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SUMMARY 
The p h o t o s y n t h e t i c  p r e p a r a t i o n  of D - g a l a c t o s e -  

1 3 C 6  and g l y ~ e r o l - ~ ~ C ~  from G i g a r t i n a  c o r y m b i f e r a  
i s  d e s c r i b e d .  The r e d  marine a l g a e  b i o s y n t h e s i z e  
t h e  g a l a c t o s i d e  2-hydroxy-l-(hydroxymethyl)ethyl 
a - D - g a l a c t o p y r a n o s i d e  ( g a l a c t o s y l g l y c e r o l )  d u r i n g  
p h o t o s y n t h e s i s .  The g a l a c t o s i d e  was i s o l a t e d  from 
a n  a l c o h o l  e x t r a c t  by an a c e t y l a t i o n  p r o c e d u r e  and 
h y d r o l y z e d  t o  D - g a l a c t o s e  and g l y c e r o l .  The a v e r a g e  
en r i chmen t  o f  t h e  i s o l a t e d  p r o d u c t s  was 5 5  mol % I 3 C  
w h i l e  t h e  a c t u a l  en r i chmen t  o f  newly s y n t h e s i z e d  
mater ia l ,  d e t e r m i n e d  by 1 3 C  nmr, was 80 mol % 1 3 C  
a f t e r  a p h o t o s y n t h e t i c  p e r i o d  o f  48 h r  d u r i n g  which 
90 mol % I 3 C O  was a d m i n i s t e r e d .  T h i r t y  p e r c e n t  o f  
t h e  a d m i n i s t e r e d  carbon was r e c o v e r e d  i n  t h e  p r o d u c t s .  
The d i s t r i b u t i o n  o f  1 3 C  i n  t h e  g a l a c t o s e  and g l y c e r o l  
was shown t o  b e  un i fo rm b y  1 3 C  nmr. 
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INTRODUCTION 

Methods f o r  t h e  p r e p a r a t i o n  o f  small q u a n t i t i e s  of  1 4 C  l a b e l e d  

compounds u s i n g  p h o t o s y n t h e t i c  o rgan i sms  have been d e s c r i b e d  b y  

Putrnan e t  aZ. (1 ,Z)  and Bean and H a s s i d  ( 3 ) .  More r e c e n t l y ,  t h e s e  

t e c h n i q u e s  have been m o d i f i e d  and a p p l i e d  t o  t h e  p h o t o s y n t h e t i c  
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p r e p a r a t i o n  o f  s m a l l  amounts o f  l a b e l e d  m a t e r i a l  u s i n g  t h e  s h o r t -  

l i v e d  i s o t o p e  "C ( 4 ) .  

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

s e v e r a l  t y p e s  o f  brown, r e d ,  and g r e e n  a l g a e .  The p r i m a r y  c a r b o h y -  

h y d r a t e s  o b t a i n e d  from t h e  r e d  a l g a e  were g a l a c t o s y l g l y c e r o l  a n d / o r  

a g l y c o s i d e  o f  mannose. 

1 abe l e d  2 - hydroxyl  - 1 - (hydroxyme t h y l  ) e t h y l  a - D-ga lac  t o p  y r a n o s  i d e  

( g a l a c t o s y l g l y c e r o l )  from G i g a r t i n a  coryrnb i f e ra .  

OH 

Bidwel l  (5 )  and  Bean and  H a s s i d  (6 )  have 

Here we d e s c r i b e  t h e  b i o s y n t h e s i s  o f  1 3 C  

HO 

'CH-CH~OH 
I 
CH20H 

T h i s  o rgan i sm h a s  been used t o  o b t a i n  mul t ig ram q u a n t i t i e s  o f  D -  

ga l ac tose -13C6  f o r  u s e  i n  c l i n i c a l  s t u d i e s  i n  t h e  e v a l u a t i o n  o f  c a r -  

b o h y d r a t e  metabol ism ( 7 )  . 
RESULTS AND DISCUSSION 

S e v e r a l  p a r a m e t e r s  were i n v e s t i g a t e d  t o  maximize c o n v e r s i o n  o f  

I 3 C O 2  t o  D - g a l a c t ~ s e - ~ ~ C ~  and g l y c e ~ o l - ~ ~ C ~ .  Among t h e s e  were:  u s e  

of v a r i o u s  l i g h t - d a r k  c y c l e s  d u r i n g  p h o t o s y n t h e t i c  i n c u b a t i o n ;  d i f f e r -  

e n t  p h o t o s y n t h e t i c  p e r i o d s ,  d a r k  i n c u b a t i o n  p e r i o d s ,  and i n c u b a t i o n  

t e m p e r a t u r e s .  Only t h e  i n c u b a t i o n  t e m p e r a t u r e  and l e n g t h  o f  t h e  

p h o t o s y n t h e t i c  p e r i o d  a f f e c t e d  t h e  c o n v e r s i o n  of  C 0 2  t o  g a l a c t o s y l -  

g l y c e r o l .  P r e t r e a t m e n t  o f  t h e  t h a l l i  (b road  l e a f - l i k e  p o r t i o n s  o f  t h e  

o rgan i sm which c o n s i s t s  o f  u n d i f f e r e n t i a t e d  c e l l s )  p r i o r  t o  p h o t o s y n -  

t h e t i c  i n c u b a t i o n  was n o t  n e c e s s a r y .  Expe r imen t s  were done u s 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  f o r  48 h r  w h i l e  t h e  t h a l l i  were k e p t  a t  15OC. 

The r a t e  o f  I 3 C O 2  u p t a k e  was 0 . 5  mg p e r  h r  p e r  g o f  t h a l l i  d u r i n g  

t h e  f i r s t  2 0  h r  o f  p h o t o s y n t h e s i s ,  0.3 mg p e r  h r  p e r  g o f  t h a l l i  from 

2 4  t o  26 h r ,  and 0 . 2  mg p e r  h r  p e r  g o f  t h a l l i  f o r  t h e  n e x t  23 h r .  

The C 0 2  u p t a k e  measurements ,  which were t a k e n  a t  4 hr i n t e r v a l s ,  
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r e f l e c t  a decrease  i n  the  pho tosyn the t i c  r a t e  of t h e  a l g a e  a s  t h e  

experiment p rogres sed .  

supp l i ed  t o  4 . 6  kg of  G .  corymbifera. The g a l a c t o s y l g l y c e r o l -  Cg 

i s o l a t e d  (19.5 g ,  55 mol % 13C) r e p r e s e n t s  a 30% recovery  of 1 3 C .  

While 1 3 C  recovery  was improved (E. 43%) by s h o r t e r  i ncuba t ion  

p e r i o d s ,  t h e  product  was n o t  uniformly l a b e l e d .  The lower average 

enrichment l e v e l  o f  t h e  i s o l a t e d  g a l a c t o s y l g l y c e r o l ,  as  compared 

wi th  t h e  13C02 admin i s t e red ,  r e f l e c t e d  e i t h e r  t h e  presence  of un- 

l a b e l e d  endogenous m a t e r i a l ,  o r  d i l u t i o n  of t h e  13C02 by n a t u r a l  

abundance C02 produced by o x i d a t i v e  metabolism of t h e  t h a l l i .  

1 3 C  nmr a n a l y s i s  o f  product  samples taken  a t  va r ious  times dur ing  

t h e  p h o t o s y n t h e t i c  p e r i o d  showed t h a t  t h e  f i r s t  p rocess  was dominant. 

I n  b i o s y n t h e t i c  l a b e l i n g ,  where the  enrichment of t h e  p r e c u r s o r  

A t o t a l  of 6 0  g of 13C02 (90 mol % 13C) was 
1 3  

The 

d i f f e r s  s i g n i f i c a n t l y  from t h a t  of t h e  p roduc t ,  t h e  d i s t r i b u t i o n  of 

l a b e l e d  atoms w i t h i n  the  product  i s  impor tan t .  Tracer  s t u d i e s  wi th  

1 4 C  (6 ,8)  i n d i c a t e d  t h a t  g a l a c t o s y l g l y c e r o l  - 1 4 C 9  was r a p i d l y  l a b e l e d ;  

a f t e r  4 min, t h e  g a l a c t o s e  -14C6/glycerol-14C3 a c t i v i t y  r a t i o  was 

approximately 2 : l .  As was po in ted  o u t  by Bean and Hassid ( 6 ) ,  how- 

e v e r ,  a number of  nonequivalent  l a b e l i n g  schemes can l e a d  t o  t h e  same 

r a t i o .  

1 3 C  nmr s p e c t r a  o f  ga lac tosy lg lycero l -13Cg showed t h a t  t h e  i n t e n -  

s i t i e s  o f  t h e  1 3 C  resonances corresponding t o  t h e  g a l a c t o s e  and 

g l y c e r o l  carbons f o r  h i g h l y  enr iched  m a t e r i a l  ( i . e .  samples incu -  

ba t ed  wi th  90 mol % 1 3 C 0  f o r  - > 1 2  h r )  a r e  c o n s i s t e n t  w i th  equiva-  

l e n t  l a b e l i n g  of  a l l  carbons i n  t h e  g a l a c t o s y l g l y c e r o l  molecule .  A 

more d e t a i l e d  a n a l y s i s  o f  t h e  l a b e l i n g  p a t t e r n  was done us ing  t h e  

C - 2  resonances  of g l y c e r o l  s i n c e  t h e s e  resonances are always w e l l  

r e so lved  from o t h e r  1 3 C  resonance peaks.  

formed on e i t h e r  g l y c e r o l ,  g a l a c t o s y l g l y c e r o l ,  o r  t h e  hexa -o -ace ty l -  

g a l a c t o s y l g l y c e r o l  and,  a s  desc r ibed  below, a n a l y s i s  of t h i s  peak 

a l lows  a s e p a r a t e  de te rmina t ion  of t h e  l a b e l i n g  p a t t e r n  only  i n  the  

newly syn thes i zed  g a l a c t o s i d e .  

2 

The ana lyses  can be p e r -  

The 1 3 C  spectrum o f  the  g l y c e r o l  
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C - 2  ca rbon  i s  a sum o f  t h e  m u l t i p l e t s  e a c h  o f  which c o r r e s p o n d s  t o  

a s p e c i f i c  i s o t o p e  i somer  ( F i g .  1) .  Al though  t h e  two c e n t r a l  l i n e s  

o f  t h e  q u a r t e t ,  which c o r r e s p o n d  t o  t h e  i somer  h a v i n g  a l l  t h r e e  g l y -  

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

l a b e l i n g  o f  g l y c e r o l  C - 2  o n l y ,  t h e  i n t e n s i t y  o f  t h e  fo rmer  can b e  

c a l c u l a t e d  from t h e  i n t e n s i t y  o f  t h e  two o u t e r  q u a r t e t  l i n e s  ( F i g .  

1) .  S u b t r a c t i o n  from t h e  o b s e r v e d  i n t e n s i t y  o f  t h e  c e n t r a l  r e s o -  

nances  t h e n  g i v e s  t h e  s i n g l e t  i n t e n s i t y .  

S i n c e  endogenous u n l a b e l e d  g a l a c t o s y l g l y c e r o l  makes a n e g l i g i b l e  

c o n t r i b u t i o n  t o  t h e  i n t e n s i t i e s  o f  t h e  d o u b l e t  and q u a r t e t  peaks  , 
t h e  i n t e n s i t i e s  o f  t h e s e  m u l t i p l e t s  can b e  used t o  e s t i m a t e  t h e  e n -  

r i chmen t  o f  t h e  newly s y n t h e s i z e d  g a l a c t o s y l g l y c e r o l .  The a n a l y s i s  

i s  b a s e d  on t h e  a s sumpt ion  o f  un i fo rm random l a b e l i n g  o f  a l l  c a r b o n  

atoms.  S e v e r a l  o t h e r  nmr p a r a m e t e r s ,  n o t a b l y  t h e  a v e r a g e  i n t e n s i -  

t i e s  o f  t h e  g a l a c t o s e  and g l y c e r o l  carbon r e s o n a n c e s  a r e  c o n s i s t e n t  

w i t h  t h i s  a s sumpt ion .  With t h e  13C/12C r a t i o  ( 5 5  mol %) e s t a b l i s h e d  

by combust ion f o r  t h e  g a l a c t o s i d e ,  i t  was t h e n  p o s s i b l e ,  by a n a l y s i s  

o f  t h e  c e n t r a l  r e s o n a n c e  o f  t h e  C-2 m u l t i p l e t ,  t o  o b t a i n  a r a t i o  f o r  

t h e  amounts o f  newly s y n t h e s i z e d  a n d  endogenous g a l a c t o s y l g l y c e r o l .  

A t  4 8  h r  t h i s  r a t i o  was found t o  b e  0 . 5 1 .  

The k i n e t i c s  o f  1 3 C  en r i chmen t  can be f o l l o w e d  by o b t a i n i n g  nmr 

s p e c t r a  o f  t h e  e n r i c h e d  g a l a c t o s i d e  from a l g a e  samples  t a k e n  a t  

v a r i o u s  i n c u b a t i o n  t imes.  Such s p e c t r a  conf i rm t h e  p r e s e n c e  o f  s i g -  

n i f i c a n t  l e v e l s  of endogenous g a l a c t o s y l g l y c e r o l .  Thus,  t h e  e a r l y  

l a b e l i n g  o f  g a l a c t o s y l g l y c e r o l  i s  s i g n i f i c a n t l y  below t h e  l e v e l  o f  

t h e  a d m i n i s t e r e d  1 3 C 0 2  b u t  g r a d u a l l y  i n c r e a s e s  toward  i s o t o p i c  

e q u i l i b r i u m .  Average en r i chmen t  o f  t h e  newly s y n t h e s i z e d  m a t e r i a l  

a f t e r  4 0  h r  o f  i n c u b a t i o n  i s  8 0  mol % 1 3 C  ( 9 ) .  M u l t i p l e t  a n a l y s i s  

i s  a l s o  u s e f u l  f o r  o b t a i n i n g  i n f o r m a t i o n  on t h e  d i s t r i b u t i o n  o f  t h e  

"C l a b e l .  

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

I n  a s e r i e s  o f  samples  i n c u b a t e d  under  d i f f e r e n t  l i g h t -  

were a p p a r e n t  a l t h o u g h  t h e  a v e r a g e  1 3 C  en r i chmen t  o f  t h e  g a l a c t o s i d e ,  
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based on t h e  I 3 C / l 2 C  r a t i o ,  i n d i c a t e d  equ iva len t  average l a b e l i n g  

( 1 0 ) .  Comparison of t he  double t  and q u a r t e t  i n t e n s i t i e s  f o r  t h e  

g l y c e r o l  C - 2  carbon from samples taken  a f t e r  48 h r  of  cont inuous  

i l l u m i n a t i o n ,  a l t e r n a t i n g  1 2  h r  l i g h t / l 2  h r  dark c y c l e s ,  and a l t e r -  

n a t i n g  18 h r  l i g h t / d  h r  dark  c y c l e s ,  i n d i c a t e s  t h a t  cont inuous  i l l u -  

minat ion r e s u l t s  i n  t he  h ighes t  q u a r t e t / d o u b l e t  r a t i o ,  and conse-  

quen t ly  t h e  h i g h e s t  1 3 C  enrichment of t h e  newly syn thes i zed  g a l a c t o -  

s i d e  ( 1 0 ) .  This  i s  c o n s i s t e n t  w i th  the  expected i n c r e a s e  i n  c a t a -  

b o l i c  p rocesses  t h a t  produce unlabe led  C 0 2  dur ing  the  dark p e r i o d s .  

Previous  work by Bean e t  a t .  ( 2 )  us ing  14C02 and by Palmer and 

Goulding (4) us ing  11C02 involved  t h e  incuba t ion  o f  1 g t o  3 g of 

t h a l l i .  

"C on ly  smal l  amounts of l a b e l e d  m a t e r i a l  were necessa ry  t o  meet 

t h e i r  requi rements .  

metry o r  nmr l a r g e r  amounts a r e  r equ i r ed  f o r  a n a l y s i s .  To o b t a i n  

t h e  necessa ry  q u a n t i t i e s  of  D - g a l a c t ~ s e - ~ ~ C ~  f o r  use i n  ou r  c l i n i c a l  

a p p l i c a t i o n s ,  i t  was necessary  t o  use kg amounts of  t h a l l i  pe r  i n c u -  

ba t ion  and a l s o  t o  i n c r e a s e  t h e  y i e l d  of l abe led  g a l a c t o s i d e  p e r  

gram of t h a l l i  over  t h a t  r epor t ed  ( 1 7 % )  ( 8 ) .  To i n c r e a s e  t h e  a v e r -  

age i s o t o p e  enrichment of  t he  p roduc t ,  we extended t h e  cont inuous  

pho tosyn the t i c  p e r i o d  from 11 h r  (Bean e t  al.) (8)  t o  48 h r .  The 

amount o f  g a l a c t o s i d e  ob ta ined  w a s  about  0 . 5 %  of  t he  f r e s h  weight  of 

t h e  t h a l l i .  

Due t o  t h e  g r e a t e r  s e n s i t i v i t y  of d e t e c t i o n  f o r  1 4 C  and 

Since  I 3 C  i s  u s u a l l y  de t ec t ed  by mass s p e c t r o -  

EXPERIMENTAL 

Mate r i a l s  and Methods 

The a lgae  were obta ined  f r e s h  i n  6-kg l o t s  ( P a c i f i c  Biomarine Sup- 

p l y  Company, Venice,  CA) w i t h i n  24 h r  of h a r v e s t  from the  ocean.  The 

tempera tures  o f  t h e  P a c i f i c  ocean along t h e  southern  C a l i f o r n i a  c o a s t  

a r e  s u i t a b l e  f o r  vigorous growth of t he  a lgae  from March through June 

of each y e a r .  Dormant a l g a e  give low y i e l d s  of l a b e l e d  p r o d u c t ;  

t h e r e f o r e ,  experiments  were done during pe r iods  when the  a l g a e  were 

growing r a p i d l y .  Upon a r r i v a l  i n  our  l a b o r a t o r y ,  t h e  t h a l l i  were cu t  
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i n t o  s t r i p s  about  8-cm wide, and most of t h e  r ep roduc t ive  nodules  

were removed. The a l g a e  were p l aced  i n  polycarbonate  incuba t ion  

chambers. I l l u m i n a t i o n  ( 7 0 , 0 0 0  lux )  from above and below the  

chambers was by Sy lvan ia  VHO f l u o r e s c e n t  lamps. The chambers were 

o s c i l l a t e d  h o r i z o n t a l l y  (28 cpm) t o  keep t h e  n u t r i e n t  medium mixed. 

The tempera ture  w i t h i n  each  chamber was main ta ined  by an e x t e r n a l  

cool ing  ba th  a t  1 5 O C .  Cons t ruc t ion  d e t a i l s  of t he  appa ra tus  have 

been desc r ibed  (11 ) .  

Glycerol  concen t r a t ions  were determined by enzyme as say  (Calb io-  

chem Glycero l  S t a t  Pack) . Galactose concen t r a t ions  were determined 

a s  fo l lows :  T r i s - a c e t a t e  b u f f e r  ( 0 . 9  ml, pH 8 .6 )  was p l a c e d  i n  a 

1 - m l  q u a r t z  c u v e t t e  fol lowed by a d d i t i o n  of NAD s o l u t i o n  (0 .1  m l ,  

1 4  mM) and g a l a c t o s e  dehydrogenase (5 p l y  U/ml). The g a l a c t o s e  

s o l u t i o n  ( con ta in ing  about  1 0  pg g a l a c t o s e )  was added t o  t h e  c u v e t t e  

and t h e  we l l  mixed s o l u t i o n  was allowed t o  s t a n d  f o r  30 min a t  room 

tempera ture .  The absorbance a t  340 nm was recorded and compared 

wi th  s t anda rd  s o l u t i o n s .  

Pulse  1 3 C  nmr s p e c t r a  were obta ined  w i t h  a Varian XL-100-15  spec -  

t rometer  (25 MHz) which was i n t e r f a c e d  t o  a Nova 1 2 1 0  computer. 

P repa ra t ion  of  D - G a l a c t o ~ e - ~ ~ C ~  and G l y ~ e r o l - ~ ~ C ~  

Fresh  t h a l l i  s t r i p s  (20-cm long x 8-cm wide) were p l aced  i n  each  

incuba t ion  chamber (s. 1 . 5  kg/chamber);  t h e  chambers were c losed  

and each  was p a r t i a l l y  f i l l e d  wi th  1 2  l i t e r s  of C02-f ree  en r i ched  

seawater  medium (12) t h a t  was precooled  t o  1 5 O C .  To s t a r t  the  au to -  

mat ic  a d d i t i o n  of  1 3 C 0 2  ( 9 0  no1 % ) ,  1 0  m l  of  aqueous potassium 

hydroxide ( 5  N:, was i n j e c t e d  i n t o  each  chamber caus ing  t h e  pH t o  

r i s e  from 8 .3  t o  9 . 0 .  

( t h e  o p e r a t i o n a l  pH). 

ba t ion  chambers were i l l u m i n a t e d .  

r o s e ,  and a d d i t i o n a l  amounts of  1 3 C 0 2  were added a u t o m a t i c a l l y .  A 

p o s i t i v e  p r e s s u r e  was maintained i n s i d e  t h e  chamber by ven t ing  t h e  

gases  through gas  -washing b o t t l e s  f i l l e d  wi th  C02-f ree  5N sodium 

A s  l sCOz  was added, t h e  pH decreased  t o  8.2 

When each  chamber con ta ined  13C02, t h e  i n c u -  

As t h e  a l g a e  f i x e d  1 3 C 0 2 ,  t h e  pH 
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hydroxide.  The 4.6 kg  of t h a l l i  f i x e d  60 g of 1 3 C 0 2  dur ing  the  i n -  

cuba t ion  p e r i o d .  

A f t e r  48-hr  i ncuba t ion ,  t he  t h a l l i  were removed from t h e  chambers, 

washed w i t h  c o l d  wa te r ,  f rozen  i n  l i q u i d  n i t r o g e n ,  ground i n t o  sma l l  

p i e c e s ,  and s t o r e d  a t  -2O 'C .  Wet-frozen t h a l l i  (4 .6  kg) were p l aced  

i n  16 II o f  95% e thano l  and r e f luxed  f o r  30 min. The e x t r a c t  was 

f i l t e r e d  and t h e  e x t r a c t i o n  p rocess  r epea ted  once us ing  80% e t h a n o l .  

The c e l l  d e b r i s  was washed wi th  80% e thano l  (2 x 1 . 5  a )  and d i s -  

carded .  The combined e x t r a c t s  and washings were concen t r a t ed  t o  

about 2 0 0  m l  and f i l t e r e d  through C e l i t e .  Py r id ine  (200 m l )  was 

added and t h e  p y r i d i n e  -water  s o l u t i o n  was evapora ted  under reduced 

p r e s s u r e  t o  g ive  a t h i c k  brown syrup .  The syrup was taken  up i n  

p y r i d i n e  (300 ml ) ;  t he  p r e c i p i t a t e d  s a l t s  were removed by f i l t r a t i o n ;  

and t h e  s o l u t i o n  evapora ted  t o  a syrup under reduced p r e s s u r e .  This  

procedure was r epea ted  once.  The syrup was d i s so lved  i n  p y r i d i n e  

(400 ml) and cooled i n  an i c e  b a t h .  Ace t i c  anhydride (100 m l )  was 

s lowly added whi le  keeping the  temperature  below 25 'C.  The r e s u l t -  

i n g  s o l u t i o n  w a s  p l aced  i n  a r e f r i g e r a t o r  overn ight  and then  kept  i n  

the  dark  a t  25'C f o r  3 days .  The s o l u t i o n  which conta ined  t h e  a c e t y -  

l a t e d  g a l a c t o s i d e ,  was poured i n t o  i c e  water  (1.5 a )  producing an 

i n s o l u b l e  o i l  t h a t  s o l i d i f i e d  a f t e r  s t i r r i n g  2-3 h r .  The t a n  s o l i d  

was f i l t e r e d ,  washed wi th  c o l d  w a t e r ,  and d r i e d  t o  give 4 7 . 4  g of 

t a n  n e e d l e s ,  mp 99-100'C. R e c r y s t a l l i z a t i o n  from e thano l  (Nor i t )  

gave,  i n  t h r e e  c rops  , 4 2 . 2  g of h e x a - 0 - a ~ e t y l g a l a c t o s y l g l y c e r o l - ~ ~ C ~  

a s  whi te  n e e d l e s ,  mp 102-103'C [ r epor t ed  (13) lOO'C]. 

A s o l u t i o n  of sodium methoxide [prepared from 12.6 g ( 0 . 5 5  mol) 

of sodium and 250 m l  of methanol (14 ) ]  was added t o  a s l u r r y  o f  4 2 . 2  

g (82.6 mmol) o f  t he  a c e t y l a t e d  g a l a c t o s i d e  suspended i n  methanol ,  

and the  mixture  was s t i r r e d  f o r  3 h r .  Water (50 m l )  was added and 

the  s o l u t i o n  was t r e a t e d  wi th  700 m l  o f  Dowex 50 (H'). The mixture  

was f i l t e r e d  and t h e  r e s i n  was washed wi th  water  (4 x 250  ml) .  The 

f i l t r a t e  was t r e a t e d  wi th  N o r i t ,  f i l t e r e d ,  and evapora ted  to  a syrup .  
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The s y r u p  was t a k e n  up i n  e t h a n o l ,  c o n c e n t r a t e d  and a l l o w e d  t o  

c r y s t a l l i z e  t o  g i v e  1 9 . 5  g ( 9 1 % )  o f  g a l a c t o s y l g l y c e r o l - 1 3 C 9  a s  w h i t e  

n e e d l e s ,  mp 131-132'C [ r e p o r t e d  (13)  129OCI. The 1 3 C  c o n t e n t  o f  t h e  

g a l a c t o s y l g l y c e r o l ,  d e t e r m i n e d  b y  combust ion t o  C 0 2  w i t h  sodium d i  - 

c h r o m a t e - s u l f u r i c  a c i d  and  mass s p e c t r o m e t r i c  measurement o f  t h e  

1 3 ~ / 1 2 ~  r a t i o ,  was 55 mol % .  
G a l a c t o s y l g l y c e r o l  -13C9  (19.5 g)  was d i s s o l v e d  i n  t r i f l u o r a c e t i c  

a c i d  (780 m l ,  0 . 1  E )  and r e f l u x e d  unde r  n i t r o g e n  f o r  1 2  h r .  P r o g r e s s  

o f  t h e  h y d r o l y s i s  was mon i to red  by measu r ing  o p t i c a l  r o t a t i o n  a t  589 

nm and b y  enzymat i c  a s s a y s  f o r  g a l a c t o s e  and  g l y c e r o l .  When t h e  h y -  

d r o l y s i s  was comple t ed ,  t h e  s o l u t i o n  was c o o l e d ,  500 m l  o f  Dowex 1 

( O H - )  was added and t h e  s o l u t i o n  was s t i r r e d  f o r  1 5  min. The s o l u -  

t i o n  was f i l t e r e d ,  and t h e  r e s i n  was washed w i t h  water  ( 5  x 500 m l ) .  

The pH o f  t h e  f i l t r a t e  was a d j u s t e d  t o  6 . 5  w i t h  2 5  m l  o f  Dowex 50 

(H'). The s o l u t i o n  was f i l t e r e d  and t h e  r e s i n  was washed w i t h  w a t e r  

(4  x 1 0 0  m l ) .  The f i l t r a t e ,  which c o n t a i n e d  g a l a c t o s e  and g l y c e r o l ,  

was c o n c e n t r a t e d  t o  a t h i c k  s y r u p .  G a l a c t o s e  was c r y s t a l l i z e d  from 

t h e  m i x t u r e  b y  t h e  a d d i t i o n  o f  e t h a n o l  t o  y i e l d  1 2 . 7  g o f  c o l o r l e s s  

c r y s t a l s ,  mp 167'C [ r e p o r t e d  (15)  167'CI. The f i l t r a t e  from t h e  

c r y s t a l l i z a t i o n  was c o n c e n t r a t e d  t o  a t h i c k  s y r u p  and d i s s o l v e d  i n  

w a t e r  (15 m l ) .  The s o l u t i o n ,  which c o n t a i n e d  m o s t l y  g l y c e r o l  w i t h  

small amounts o f  g a l a c t o s e ,  was p l a c e d  on a column ( 5  x 1 0 0  cm) o f  

Dowex 50 (X8, 200-400 mesh, Ba") r e s i n  (16) and e l u t e d  w i t h  water 

( f low r a t e  4 0  m l / h r ,  6 . 7  m l / f r a c t i o n ) .  G a l a c t o s e  was e l u t e d  i n  a 

50-ml volume a f t e r  870 m l  o f  e l u a n t  had p a s s e d  th rough  t h e  column 

and g l y c e r o l  was e l u t e d  i n  50 m l  a f t e r  1 II of  e l u a n t  had been c o l -  

l e c t e d .  The amount o f  g l y c e r o l  and g a l a c t o s e  o b t a i n e d  was 6 . 5  g and 

0 . 7  g ,  r e s p e c t i v e l y .  

was 54 mol % .  
The a v e r a g e  13C/12C r a t i o  f o r  e a c h  compound 
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GLYCEROL C - 2  
RESONANCE 

OBSERVED SUPERPOSITION 

I I I I 

77 75 73 71 
PPm 

CORRESPONDING 
ISOTOPE ISOMER 

* c,- cz- c3 

* * c,- c*-c, 
or * * c,- c,-c3 

* * * ct- c,-c, 

Fig.  1. The obse rved  g l y c e r o l  C - 2  r e s o n a n c e  i s  a s u p e r p o s i t i o n  o f  
t h e  s i n g l e t ,  d o u b l e t ,  and q u a r t e t  c o r r e s p o n d i n g  t o  t h e  i s o t o p e  i s o -  
mers i l l u s t r a t e d  i n  t h e  f i g u r e .  The r e l a t i v e  i n t e n s i t i e s  o f  t h e  
l i n e s  i n  each  m u l t i p l e t  were c a l c u l a t e d  u s i n g  t h e  J and Av v a l u e s  
o b t a i n e d  from t h e  spec t rum.  


