o n  a s  

L - h i s t i d i n e  i s  m e ta b o l i s e d  s lo w ly .  L ik e w ise  t h e  m u ta n t s p o r u l a t e s  

n o rm a l ly  u n d e r  c o n d i t io n s  o f  c a rb o n  d e p r i v a t i o n  (S (C ) m edium ). T h is  

o b v io u s  s i m i l a r i t y  i n  b e h a v io u r  o f  t h e  m u tan t u n d e r  t h e s e  tw o c o n d i t io n s  

(n o rm a l g ro w th  and  s p o r u l a t i o n  u n d e r  c o n d i t io n s  o f  c a rb o n  s t a r v a t i o n  and  

ab n o rm a l b e h a v io u r  d u r in g  n i t r o g e n  s t a r v a t i o n )  s u g g e s t s  t h e r e  m ig h t b e  a 

common l i n k  b e tw e en  enzyme in d u c t io n  and  i n i t i a t i o n  o f  s p o r u l a t i o n  u n d e r  

c o n d i t i o n s  o f  n i t r o g e n  l i m i t a t i o n  in  B. s u b t i l i s .

An e x p e r im e n t  was done t o  d e te rm in e  f o r  how lo n g  d u r in g  s p o r u l a t i o n  

s t r a i n  g l t - 1 0 0  was i n h i b i t e d  by  t h e  p r e s e n c e  o f  g lu c o s e .  The r e s u l t s  in  

T a b le  10 show t h a t  g lu c o s e  a d d i t i o n  t o  t h e  S(N) medium + L -g lu ta m a te  

( g lu c o s e  o m it te d )  d u r in g  t h e  i n i t i a l  tw o h o u rs  o f  s p o r u l a t i o n  p r e v e n te d
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s u c c e s s f u i  s p o r u l a t i o n .  W ith  g lu c o s e  o m it te d  from  t h e  S(W) + g lu ta m a te

medium s t r a i n  g i t -1 0 0  c o u ld  o n ly  u s e  L -g lu ta m a te  a s  s o u rc e  o f  h o th  

c a rh o n  and  n i t r o g e n .  S p o r u la t io n  t h e r e f o r e  c o u ld  p re su m a b ly  b e  t r i g g e r e d  

b y  e i t h e r  c a rb o n  o r  n i t r o g e n  d e p r i v a t i o n .  A d d it io n  o f  g lu c o s e  t o  t h i s  

medium w ould  o n ly  a l lo w  a  c o n d i t io n  o f  n i t r o g e n  s t a r v a t i o n  t o  o c c u r ,

^ e  f a c t  t h a t  g lu c o s e  was a b le  t o  s u p p re s s  s p o r u l a t i o n  f o r  2 -3  h o u r s  was 

som ewhat s u r p r i s i n g .  L a te r  a d d i t i o n  o f  g lu c o s e  w ould  mean t h a t  i t  was 

e f f e c t i v e l y  s u p p r e s s in g  s p o r u l a t i o n  i n  c e l l s  w h ich  m ust h av e  em barked  on 

t h e  s p o r u l a t i o n  p r o c e s s .  T h is  w ou ld  s u g g e s t  t h a t  s t a g e s  l a t e r  t h a n  t h e  

i n i t i a t i n g  e v e n ts  o f  s p o r u l a t i o n  a r e  a l s o  r e q u i r e d  t o  be  t r i g g e r e d  by 

e i t h e r  c a rb o n  o r  n i t r o g e n  s t a r v a t i o n .  A d d it io n  o f  g lu c o s e  w ou ld  

p r e v e n t  them  b e in g  t r i g g e r e d  by  c a rb o n  d e p r iv a t io n  and  t h e  m u ta t io n  

a f f e c t i n g  GTS a c t i v i t y  w ou ld  p r e v e n t  th em  b e in g  t r i g g e r e d  b y  n i t r o g e n  

d e p r i v a t i o n .  I t  i s  known t h a t  t h e  s p o r u l a t i o n  p r o c e s s  can  b e  h a l t e d  

an d  g row th  r e s t o r e d  b y  t h e  a d d i t i o n  o f  n u t r i e n t s  up t o  a b o u t s t a g e  I I I  

(F re h e l  & I ^ r t e r , 1 9 ^ 9 ) w h ich  m ust mean t h a t  s p o r u l a t i o n  l o c i  re m a in  

s u s c e p t ib l e  t o  r e p r e s s i o n  b y  c a t a b o l i t e s  up t o  t h i s  s t a g e .  I t  c a n  b e  

c o n c lu d e d  t h a t  w h a te v e r  i t  i s  t h a t  p r e v e n t s  s p o r u l a t i o n  i n  t h e  GTS 

d e f i c i e n t  s t r a i n  o p e r a t e s  n o t  j u s t  a t  e a r l y  i n i t i a t i n g  e v e n t s ,  b u t  a t  

l a t e r  e v e n ts  a lo n g  t h e  s e q u e n t i a l  p a th w ay  o f  s p o r u l a t i o n .  I t  i s  p o s s ib l e  

t h e r e f o r e  t h a t  t h e  m echan ism  t h a t  i n i t i a t e s  s p o r u l a t i o n  d u r in g  n i t r o g e n  

s t a r v a t i o n  may n o t  b e  a  u n iq u e  e v e n t , b u t  may o p e r a te  i n  t h e  same way 

a t  r e g u l a r  i n t e r v a l s  up t o  s t a g e  I I I  t o  t r i g g e r  t h e  v a r io u s  s t a g e s  i n  

t h e  p r o c e s s .

I n  sum m ary, t h e  r e s u l t s  o b ta in e d  w ith  s t r a i n  g i t -1 0 0  s u g g e s t  t h a t  

GTS a c t i v i t y  may be  e s s e n t i a l  f o r  s p o r u l a t i o n  t o  o c c u r  u n d e r  c o n d i t io n s  

o f  n i t r o g e n  s t a r v a t i o n .  The l a c k  o f  t h i s  a c t i v i t y  i n  t h e  m u ta n t a t  f i r s t  

s ig h t  s u p p o r ts  t h e  h y p o th e s i s  t h a t  L -g lu ta m in e  i s  a  r e p r e s s o r  o f
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s p o r u l a t i o n  a s  t h i s  compound w ou ld  h e  e x p e c te d  t o  a c c u m u la te  i n  t h e  

m u ta n t .  H ow ever, some o b s e r v a t io n s  o b ta in e d  w ith  w i ld - ty p e  and  

s t r a i n  g I t- lQ O  do n o t  s u p p o r t  t h i s  h y p o t h e s i s .  T hese  can  be  sum m arised  

a s  f o l lo w s .  S t r a i n  g i t -1 0 0  s p o r u l a t e s  n o rm a lly  i n  c o n d i t io n s  o f  c a rb o n  

s t a r v a t i o n ,  a l th o u g h  t h e r e  i s  an  a p p a re n t  r e p r e s s i o n  o f  GHS s y n th e s i s  a t  

t h e  o n s e t  o f  s p o r u l a t i o n  p re s u m a b ly  c a u s e d  by L -g lu ta m in e  a c c u m u la t io n . 

S t r a i n  g i t -1 0 0  i s  a b le  t o  s p o r u l a t e  m ore s a t i s f a c t o r i l y  u n d e r  n i t r o g e n  

d e p r i v a t i o n  i f  L -g lu ta m in e  i s  s u p p l i e d  i n s t e a d  o f  L -g lu ta m a te  o r  ammonia 

i s  s u p p l ie d  i n s t e a d  o f  n i t r a t e .  T hese  c o n d i t io n s  do n o t  f a v o u r  

d e p l e t i o n  o f  L -g lu ta m in e  a s  a  t r i g g e r  f o r  s p o r u l a t i o n .  In  a d d i t i o n ,  

d e p l e t i o n  o f  L -g lu ta m in e  w ould  b e  e x p e c te d  t o  a l lo w  d e p r e s s io n  o f  GNS 

s y n t h e s i s  a t  t h e  o n s e t  o f  s p o r u l a t i o n ,  y e t  t h i s  d id  n o t  o c c u r  ev e n  i n  

t h e  w i ld - ty p e .  T hese  o b s e r v a t io n s  t h e r e f o r e  c o n f l i c t  w i th  t h e  i d e a  

t h a t  L -g lu ta m in e  d e p le t i o n  t r i g g e r s  s p o r u l a t i o n ,  a l th o u g h  t h e  o b v io u s  

r e a s o n  why s t r a i n  g i t -1 0 0  i s  u n a b le  t o  s p o r u l a te  u n d e r  c e r t a i n  

c i r c u m s ta n c e s  i n  t h a t  i t s  l a c k  o f  GTS a c t i v i t y  w i l l  c a u se  L -g lu ta m in e  t o  

a c c u m u la te .  I t  i s  d i f f i c u l t  t o  a s s e s s  w hat o t h e r  r e a s o n  c o u ld  c a u se  

t h e  l a c k  o f  s p o r u l a t i o n .  I f  L -g lu ta m in e  a c c u m u la t io n  c a u se d  t h e  l a c k  

o f  s p o r u l a t i o n  t h e r e  i s  no o b v io u s  r e a s o n  why L -g lu ta m in e  s h o u ld  n o t  

a c c u m u la te  u n d e r  a l l  c i r c u m s ta n c e s  an d  p r e v e n t  s p o r u l a t i o n .  The r e s u l t s  

o b t a in e d  w i th  s t r a i n  g i t -1 0 0  s u g g e s t  t h a t  t h e  GTS d e f e c t  h a s  no e f f e c t  on 

s p o r u l a t i o n  in d u c e d  b y  c a rb o n  d e p r i v a t i o n .  T h is  may mean t h a t  

s p o r u l a t i o n  i s  t r i g g e r e d  b y  a l t e r n a t i v e  r o u te s  d u r in g  c a rb o n  o r  n i t r o g e n  

d e p r i v a t i o n .  In  c o n c lu s io n ,  t h e  d e te r m in a t io n  o f  enzyme s p e c i f i c  

a c t i v i t i e s  o f  GNS and  GTS d u r in g  s p o r u l a t i o n  h av e  s u g g e s te d  i n  e i t h e r  

c a s e  t h a t  an  a l t e r a t i o n  in  enzyme s y n th e s i s  p la y s  no r o l e  d u r in g  t h e  o n s e t  

o f  s p o r u l a t i o n .  The s p o r u l a t i o n  b e h a v io u r  o f  t h e  G T S -n e g a tiv e  s t r a i n  

g i t -1 0 0  does s u g g e s t  t h a t  GTS h a s  an enzym ic r o l e  d u r in g  t h e  o n s e t  o f
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s p o r u l a t i o n  in d u c e d  b y  n i t r o g e n  s t a r v a t i o n .  Lack o f  t h i s  enzyme 

p re s u m a b ly  a l t e r e d  t h e  m e ta b o lism  o f  t h e  c e l l s  u n d e r  t h e s e  c i r c u m s ta n c e s  

s o  a s  t o  p r e v e n t  s p o r u l a t i o n .  T h is  may hav e  b e e n  c a u s e d  b y  an 

a c c u m u la t io n  o f  L -g lu ta m in e , a l th o u g h  some o f  t h e  r e s u l t s  w ere  n o t  

c o n s i s t e n t  w i th  t h i s  i d e a .

C o n c lu s io n s

The m ain c o n c lu s io n s  a r i s i n g  from  t h i s  w ork a r e  a s  f o l l o w s . B oth  

GNS and  GTS a r e  s u s c e p t i b l e  t o  r e p r e s s i o n  and  d e r e p r e s s i o n  d u r in g  g row th  

o f  B. s u b t i l i s . V a r ia t io n  i n  s p e c i f i c  a c t i v i t y  o f  b o th  enzym es can  be 

b r o u g h t  a b o u t b y  a l t e r a t i o n  o f  t h e  n i t r o g e n  s o u rc e  i n  t h e  medium. The 

p a t t e r n  o f  enzyme a c t i v i t i e s  u n d e r  v a r io u s  g ro w th  c o n d i t i o n s  s u g g e s t  t h a t  

GNS i s  r e p r e s s e d  by  ammonia o r  L -g lu ta m in e  and  GTS i s  r e p r e s s e d  by  

L - g lu ta m a te .  G lu tam a te  d e h y d ro g e n a se  a c t i v i t y ,  c a p a b le  o f  a s s i m i l a t i n g  

am m onia, i s  a b s e n t  from  B. s u b t i l i s  l 6 8 .  T h e re  i s  no  s i g n i f i c a n t  

v a r i a t i o n  i n  GNS o r  GTS s p e c i f i c  a c t i v i t y  d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n  

in d u c e d  by  e i t h e r  c a rb o n  o r  n i t r o g e n  s t a r v a t i o n .  A s t r a i n  l a c k i n g  GTS 

a c t i v i t y  i s  u n a b le  t o  s p o r u l a t e  u n d e r  c o n d i t io n s  w h ere  s p o r u l a t i o n  i s  

p re su m e d  t o  b e  i n i t i a t e d  by s t a r v a t i o n  o f  an  a d e q u a te  n i t r o g e n  s u p p ly .

The s p o r u l a t i o n  b e h a v io u r  o f  t h i s  m u ta n t s t r a i n  and  t h e  a c t i v i t y  o f  GNS 

d u r in g  t h e  o n s e t  o f  s p o r u l a t i o n  do n o t  a l t o g e t h e r  s u p p o r t  t h e  i d e a  t h a t  

d e p le t i o n  o f  L -g lu ta m in e  i s  in v o lv e d  i n  t h e  o n s e t  o f  s p o r u l a t i o n .  The 

f a c t o r  w h ich  p r e v e n t s  t h e  G T S -n e g a tiv e  m u ta n t from  s p o r u l a t i n g  u n d e r  

c o n d i t io n s  o f  n i t r o g e n  d e p r i v a t i o n  i s  a c t i v e  d u r in g  t h e  i n i t i a l  2 -3  h o u r  

o f  t h e  p r o c e s s .

F u tu re  w ork

I f  t h i s  p r o j e c t  w ere t o  be  c o n t in u e d ,  a t t e n t i o n  w ould  be g iv e n  t o
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t h e  f o l lo w in g  p o i n t s ,  GNS an d  GTS enzyme a c t i v i t i e s  w ou ld  h e  

d e te rm in e d  a t  c l o s e r  i n t e r v a l s  an d  f o r  a  lo n g e r  p e r i o d  d u r in g  

r e s u s p e n s io n  t o  t r y  and  e n s u re  t h a t  t r a n s i e n t  a l t e r a t i o n s  i n  enzyme 

a c t i v i t y  c o u ld  he d e t e c t e d .  The s ta g e  d u r in g  s p o r u l a t i o n  a t  w h ic h  

c e l l s  o f  s t r a i n  g i t -1 0 0  become b lo c k e d  u n d e r  c o n d i t io n s  o f  n i t r o g e n  

d e p r i v a t i o n  c o u ld  be  d e te rm in e d  by  e x a m in a tio n  o f  c e l l s  i n  t h e  e l e c t r o n  

m ic ro sc o p e  and  by  n o t in g  t h e  a p p e a ra n c e  o f  s p e c i f i c  s p o r u l a t i o n  m a rk e rs  

su c h  a s  e x o - p r o te a s e  and  a l k a l i n e  p h o s p h a ta s e  a c t i v i t y .  I t  w o u ld  be 

o f  i n t e r e s t  t o  n o te  t h e  r a t e  o f  h i s t i d a s e  s y n th e s i s  d u r in g  c o n d i t i o n s  o f  

n i t r o g e n  d e p r i v a t i o n  w h ich  p r e v e n t  s p o r u l a t i o n  i n  s t r a i n  g i t - 1 0 0 .

H i s t i d a s e  i s  t h e  f i r s t  enzyme in v o lv e d  i n  t h e  d e g r a d a t io n  o f  L ~ h i s t i d in e  

t o  L -g lu ta m a te  an d  t h e r e  was t h e  p o s s i b i l i t y  t h a t  t h e  p o o r  g ro w th  o f  

s t r a i n  g i t -1 0 0  on m in im a l m ed ia  when L - h i s t i d i n e  was u s e d  a s  a  n i t r o g e n  

s o u rc e  was due t o  l a c k  o f  s y n th e s i s  o f  t h e  h i s t i d i n e  d e g ra d in g  enzym es.

The i s o l a t i o n  o f  a  m u ta n t s t r a i n  l a c k i n g  GNS s y n th e s i s  w ould  a l lo w  an  

a s s e s s m e n t  o f  t h e  r o l e  o f  t h i s  enzyme d u r in g  s p o r u l a t i o n  i n  B. s u b t i l i s  l6 8  

I n  a d d i t i o n ,  a  d o u b le  m u tan t c o u ld  b e  c o n s t r u c te d  ( u s in g  g e n e t i c  e x ch an g e  

b y  t r a n s f o r m a t io n )  w h ich  c o n ta in e d  m u ta t io n s  a f f e c t i n g  b o th  GNS an d  GTS 

a c t i v i t y .  T h is  w ou ld  p r o v id e  a d d i t i o n a l  in f o r m a t io n  on t h e  r o l e  o f  th e S e  

enzym es d u r in g  s p o r u l a t i o n .
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