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SUMMARY 

The r a d i o c h r o m a t o g r a p h i c  a n a Z y s i s  o f  t h e  h o t  1 0 %  
sodium c h l o r i d e  e x t r a c t  o f  t h e  a l g a  C h l o r e l l a  
pyreno ido6a- l4C  i n d i c a t e d  t h e  p r e s e n m  o f  com- 
pounds  r i c h  i n  L - a r g i n i n e ,  b e s i d e s  o f  n u c l e i c  
a c i d s  and g t u c o s e - t y p e  p o l y s a c c h a r i d e  e s t i m a t e d  
p r e v i o u s l y .  L -Arg in ine  is p r e s e n t  i n  a bound 
f o r m ,  mos t  Z i k e t y  a s  a p r o t a m i n e - t y p e  p o l y p e p -  
t i d e  o r  a h i s t o n e - t y p e  p r o t e i n  c o n t a i n i n g  L -arg i -  
n i n e  a s  a dominant  component ,  b e s i d e s  of s m a l l e r  
amounts o f  L -g lu tamic  a c i d ,  L - a s p a r t i c  a c i d  and 
L - s e r i n e .  A s i m p l e  p r o c e d u r e  o f  t h e  i s o l a t i o n  o f  
L-argin ine- I4C/U/  f r o m  t h e  s a l i n e  e x t r a c t  o f  r a -  
d i o a c t i v e  C h l o r e l l a  c e l l s ,  on a p r e p a r a t i v e  scale, 
is d e s c r i b e d .  

I N T R O D U C T I O N  

R a d i o a c t i v e  a l g a e  a r e  a h i g h l y  e s t i m a t e d  s o u r c e  of  a w i d e  r a n g e  
o f  e s s e n t i a l  m e t a b o l i t e s  f o r  b i o c h e m i c a l  a n d  b i o l o g i c a l  s t u d i e s .  Our 
a t t e n t i o n  was t h e r e f o r e  f o c u s s e d  t o w a r d s  m a k i n g  t h i s  p r o c e d u r e  more 
a t t r a c t i v e ,  i n  p a r t i c u l a r  f o r  s i m u l t a n e o u s  p r e p a r a t i o n  of  a m i n o a c i d s ,  
s u g a r s  a n d  n u c l e i c  a c i d  c o m p o n e n t s ,  n o n s p e c i f i c a l l y  l a b e l l e d  w i t h  l 4  C .  
A new s i m p l e  a p p a r a t u s  was d e s i g n e d  f o r  c u l t i v a t i o n  o f  C h l o r e l l a  p y r e -  
n o i d o s a  i n  an a t m o s p h e r e  of  1 4 C 0 2 ,  e n a b l i n  t h e  p r o d u c t i o n  of  I 4 C  l a -  
b e l l e d  compounds of h i g h  s p e c i f i c  a c t i v i t y $ ' / .  The r e l a t i v e l y  s e l e c t i -  
v e  manner  o f  i s o l a t i o n  o f  b i o l o g i c a l l y  i m p o r t a n t  g r o u p s  of compounds 
f r o m  c e l l  m a t e r i a l / ' * ' /  a n d  t h e  d e t e r m i n a t i o n  of t h e  e f f e c t  o f  s o m e  
e n v i r o n m e n t a l  f a c t o r s  i n  r e l a t i o n  t o  t h e  p r o d u c t i o n  of  n u c l e i c  a c i d s  
a n d  p r o t e i n s  by t h e  g r o w i n g  a l g a ' 4 /  e n s u r e  a h i g h  e f f e c t i v e n e s s  o f  
t h e  p r o c e d u r e .  
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O n e  o f  t h e  i m p o r t a n t  r e q u i r e m e n t s  o f  e f f e c t i v e  p r o d u c t i o n  o f  l a -  
b e l l e d  c o m p o u n d s  by  t h e  t e c h n i q u e  m e n t i o n e d  a b o v e  c o n s i s t s  i n  a n  a p -  
p r o p r i a t e  f r a c t i o n a t i o n  o f  t h e  c e l l  m a t e r i a l .  I n  o u r  c a s e ,  a p a r t  of 
s u c h  p r o c e d u r e  i s  t h e  e x t r a c t i o n  o f  n u c l e i c  a c i d s  f r o m  c e l l s  w i t h  h o t  
1 0  % s o d i u m  c h l o r i d e .  T h i s  t y p e  o f  e x t r a c t i o n  o f  n u c l e i c  a c i d s  b e l o n g s  
t o  t h e  c o n v e n t i o n a l  p r o c e d u r e s  o f  b i o c h e m i c a l  a n a l y s i s :  t h e  p r i n c i p a l  
p o s s i b i l i t i e s  a l o n g  t h i s  d i r e c t i o n  a s  w e l l  a s  t h e i r  m o d i f i c a t i o n s  h a -  
v e  b e e n  p u b l i s h e d  i n  r e v i e w  a r t i c l e s / ' / .  I t  i s  g e n e r a l l y  a s s u m e r j  t h a t  
n u c l e i c  a c i d s  i s o l a t e d  i n  t h i s  way a r e  n o t  u n d e s i r a b l y  d e g r a d e d .  T h e  
v i e w s  on t h i s  p o i n t  v a r y  s o m e w h a t  a s  t o  t h e  q u a n t i t a t i v e  c h a r a c t e r  o f  
i s o l a t i o n  o f  n u c l e i c  a c i d s ,  e s p e c i a l l y  i n  t h e  c a s e  o f  d e o x y r i b o n u c l e -  
i c  a c i d l 5 / .  T h e  m e t h o d  f i n d s  a p p l i c a t i o n  m o s t  o f  a l l  d u r i n g  a n a l y s i s  
o f  b a c t e r i a l  a n d  a n i m a l  t i s s u e s ,  a l t h o u g h  some  d a t a  were a l s o  o b t a i -  
n e d  b y  a p p l y i n g  t h e  m e t h o d  t o  t h e  e x t r a c t i o n  o f  n u c l e i c  a c i d s  f r o m  
c e l l s  of  h i g h e r  p l a n t s l 6  a ' /  a n d  u n i c e l l u l a r  a l g a e / ' - 4  ' - l o / .  

N e v e r t h e l e s s ,  c e r t a i n  a s p e c t s  o f  t h e  m e t h o d ,  i m p o r t a n t  e s p e c i a l -  
l y  f r o m  t h e  v i e w p o i n t  o f  o p t i m a l  p r o d u c t i o n  o f  a w i d e  r a n g e  o f  b i o l o -  
g i c a l l y  a c t i v e  s u b s t a n c e s ,  h a v e  n o t  y e t  b e e n  a n a l y s e d .  F i r s t  o f  a l l ,  
t h e  c o m p l e t e  a n a l y s i s  o f  t h e  1 0  % N a C l  e x t r a c t  c o m p o s i t i o n  h a s  n o t  
y e t  b e e n  u n d e r t a k e n .  We h a v e  f o u n d  e a r l i e r  t h a t  a n o t h e r  s i g n i f i c a n t  
c o m p o n e n t  o f  t h e  s a l i n e  e x t r a c t  i s  a g l u c o s e - t y p e  p o l y s a c c h a r i d e / ' / .  
I n  t h e  p r e s e n t  p a p e r  we r e p o r t  on  o t h e r  f i n d i n g s  made  w i t h  t h e  1 0  % 
N a C l  e x t r a c t ,  i n d i c a t i v e  o f  t h e  p r e s e n c e  o f  r e m a r k a b l e  a m o u n t s  o f  L -  
a r g i n i n e  a n d  of  s m a l l e r  a m o u n t s  o f  s o m e  o t h e r  L - a m i n o  a c i d s .  

MATERIALS 

C h e r n i  c a l s  

T h e  s u b s t a n c e s  u s e d  a s  s t a n d a r d s  were  o b t a i n e d  f r o m  C a l b i o c h e m ,  
USA / a m i n o a c i d s /  a n d  f r o m  F l u k a ,  S w i t z e r l a n d  / s u g a r s /  i n  c h r o m a t o g r a -  
p h i c a l l y  h o m o g e n o u s  f o r m .  T h e  o t h e r  n o n a c t i v e  o r g a n i c  a n d  i n o r g a n i c  
c h e m i c a l s  w e r e  s u p p l i e d  by  L a c h e m a ,  C z e c h o s l o v a k i a ,  i n  r e a g e n t - g r a d e  
p u r i t y .  T h e  s o u r c e  o f  1 4 C  w a s  Ba"C03 o b t a i n e d  f r o m  USSR o f  s p e c i f i c  
a c t i v i t y  1 7 0  mCi /mmole .  

M i c r o o r g a n i s m  

C h i  
p h i  

A p u r e  c u l t u r e  o f  t h e  u n i c e l l u l a r  a l g a  C h l o r e l l a  p y r e n o i d o s a ,  
c k ,  C o l l .  P r i n g s h e i m ,  f r o m  t h e  C o l l e c t i o n  o f  c u l t u r e s  of a u t c t r o -  
c o r g a n i s m  i n  P r a g u e ,  w a s  a p p l i e d .  T h e  a l g a  w a s  p r o p a g a t e d  i n  t h e  

a b o v e  l a b o r a t o r y  on B e n s o n ' s  med ium c o n t a i n i n g  0 , l  % g l u c o s e  i n  t h e  
p r e s e n c e  o f  y e a s t  e x t r a c t ,  i n  t h e  c o u r s e  o f  s e v e r a l  d a y s ,  a t  20-23 ' '  C 
a n d  i l l u m i n a t i o n  o f  2 , 0 0 0  l u x .  A s e v e n - d a y  c u l t u r e  was u s e d  f o r  r a d i o -  
a c t i v e  p h o t o s y n t h e s i s .  

METHOOS 

T e c h n i q u e  a n d  A p p a r a t u s  f o r  C u l t i v a t i o n  o f  t h e  A l g a  

C u l t i v a t i o n  o f  C h l o r e l l a  p y r e n o i d o s a  i n  a n  a t m o s p h e r e  of  I 4 C O 2  

was c a r r i e d  o u t  i n  a c l o s e d  s y s t e m  c o n s t r u c t e d  e s p e c i a l l y  f o r  p u r p o -  
ses  o f  p r o d u c i n g  r a d i D a c t i v e  a l g a e  o f  h i g h  s p e c i f i c  a c t i v i t y / ' / .  T h e  
c u l t i v a t i o n  e x e c u t e d  u n d e r  s u c h  c o n d i t i o n s  y i e l d e d  a t o t a l  o f  6 0 0 . 0  
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mg o f  r a d i o a c t i v e  a l g a  of  t o t a l  r a d i o a c t i v i t y  of 625  m C i .  

F r a c t i o n a t i o n  o f  C e l l  M a t e r i a l  

The r a d i o a c t i v e  a l g a  was f r a c t i o n a t e d  a s  d e s c r i b e d  b e f o r e l 2  s 3 /  

s c h e m a t i c a l l y  shown i n  F i g .  I/. T h e  grown c e l l s  were f r e e d  o f  l i p i d s  
a n d  c o l o u r e d  m a t t e r  by t r e a t m e n t  w i t h  h o t  9 6  % e t h a n o l  a n d  f u r t h e r  
w i t h  a m i x t u r e  of e t h a n o l  a n d  e t h e r  /3:1/ a t  room t e m p e r a t u r e .  The a l -  
g a l  d r y  w e i g h t  t h u s  o b t a i n e d  was t h e n  e x t r a c t e d  w i t h  10 % s o d i u m  c h l o -  
r i d e  a t  100 C f o r  9 h o u r s .  T h e  e x t r a c t  /F  8 /  a c i d i f i e d  t o  pH 5 w i t h  
a c e t i c  a c i d  was o v e r l a y a r e d  w i t h  t h r e e  v o l u m e s  o f  9 6  % e t h a n o l .  By  
s t a n d i n g  o v e r n i g h t  a t  3 - 4  C a p r e c i p i t a t e  s e p a r a t e d ,  c o n t a i n i n g  
m o s t l y  c e l l  n u c l e i c  a c i d s  a n d  ~ o l y s a c c h a r i d e s .  By c e n t r i f u g a t i o n ,  t h i s  
p r e c i p i t a t e  /F 11/ was separated f r o m  t h e  7 0  % a q u e o u s - e t h a n o l i c  su-  
p e r n a t a n t  f r a c t i o n  /F l o / .  The a n a l y s i s  o f  t h i s  f r a c t i o n  F 10 r e p r e -  
s e n t s  t h e  o b j e c t  o f  t h e  p r e s e n t  c o m m u n i c a t i o n .  Tha  d e g r e e  o f  i n c o r p o -  
r a t i o n  o f  r a d i o a c t i v i t y  o f  I 4 C  i n t o  t h e  i n d i v i ? u a l  f r a c t i o n s  may b e  
seen i n  T a b l e  1 .  

TABm 1 

Incorporation of radioact iv i ty  of ' 4 ~  in to  fract ions  
o f  Chlorella pyrenoidosa 

-l4'O3 used /625 m C i  1 = 100 % / 

F 1 - Nutrient so lut ion 15.8 

F 2 - I4CO2 absorbed i n  MaOH " 

F 5 - Ethanol-ether extract 11.8 

F 8 - 10% sodium chloride extract  32.2 

F 9 - c e l l  debris containing 

' 4 ~  proteins 40.2 

F 10 - 7C% ethanol supernatant 17.9 
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The p a p e r  c h r o m a t o g r a p h y  o f  b o t h  a m i n o a c i d s  a n d  s u g g a r s  was c a r -  
r i e d  o u t  on Whatman N o .  3 p a p e r  s h e e t s  i n  n - b u t a n o 1 : a c e t i c  a c i d : w a t e r  
/ 4 : 1 : 5 /  i n  d e s c e n d i n g  d i r e c t i o n  a t  r o o m  t e m p e r a t u r e  f o r  1 4  h o u r s .  ~n 
some c a s e s  w h i c h  s h a l l  b e  m e n t i o n e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n  b e l o w ,  
t h e  u n i d i r e c t i o n a l  c h r o m a t o g r a p h y  was s u p p l e m e n t e d  w i t h  c h r o m a t o g r a -  
p h y  i n  a n o t h e r  d i r e c t i o n  u s i n g  p h e n o 1 : w a t e r : e t h a n o l  / 2 : 1 : 1 /  s o l v e n t  
s y s t e m .  

/ b /  High_voltage-electfoehoresis_of ~ m L n o a c i ~ s  

F o r  t h e  e l e c t r o p h o r e t i c  s e p a r a t i o n  o f  a m i n o a c i d s  we u s e d  a b o r a -  
t e  b u f f e r  o f  pH 9.0.  S e p a r a t i o n  was c a r r i e d  o u t  a t  2 . 5  kV,  0’ C.  f o r  
1 h o u r ,  u s i n g  a 3 cm w i d e  a n d  5 0  cm l o n g  s t r i p  o f  Whatman N o .  3 .  

/ c /  s p e c t r o p h o t o m e t r ~ c _ e ~ t L m ~ t ~ o n  ~ f - L ~ a r g L n ~ n e  E o L t e n t  

The c o n t e n t  o f  L - a r g i n i n e  was d e t e r m i n e d  a f t e r  r e a c t i o n  w i t h  t h e  
n i n h y d r i n  r e a g e n t  s p e c t r o p h o t o m e t r i c a l l y  a t  5 7 0  nm on a d o u b l e - b e a m  
s p e c t r o p h o t o m e t e r  /Optics. M i l a n o / ,  u s i n g  a c a l i b r a t i o n  c u r v e .  

/ d /  D e t e c t L o n  m e t h z d s  

S u g a r s  w e r e  d e t e c t e d  on t h e  c h r o m a t o g r a m s  b y  u s i n g  a m e t h o d  o f  
Buchan  and  S a v a g e / ” / .  A m i n o a c i d s  o n  t h e  c h r o m a t o g r a m s  a n d  e l e c t r o p h o -  
r e t o g r a m s  w e r e  d e t e c t e d  b y  t h e  n i n h y d r l n  t e s t .  The L - a r g i n i n e  was a l s o  
i d e n t i f i e d  b y  a m o d i f i e d  S a k a g u c h i  r e a c t i o n / ” ’ ” / .  A u t o r a d i o g r a p h y  
o f  c h r o m a t o g r a m s  a n d  e l e c t r o p h o r e t o g r a m s  w i t h  r a d i o a c t i v e  14C-com-  
p o u n d s  was c a r r i e d  o u t  b y  a p p l i c a t i o n  o f  X - r a y  ORWO f i l m s .  The  q u a n t i -  
t a t i v e  e v a l u a t i o n  o f  r a d i o a c t i v e  s p o t s  o n  c h r o m a t o g r a m s  and  e l e c t r o -  
p h o r e t o g r a m s  was p r o v e d  b y  c o u n t i n g  t h e m  u n d e r  a 8 - t u b e  o f  t h e  F r i e s e -  
k e - H o e p f n e r  c h r o m a t o g r a m  s c a n n e r  a n d  b y  p l a n i m e t r y  o f  t h e  g r a p h  o b t a i -  
n e d .  

/ e  / g e & e r m i n a t L o n  of-’ f_C-rgdi -ogct iv i&y 

w i t h  1 4 C  was d e t e r m i n e d  w i t h  t h e  a i d  o f  a n  e n d - w i n d o w  GM c o u n t e r  o f  
d e f i n e d  g e o m e t r i c  a n g l e .  The l i q u i d  t e s t e d  was in a s a t u r a t e d l a y e r  w i t h  r e s -  
p e c t  t o  t h e  r a d i o n u c l i d e  I 4 C  a n d  c a l i b r a t i o n  was d o n e  i n  t h e  same g e o -  
m e t r y  w i t h  t h e  a i d  o f  t h e  E R - 2  “ C  s t a n d a r d / p r o d u c t  o f  t h i s  I n s t i t u t e / .  

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

RESULTS 

The h e r e t o f o r e  u n i d e n t i f i e d  f r a c t i o n  F 1 0  was a n a l y z e d ,  m o s t l y  
w i t h  r e g a r d  t o  t h e  p o s s i b l e  p r e s e n c e  o f  compounds c o n t a i n i n g  a m i n o a -  
c i d s  a n d  s u g a r s  as  t h e  b a s i c  b u i l d i n g  b l o c k s .  The p r e s e n c e  of t h e  r a -  
d i o a c t i v e  s u b s t a n c e s  m e n t i o n e d  was t e s t e d  i n  a c i d  h y d r o l y z a t e s  o f  e -  
q u i v a l e n t  p o r t i o n s  of f r a c t i o n  F 10 .  F o r  t h i s  p u r p o s e ,  we u s e d  p o r -  
t i o n s  o f  t h i s  f r a c t i o n  f r e e d  o f  s a l t s  a n d  h y d r o l y z e d  t h e n  w i t h  6 N  h y -  
d r o c h l o r i c  a c i d  / 1 0 5 O  C, 2 0  h o u r s /  f o r  a m i n o a c i d  a n a l y s e s  a n d  w i t h  2N 
h y d r o c h l o r i c  a c i d  / l o o o  C ,  3 h o u r s /  when d e t e c t i n g  t r a c e s  o f  s u g a r s .  
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R e m o v a l  o f  s a l t s  f r o m  t h e  f r a c t i o n  

E t h a n o l  was e v a p o r a t e d  f r o m  d n  a l i q u o t  o f  f r a c t i o n  F 10 / a b o u t  
1 .0  m C i /  i n  v a c u o  a n d  t h e  r e s i d u e  was d i s s o l v e d  i n  0.5 m l  12N h y d r o -  
c h l o r i c  a c i d  p r e c o o l e d  t o  - 1 0 '  C .  A f t e r  2 - 3  m i n .  o f  s t a n d i n g  a t  t h i s  
t e m p e r a t u r e  s o d i u m  c h l o r i d e  p r e c i p i t a t e d  f r o m  t h e  s o l u t i o n .  The s a l t  
was r e m o v e d  b y  c e n t r i f u g a t i o n  a t  - l o o  C a n d  6 . 5 0 0  g f o r  1 5  m i n .  A f t e r  
s e p a r a t i o n  o f  t h e  l i q u i d  p h a s e  t h e  s a l t  s e d i m e n t  was washed i n  t h e  
c e n t r i f u g e  t u b e  w i t h  1 .0  m l  h y d r o c h l o r i c  a c i d  p r e c o o l e d  t o  -10" C .  By 
c e n t r i f u g i n g  t h e  s u s p e n s i o n  u n d e r  t h e  a b o v e  c o n d i t i o n s  a n d  b y  c o m b i -  
n i n g  t h e  l i q u i d  phaseswe  o b t a i n e d  a s o l u t i o n  c o n t a i n i n g  o r g a n i c  com- 
p o u n d s  o f  f r a c t i o n  F 10. f r e e d  p r a c t i c a l l y  o f  a l l  i n o r g a n i c  s a l t s  a n d  
f u l l y  s a t i s f a c t o r y  f o r  c h r o m a t o g r a p h i c  a n a l y s i s .  As n o  r e q u i r e m e n t s  
w e r e  made t o  t h e  p r e v e n t i o n  o f  p a r t i a l  d e s t r u c t i o n  of t h e  o r g a n i c  com- 
p o u n d s  p r e s e n t ,  t h e  d e s a l t i n g  p r o c e d u r e  w a s  f o u n d  q u i t e  a d e q u a t e  f o r  
t h e  p u r p o s e s  o f  t h e  a n a l y s i s .  The r a d i o a c t i v e  b a l a n c e  i s  a l s o  f a v o u r a -  
b l e .  The d e s c r i b e d  p r o c e d u r e  o f  d e s a l t i n g  was r e p e a t e d  s e v e r a l  t i m e s  
a n d  i t  was f o u n d  t h a t  t h e  l i q u i d  p h a s e  c o n t a i n s  u s u a l l y  9 0  - 9 5  % r a -  
d i o a c t i v i t y  o f  1 4 C  o f  t h e  F 10  f r a c t i o n .  

F o r  s u b s e q u e n t  a n a l y t i c a l  e s t i m a t i o n s  a n  e q u i v a l e n t  p a r t  o f  t h e  
12N h y d r o c h l o r i c  a c i d  e x t r a c t  was made w i t h  d i s t i l l e d  w a t e r  t o  6N o r  
2N h y d r o c h l o r i c  a c i d  a n d  t h e  s o l u t i o n s  o b t a i n e d  w e r e  h y d r o l y z e d  as 
d e s c r i b e d  a b o v e .  

C h r o m a t o g r a p h i c  a n d  e l e c t r o p h o r e t i c  a n a l y s e s  

Q u a l i t a t i v e  a n a l y s i s  o f  t h e  f r a c t i o n  s t u d i e d  y i e l d e d  t h e  f o l l o -  

The r a d i o c h r o m a t o g r a p h i c  r e c o r d  o f  t h e  I Z N  h y d r o c h l o r i c  a c i d  e x -  

w i n g  f i n d i n g s .  

t r a c t  of t h e  F 10 f r a c t i o n  i n d i c a t e d  t h a t  a l l  t h e  r a d i o a c t i v e  com- 
p o u n d s  p r e s e n t  e i t h e r  r e m a i n  a t  t h e  s t a r t  o r  move a n e g l i g i b l e  d i s t a n -  
c e  /RF  = 0.0 - 0.01/.  The p r e s e n c e  o f  f r e e  s u g a r s  o r  o f  a m i n o a c i d s  i n  
t h e  e x t r a c t  may b e  t h u s  e x c l u d e d .  

I t  f o l l o w s  f r o m  a r a d i o c h r o m a t o g r a p h i c  r e c o r d  o f  t h e  2N a n d  o f  
t h e  6 N  HC1 h y d r o l y z a t e s  / F i g .  2 /  t h a t  w i t h  2N a c i d  f o u r  r a d i o a c t i v e  
compounds a r e  c l e a r l y  s e p a r a t e d .  N e v e r t h e l e s s ,  i n  t h i s  c a s e  a g r e a t e r  
p a r t  o f  t h e  r a d i o a c t i v i t y  / 6 9  % /  r e m a i n s  a t  t h e  s t a r t .  The o t h e r  r a -  
d i o a c t i v e  compounds / a  t o t a l  o f  31  % /  c o r r e s p o n d  t o  L - a r g i n i n e .  L - s e -  
r i n e ,  L - g l u t a m i c  a c i d  a n d  L - a l a n i n e .  O n l y  t h e  compound c o r r e s p o n d i n g  
t o  L - a r g i n i n e  b y  i t s  R F  /some 10  % o f  t o t a l  r a d i o a c t i v i t y /  g a v e  a p o -  
s i t i v e  r e a c t i o n  f o r  n i n h y d r i n .  I t  s h o u l d  b e  n o t e d  t h a t  i n  t h e  a l t e r n a -  
t i v e  t e s t s  w h e r e  t h e  R F  v a l u s s  o f  r a d i o a c t i v e  compounds w e r e  compared  
w i t h  t h o s e  o f  s u g a r s  u s e d  a s  i n t e r n a l  s t a n d a r d s ,  i n  n o  s i n g l e  c a s e  
was i t  p o s s i b l e  t o  o b s e r v e  t h e  i d e n t i t y  o f  t h e  a u t o r a d i o g r a p h i c  a n d  
t h e  c h e m i c a l  d e t e c t i o n .  

w i t h  6N h y d r o c h l o r i c  a c i d  i s  q u i t e  d i f f e r e n t .  F i r s t  o f  a l l ,  t h e r e  i s  
n o  r a d i o a c t i v i t y  o f  a t  t h e  s t a r t .  A u t o r a d i o g r a p h y  r e v e a l e d  a t o -  
t a l  o f  ll r a d i o a c t i v e  compounds3 c h e m i c a l  d e t e c t i o n  w i t h  a n i n h y d r i n  
r e a g e n t  was p o s i t i v e  i n  s e v e n  c a s e s .  The  i d e n t i t y  o f  t h e  a u t o r a d i o g r a -  
p h i c  a n d  t h e  n i n h y d r i n  d e t e c t i o n  i s  q u i t e  p r o n o u n c e d ,  c o r r e s p o n d i n g  
b y  i t s  RF  t o  L - a r g i n i n e ,  L - s e r i n e ,  L - g l u t a m i c  a c i d  a n d  L - a l a n i n e ,  t h e  
amoun t  o f  r a d i o a c t i v i t y  a s s o c i a t e d  w i t h  L - a r g i n i n e  r e p r e s e n t i n g  some 
6 0  % o f  t h e  t o t a l .  

The  r e c o r d  o f  d i s t r i b u t i o n  o f  1 4 C  r a d i o a c t i v i t y  a f t e r  h y d r o l y s i s  



I s o l a t i o n  of L-arginine “c/u/ 

F i g .  2 - Chromatographic a n a l y s i s  o f  a c i d  h y d r o l y z a t e s  

o f  F 10 f r a c t i o n  ( R a d i o a c t i v i t y  o f  compounds separated  

i s  expressed  i n  % o f  r a d i o a c t i v i t y  o f  a c i d  h y d r o l y z a t e s ) .  

A ,  B - Aminoacids s tandards .  

1 - ZN hydroch lor ic  a c i d  hydro lyzate  o f  F 10 f r a c t i o n .  

2 - 6 N  hydroch lor ic  a c i d  h y d r o l y z a t e  o f  F 10 f ra , c t ion .  

a - p o s i t i v e  d e t e c t i o n  wi th  n inhydr in .  
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The i s o l a t i o n  o f  L - a r g i n i n e -  C / U /  on a p r e p a r a t i v e  s c a l e  

O n  t h e  b a s i s  of  r e s u l t s  o b t a i n e d  by t h e  q u a l i t a t i v e  a n a l y s i s .  L -  
a r g i n i n e -  C / U /  was p r o d u c e d  by t h e  a b o v e  p r o c e d u r e  on a p r e p a r a t o r y  
s c a l e .  An a l i q u o t  o f  t h e  F 10 f r a c t i o n  19.96 m C i /  was f r e e d  o f  s a l t s ,  
h y d r o l y s e d  w i t h  6N h y d r o c h l o r i c  a c i d  a n d  a f t e r  e v a p o r a t i o n  of  t h e  a -  
c i d .  c h r o m a t o g r a p h e d .  T h e  r a d i o a c t i v e  cor ipounds  c o r r e s p o n d i n g  t o  f o u r  
s t a n c l a r d s  o f  amino  a c i d s  a s  w e l l  a 5  6 o t h c r  u n i d e n t i f i e l d  r a d i o a c t i v e  
compounds w e r e  e l u t e d  w i t h  d i s t i l l e d  w a t v r  and  t h e  r a d i o a c t i v i t y  of 
t h e  e l u a t e s  was d e t e r m i n e d .  The  r a d i o a c t i v i t y  b a l a n c e  s h e e t  i s  shown 
i n  T a b l e  2 .  

TABLE 2 

Balance sheet of 1 4 C  radioact iv i ty  o f  compounds present 
i n  6N hydrochloric acid hydrolyzate of fraction 
/ Radioactivity of compounds is expressed i n  % of P 10 fraction/ 

F 10 

Compound / Fraction / Radioactivity 

% 

L-Arginine - 14C/U/ 
L-Serine - 14c/u/ 
L-Glutamic acid - 14c/v/ 
L-Alanine - l 4 C / U /  

32.9 
5.0 
7.7 
3.9 

L-Aminoacids - l 4 C / U / ,  t o t a l  49 .5  
Unidentified compounds - 14C/U/  30.4 
Losses of 1 4 C  radioactive compounds 
during chromatography 11.4 
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The i d e n t i t y  o f  t h e  a m i n o a c i d s  was c h e c k e d  b y  t h e  m e t h o d  o f  i n t e r -  
n a l  s t a n d a r d s ,  u s i n g  t w o - d i m e n s i o n a l  p a p e r  c h r o m a t o g r a p h y  a n d  h i g h -  
v o l t a g e  e l e c t r o p h o r e s i s  w i t h  s u b s e q u e n t  a u t o r a d i o g r a p h y  a n d  c h e m i c a l  
d e t e c t i o n  w i t h  n i n h y d r i n .  I n  t h e  c a s e  of  L - a r g i n i n e ,  t h i s  was s u p p l e -  
m e n t e d  w i t h  d e t e c t i o n  w i t h  S a k a g u c h i  ' s  r e a g e n t .  W i t h  t h e  e x c e p t i o n  
o f  L - s e r i n e - 1 4 C  w h e r e  t w o - d i m e n s i o n a l  c h r o m a t o g r a p h y  a n d  e l e c t r o p h o r e -  
s i s  showed t h e  p r e s e n c e  o f  t w o  o t h e r  n i n h y d r i n - n e g a t i v e  compounds r e -  
p r e s e n t i n g  a l m o s t  5 0  % c f  t h e  e l u t e d  r a d i o a c t i v i t y ,  t h e  o t h e r  a m i n a -  
a c i d s  w e r e  f o u n d  t o  b e  c h r , o m a t o g r a p h i c a l l y  homogeneous.  

W i th  L - a r g i n i n e - I 4 C  w h i c h  i s  i m p o r t a n t  f o r  t e c h n o l o g i c a l  a p p l i c a -  
t i o n  o f  t h e  m e t h o d  d e s c r i b e d  h e r e ,  t h e  r a d i o a c t i v i t y  e s t i m a t i o n  was 
s u p p l e m e n t e d  w i t h  a s p e c t r o p h o t o m e t r i c  e v a l u a t i o n  o f  t h e  w e i g h t  c o n -  
t e n t .  The  s p e c i f i c  r a d i o a c t i v i t  o f . L - a r g i n i n e - I 4 C  was 1 2 8  mCi /mmole.  
A t o t a l  o f  3.3 m C i  L - a r g i n i n e - " C  / U /  was i s o l a t e d  i n  t h i s  p r e p a r a t i -  
ve e x p e r i m e n t .  

CONCLUSIONS 

A u t o t r o p h i c  b a t c h  c u l t i v a t i o n  i n  an  a t m o s p h e r e  o f  I 4 C O 2  a t  c o n t i -  
nuous  i l l u m i n a t i o n  w a s  u s e d  t o  p r e p a r e  r a d i o a c t i v e  C h l o r e l l a  p y r e n o i -  
d ~ s a - ' ~ C .  The c e l l s  o f  t h e  r a d i o a c t i v e  a l g a ,  f r e e d  p r e v i o u s l y  o f  c o -  
l o u r e d  m a t t e r  and  l i p i d s ,  w e r e  e x t r a c t e d  f o r  n i n e  h o u r s  w i t h  h o t  10  % 
s o d i u m  c h l o r i d e .  R a d i o c h r o m a t o g r a p h y  o f  t h i s  e x t r a c t  a f t e r  p r e v i o u s  
r e m o v a l  o f  n u c l e i c  a c i d s  a n d  g l u c o s e - c o n t a i n i n g  p o l y s a c c h a r i d e  showed 
t h a t  i t s  o t h e r  i m p o r t a n t  componen ts  a r e  compounds c o n t a i n i n g  a m i n o a -  
c i d s  i n  t h e i r  s t r u c t u r e .  L - A r g i n i n e ,  L - g l u t a m i c  a c i d ,  L - s e r i n e  a n d  L -  
a l a n i n e  w e r e  i d e n t i f i e d  p o s i t i v e l y ,  t h e  i d e n t i t y  o f  s e v e r a l  o t h e r  n i n -  
h y d r i n - p o s i t i v e  compounds r e m a i n i n g  o b s c u r e .  I n  a l l  t h e  a n a l y s e s  L - a r -  
g i n i n e  was i d e n t i f i e d  as a d o m i n a n t  componen t  o f  t h e  a m i n o a c i d s  m i x -  
t u r e .  

The r a d i o c h r o m a t o g r a p h i c  a n a l y s i s  a l s o  c o n f i r m e d  w i t h  c e r t a i n t y  
t h a t  n o n e  o f  t h e  a m i n o a c i d s  i s  p r e s e n t  i n  t h e  e x t r a c t  i n  t h e  f r e e  
f o r m .  On t h e  c o n t r a r y ,  one c a n  d e d u c e  f r o m  t h e  r e l a t i v e  r e p r e s e n t a -  
t i o n  o f  t h e  a m i n o a c i d s  a n d  f r o m  t h e  f a c t s  e s t a b l i s h e d  i n  t h i s  c o n n e c -  
ti or^/'^-'^/ t h a t  n a t i v e  c e l l s  o f  t h e  r a d i o a c t i v e  a l g a  c o n t a i n  r e m a r -  
k a b l e  amoun ts  o f  p e p t i d e s  o r  p o l y p e p t i d e s  o f  t h e  p r o t a m i n e  t y p e  o r  o f  
p r o t e i n  o f  t h e  h i s t o n e  t y p e  c o n t a i n i n g  L - a r g i n i n e  as t h e  d o m i n a n t  com- 
p o n e n t  i n  t h e i r  p r i m a r y  s t r u c t u r e .  t o g e t h e r  w i t h  s m a l l e r  amounts o f  L -  
g l u t a r n i c  a c i d ,  L - s e r i n e  a n d  L - a l a n i n e .  

A t  any r a t e ,  i t  a p p e a r s  t h a t  L - e r g i n i n e  i s  a c c u m u l a t e d  s t r i k i n g -  
l y  i n  t h e  c e l l s  o f  t h e  g r o w i n g  a l g a  n o t  o n l y  d u r i n g  t h e  p h a s e  o f  t r a n -  
s i t i o n  f r o m  r o w t h  i n  a n i t r o g e n - l i m i t e d  medium t o  g r o w t h  i n  t h e  n o r -  "' b u t  a l s o  i n  t h e  c o u r s e  o f  i t s  b a t c h  c u l t i v a t i o n  i n  an  a t m o s p h e r e  
o f  I 4 C O 2  d u r i n g  c o n t i n u o u s  i l l u m i n a t i o n .  A c c u m u l a t i o n  o f  L - a r g i n i n e  

m e d i ~ m / ' ~ - ' ~ /  o r  i n  c e r t a i n  p h a s e s  o f  i t s  s y n c h r o n i s e d  

i n  c e l l s  o f  t h e  g r o w i n g  a l g a  was t h u s  e s t a b l i s h e d  i n  c u l t u r e s  o b t a i -  
n e d  u n d e r  d i f f e r e n t  c o n d i t i o n s  o f  c u l t i v a t i o n  a n d  one  may h e n c e  a s s u -  
me a more  g e n e r a l  n a t u r e  o f  t h i s  phenomenon.  S i g n i f i c a n t  d e v i a t i o n s  
o b s e r v e d  i n  e s t i m a t i n g  L - a r g i n i n e  i n  t h e  a l g a l  c e l l s  a f t e r  a p p l i c a t i o n  
o f  d i f f e r e n t  c o n v e n t i o n a l  a n a l y t i c a l  m e t h o d s  c a n  b e  a t t r i b u t e d  n o t  on  
l y  t o  t h e  m e t h o d  o f  a n a l y s i s  used but a l s o  t o  d i f f e r e n c e s  i n  c u l t i v a t i o n  
a n d  t o  t h e  e x t e r n a l  c u l t i v a t i o n  f a c t o r s .  
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U n d e r  c o n d i t i o n s  of r a d i o a c t i v e  c u l t i v a t i o n  o f  t h e  a l g a  t h e  a r g i -  
n i n e  p e p % i d e s  may r e p r e s e n t  an  a d d i t i o n a l  p o t e n t i a l  s o u r c e  o f  L - a r g i -  
n i n e - 1 4 C  /U/. F o r  t h i s  r e a s o n ,  a s i m p l e  t e c h n o l o g i c a l  p r o c e d u r e  f o r  
i t s  p r e p a r a t i o n  i n  a c h r o m a t o g r a p h i c a l l y  p u r e  f o r m  was s u g g e s t e d  h e r e .  
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