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S U M M A R Y  

B i o l o g i c a l l y  l a b e l l e d  [l-14C) g l y c e r o l  ( L - [ l - ' " C )  
g l y c e r o l )  048 prepared by a two s t e p  p r o c e s s .  S t e p  one 
i n v  o 1 v e d t h e  p r e p a r a t i o n  of [I - C] g 2 y ce r o  1 3 -p  ho sp ha t e 
from l4C02 and D-ribuloee 1,5-diphoephate u s i n g  t h e  en-  
zymes,  r i b u l o a e  d iphoepha te  c a r b o z y l a s e ,  phoephoglyce-  
r a t e  k i n a e e ,  g l ycera ldehyde  3-phosphate dehydrogenaee,  
t r i o s e  phosphate  ieomerase and L-a-gtycerophosphate  de-  
hydrogenase.  S t e p  two i n v o l v e d  t h e  c o n v e r s i o n  o f  ( Z - 1 4 c ]  
g l y c e r o l  3-phosphate t o  (1-14C) g l y c e r o l ,  by enzymat i c  
dephosphory l a  t i o n .  

C i f i C  a c t i v i t y  of g t y c e r o t  and i t s  d e r i v a t i v e s ,  namely 
g l y c e r o l  t r i b e n z o a t e  and g l y c e r o l  p - n i t r o b e n s o a t e ,  t h e  
compound was concluded t o  be pure .  Degradation by me- 
thod8 which d i s c r i m i n a t e  between DL- ( l - ~ 4 C ) g l y c e r o 2 ,  
D -  [ Z- ' "C]g lycero l  and L - (2 -14C]g lyceroZ  i n d i c a t e d  t h e  
compound t o  be L - ( l - ' 4 C ] g l y c e r o l .  

Based on t h e  c r i t e r i a  of t h e  cons tancy  of t h e  ape- 

A b b r e v i a t i o n s  

ATP, a d o n o s i n e  S ' - t r i p h o s p h a t e j  ADP, a d e n o s i n e  5 ' - d i p h o s p h a t e :  
NAD*, n i c o t i n a m i d e  a d e n i n e  d i n u c l e o t i d e j  NADH. n i c o t i n a m l d e  a d e n i n e  
d i  n u  C l e o  t i d  e , r e d u c e d  form I T r 1 s, t r i s  [ h y d r o  xyme t h y 1) amin  oms t h a n e  . 

INTRODUCTION 

S t u d i e s  b y  Schambye. Wood and  P o p j a k " )  a n d  S w i c k  and  N a k a o " )  
h a v e  shown t h a t  g l y c e r o l ,  a l t h o u g h  a p p a r e n t l y  a s y m m e t r i c a l  m O l R C U 1 R .  

may b e  m e t a b o l i z e d  a s y m m e t r i c a l l y ,  i n  c o n f i r m a t i o n  o f  t h e  h y p o t h e s i s  
of  O g s t o n ( ' ) .  F u r t h e r m o r e  a l l  c o m m e r c i a l l y  a v a i l a b l e  [ l - " C ]  1 C e r o l  
p r e p a r e d  b y  c h e m i c a l  m e t h o d s  ha8 b e e n  f o u n d  b y  o t h e r  a n d  
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us t o  b e  [ 1 , 3 - 1 4 C ] g l y c e r o l  (OL- [  l - 1 4 C ] g l y c e r o l l  when d e g r a d e d  b y  b i o -  
l o g i c a l  m e t h o d s  ( T a b l e  1 ) .  O u r  s t u d i e s  on c a r b o h y d r a t e  m e t a b o l i s m  i n  
r a b b i t  l i v e r  i n  viva(' s 6 )  h a v e  n e c e s s i t a t e d  t h e  u s e  o f  b i o l o g i c a l  [ 1 -  
" C ]  g l y c e r o l ( L - [  l - 1 4 C ] g l y c e r o l l .  As t o  o u r  k n o w l e d g e  n o  L-[ l - " C ]  g l y -  
c e r o l  i s  c o m m e r c i a l l y  a v a i l a b l e  we h a v e  d e v e l o p e d  a m e t h o d  f o r  t h e  
p r e p a r a t i o n  o f  t h i s  s u b s t a n c e  i n  h i g h  y i e l d .  

E X P E R I M E N T A L  SECTION 

The c o n v e r s i o n  o f  "C02 t o  L 4 - L  I - I ' C ]  g l y c e r o l  3 - p h o s p h a t e  

T h e  m e t h o d  u s e d  f o r  t h e  c o n v e r s i o n  o f  " C D 2  t o  L - a - [  1 - I 4 C 1  - g l y c e -  
r o l  3 - p h o s p h a t e  was e s s e n t i a l l y  t h a t  o f  R a c k e r " ] .  The r e a c t i o n  m i x t u -  
r e  was composed  o f  3 u m o l e s  N a l  ' ' C O 3 ,  1 6 5 u C i  [ T h e  R a d i o c h e m i c a l  Cen- 
t r e ,  Amersham. Bucks ,  E n c l a n d l  d i s s o l v e d  i n  0.08 m l  o f  w a t e r ;  r i b u l o -  
s e  1 . 5 - d i p h o s p h a t e ,  s o d i u m  s a l t ,  5 u m o l e s 1  ATP, 6 0 0 u m o l e s ;  NAOH. 12umo- 
l e s ;  r e d u c e d  g l u t a t h i o n e ,  ZOumoles;  MgC12, 5 0 u m o l e s i  t r i o s e p h o s p h a t e  
i s o m e r a s e ,  2 5 u g  ( 0 . 8  un i t s : : ) ;  L - a - g l y c e r o p h o s p h a t e  d e h y d r o g e n a s e .  25 
u g  ( 1 . 2  u n i t s 1 1  g l y c e r a l d e h y d e  3 - p h o s p h a t e  d e h y d r o g e n a s e .  1 mg [50 u -  
n i t s ) ;  r i b u l o s e  d i p h o s p h a t e  c a r b o x y l a s e .  2 0  mg ( 0 . 5  u n i t s )  a n d  1M- 
T r i s - H C 1  b u f f e r  pH 7.4,  8 mmoles t o  g i v e  a t o t a l  v o l u m e  o f  1 0 . 0  m l .  
P h o s p h o g l y c e r a t e  k i n a s e ,  25ug (50 u n i t s l  was a d d e d  t o  s t a r t  t h e  r e a c -  
t i o n .  The  p r o d u c t i o n  of L - a - 1  1 - " C l g l y c e r o l - p h o s p h a t e  was m o n i t o r e d  
s p e c t r o p h o t o m e t r i c a l l y  b y  r e c o r d i n g  t h e  d e c r e a s e  i n  a b s o r b a n c e  a t  340  
nm d u e  t o  t h e  o x i d a t i o n  o f  NAOH i n  a s u i t a b l y  d i l u t e d  a l i q u o t  o f  t h e  
r e a c t i o n  m i x t u r e .  When n o  f u r t h e r  c h a n g e  i n  o p t i c a l  d e n s i t y  a t  3 4 0  nm 
was. e v i d e n t  [ u s u a l l y  20  m i n . 1  t h e  c o m p l e t e  r e a c t i o n  m i x t u r e  was h e a -  
t e d  a t  l o o o  C f o r  5 m i n .  a n d  t h e  p r e c i p i t a t e  o f  p r o t e i n  r e m o v e d  by  
c e n t r i f u g a t i o n  a t  5,000 g f o r  5 m i n .  

D i s t i l l e d  d e i o n i z e d  w a t e r ,  C01 - f r e e ,  was u s e d  f o r  a l l  p r e p a r a t i o n s ,  
a n d  t h e  a v e r a g e  y i e l d  f o r  t h i s  s t e p  was f o u n d  t o  b e  9 5  % b a s e d  on NAO' 
p r o d u c t i o n .  A s e p a r a t e  e s t i m a t i o n  o f  t h e  y i e l d  b a s e d  on t h e  f o r m a t i o n  
o f  a c i d  s t a b l e  r a d i o a c t i v i t y  a l s o  i n d i c a t e d  t h i s  t o  b e  a p p r o x i m a t e l y  
95 %. 

L 4 - i  l - L 4 C ]  g l y c e r o l  3 - p h o s p h a t e  was i s o l a t e d  f r o m  t h e  r e a c t i o n  
m i x t u r e  b y  a n i o n - e x c h a n g e  c o l u m n  c h r o m a t o g r a p h y .  The c o m b i n e d  s u p e r n a -  
t a n t  was a d j u s t e d  t o  pH 8 . 0  w i t h  0 . 1 M  N H 4 0 H  a n d  a p p l i e d  t o  a c o l u m n  
(0.5 cm x 50 cml  o f  D o w e x  A G  1 x 4 r e s i n  i n  t h e  b o r a t e  f o r m .  T h e  i s o -  
l a t i o n  o f  L - 0 l - l  I - I ' C I  g l y c e r o l  3 - p h o s p h a t e  was a c h i e v e d  by  e l u t i o n  u -  
s i n g  a l i n e a r  g r a d i e n t  o f  0.1M t o  0 . 4  M ammonium t e t r a b o r a t e  ( 1 7 8  m l  
O f  e a c h ) .  A t o t a l  o f  118 f r a c t i o n s  o f  3 m l  e a c h  w e r e  c o l l e c t e d  a t  a 
c o n s t a n t  f l o w  r a t e  of 0.65 m l / m i n .  S a m p l e s  o f  0 . O l m l w e r e  r e m o v e d  f r o m  
e v e r y  t h i r d  f r a c t i o n .  d i s p e r s e d  i n  5 m l  o f  s c i n t i l l a n t ( ' )  a n d  t h e  r a -  
d i o a c t i v i t y  d e t e r m i n e d .  The r e s u l t s  i n  F i g .  1 show t h e  c o l u m n  p r o f i l e  
o f  r a d i o a c t i v i t y  o b t a i n e d  f o r  t h e  i s o l a t i o n  o f  L-a-1 I - " C l g l y c e r o l  3 -  
p h o s p h a t e  t o g e t h e r  w i t h  a p r o f i l e  f o r  a u t h e n t i c  D L - a - g l y c e r o l  p h o s p h a -  
t e  o b t a i n e d  f r o m  a s i m i l a r  c o l u m n  p r e p a r e d  a n d  e l u t e d  u n d e r  i d e n t i c a l  

:: 1 u n i t  o f  enzyme a c t i v i t y  is d e f i n e d  as t h e  amoun t  o f  enzyme t h a t  
c o n v e r t s  a m i c r o m o l e  o f  s u b s t r a t e  t o  p r o d u c t  i n  1 m i n u t e  u n d e r  
o p t i m a l  c o n d i t i o n s  o f  a s s a y  a t  30°  C .  
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c o n d i t i o n s .  The f r a c t i o n s  c o r r e s p o n d i n g  t o  t h e  r a d i o a c t i v e  p e a k  o f  L -  
a-[ l - I 4 C ]  g l y c e r o l  3 - p h o s p h a t e  w e r e  c o m b i n e d  and  t h e  ammonium t e t r a b o -  
r a t e  r e m o v e d  b y  e v a p o r a t i o n s  i n  v a c u o  w i t h  t h r e e  s u c c e s s i v e  v o l u m e s  
of m e t h a n o l  ( e a c h  350  m l l .  

C o n v e r s i o n  o f  L - a - [  1 - l 4 C I  g l y c e r o l  3 - p h o s p h a t e  t o  L - [  1 -14C]  g l y c e r o l  

The r e s i d u a l  p o w a e r ,  f r e e  o f  ammonium t e t r a b o r a t e  a n d  c o n t a i n i n g  
a p p r o x i m a t e l y  Sumo les  o f  L - a - [  1 - " C l  g l y c e r o l  3 - p h O s p h a t e  was d i s s o l -  
v e d  i n  3 m l  o f  p h o s p h a t a s e  r e a g e n t .  [ I  mg S i g m a  Type  I p l a n t  a c i d  
p h o s p h a t a s e  p e r  m l  o f  10mM M g C l z - O . 1 M  s o d i u m  a c e t a t e - a c e t i c  a c i d  b u f -  
f e r  pH 4 . 8 1 .  O e p h o s p h o r y l a t i o n  was a l l o w e d  t o  p r o c e e d  a t  37' C f o r  3 
h r  a f t e r  w h i c h  t l m e  t h e  r e a c t i o n  was s t o p p e d  b y  h e a t i n g  a t  100° C f o r  
5 m i n .  The s u p e r n a t a n t  was p a s s e d  t h r o u g h  a m i x e d - b e d  r e s i n  ( 2  g l  com- 
p o s e d  o f  e q u a l  p a r t s  o f  Dowex 50W (H* f o r m 1  a n d  Oowex I IHCO', f o r m ) .  
The r e s i n  was wasned  w i t h  1 0  m l  HIO a n d  t h e  c o m o i n e d  e l u a t e  c o n c e n t r a -  
t e d  t o  a p p r o x i m a t e l y  0 . 2  m l  e m p l o y i n g  c a r e  t o  p r e v e n t  l o s s  of t h e  p r o -  
d u c t  b y  d r y i n g ( 9 ) .  The  c o n c e n t r a t e  [ a p p r o x .  0 .2 m l )  was a p p l i e d  as  a 
2 0  cm w i d e  b a n d  t o  Whatman 3 MM p a p e r .  By u s i n g  a u t h e n t i c  g l y c e r o l  as  
a r e f e r e n c e  t h e  L - [  l - 1 4 C ] g l y c e r o l  was i s o l a t e d  f r o m  p o s s i b l e  c o n t a m i -  
n a n t s  b y  a s c e n d i n g  c h r o m a t o g r a p h y  i n  e t h y l  a c e t a t e - p y r i d i n e - w a t e r  
( 1 2 : 5 : 4 .  b y  v o l l .  G l y c e r o l  was l o c a t e d  b y  s p r a y i n g  t h e  r e f e r e n c e  w i t h  
a l k a l i n e  AgNOJ(")  a n d  s c a n n i n g  a 2 . 5  cm s t r i p  o f  t h e  c h r o m a t o g r a m  
f o r  r a d i o a c t i v i t y  u s i n g  a N u c l e a r  C h i c a g o  A c t i g r a p h  111. The [ I - " C l  
g l y c e r o l  was e l u t e d  a n d  c o n c e n t r a t e d  t o  5 m i .  a s s a y e d ( " ) .  a n d  t h e  
s p e c i f i c  r a d i o a c t i v i t y  d e t e r m i n e d .  

E x a c t l y  l u m o l e  o f  t h e  p r e p a r e d  [ 1 - " C ] g l y c e r o l  was added  t o  5001.1 
m o l e s  o f  u n l a b e l l e d  g l y c e r o l  a n d  t h e  t r i b e n z o a t e  p r e p a r e d ( " ] .  A f t e r  
r e c r y s t a l l i z a t i o n  f r o m  a l c o h o l  t h e  m.p. was d e t e r m i n e d  ( 7 5 - 7 6 ' C i  u n -  
c o r r e c t e d i  p u b l i s h e d  v a l u e  76 'C I .  I d e n t i c a l  a m o u n t s  o f  t h e  p r e p a r e d  
r a d i o a c t i v e  g l y c e r o l  a n d  u n l a b o l l e d  g l y c e r o l  w e r e  u s e d  f o r  t h e  p r e p a -  
r a t i o n  of  t h e  p - n i t r o b e n z o a t e  d e r i v a t i v e [ " )  [m.p. 186 -187 '  C i  u n c o r -  
r e c t e d ;  p u b l i s h e d  v a l u e  188 '  C l .  T h e  s p e c i f i c  r a d i o a c t i v i t y  o f  e a c h  
d e r i v a t i v e  was d e t e r m i n e d  b y  c o l l e c t i n g  a p p r o x i m a t e l y  20 mg o n t o  a 
p r e w e i g h e d  f i l t e r  d i s c  and c o u n t i n g  i n  a G a s  F l o w  C o u n t e r .  A l l  c o u n t s  
w e r e  c o r r e c t e d  t o  i n f i n i t e  t h i n n e s s .  The s p e c i f i c  r a d i o a c t i v i t i e s  of 
t h e  [ " C] g l y c e r o l  t r i b e n z o a t e  a n d  [ I 4  C l  g l y c e r o l  p - n i t r o t r i b e n z o a t e  we-  
re 4 . 8  x I n  a n d  4 . 6  x l C 4  c .p .m. /umole.  r e s p e c t i v e l y .  A p p r o x i m a t e l y  
l u m o l e  o f  t h e  p r e p a r e d  [ l ' C l g l y c e r o l  was d i l u t e d  w i t h  250urno les  O f  u n -  
l a b e l l e d  g l y c s r o l  and  d e g r a d e d  b y  t h e  m e t h o d  o f  Genovese etal.[41 
( T a b l e  11. 

The a v e r a g e  y i e l d  o f  p r o d u c t  L - [ l - " C ] g l y c e r o l ,  o b t a i n e d  b y  t h e  
me thod  d e s c r i b e d  was 6 5  % .  The p r e p a r e d  a q u e o u s  s o l u t i o n  o f  L - [  1 - l 4 C 1  
g l y c e r o l  [ s p e c i f i c  r a d i o a c t i v i t y  27 .5  mCi /mmole a n d  0 . 0 1 1  m C i / m l l  was 
s t o r e d  as a l i q u i d  a t  -40 '  C w i t h  n o  d e t e c t a b l e  d e c o m p o s i t i o n  a f t e r  6 
mon ths .  
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S o u r c e  

TABLE I .  

T h e  p e r c e n t a g e  d i s t r i b u t i o n  of I 4 C  i n  

v a r i o u s  p r e p a r a t i o n s  of [ I ~ C  ] g l y c e r o l  

% d i s t r i b u t i o n  o f  "C i n  % r e c o v e r y  
t h e  c a r b o n  a t o m s  o f  g l y c e r o l  o f  l a b e l  

c - I  c - 2  c-3:: 

C o m m e r c i a l  p r e p a r a t i o n  I 
o f  [ I - "  C I  g l y c e r o l  5 0 . 0  0 . 7  4 9 . 3  1 0 1 . 2  

C o m m e r c i a l  p r e p a r a t i o n  I1 
o f  [ I - ' ~ c I  g l y c e r o l  4 8 . 5  0 5 1 . 5  1 0 7 . 1  

C o m m e r c i a l  p r e p a r a t i o n  
o f  [ 2 - 1 4  C I  g l y c e r o l  2 . 1  9 5 . 9  2 . 0  9 7 . 9  

P r e p a r e d  L - [  l - ' q C ] g l y c e r o l  9 9 . 7  0 . 2  0 . 1  9 9 . 4  

U n l a b e l l e d  g l y c e r o l  [ 2 5 0 u m o l e s )  was  e d d e d  t o  2 . 0  x 10'  d . p . m .  o f  
e a c h  o f  t h e  c o m m e r c i a l  p r e p a r a t i o n s  o f  [ " C ~ g l y ~ s r o l , , ~ a n d  t o  1 . 2  x l o '  
d .p .m.  o f  t h e  p r e p a r e d  [ l - 1 4 C ] g l y c e r o l .  S a m p l e s  o f  [ C l g l y c e r o l  were 
d e g r a d e d  t o  C O z  b t h e  s t e p - w i s e  p r o c e d u r e  o f  G e n o v e s e  e.[4]. T h e  
d i s t r i b u t i o n  o f  "C i n  e a c h  c a r b o n  a t o m  o f  g l y c e r o l  i s  e x p r e s s e d  a s  a 
p e r c e n t a g e  o f  t h e  t o t a l  a n d  t h e  p e r c e n t a g e  r e c o v e r y  o f  l a b e l  was d e -  
t e r m i n e d  b y  t h e  f r a c t i o n  

sum o f  I n d i v i d u a l  c a r b o n  a t o m  s p e c i f i c  r a d i o -  a c t i v i t i e s  

s p e c i f i c  r a d i o a c t i v i t y  o f  g l y c e r o l  

:: C - 3  i s  t h e  c a r b o n  a t o m  w h i c h  i s  a d j a c e n t  t o  t h e  p h o s p h a t e  g r o u p  
i n  L - a - g l y c e r o l  3 - p h o s p h a t e  f o r m e d  b y  b i o l o g i c a l  p h o s p h o r y l a -  
t l o n .  
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Fig. 1 .  The iaolation o f  L-a-glycerol 3-phosphate  

b y  a n i o n - e x c h a n g e  chromatography.  

A c o l u m n  ( 0 . 5  cm x 50 cml  o f  Dowex 1 x 4 r e s i n  i n  t h e  b o r a t e  
f o r m  was u s e d .  L - a - g l y c e r o l  3 - p h o s p h e t e  was e l u t e d  w i t h  a l i n e a r  g r a -  
d i e n t  o f  0.1 - 0.4 M-ammonium t e t r e b o r e t e ,  a n d  f r a c t t o n s  o f  3 .0  m l  
e a c h  w e r e  c o l l e c t e d .  

-,Total p h o s p h a t e  p r o f i l e  f o r  t h e  i s o l a t i o n  o f  a u t h e n t i c  O L - a - g l  - 
c e r o l  p h o s p h a t e  o b t a i n e d  b y  t h e  a n a l y s i s  o f  e v e r y  t h i r d  f r a c t i o n ( 1 3  J. 

R a d i o a c t i v i t y  p r o f i l e  f o r  t h e  i s o l a t i o n  o f  [ I - " C j g l y c e r o l  3 -  
p h o s p h a t e  ( 0 . 0 1  m l  s a m p l e ) .  U n d e r  t n e  c o n d i t i o n s  e m p l o y e d  t h e  f r a c -  
t i o n s  c o n t a i n i n g  [ I-'' C ]  g l y c e r o l  3 - p h o s p h a t e  w e r e  f r e e  o f  ATP. AOP, 
NAOH, NAD' and  u n r e a c t e d  r i b u l o s e  1 . 5 - d i p n o s p h a t e .  
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