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Free Amino Acid Composition of Some Nitrogen 
Non-Heterocystous Conditions 

N i t r o g e n  f i x a t i o n  in  b l u e - g r e e n  a l g a e  is k n o w n  o n l y  in  
h e t e r o c y s t o u s  g e n e r a .  I t  h a s  a l so  b e e n  s h o w n  t h a t  h e t e r o -  
c y s t  f o r m a t i o n  i n  h e t e r o c y s t o u s  b l u e - g r e e n  a l g a e  is 
d e p e n d e n t  o n  t h e  a m o u n t  of  c o m b i n e d  n i t r o g e n  p r e s e n t  in  
t h e  c u l t u r e  m e d i u m  1. T h e  d e p e n d e n c e  o f  t h e  f o r m a t i o n  
of  h e t e r o c y s t  o n  t h e  a m o u n t  of  t h e  c o m b i n e d  n i t r o g e n  
p r e s e n t  in  t h e  c u l t u r e  m e d i u m  a n d  t h e  o b s e r v a t i o n  t h a t  
o n l y  h e t e r o c y s t o u s  g e n e r a  a r e  k n o w n  t o  be  n i t r o g e n  
f ixe r s ,  i n d i c a t e  t h e  p o s s i b i l i t y  of  a c lose  r e l a t i o n s h i p  be -  
t w e e n  n i t r o g e n  f i x a t i o n  a n d  h e t e r o c y s t s .  

Material and method. I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  
a m i n o - a c i d  c o m p o s i t i o n  of  4 n i t r o g e n - f i x i n g  b l u e - g r e e n  
a l g a e  h a v e  b e e n  s t u d i e d  in  h e t e r o c y s t o u s  a n d  h e t e r o c y s t -  
l ess  c o n d i t i o n s .  T h e  a lgae ,  v iz . ,  Nostoc puncti/orme 
(Ki i tz . )  H a r l o t ,  Scytonema ho/manni Ag.  ex .  B o r n .  e t  
F l a h ,  Scytonema bohneri S c h m i d l e  a n d  Fischerella 
muscieola ( T h u r e t ) ,  w h i c h  w e r e  o b t a i n e d  in  p u r e  b a c t e r i a -  
f ree  c u l t u r e ,  w e r e  g r o w n  in  D~2's 2 c u l t u r e  s o l u t i o n  c o n -  
t a i n i n g  2 g KNO3/1  to  o b t a i n  a l g a e  in  n o n - h e t e r o c y s t o u s  
c o n d i t i o n ,  a n d  in  n i t r o g e n - f r e e  D E ' s  s o l u t i o n  for  o b t a i n i n g  
a l g a e  w i t h  a b u n d a n c e  of  h e t e r o c y s t s .  T h e  c u l t u r e s  w e r e  
g r o w n  in  500 m l  E r l e n m e y e r  P y r e x  f l a s k s  c o n t a i n i n g  
200 m l  o f  t h e  a b o v e - m e n t i o n e d  m e d i u m  a t  2 8 - 3 0  ~ u n d e r  
c o n t i n u o u s  i l l u m i n a t i o n  b y  f l o u r e s c e n t  t u b e s .  

T h e  a l g a  w a s  h a r v e s t e d  a f t e r  2 m o n t h s  of  g r o w t h .  T h e  
a lga l  m a t  w a s  s e p a r a t e d  b y  c e n t r i f u g a t i o n ,  w a s h e d  
t h o r o u g h l y  w i t h  d i s t i l l ed  w a t e r ,  b l o t t e d  w i t h  f i l t e r  p a p e r  
a n d  w e i g h e d .  T h e  e x t r a c t i o n  of  a l coho l  s o l u b l e  f r a c t i o n  
w a s  p r e p a r e d  a f t e r  t h e  m e t h o d  of  STEWARD e t  al. 3. T h e  
c h r o n l a t o g r a m s  w e r e  r u n  in  2 s o l v e n t s  a n d  in  2 d i r e c t i o n s  
a f t e r  t h e  m e t h o d  of  CONDENSEN e t  al. 4. C o m p a r i s o n  o f  t h e  
r e l a t i v e  p o s i t i o n  o f  t h e  a m i n o - a c i d s  w i t h  t h e  h e l p  of  a 
' m a p '  p r e p a r e d  b y  u s i n g  r e f e r e n c e  a m i n o - a c i d s ,  h e l p e d  in  
t h e  i d e n t i f i c a t i o n  of  t h e  a m i n o - a c i d s .  A c o m p a r i s o n  w a s  
m a d e  of  t h e  r e l a t i v e  a m o u n t  of  t h e  a m i n o - a c i d  s p o t s  
u s i n g  t h e  s p o t - a r e a  m e t h o d  of  FISCHER e t  a l ) .  T h e  a r e a  
of  t h e  s p o t s  w a s  m e a s u r e d  u s i n g  a n  ' A l l b r i t '  p l a n i m e t e r .  

Result and discussion. T h e  T a b l e  s h o w s  t h e  a m i n o -  
a c id  c o m p o s i t i o n  o f  4 s p e c i e s  o f  b l u e - g r e e n  a lgae ,  viz . ,  
Nostoc puncti/orme, Scytonema ho/manni, Scytonema 
bohneri a n d  Fischerella muscicola, in  h e t e r o c y s t o u s  a n d  
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n o n - h e t e r o c y s t o u s  c o n d i t i o n s  p r o d u c e d  b y  g r o w i n g  t h e s e  
o n  e l e m e n t a r y  n i t r o g e n  a n d  c o m b i n e d  n i t r o g e n  r e s p e c -  
t i v e l y .  I t  m a y  be  n o t e d  t h a t  t h e  4 s p e c i e s  e x h i b i t  b o t h  
q u a l i t a t i v e  a n d  q u a n t i t a t i v e  c h a n g e s  in  a m i n o - a c i d  c o m -  
p o s i t i o n  a m o n g  t h e m s e l v e s  a n d  b e t w e e n  h e t e r o c y s t o u s  a n d  
n o n - h e t e r o c y s t o u s  s t a g e s .  M a n y  of  t h e  a m i n o - a c i d s  re -  
c o r d e d  in  t h e  p r e s e n t  s t u d y  a r e  k n o w n  t o b e  w i d e l y  d i s -  
t r i b u t e d  in  p l a n t s ,  i n c l u d i n g  v a r i o u s  o t h e r  a l g a e  6-9, 
f u n g i  a n d  h i g h e r  p l a n t s ,  y - a m i n o b u t y r i c  ac id ,  w h i c h  is 
k n o w n  to  e n j o y  a l m o s t  u n i v e r s a l  d i s t r i b u t i o n  in  h i g h e r  
p l a n t s ,  h a s  b e e n  r e p o r t e d  o n l y  o n c e  b y  PANDEY a n d  
MITRA 9 in  h e t e r o c y s t o u s  c o n d i t i o n  o f  Anabaena navicu- 
loides a n d  i t s  a b s e n c e  in  n o n - h e t e r o c y s t o u s  c o n d i t i o n .  
O u t  o f  t h e  4 s p e c i e s  in  t h e  p r e s e n t  s t u d y  y - a m i n o b u t y r i c  
a c i d  w a s  r e c o r d e d  o n l y  in  o n e  f o r m ,  i.e., Fischerella 
muscicola, a n d  i t s  r e l a t i v e  q u a n t i t y  w a s  m o r e  in  n o n -  
h e t e r o c y s t o u s  f o r m  as  c o m p a r e d  t o  h e t e r o c y s t o u s  f o r m .  

S o m e  u n i d e n t i f i e d  n i n h y d r i n  p o s i t i v e  s p o t s  ( u n i d e n t i -  
f i ed  I-VI) w e r e  o b s e r v e d  o n  t h e  p a p e r  c h r o m a t o g r a l n s .  
W h e t h e r  t h e s e  a r e  as  y e t  u n i d e n t i f i e d  a m i n o - a c i d s  o r  
s m a l l  p e p t i d e s  is n o t  k n o w n .  I n  g e n e r a l  t h e  q u a n t i t y  o f  
f ree  a m i n o - a c i d s  is  less  i n  h e t e r o e y s t o u s  c o n d i t i o n s .  
W h e t h e r  t h i s  d e c r e a s e  in  f r ee  a m i n o - a c i d  c o n t e n t  in  t h e  
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Free anfino-acid composition of some blue-green algae in heterocystous and non-heterocystous conditions 

Nostoc puncti/orme Scytonema ho]manni Scytonema bohneri Fischerella muscicola 
Heteroeyst Non-heterocyst Heterocyst Non-heterocyst Ileterocyst Non-heteroeyst Heterocyst Non-heterocyst 

c~-Alanine - 1.8 - 2.5 2.3 3.3 2.7 2.2 
Arginine . . . .  2.2 2.6 2.5 3.9 
Aspartie acid 2.0 2.1 2.0 3.1 2.1 2.2 2.2 2.5 
Cysteic acid 1.5 - 1.3 1.3 - 1.5 0.9 1.4 
Glutamic acid 3.0 3.2 3.3 3.7 2.7 2.7 3.6 - 
Glutamine - - - 3.1 3.9 3.0 3.5 
Glyeine and serine 4.2 4.3 2.9 3.8 3.1 3.9 3.0 3.5 
Histidine and lysine . . . . .  2.5 - - 
Proline . . . .  1.6 - - 
y-Aminobutyrie acid . . . . .  1.9 3.0 
Unidentified (I) - 2.2 1.8 2.8 1.7 2.9 2.0 2.4 
Unidentified (II) - - 2.1 3.7 1.8 2.9 2.0 2.5 
Unidentified (III) - - 2.8 - - - 2.9 
Unidentified (IV) 2.4 - 1.5 3.7 2.3 3.1 1.8 2.1 
Unidentified (V) - - 1.0 1.3 . . . .  
Unidentified (VI) . . . . .  1.5 1.7 

Data expressed as area of the spots in cm2; - ,  denotes the absence of the spot. 
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h e t e r o c y s t o u s  condi t ion ,  w h i c h  is o b t a i n e d  by  g rowing  
these  in co m p le t e  absence  of c o m b i n e d  n i t rogen ,  is due  t o  
t h e  excess ive  l each ing  of t he  a m i n o - a c i d s / p e p t i d e s  to  t he  
e x t e r n a l  m e d i u m  as r epo r t ed  b y  o the r s  6, ~0, or d u e  to  t h e  
l imi t ed  s y n t h e s i s  of amino -ac id  in p resence  of e l e m e n t a r y  
n i t rogen  which  is e n o u g h  to s u p p o r t  on ly  g r o w t h  a n d  
p ro t e in  syn thes i s ,  or  to  b o t h  i n t e r p l a y i n g  s i m u l t a n e o u s l y ,  
is no t  k n o w n .  

T h a t  h e t e r o c y s t o u s  s t ages  are a c c o m p a n i e d  b y  c h a n g e s  
in am in o -ac id  co m pos i t i on  ha s  been  conf i rmed .  B u t  in 
d i f fe ren t  fo rms  t h e  c h a n g e s  are d i f fe ren t  and  in some  
cases  oppos i t e  to  t he  o the r  species.  I t  is, t h e r e f o r e ,  no t  
possible  to  ass ign  m u c h  s igni f icance  to t he  q u a l i t a t i v e  
c h a n g e s  wh ich  t a k e  place  in t he  a m i n o - a c i d  compos i t i on  
w i t h  h e t e r o c y s t  fo rma t ion .  Th i s  m a y  be p r o b a b l y  re l a t ed  
to  t h e  d i t fe rences  in  t h e  i n t e r m e d i a r y  m e t a b o l i s m  cont r i -  
b u t i n g  to  n i t r o g en  f ixa t ion  in d i f fe ren t  forms.  

Zusammen/assung. N2-fixierende B!aua lgen  w n r d e n  
.unter  B e d i n g u n g e n  gezi ichtet ,  die e inerse i t s  zu He te ro -  
c y s t e n  f t ihr ten,  ande re r se i t s  j edoch  diese B i l d u n g  ver-  
h inde r t e n .  Die A n a l y s e  d e r  freien A m i n o s g u r e n  e rgab  so- 
w oh l  q u a l i t a t i v e  als a u c h  q u a n t i t a t i v e  Unte r sch iede ,  ohne  
dass  ein e indeu t ige r  Z u s a m m e n h a n g  zwischen  der  
S y n t h e s e  e inzelner  Aminos~turen u n d  d e m  V o r h a n d e n -  
sein bez i ehungswe i se  der A b w e s e n h e i t  yon  H e t e r o c y s t e n  
b e o b a c h t e t  w e rde n  konn te .  
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E f f e c t  o f  M e t h y l  P h e n y l d i a z e n e c a r b o x y l a t e  ( A z o e s t e r )  o n  t h e  G e r m i n a t i o n  o f  t h e  F u n g u s  T r i c h o d e r m a  

v ir ide  

Cer ta in  s t ages  of cell d iv i s ion  a p p a r e n t l y  depend  u p o n  
a d e q u a t e  in t race l lu la r  levels  of th io ls  1,2. These  th io ls  are 
of low molecu la r  we igh t  a n d  p r o b a b l y  cons i s t  la rgely  of 
g l u t a t h i o n e  (GSH).  For  p r e sen t  purposes ,  we shal l  d i scuss  
e x p e r i m e n t s  in t e r m s  of G S H  or th io l s  of e q u i v a l e n t  
r eac t iv i ty .  

A n ew  se t  of r e a g e n t s  h a s  been  i n t r o d u c e d  r ecen t l y  for 
the  in t r ace l lu l a r  o x i d a t i o n  of G S H  to  G S S G  a 5. One  of 
t hese  reagents ,  m e t h y l  p h e n y l d i a z e n e c a r b o x y ] a t e  (azo- 
esterl ,  r eac t s  w i t h  G S H  accord ing  to t h e  s t o i c h i o m e t r y  
s h o w n  in eq. (1). 

2 GSH + C6H~N=NCOOCH3-->GS SG + C6HsNHNHCOOCH a (1) 

The  co m p le t e  c h e m i s t r y  of azoes te r  is d i scussed  else- 
where  5; we m u s t  here  on ly  po in t  ou t  t h a t  a s ide reac t ion .  
hydro lys i s ,  leads  to  the  f o r m a t i o n  of free radica ls  w h i c h  
cause  in t race l lu la r  damage .  The  d a m a g e ,  however ,  en- 
sues  on ly  if t h e  in t race l lu ta r  G S H  has  been  d i m i n i s h e d  to 
a v e r y  low level. 

W e  h a v e  ut i l ized azoes te r  to i nves t i ga t e  w h e t h e r  or no t  
G S H  was  m o re  essen t i a l  a t  some  s t ages  of g e r m i n a t i o n  of 
t he  f u n g u s  Trichoderma vivide t h a n  a t  o thers .  RICHMOND 
a n d  SO~ERS6 h a v e  s h o w n  t h a t  soluble th io ls  ( p r e s u m a b l y  
GSH} increase  m o r e  r ap id ly  t h a n  d ry  we igh t  or e x t e n t  of 
g e r m i n a t i o n  in t h e  f u n g u s  Neurospora crassa. 

.Spores of T. viride were a d d e d  to  m i n i m a l  m e d i a  6,7 to 
s t a r t  t h e  g e r m i n a t i o n  process.  At  va r ious  t imes ,  a 
3 • 1 0 - a M  so lu t ion  of azoes te r  was  a d d e d  to the  spore  
s u s p e n s i o n  in suf f ic ien t  q u a n t i t y  to  m a k e  a f inal  azoes te r  
c o n c e n t r a t i o n  of 1 x 10-3M.  The  p H  of t he  m e d i u m  was 
be tween  5 and  6. and  t he  half-l ife of t h e  azoes te r  was  
a b o u t  30 m i n  u n d e r  these  condi t ions .  Thus ,  wi th in  1-2 h. 
t he  azoes te r  c o n c e n t r a t i o n  had  been r educed  to a po in t  
where  cont ro l  e x p e r i m e n t s  ind ica ted  t h a t  it h a d  no 
effect  of a n y  k ind .  T h e  e x t e n t  of g e r m i n a t i o n  was 
e v a l u a t e d  b y  c o u n t i n g  unde r  a low power  microscope :  
a n y  spore  wi th  an  e m e r g i n g  f i l a m e n t  was  c o u n t e d  as 
g e r m i n a t e d .  T h e  resu l t s  are  s h o w n  in t he  Table.  Cont ro ls  
are carr ied  o u t  b y  m i x i n g  wa t e r  w i th  spore s u s p e n s m n  a n d  
record ing  t h e  e x t e n t  of g e r m i n a t i o n  a t  22 h a f te r  in i t ia-  
t ion.  At  l eas t  95% of t he  cont ro l  spores  g e r m i n a t e d .  

Th e  resu l t s  ind ica te  t h a t  success fu l  g e r m i n a t i o n  is 
p r e v e n t e d  o r , s eve re ly  de l ayed  by  in t race l lu la r  o x i d a t i o n  
of GSH.  F u r t h e r  e x p e r i m e n t s  w i th  a th io l -ox id iz ing  

a g e n t  w h ic h  does  no t  gene ra t e  free radicals ,  6 -pur iny l -  
d i azeneca rboxy l i c  acid N, N - d i m e t h y l a m i d ,  d e m o n s t r a t e d  
t h a t  t he  d e s t r u c t i v e  ac t ion  of t he  free radica ls  was  t h e  

N=NCONICH3) z 
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Effect of azoester on germination of fungus Trichoderma viride 

Time of azoester treatment a 
(h after startl 

Extent of germination 
at _L 22 h b 
(% of control) 

0 100 
4 50 
8 3 

14 1-2 
18 33 

Azoester has a half-life of 20 min in neutral aqueous solution. 
b Time after exposure of spores ~o minimal media. 
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