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FRACTIONATION INTO COMPONENTS OF A MIXTURE O F  A C I D I C  
NINHYDRIN-POSITIVE COMPOUNDS OF MOUSE BRAIN EXTRACTS 

WITH THIN-LAYER AND ION-EXCHANGE CHROMATOGRAPHY 

Pekka Lahdesmaki  and  Marit ta Timonen 
Depar tmen t  of B i o c h e m i s t r y ,  U n i v e r s i t y  of O u l u ,  SF- 

90570 ,  Oulu 5 7 ,  F i n l a n d  

ABSTRACT 

A m i x t u r e  o f  more t h a n  t e n  ac id i c  or  h i g h l y  i o n -  
i z e d  n i n h y d r i n - p o s i t i v e  compounds of mouse b r a i n  ex -  
t r a c t s ,  o c c u r r i n g  i n  i o n - e x c h a n g e  ch romatography  from 
t h e  b e g i n n i n g  u p  t o  a s p a r t i c  ac id ,  w a s  a n a l y z e d  u s i n g  
i o n - e x c h a n g e  a n d  t h i n - l a y e r  ch romatography  s t a n d a r d i z -  
ed w i t h  known s u b s t a n c e s .  T h e s e  formed f o u r  peak g r o u p s  
i n  t h e  ch romatogram of a n  a u t o m a t i c  amino a c i d  a n a l y z -  
e r .  The f i r s t  g r o u p  c o n t a i n e d  c y s t e i c  a c i d ,  c y s t e i n e -  
s u l f i n i c  ac id  a n d  p h o s p h o s e r i n e ,  which c o u l d  be s e p a -  
r a t ed  f rom e a c h  o t h e r s  o n l y  by t h i n - l a y e r  ch romato -  
g r a p h y .  Only p h o s p h o s e r i n e  c o u l d  be i d e n t i f i e d  i n  t h e  
b r a i n  e x t r a c t  ( a b o u t  0 .14 m m o l / k g  b r a i n  w e t  w e i g h t ) ,  
however .  T a u r i n e  ( 4 . 1  mmol/kg) and  p h o s p h o e t h a n o l a m i n e  
( 1 . 0 5  mmol/kg) i n  t h e  s e c o n d  g r o u p  c o u l d  be s a t i s f a c -  
t o r i l y  s e p a r a t e d  f rom e a c h  o t h e r s  a f t e r  t h e  h y d r o l y s i s  
of glycerylphosphoethanolamine ( a b o u t  0 .6  mmol/kg) and  
c e r t a i n  ac id i c  p e p t i d e s  w i t h  6 m o l / l  HC1.  H y p o t a u r i n e  
( 0 . 0 3  mmol/kg) a n d  u r e a  ( 6 . 6  mmol/kg) were c o m p l e t e l y  
o v e r l a p p e d  i n  t h e  t h i r d  p e a k ,  b u t  u r e a  was decomposed 
i n  t h e  h y d r o l y s i s  w i t h  6 m o l / l  HC1. The f o u r t h  g r o u p  
c o n s i s t e d  of a s p a r t i c  acid ( 2 . 1  mmol /kg ) .  A number of 
l o w - m o l e c u l a r  w e i g h t  p e p t i d e s  a l s o  a p p e a r e d  i n  t h e  
c h r o m a t o g r a m s ,  a b o v e  a l l  i n  t h e  p h o s p h o s e r i n e  and  
t a u r i n e  p e a k s ,  b u t  t h e y  were e l i m i n a t e d  by t h e  hydro -  
l y s i s .  They c o n t a i n e d ,  however ,  some o f  t h e  above -  
m e n t i o n e d  c r i t i c a l  amino a c i d s  ( p h o s p h o s e r i n e ,  t a u r i n e  
a n d  a s p a r t i c  a c i d ) .  
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INTRODUCTION 

LAHDESMAKI AND TIMONEN 

T i s s u e  e x t r a c t s ,  a n d  b r a i n  e x t r a c t s  i n  p a r t i c u t a r ,  

c o n t a i n  a la rge  number of ac id i c  amino a c i d s  and  c e r t a i n  

o t h e r  n i n h y d r i n - p o s i t i v e  compounds,  which i n  t h e  i o n -  
e x c h a n g e  ch romatography  (e .g .  i n  t h e  a u t o m a t i c  amino 
a c i d  a n a l y z e r s )  c a n  n o t  be s e p a r a t e d  s a t i s f a c t o r i l y  w e l l  

from e a c h  o t h e r s ,  b u t  a p p e a r  i n  two o r  t h r e e  p e a k s  i n  
t h e  ch romatograms  ( 1 - 6 ) .  T h i s  f r a c t i o n  ( o f t e n  ca l led  

" t a u r i n e  f r a c t i o n " )  i s  a complex m i x t u r e  o f  more t h a n  

t e n  (see R e f .  1) a c i d i c  o r  h i g h l y  i o n i z e d  compounds of 

p h y s i o l o g i c a l  i m p o r t a n c e ,  i n c l u d i n g  t a u r i n e ,  phospho-  
s e r i n e ,  p h o s p h o e t h a n o l a m i n e ,  g l y c e r y l p h o s p h o e t h a n o l -  

a m i n e ,  h y p o t a u r i n e ,  c y s t e i c  a n d  c y s t e i n e s u l f i n i c  ac ids ,  

c a r b a m y l p h o s p h a t e ,  u r e a  a n d  g l u c o s a m i n e p h o s p h a t e .  More- 
o v e r ,  t h e  p r e s e n c e  of  a number o f  l o w - m o l e c u l a r  w e i g h t  
p e p t i d e s ,  i n c l u d i n g  t a u r i n e  a n d  p h o s p h o s e r i n e  p e p t i d e s ,  
which a r e  s o l u b l e  i n  s u l f o s a l i c y l i c ,  t r i c h l o r o a c e t i c  a n d  

p e r c h l o r i c  a c i d s  u sed  i n  t h e  p r e p a r a t i o n  of t h e  t i s s u e  
s a m p l e s ,  h a s  b e e n  r e p o r t e d  ( 7 , 8 ) .  

T a u r i n e  ( 2 - a m i n o e t h a n e s u l f o n i c  ac id )  i s  o f t e n  t h e  

main c o n s t i t u e n t  i n  t h e  f ree  amino ac id  p o o l ,  b u t  how 
r ea l  a re  i t s  c o n c e n t r a t i o n  v a l u e s  c a l c u l a t e d  f rom t h e  
m i x t u r e  of t h e  most ac id ic  amino compounds e l u t i n g  i n  
t h e  i o n - e x c h a n g e  c h r o m a t o g r a p h y  j u s t  before a s p a r t i c  a n d  
g l u t a m i c  a c i d s  (5,7,9,10) ? For t h e i r  s t r o n g  i o n i z a t i o n  

o r  h a v i n g  p h o s p h o r i c  acid g r o u p s  o r  o t h e r  e x t r a  ac id i c  
m o i e t i e s ,  t h e  amino acids of t h e  " t a u r i n e  f r a c t i o n "  as  
w e l l  as t h e  p e p t i d e s  c o n t a i n i n g  t a u r i n e  a n d  phospho-  
s e r i n e  ( 7 , 8 , 1 1 - 1 5 )  b e h a v e  s i m i l a r l y  i n  t h e  ch romato -  

g r a p h y ,  i n  t h e  i o n - e x c h a n g e  ch romatography  i n  p a r t i c u -  
l a r ,  a n d  o v e r l a p  each o t h e r s .  The f i r s t  e l u t i n g  ac id ic  
n i n h y d r i n - p o s i t i v e  compounds may t h u s  d i s t o r t  s e r i o u s l y  

e a c h  o t h e r s '  q u a n t i t a t i v e  d e t e r m i n a t i o n .  A good  a t t e m p t  
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BRAIN A C I D I C  NINHYDRIN-POSITIVE COMPOUNDS 2623 

t o  c l a r i f y  t h e  chromatographic  d e t e r m i n a t i o n  o f  t h e  
components of  t h e  t a u r i n e  peak h a s  r e c e n t l y  been made 

by Kontro e t  a l .  ( 5 )  and Marnela ( 1 0 ) .  -- 
Simple h y d r o l y t i c  and chromatographic  means, which 

f o r  t h e i r  p a r t  b r i n g  f a c i l i t a t i o n  t o  t h e  e x a c t  q u a n t i -  
t a t i v e  d e t e r m i n a t i o n  o f  t h e  i n d i v i d u a l  components o f  
t h e  " t a u r i n e  f r a c t i o n "  a r e  g i v e n  h e r e .  The methods were 
s t a n d a r d i z e d  wi th  pu re  amino a c i d s  and some p e p t i d e s  
a s  w e l l  a s  w i th  c e r t a i n  t a u r i n e  and phosphoser ine  

p e p t i d e s  p repa red  from c a l f  b r a i n  synaptosomes (7). 
The  r e s u l t s ,  a l t hough  n o t  y e t  d e f i n i t i v e ,  w i l l  show 
t h a t  s e r i o u s  a t t e n t i o n  must be p a i d  t o  t h e  i n t e r p r e -  

t a t i o n  of t h e  chromatograms r e g a r d i n g  compounds e l u t i n g  
b e f o r e  a s p a r t i c  a c i d .  

MATERIAL A N D  METHODS 

Whole b r a i n s  of  N M R I  mice were u s e d ,  b u t  t h e  sub-  

c e l l u l a r  f r a c t i o n s  were p repa red  from c a l f  b r a i n s .  
Newly  removed b r a i n s  w e r e  r i n s e d  free of e x t e r n a l  b lood  
c l o t s ,  and t h e  c o r t i c a l  l a y e r  from c a l f  b r a i n s  s e p a r a t -  

ed wi th  a k n i f e .  The synaptosomes were p repa red  from 
t h e  homogenates i n  c o l d  0.32 m o l / l  s u c r o s e  by t h e  
g r a d i e n t  c e n t r i f u g a t i o n  method o f  Whi t t ake r  e t  a l .  ( 1 6 ) .  

T i s s u e  samples  were homogenized i n  5 % t r i c h l o r o -  
a c e t i c  a c i d  (TCA), t h e  p r e c i p i t a t e d  p r o t e i n s  removed by  

c e n t r i f u g a t i o n ,  and t h e  TCA then  removed by s h a k i n g  
wi th  d i e t h y l  e t h e r .  The r e s i d u a l  s o l u t i o n  was l y o p h i l i -  
zed and t h e  amino acids and p e p t i d e s  t h e n  d i s s o l v e d  
i n  wa te r .  When 15 % p e r c h l o r i c  a c i d  ( P C A )  was u s e d ,  
t h e  p r e c i p i t a b l e  p r o t e i n s  w e r e  f i r s t  removed by c e n t r i -  

f u g a t i o n  and t h e  s u p e r n a t a n t  t h e n  n e u t r a l i z e d  wi th  KOH 

and t h e  potass ium p e r c h l o r a t e  c e n t r i f u g e d .  The n e u t r a l ,  
p r o t e i n - f r e e  e x t r a c t s  were l y o p h i l i z e d  and t h e  r e s i d u e  

t aken  up  i n  a c i d i f i e d  wa te r  and used  € o r  chromatogra-  
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2624 LAHDESMAKI AND TIMONEN 

p h i c  a n a l y s i s .  The e x t r a c t s  f rom t h e  s y n a p t o s o m e s  were 

p r e p a r e d  i n  a s i m i l a r  manner .  

The amino a c i d  s a m p l e s  w e r e  q u a n t i t a t i v e l y  a n a l -  

y z e d  i n  a n  a u t o m a t i c  amino ac id  a n a l y z e r  ( K o n t r o n  

L i q u i m a t  1111, e q u i p p e d  w i t h  a two-channe l  peak i n t e -  

g r a t o r .  Ion -exchange  ch romatography  i n  s e p a r a t e  s h o r t  

columns a c c o r d i n g  t o  G a r v i n  (17) a l s o  was u s e d .  Th in -  

l a y e r  ch romatography  w a s  p e r f o r m e d  on  s i l i c a  g e l  

(Kieselgel G )  p l a t e s  o f  t h i c k n e s s  0 .25  m m .  Two-dimensio- 

n a l  ch romatograms  were d e v e l o p e d  w i t h  70 % e t h a n o l  i n  

water a n d  75 % p h e n o l  i n  wa te r .  The d r i e d  p l a t e s  were 
s p r a y e d  w i t h  n i n h y d r i n  ( 0 . 5  % s o l u t i o n  i n  b u t a n o 1 : a c e -  

t i c  a c i d ,  2 0 : 1 ,  pH 3 . 3 ) .  The s p o t s  w e r e  d e v e l o p e d  f o r  

1 0  min a t  1 0 5  C .  0 

Two unknown h y d r o l y z a b l e  spots  o n  t h e  TLC pla tes  

from ca l f  b r a i n  s y n a p t o s o m e s  (7,9) were p r o j e c t e d  t o  t h e  

c o r r e s p o n d i n g  u n s p r a y e d  p l a t e s ,  t h e  s i l i c a  ge l  s c r a p e d  

u p  and  t h e  p e p t i d e s  e x t r a c t e d  w i t h  water and  l y o p h i l i -  

z e d .  They w e r e  a n a l y z e d  f o r  t h e  amino acid c o m p o s i t i o n  

a f t e r  t h e  h y d r o l y s i s  w i t h  6 mol/ l  HC1,  and  u s e d  a s  s u c h  

f o r  s t u d y i n g  t h e  c h r o m a t o g r a p h i c  m o b i l i t y  i n  a n  amino 

acid a n a l y z e r  . 
Commecial p u r e  amino acids  (E. Merck, Darmstadt a n d  

F l u k a  AG, Buchs ,  B a s e l ,  S w i t z e r l a n d )  a n d  Y - g l u t a m y l -  

t a u r i n e  ( C h i n o i n  P h a r m a c e u t i c a l s ,  B u d a p e s t )  w e r e  u s e d  

a s  s t a n d a r d s .  

RESULTS 

As shown i n  F i g u r e  1, t h e  i n i t i a l  p a r t  of a c h r o -  

matogram o f  t h e  PCA e x t r a c t  of mouse b r a i n ,  o b t a i n e d  

w i t h  a modern " h i g h  r e s o l u t i o n "  a u t o m a t i c  amino ac id  

a n a l y z e r ,  c o n t a i n e d  more t h a n  t e n  d i f f e r e n t  n i n h y d r i n -  

p o s i t i v e  compounds,  which c o u l d  n o t  be s e p a r a t e d  s a t i s -  
f a c t o r i l y  w e l l  f rom e a c h  o t h e r s .  U s i n g  known amino acid 
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BRAIN ACIDIC NINHYDRIN-POSITIVE COMPOUNDS 2625 

1 2 3 4 5 - ELUTION ORDER AND RELATIVE RETENTION VOLUMES 

F i g u r e  1. I n i t i a l  p a r t s  o f  t h e  ion-exchange chromato- 
grams of t h e  amino compounds of mouse b r a i n  e x t r a c t s  
b e f o r e  ( A )  and a f t e r  t h e  h y d r o l y s i s  wi th  2 mo l / l  (B) o r  
6 mol/l ( C )  HC1 from a "h igh  r e s o l u t i o n "  a u t o m a t i c  amino 
a c i d  a n a l y z e r  (Kontron Liquimat  111). For i d e n t i f i c a t -  
i o n ,  see F i g u r e  2 .  

o r  p e p t i d e  samples ,  t h e  r e t e n t i o n  volumes of 14 d i f f e r e n t  

compounds were de termined  ( F i g u r e  2 ) .  These formed f o u r  

peak g r o u p s ,  which c o u l d  be s e p a r a t e d  q u i t e  w e l l  from 
each o t h e r s ,  b u t  i n s i d e  t h e  groups  t h e  peaks  of d i f f e -  

r e n t  compounds had a lmos t  t h e  same r e t e n t i o n  v o h m e s .  

The f i rs t  g roup  c o n t a i n e d  carbamylphosphate ,  c y s t e i c  

a c i d ,  c y s t e i n e s u l f i n i c  a c i d ,  phosphose r ine ,  -f -glutamyl-  

t a u r i n e  and c e r t a i n  o t h e r  t a u r i n e  p e p t i d e s  (see R e f .  8). 
The second group c o n t a i n e d  t a u r i n e ,  phosphoethanolamine,  

glycerylphosphoethanolamine and c e r t a i n  phosphoser ine  
and o t h e r  a c i d i c  p e p t i d e s  (see R e f .  8 ) ,  and t h e  t h i r d  
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2626 LAHDESMAKI AND TIMONEN 

1 2 3 

s 

u, 
a 

U 
4 

c 

1 
5 

ELUTION ORDER AND RELATIVE RETENTION VOLUMES 

F i g u r e  2 .  R e t e n t i o n  volumes o f  1 4  d i f f e r e n t  a c i d i c  n i n -  
h y d r i n  p o s i t i v e  compounds a n a l y z e d ' w i t h  a n  a u t o m a t i c  
amino acid a n a l y z e r  ( K o n t r o n  L i q u i m a t  1111 f rom s t a n -  
d a r d  amino a c i d s ,  - g l u t a m y l - t a u r i n e  and  c e r t a i n  o t h e r  
peptides p r e p a r e d  f r o m  c a l f  b r a i n  s y n a p t o s o m e s .  The 
h i g h t  o f  t h e  a b s o r b a n c e  l i n e s  d e p i c t s  a p p r o x i m a t e  mola r  
s e n s i t i v i t y  of  t h e  n i n h y d r i n  r e a c t i o n .  

g r o u p  h y p o t a u r i n e ,  u r e a  a n d  a g a i n  some s y n a p t o s o r n a l  pep- 

t i d e s .  The f o u r t h  g r o u p  c o n s i s t e d  of a s p a r t i c  acid*. 
The c o n c e n t r a t i o n s  o f  t h e  amino compounds of  t h e  

PCA ex t r ac t  o f  mouse b r a i n ,  c a l c u l a t e d  f rom t h e  chroma- 

tograrns of F i g u r e  1, a re  g i v e n  i n  T a b l e  1 b e f o r e  and  

a f t e r  t h e  h y d r o l y s i s  w i t h  2 and  6 m o l / l  HC1.  Most o f  
t h e  p e a k s  o r  peak  g r o u p s  o f  t h e  b r a i n  e x t r a c t  c o u l d  be 

i d e n t i f i e d  w i t h  t h e  s t a n d a r d  s a m p l e s  ( F i g u r e  21 ,  b u t  

ve ry  low c o n c e n t r a t i o n s  of unknown compounds s t i l l  ap-  
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BRAIN A C I D I C  NINHYDRIN-POSITIVE COMPOUNDS 262 7 

TABLE I 

C o n c e n t r a t i o n s  of t h e  ac id i c  n i n h y d r i n - p o s i t i v e  com- 
pounds o f  mouse b r a i n  a f t e r  e x t r a c t i o n  w i t h  p e r c h l o r i c  
a c i d  a n d  a f t e r  t h e  h y d r o l y s i s  w i t h  2 and  6 mol / l  H C 1 .  

C o n c e n t r a t i o n s  mmol/kg w e t  
w e i g h t  

Compound a s  s u c h  2 M H C 1  6 M H C 1  

unknown 0 . 0 1  
unknown - 
C y s t e i c  acid 

P h o s p h o s e r i n e  
unknown 0 . 0 1  
P e p t i d e s  ( n i n h y d r i n - p o s i t i v e )  0 .02  
I' T a u r  i n e  p e p  t i d e s  'I 
( n i n h y d r i n - n e g a t i v e )  
P e p t i d e s  ( n i n h y d r i n - p o s i t i v e )  0 .55  
'I Phos pho s er i n e  p e p  t ides 'I 
( n i n h y d r i n - n e g a t i v e )  
Glycerylphosphoethanolamine 0.72 
T a u r i n e  4 . 1 0  
P h o s p h o e t h a n o l a m i n e  1 . 7 0  

C y s t e i n e s u l f i n i c  ac id  1 0 . 2 5  

- 

- 

Hy pot a u r  i n e 
Urea } 6 . 8 6  

A s p a r t i c  a c i d  2 .06  

- 
0.02 

}0.18 

0.01  
0.02 

0 . 2 7  

0 . 5 0  

0.21 
0.55 
4 . 9 0  
1 . 0 4  

) 6 . 5 9  
6 - 8 7  

- 
- 

} 0.14 
0.01 

- 
- 
- 
- 
I 

4 . 8 8  
1 . 6 5  
0.03 

7 .50  
- 

R e s u l t s  a r e  means of 5-6 e x p e r i m e n t s ,  S.D. b e i n g  a b o u t  
1 0  %. The o r d e r  o f  s u b s t a n c e s  refer t o  F i g u r e  1. The 
c o n c e n t r a t i o n s  of t he  p e p t i d e s  a n d  unknown compounds 
w e r e  c a l c u l a t e d  u s i n g  a l a n i n e  a s  a s t a n d a r d .  

p e a r e d  b o t h  b e f o r e  and  a f t e r  t h e  h y d r o l y s i s .  C e r t a i n  

p e p t i d e s  o r  p e p t i d e  g r o u p s  a p p e a r e d  b e t w e e n  t h e  s i n g l e  

amino ac ids .  A p a r t  o f  t h e s e  became v i s i b l e  n o t  u n t i l  
a f t e r  t h e  h y d r o l y s i s  w i t h  2 m o l / l  H C 1  ( f o r  30 min i n  a 
b o i l i n g  water b a t h ) ,  which is known t o  h y d r o l y z e  t h e  

a c y l  g r o u p s  from t h e  amino  g r o u p .  T h i s  p r o c e d u r e  con-  

v e r t s  t h e  o r i g i n a l l y  N - a c e t y l a t e d  p e p t i d e s  n i n h y d r i n -  

p o s i t i v e .  A l l  t h e  p e p t i d e s  d i s a p p e a r e d  i n  t h e  h y d r o l y s i s  

w i t h  6 mol/l H C 1 .  The amount of a s p a r t i c  a c i d  i n c r e a s e d  

3 f o l d  i n  t h e  h y d r o l y s i s  w i t h  2 m o l / l  H C 1 ,  a n d  w a s  de- 

r i v e d  a p p a r e n t l y  from t h e  h y d r o l y s i s  o f  N - a c e t y l a s p a r -  
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2628 LAHDESMAKI AND TIMONEN 

t a t e  p r e s e n t  i n  b r a i n  t i s s u e  (181, a n d  s t i l l  a l i t t l e  

i n  t h e  h y d r o l y s i s  w i t h  6 mo l / l  HC1, t h i s  a spa r t a t e  

b e i n g  d e r i v e d  f r o m  t h e  h y d r o l y z a b l e  p e p t i d e s  (4,9). The 

p e a k s  o f  h y p o t a u r i n e  a n d  u r e a  were c o m p l e t e l y  o v e r l a p p e d  

( F i g u r e  Z ) ,  b u t  u r e a  d i s a p p e a r e d  i n  t h e  H C 1  h y d r o l y s i s ,  

and  a s m a l l  amount of h y p o t a u r i n e  r e m a i n e d  a f t e r  t h e  

h y d r o l y s i s .  A s  s a t i s f i e d  w i t h  t h e  H C 1  t r e a t m e n t s  of t h e  

s t a n d a r d s ,  h y p o t a u r i n e ,  t a u r i n e ,  p h o s p h o e t h a n o l a m i n e ,  

p h o s p h o s e r i n e ,  c y s t e i c  acid a n d  c y s t e i n e s u l f i n i c  ac id  

d i d  n o t  be decomposed e i t h e r  i n  t h e  2 o r  6 mol / l  HC1 

s o l u t i o n .  

The p e a k s  o f  t a u r i n e ,  p h o s p h o e t h a n o l a m i n e  a n d  g l y -  

cerylphosphoethanolamine a p p e a r e d  v e r y  close t o g e t h e r  

( s ee  a l s o  R e f .  5). A s m a l l  decrease i n  t h e  c o n c e n t r a t i o n  

o f  p h o s p h o e t h a n o l a m i n e  d u e  t h e  h y d r o l y s i s  w i t h  2 m o l / l  

HC1 w a s  o b s e r v e d ,  i n d i c a t i n g  t h a t  i t s  o r i g i n a l  peak  

c o n t a i n e d  some h y d r o l y z a b l e ,  n i n h y d r i n - p o s i t i v e  materi- 
a l .  A t  t h e  same t i m e  t h e  amount o f  t a u r i n e  i n c r e a s e d  

s l i g h t l y ,  b u t  i t  i s  n o t  known, what  t h i s  i n c r e m e n t  i n  

t h e  t a u r i n e  peak a r i s e s  f r o m ,  b u t  p r o b a b l y  f rom t h e  

l a rge  number of d i f f e r e n t  ac id ic  N - a c e t y l a s p a r t y l  p e p t i -  

des ( 8 1 ,  which a r e  c o n v e r t e d  n i n h y d r i n - p o s i t i v e  by t h e  

h y d r o l y s i s  w i t h  2 m o l / l  H C 1 .  Glycerylphosphoethanolamine 
was c o m p l e t e l y  h y d r o l y z e d  t o  p h o s p h o e t h a n o l a m i n e ,  a f t e r  
which t h e  d e t e r m i n a t i o n  of t a u r i n e  a n d  p h o s p h o e t h a n o l -  

amine  w a s  more r e l i ab le .  

C y s t e i c  a n d  c y s t e i n e s u l f i n i c  acids a n d  phosphose -  

r i n e  c o u l d  n o t  be s e p a r a t e d  from e a c h  o t h e r s ,  b u t  t h e i r  

common amount decreased s i g n i f i c a n t l y  a f t e r  t h e  acid 
h y d r o l y s i s ,  i n d i c a t i n g  a g a i n  some h y d r o l y z a b l e  m a t e r i a l  

p r e s e n t  i n  t h e i r  o r i g i n a l  p e a k .  I n  t w o - d i m e n s i o n a l  t h i n -  

l a y e r  c h r o m a t o g r a p h y ,  u s i n g  70 % e t h a n o l  a n d  75 % p h e n o l  
i n  w a t e r ,  t h e s e  c r i t i c a l  amino acids  c o u l d  be s e p a r a t e d  

v e r y  w e l l  from e a c h  o t h e r s  ( F i g u r e  3). P h o s p h o s e r i n e  w a s  
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BRAIN ACIDIC NINHYDRIN-POSITIVE COMPOUNDS 2629 

F i g u r e  3 .  A t w o - d i m e n s i o n a l  t h i n - l a y e r  ch romatogram o f  
c e r t a i n  ac id i c  amino a c i d s ,  a n a l y z e d  f rom a s t a n d a r d  
s a m p l e  o n  0 . 2 5  m m  t h i c k  s i l i c a  ge l  p l a t e s .  The R 
v a l u e s  i n  b r a c k e t s  a r e  RfI:Rfg. = 70 % e t h a n o l :  55 % 
p h e n o l  i n  water. 1 = phosphoe  a n o l a m i n e  ( 0 . 1 7 : 0 . 0 3 ) ,  
2 = p h o s p h o s e r i n e  (0.40:0.01), 3 = h y p o t a u r i n e  (0.50: 
0 . 2 7 1 ,  4 = t a u r i n e  ( 0 . 5 7 : 0 . 1 7 ) ,  5 = c y s t e i n e s u l f i n i c  
acid ( 0 . 7 1 : 0 . 1 2 ) ,  6 = c y s t e i c  acid ( 0 . 7 3 : 0 . 0 7 ) .  

i d e n t i f i e d  i n  t h e  mouse b r a i n  e x t r a c t  ( F i g u r e  41, b u t  

no t r a c e s  of c y s t e i c  o r  c y s t e i n e s u l f i n i c  a c i d  w e r e  ob- 
s e r v e d .  The f i r s t  peak g r o u p  ( p h o s p h o s e r i n e - c y s t e i c  a c i d  

g r o u p ,  F i g u r e  1-21 c o n t a i n e d  t h u s  a p p a r e n t l y  o n l y  phos-  

p h o s e r i n e  a f t e r  t h e  h y d r o l y s i s  w i t h  6 mol/l H C 1 .  

The s e p a r a t i o n  o f  t a u r i n e  and  p h o s p h o e t h a n o l a m i n e  

f rom e a c h  o t h e r s  w a s  u n s u c c e s f u l  i n  t h e  i o n - e x c h a n g e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2630 LAHDESMAKI AND TIMONEN 

F i g u r e  4 .  A t w o - d i m e n s i o n a l  t h i n - l a y e r  ch romatogram of 
mouse b r a i n  e x t r a c t ,  t rea ted  w i t h  2 m o l / l  H C 1  f o r  30 
min and  r u n n r & e r i d e n t i c a l  c o n d i t i o n s  t o  t h a t  of F i g u r e  
3 .  1 = p r o b a b l y  p h o s p h o e t h a n o l a m i n e ,  2 = p r o b a b l y  phos-  
p h o s e r i n e .  

ch romatography  by t h e  method of G a r v i n  (17, T a b l e  2 ) .  

S e v e r a l  o t h e r  a c i d i c  amino acids came p a r t i a l l y  i n  t h e  

same f r a c t i o n  w i t h  t h e s e ,  b u t  p h o s p h o s e r i n e  n o t .  T h i s  

o ld  method is t h u s  u n s a t i s f a c t o r y  f o r  t h e  d e t e r m i n a t i o n  

o f  t a u r i n e ,  s i n c e  i t  is  c o n t a m i n a t e d  by o t h e r  ac id i c  

amino ac ids .  More u s e f u l  m i g h t  be t h e  o - p h t h a l a l d e h y d e -  
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TABLE I1 
Recovery p e r c e n t a g e s  of t a u r i n e  and c e r t a i n  o t h e r  acidic 
compounds i n  i o n - e x c h a n g e  chromatography performed 
a c c o r d i n g  t o  t h e  method of G a r v i n  ( 1 7 ) .  

Compound 

T a u r i n e  1 0 0 . 0  
Hy p o t a u r i n e  26.2 L 5 . 0  
7 - G l u t a m y l - t a u r i n e  27.4 f 1 5 . 2  
C y s t e i c  ac id  22.6 -+ 18.1 
Phosphoe t h a n o l a m i n e  1 1 5 . 2  2 9.8  
P h o s p h o s e r i n e  8 . 2  5 2 . 8  

~~ ~ 

R e s u l t s  (means S . D . )  are  from 3 d e t e r m i n a t i o n s .  The 
r e c o v e r y  v a l u e  of t a u r i n e  was t a k e n  a s  1 0 0  and  o t h e r s  
expressed r e l a t i v e  to t h i s .  

u r e a  r e a c t i o n  of G a i t o n d e  a n d  S h o r t  ( 1 9 1 ,  s i n c e  i t  is 
more s p e c i f i c  f o r  t a u r i n e ,  e v e n  t h o u g h  performed a f t e r  
t h e  passage of t h e  t i s s u e  e x t r a c t  t h r o u g h  t h e  i o n  ex- 
c h a n g e  r e s i n s ,  when t h e r e  a g a i n  is a p o s s i b i l i t y  of con- 
t a m i n a t i o n .  

The acidic low-molecular  w e i g h t  p e p t i d e s  o c c u r r i n g  

i n  t h e  chromatograms be tween t h e  amino acids h a v e  b e e n  
s t u d i e d  e l s e w h e r e  ( 4 ,  7-91. They c o n t a i n e d  5-6 d i f f e r e n t  
amino acids  among which acidic amino acids,  a s p a r t i c  and  
g l u t a m i c  acids,  p h o s p h o s e r i n e  a n d  t a u r i n e  h a v e  a main 
role .  

DISCUSSION AND CONCLUSIONS 

The complicated c o m p o s i t i o n  of t h e  f r a c t i o n  of t h e  
ac id ic  n i n h y d r i n - p o s i t i v e  compounds i n  t i s s u e  e x t r a c t s  
h a s  b e e n  known f o r  severa l  y e a r s ;  a t  l e a s t  10-15 d i f f e -  

r e n t  amino acids o r  t h e i r  d e r i v a t i v e s  h a v e  b e e n  reported 
i n  t h e  i o n - e x c h a n g e  chromatograms i n  t w o  or t h r e e  peak 
g r o u o s  before a spa r t i c  a n d  g l u t a m i c  acids (see e.g. R e f .  

1, p .  5 0 - 5 1 ) .  Numerous a t t e m p t s  h a v e  b e e n  made t o  d i v i d e  
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2632 LAHDESMAKI AND TIMONEN 

t h e s e  mix tu res  of  compounds i n t o  f r a c t i o n s  of i n d i v i d u a l  

s u b s t a n c e s ,  b u t  t h e  problem i s  s t i l l  l a r g e l y  t h e  same: 

t h e  most a c i d i c  compounds, b e i n g  e l u t e d  i n  t h e  volume of  

c y s t e i c  a c i d  and t a u r i n e  i n  p a r t u c u l a r ,  a r e  comple te ly  

ove r l apped .  

The s t r o n g l y  a c i d i c  f u n c t i o n a l  groups  i n  t h e  com- 
pounds d e a l e d  h e r e  make t h e i r  PI v a l u e s  low. For i n s -  

t a n c e  t h e  pKa v a l u e s  of t a u r i n e  a r e  1 . 5  and 8 . 7 4 ,  g i v i n g  
t h e  P I  va lue  o f  5 . 1 2  f o r  i t  ( 2 0 ) .  The s i t u a t i o n  i s  t h e  

same wi th  most o f  t h e  above-mentioned amino a c i d s  and 

p e p t i d e s ,  which c o n t a i n  ex t ra  a c i d i c  g roups .  The free 

a c i d i c  groups  i n  them seem t o  be t h e  main chromatogra-  

p h i c  d e t e r m i n a n t  i n  t h e  ion-exchange chromatography,  

and f o r  t h i s  r eason  s e v e r a l  d i f f e r e n t  compounds f a l l  

i n t o  t h e  same f r a c t i o n .  

The p r e s e n t  s tudy  l e d  u s  t o  t h e  c o n c l u s i o n  t h a t  t h e  

d i r e c t  a n a l y s i s  of  a b r a i n  e x t r a c t  does  no t  g i v e  c o r r e c t  

r e s u l t s  abou t  t h e  c o n c e n t r a t i o n s  o f  t h e  a c i d i c  amino 

a c i d s .  Bet ter  q u a n t i t a t i v e  r e s u l t s  can  be o b t a i n e d  by 
comparing t h e  a n a l y s i s  r e s u l t s  a f t e r  t h e  h y d r o l y s i s  o f  

t h e  sample wi th  2 and 6 m o l / l  HC1.  I n  some c a s e s  q u a l i -  

t a t i v e  t h i n - l a y e r  chromatography i s  e s s e n t i a l  f o r  t h e  

i d e n t i f i c a t i o n  o f  t h e  amino a c i d s .  
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