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SUMMARY:Glucosylceramide and g a l a c t o s y l c e r a m i d e  were e n z y m i c a l l y  
s y n t h e s i z e d  by i n c u b a t i n g  an embryonic ch icken  b r a i n  microsomal 
f r a c t i o n  w i t h  s tearoy I -CoA and, r e s p e c t l v e l l y , g l u c o s y l s p h l n g o s i n e  
or  g a l a c t o s y l s p h i n g o s i n e .  The f o r m a t i o n  o f  f r e e  sph ingos ine  by 
enzymic s p l i t t i n g  of  g l y c o s y l s p h i n g o s i n e  p r i o r  to  t he  s y n t h e s i s  
o f  ce reb ros ide ,was  not  r e q u i r e d .  

INTRODUCTION 

Enzymic r e a c t i o n s  f o r  the  N - a c y l a t i o n  o f  s p h i n g o s i n e ( I - 3 )  and 

f o r  the  g a l a c t o s y l a t i o n  and g l u c o s y l a t i o n  of  ce ramide (4 -8 )  have 

been e s t a b l i s h e d .  These r e a c t i o n s  are c u r r e n t l y  cons ide red  as 

p a r t s  of  the  pathways f o r  the  b i o s y n t h e s i s  oF c e r e b r o s i d e s  and 

g a n g l i o s i d e s .  Enzymie r e a c t i o n s  f o r  the  f o r m a t i o n  of  g a l a c t o s y l -  

s p h i n g o s i n e ( 9 )  and 9 1 u c o s y l s p h i n g o s i n e ( I O ,  I I )  have a l s o  been 

desc r i bed  and c o n s e q u e n t l y r t h e s e  r e a c t i o n s  o f f e r  the  p o s s i b i l i t y  

o f  a l t e r n a t i v e  pathways f o r  those b iosyn theses .  In F a c t , t h e  

N - a c y l a t i o n  oF g a l a e t o s y l s p h i n g o s i n e e i n  an i n c u b a t i o n  system t h a t  

c o n t a i n e d  r a t  b r a i n  microsomal p repara t ionwwas r e p o r t e d ( 1 2 , 1 3 ) s  

but  t h e  r e a c t i o n  was nonenzymic (14) .  

In the  p resen t  communicat ion we r e p o r t  t h a t  when e i t h e r  g l u c o s y l -  

or  g a l a c t o s y l s p h i n g o s l n e  was added to  an i n c u b a t i o n  system which 

con ta i ned  microsomal f r a c t i o n  from embryonic ch icken  b r a i n  and 

14C-s tea roy I -CoA, the  co r respond ing  g l y c o s y l c e r a m i d e  was e n z y m i c a l l y  

s y n t h e s i z e d , a n d  t h a t  the  p r e v i o u s  s p l i t t i n g  o f  g l y c o s y l s p h l n g o s i n e  

to  form f r e e  sph ingos ine  was not r e q u i r e d  For t he  s y n t h e s i s .  
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~iATERIALS AND METHODS 

Dowex I-Xg (200-400 mesh) was purchased From Baker; 1-14C-stearoyl - 

CoA was From New England Nuelear. DL-erythro-sphingosine was pur- 

chased From Miles. Glucosylsphingosine and Gaucher spleen glucosyl- 

ceramide were p repared  as p r e v i o u s l y  d e s c r i b e d ( l O ) . G a l a c t o s y l -  

sph ingos ine  and g a l a c t o s y l c e r a m i d e  (From bov ine b r a i n )  were g i f t s  

From b r , H , J , M a c c i o n l  and ceramide ( s t e a r o y l s p h i n g o s i n e )  was From 

Dr .F .A ,Cumar .  G a l a c t o s y l -  and g l u c o s y l s p h i n g o s i n e  were used as 

s u l f a t e ( 1 5 ) .  

Enzyme p repa ra~ ion .  T h l r t e e n  to F i f t e e n - d a y - o l d  embryonic ch icken 

b r a i n s  were homogenized w i t h  4 volumes o f  0.25 M sucrose con- 

t a i n i n g  1.0 mM EDTA, pH 7 ,9 .The  suspens ion was c e n t r i f u g e d  a t  

10,000 x g For 20 min and the  p r e c i p i t a t e  homogenized and c e n t r i -  

Fuged aga in  in the  same c o n d i t i o n s  as b e f o r e .  The supe rna tan t  

F r a c t i o n s  were poo led and c e n t r i f u g e d  a t  12,000 x g For 30 min; 

the  p r e c i p i t a t e  was d i s ca rded  and the  mierosomal F r a c t i o n  was 

o b t a i n e d  From the supe rna tan t  by c e n t r i f u g a t i o n  a t  100,000 x g For 

60 min.The mlerosomal membranes From 5 g o f  b r a i n  t i s s u e  were 

suspended in I0 mM T r i s -HCI  b u f f e r  pH 7.55 to  a f i n a l  volume o f  

1.5 ml. 

InF.uba~i9n....system. and isolation of reactio n products. Unless other- 

wise stated the incubation mixture containednin a total volume o£ 

60 pl, Tris-HCl buffer pH 7.55, 8 pmoles; 1-14C-stearoyl-CoA, 1.9 

nmoles (200r000 epm); Tween 20, 60 pg~ acceptor substrate, 0.I 

pmole;  and microsomal suspens ion ,  20 p I . T h e  i n c u b a t i o n  p e r i o d  was 

20 min and the  tempera tu re  37°C.The r e a c t i o n  was s topped by the  

a d d i t i o n  o£ 2.1 ml methanol and the m i x t u r e  was heated a t  55eC 

For 20 mln and c e n t r i f u g e d .  The e x t r a c t  was passed th rough  a column 

c o n t a i n i n g  2 ml o£ packed Dowex I ( C l r f o r m )  e q u i l i b r a t e d  w i t h  

methanol-water 97:3 (v /v ) ,  and then e l u t e d  w i t h  the  same s o l v e n t  

m i x t u r e .  A t o t a l  o f  5 ml o f  e f f l u e n t  was c o l l e c t e d  and s u b j e c t e d  

t o  a l k a l i n e  m e t h a n o l y s i s ( 1 6 ) , G l u c o s y l c e r a m i d e ( O . 1 2  pmo le ) ,  

ce ramide(O.12  pmo le ) ,  c h l o r o f o r m ( 9 . 5  m l ) ,  and w a t e r ( 2 . 5  ml)  were 

added to  the s o l u t i o n  and the  m i x t u r e  was shaken. The aqueous phase 
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was separa ted  and the lower phase was washed tw i ce  w i t h  t h e o r e t i c a l  

upper phase(17)  w i t h o u t  s a l t s .  The washed lower phase was evapora ted 

t o  dryness in vacua and sub jec ted  to  TLC on b o r a t e - c o n t a l n i n g  

s i l i c a  geI-G w i th  ch lo ro fo rm-methano l -wa te r -ammon ia  280:70:6 :1  

( v / v )  (18) as s o l v e n t .  Ceramide(Rf 0 . 7 5 ) ,  g l u c o s y l c e r a m i d e ( R f  0,56), 

and g a l a c t o s y l c e r a m l d e ( R £  0 ,28 )  were run as s tandards ,The  p l a t e  

was exposed to  i od ine  vapor and the  ceramide and g l ucosy l ce ram lde  

spo ts  and the  zone co r respond ing  t o  g a l a c t o s y l c e r a m i d e  were scraped.  

The m a t e r i a l  ob ta ined  from each spot  or  zone was put  in a separa te  

column and e l u t e d  w i t h  2 ml o f  c h l o r o f o r m - m e t h a n o l - w a t e r  30:25:4 

( v / v )  f o l l o w e d  by 2 ml o f  ch lo ro fo rm-methano l  2:1 ( v / v ) . T h e  e f f l u -  

ent  c o n t a i n i n g  ceramlde was c o l l e c t e d  in a v i a l , d r i e d  and counted.  

The e f f l u e n t s  co r respond ing  t o  g l u c o s y l -  and g a l a c t o s y l e e r a m l d e  

were sub jec ted  t o  TLC on s i l i c a  gel w i t h  c h l o r o f o r m - a c e t l c  a c i d -  

methanol 94:5:1 (v/v) as s o l v e n t ;  t h i s  system was used to  e l i m i -  

nate some r a d i o a c t i v e  con taminan ts  presentc~ in the  c e r e b r o s i d e  

e f f l u e n t s .  G l u c o s y l -  and g a l a c t o s y l c e r a m i d e  were scrape~ f rom the  

p l a t e , p u t  in separa te  columns and e l u t e d  as be fo re ,and  counted,  

C h a r a c t e r i z a t i o n  o f  the  r e a c t i o n  p roduc ts  was as f o l l o w s .  

For ceramide and g l u c o s y l c e r a m i d e :  the X - r a y - f i l m  rad loau togram 

ob ta ined  when the  washed lower phase was run on bora te  p l a t e  (see 

above) ,showed r a d i o a c t i v i t y  cochromatograph ing  w i t h  the  ceramide 

and g l ucosy l ce ram ide  s tanda rds .  For g a l a c t o s y l c e r a m i d e  and g l u c o -  

sy l ce ram ide :  a f t e r  i s o l a t i o n  by TLC us ing the  c h l o r o f o r m - a c e t i c  

ac id -methano l  m i x t u r e  as s o l v e n t , t h e s e  compounds,mixed w i t h  the  

co r respond ing  s tandard  g l y c o s y l c e r a m i d e s , w e r e  sub jec ted  t o  TLC 

w i t h  c h l o r o f o r m - m e t h a n o l - w a t e r  144 :25 :2 .8  ( v / v )  as s o l v e n t ;  the  

rad ioau tog ram showed a r a d i o a c t i v e  spo t  in the  zone o f  

medium-chain NFA-cerebros ide (5 )  o f  the  r e s p e c t i v e  s t a n d a r d  s t a i n e d  

w i t h  the an th rone  reagen t .  

R a d i o a c t i v i t y  was measured in a Beckman kS-200 l i q u i d  s c i n t i l l a t i o n  

spec t romete r  us ing a s c i n t i l l a t o r  m i x t u r e  c o n t a i n i n g  2 g PPO and 

100 g naphtha lene in 1000 ml d ioxane.  

A b b r e v i a t i o n s :  NFA, nonhydroxy f a t t y  a c i d .  
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RESULTS AND DISCUSSION 

Resu l t s  in Table I show t h a t  g l ucosy l ce ram ide  was formed dur ing  

i ncuba t i on  o f  g l u c o s y l s p h i n g o s i n e  w i t h  14C-stearoyI -CoA in the  

presence o f  microsomal f r a c t i o n  from embryonic ch icken b r a i n ;  

however, s ince  in the  absence o f  the  mlcrosomal f r a c t i o n  a s i g n i f i -  

cant  amount o f  g l ucosy l ce ram ide  was a l so  produced,  l t  was o f  

i n t e r e s t  t o  a s c e r t a i n  whether  or  not  the  r e a c t i o n  was mos t l y  

enzymlc.  For t h i s  purpose we a t tempted  the  i n h i b i t i o n  o f  the non- 

enzymic f o r m a t i o n  o f  g l u c o s y l c e r a m i d e , b a s e d  on the  o b s e r v a t i o n  

o f  UIIman and Rad in(3)  t h a t  mouse microsomal f r a c t i o n  i n h i b i t s  

the  nonenzymic N - a c y l a t i o n  o f  sph ingos lne  by hyd roxyacy I -CoA.  

When b o i l e d  i ns tead  of  a c t i v e  microsomal f r a c t i o n  was used in 

our sys tem, the  amount o f  g l u c o s y l c e r a m i d e  formed decreased t o  

I -2~  of  t h a t  produced e i t h e r  in the  presence or in the absence 

o f  a c t i v e  microsomal membranes. Incuba t ion  o f  g l u c o s y l s p h i n g o s l n e  

and 14C-s tea roy I -CoA w i t h  a I:1 m i x t u r e  o f  a c t i v e  and b o i l e d  

microsomal f r a c t i o n  , l e a d  t o  the  p r o d u c t i o n  o f  50% of  the  amount 

o f  g l ucosy l ce ram ide  and ceramide formed when a c t i v e  microsomal 

f r a c t i o n  was added a lone .  Th ls  r e s u l t  i n d i c a t e s  t h a t  in our system 

g l u c o s y l c e r a m l d e  was produced by enzymic s y n t h e s i s , a n d  suggests  

t h a t  the nonenzymic r e a c t i o n  was p reven ted  by the  b i nd ing  of  one 

or  both of  the  s u b s t r a t e s  w i t h  the  a c t i v e  as wel l  as the  b o i l e d  

microsomal membranes,as was p o s t u l a t e d  by UIIman and Radin in 

t h e i r  system. 

The embryonic ch icken b r a i n  mlcrosomal f r a c t i o n  a l so  c a t a l y z e d  

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

was the  accep to r  added (Table  I ) .  

High amounts of  ceramide were a l so  produced in every  case in which 

a g l y c o s y l c e r a m i d e  was e n z y m i c a l l y  formed (Tab le  I ) . T h i s  suggested 

the  p o s s i b i l i t y  t h a t  the  pathway t o  g l y c o s y l c e r a m i d e  was th rough  

ceramide r a t h e r  than th rough  g l y c o s y l s p h i n g o s i n e ;  ceramlde cou ld  

have been formed from f r e e  sph ingos ine  added as an undetec ted  

contaminant  o f  the  g l y c o s y l s p h l n g o s i n e  p r e p a r a t i o n , o r  r e l eased  

e n z y m l c a l l y  from g l y c o s y l s p h l n g o s i n e .  The pathway th rough  f r e e  
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sph ingos jne  was d i sca rded ,  however, because a d d i t i o n  of sph ingos lne  

or sph ingos ine  p lus  g lucose produced very h igh amount of ceramide 

but no g l ycosy l ce ram ide  (Table  I ) .  

The ove ra l l  conc lus ion  of  these r e s u l t s  is  t h a t  an enzymic reac-  

t i o n  took p lace when microsomal f r a c t i o n  from embryonic ch icken 

b ra in  was incubated w i th  s tearoy I -CoA and e i t h e r  g l u c o s y l -  or 

g a l a c t o s y l s p h i n g o s i n e  to  produce a ce reb ros ide ;  f u r t h e r m o r e , s i n c e  

the g l ycosy l  moiety o f  the  ce reb ros ide  syn thes i zed  was in each 

case the same as t h a t  of  the glycosylsphingosine added, i t  appears 

t h a t  the added g l y c o s y l s p h i n g o s i n e  r a t h e r  than any endogenous 

ma te r ia l  was used f o r  the s y n t h e s l s .  N e v e r t h e l e s s , c r u c i a l  p roo f  

f o r  t h i s  conc lus ion  r e q u i r e s , b e s i d e s  a complete set  of  enzymic 

c o n t r o l s , t h a t  the syn thes i s  be c a r r i e d  out  w i th  such l a b e l l e d  

s u b s t r a t e s  as to  a l l ow  the de te rm ina t i on  of  i s o t o p i c  d i s t r i b u t i o n  

in the th ree  mo ie t i es  of the syn thes i zed  c e r e b r o s l d e s , a s  was 

suggested by Hammarstr~m(13). 
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