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SUMf~.,IARY : Embryonic ch icken  b r a i n  p r e p a r a t i o n s  c a t a l y z e  the  
t r a n s f e r e n c e  o£ s i a l y l  groups From C M P - s i a l i c  a c i d  %o the  exogenous 
accep to r  ga l a c t o s y  I - N - a c e t y  I ga lactosaml ny I -  (N-acety I neuraml ny I )2- 
g a l a c t o s y l g l u c o s y l c e r a m i d e  (GOlb) t o  form a t r i s l a l o g a n g l i o s i d e .  
P a r t i a l  removal o£ s i a l y l  groups by a c l d  h y d r o l y s i s  o£ the  
s y n t h e s i z e d  t r i s i a l o g a n g l l o s l d e  y i e l d e d  a labe led  d l s i a l o g a n g l i o -  
s ide  i n d i c a t i n g  t h a t  a t  l eas t  a p a r t  oF the  s i a l y l  groups 
i n c o r p o r a t e d  were not in  the  t e r m i n a l  p o s i t i o n  o f  a cha in  of  s i a l y l  
g roups ,  Th is  r e s u l t  i s  compa t ib le  w i t h  the  p o s s i b i l i t y  t h a t  a 
s u b s t a n t i a l  p a r t  o? the  t r i s i a l c g a n g l i o s l d e  s y n t h e s i z e d  was the  
isomer N - a c e t y l n e u r a m i n y l g a l a c t o s y J - N - a c e t y l g a l a c t o s a m i n y l - ( N -  
ace ty  I neuraml ny I )2-ga l ac tosy  I g I ucosy I cerami de (GTIb) ,  

In a t t emp ts  to  e l u c i d a t e  the  pathway For the  b i o s y n t h e s i s  o£ 
I 

t he  d i s l a l o g a n g l i o s i d e  GDIb d l s c r e p a n c ] e s  were Found when 

d i f f e r e n t  approaches were used: s y n t h e s i s  w i t h  exogenous accep to rs  

i n d i c a t e d  GD2 as a p r e c u r s o r  ( I ,  2) whereas the  r e s u l t s  0£ l a b e l i n g  

b r a i n  p a r t i c l e s  suggested 8~1 as the  immediate p r e c u r s o r  ( 3 ) .  Tl~ese 

c o n f l i c t i n g  c o n c l u s i o n s  about  the  s y n t h e s i s  of  gDIb show the  need 

I The nomenc la ture  used For g e n g l l o s i d e s  are the symbols proposed 
by Svennerholm (13) : GD2, Cer-GIc-Gal  (NeuAc)o-GalNAc; GNI, Cer-  
GIc-Gal  (NeuAc)-GalNAc-Gal ;  GDla, C e r - G I c - G a l " ( N e u A c ) - G a l N A c - G a l -  
NeuAc; GDIb, Cer -GIc-Gal  (NeuAc)9-GalNAc-Gal ;  GTIb, Cer -GIc-Gal  
(NeuAc)2-GalNAc-GaI-NeuAc t GTI, E r i s l a l o g a n g l i o s l d e ;  Cer, ceramide.  
F o l l o w i n g  t he  nomenc la ture  o f  Svennerholm we use the  a b b r e v i a t i o n  
GTIc For the  g a n g l i o s i d e  desc r i bed  by I sh i zuka  e t  a l .  (12)  Cer-  
G I c-Ge I (NeuAc)q-Ga I NAc-Ga I .  Svennerho I m suggested a I so the  
e x i s t e n c e  o f  a ~ r l s l a l o g e n g l i o s i d e  (GTla)  f o r  which the  F o l l o w i n g  
s t r u c t u r e  was proposed:  Cer -GIc-Gal  (NeuAc)-GalNAe-Gal (NeuAc) 2 (13 ) .  
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to  s tudy  the  s y n t h e s i s  oF o the r  g a n g l i o s i d e s  by dit~1:erent methods. 

A1:ter i n c u b a t i o n  o1: r a t  b r a i n  p a r t l c l e s  w i t h  CMp-[3H]-NeuAc most 

o1: the  r a d i o a c t i v i t y  i n c o r p o r a t e d  i n i o  GTI was 1:ound in  the  s i a l y l  

group a t t ached  to  the  ga lac tose  d i s t a l  t o  ceramide i n d i c a t i n g  

GDIb as the  immediate p r e c u r s o r  ( 3 ) r  bu~; s ince  GTI has not ye t  

been s y n t h e s i z e d  1:tom exogenous accep to rs  we decided to  i n v e s t i 9 a t e  

whether  or' not  i t  i s  p o s s i b l e  t o  con1:irm by t h i s  method the  pa th -  

way worked out  by l a b e l i n g  b r a i n  p a r t l c l e s .  In t h i s  r e p o r t  we 

p resen t  the r e s u l t s  ob ta ined  when exogenous gDla and GDIb were 

t e s t e d  as p o s s i b l e  p r e c u r s o ~  o1: GTI. 

[4ATERIALS AND I,IETt4ODS 

The d i s i a l o g a n g l i o s i d e s  GDla and gDIb were prepared from 

bov ine b r a i n  by the  method oF V~interbourn (4-) and pur i1 : ied  

by TLC w i t h  c h l o r o f o r m -  methanol - IOt~ ammonia (60 "- 35 : 8n v/v) 
as solven~c, C['dP-[3H]-NeuAc ( s p . a c t ,  800 uCi/ jamol)  was prepared 

accord ing  eo Arce et  a l .  (3 )  and Cl m-[14C-J" - Ne.Ac ( s p . a c t .  229 

~ C i / # m o l )  was purchased 1:POre New England Nuc lear .  

The s~candaed i n c u b a t i o n  system con ta ined  4.7 nmoles o1: d i s i a l o -  

g a n g l i o s i d e ,  0.3 nmoles o f  CMp-[311]-NeuAc (2 .5  x 105 cpm) ( i n  

expeei~,ents in  which ead loau togeaph ic  procedures were i n v o l v e d  

C[,lP-[14Cj-NeuAc- -- s u b s t i t u t e d  f o r  CMP-[3H]-NeuAc), I00 ,ug o-F Zween 

80, 200 pg ot: T r i t o n  CF-54, 5 pmoles ot: Na cacody la te -HCI  bu1:1:ee 

(pll 6 ,4)  and a p p r o x i m a t e l y  400 #g o1: enzyme p r o t e i n  ( 9 - d a y - o l d  

embryonic ch icken  b r a i n  homogenized in 0.25 [4 suc rose -O. I  ~ 2- 

meecap toe thano l ) .  The t o t a l  volume ot: the  i n c u b a t i o n  system was 

65 )u l .  The i n c u b a t i o n  was conducted at  37 ° 1:or 90 rain. For the  

measurement o1: the  r a d i o a c t i v i t y  i n c o r p o r a t e d  i n to  the 9 a n g l i o s i d e  

1 : f ac t i on ,  the  r e a c t i o n  was t e r m i n a t e d  by a d d i t i o n  oF 2 ml o1:5 ~zo 

(w /v )  t r i c h l o r o a c e t i c  ac id  c o n t a i n i n g  0.5 ~g (w/v )  p h o s p h o t u n g s t i c  

a c i d  (5) and the  p r e c i p i t a t e  ob ta ined  was processed and counted 

as desc r i bed  by klaccioni  et  a l .  ( 6 ) .  When GTI was r e q u i r e d  For 

1 :ur ther  s t u d i e s  i n v o l v i n g  p a r t i a l  enzymic or ac id  h y d r o l y s i s l  

t he  r e a c t i o n  was t e r m i n a t e d  by a d d i t i o n  o1:20 v o l ,  o f  c h l o r o 1 : o r m -  
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~ethanol  (2 : I ,  v / v )  and the  s a n g l i o s i d e s  were p u r i f i e d  by the  

method of  Wel ls  and D i t tme r  (7) in a column of  Sephadex G-25, 

f o l l o w e d  by TLC on s i l i c a  gel g developed w i t h  ch l o ro fo rm  - 

methanol - 20~ ammonia ( 60 : 35 : S, v / v ) .  

P, ESULTS AND DISCUSSION 

The. e f f e c t s  .of.exo.genous a c c e p t o r s  on t.he . i n c o r p o r a t i o n  o.f s ia l .F~ 

TABLE I : .Incorpoeat.[.on of  siaJ..x.l., groups fro.n, CMP_13Hj_NeuAcr 7 

in to .  di f fe£e.n t  £a n,q.!, ios  i d e.s 

The assay system c o n t a i n e d  0.3 nmol of  CMP-E31I]-NeuAc (2 .5  x I05 
cpm)r 100 NO of  Tween 801 200 %19 of  T r i t o n  CF-54, 5 Nmoles of  
Na cacody la te - I lC I  b u f f e r ,  pH 6.4;  400 Ng of  p r o t e i n  ( 9 - d a y - o l d  
embryonic  ch icken  b r a i n  homogenate) and the  amounts of  £ a n g l i o -  
s i des  as i n d i c a t e d ,  Tota l  volume of the  i n c u b a t i o n  system was 
6 5 N I ;  tempera tu re  37 °, and i n c u b a t i o n  t ime 90 rain. The r e a c t i o n  
was t e r m i n a t e d  and the  m a t e r i a l  t r e a t e d  as desc r i bed  under 
[ , t a te r i a l s  and Methods. 

Acceptor added 
R a d i o a c t i v i t y  
i n c o r p o r a t e d  

nmo l es cpm 

None (zero  time):"- - 87 

None - 2824 

GDla 15 1531 

GDIb 6 6662 

13 7823 

20 7992 

GMI 6 6904 

GT I 15 2064 

-:~ The enzyme was i n a c t i v a t e d  w i t h  5~o TCA-0.5% phospho- 
t u n g s t i c  a c i d  immed ia te ly  a f t e r  m ix in9  w i t h  the  Pest of  
the  system. 
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, q r o u p s  i n t o  9en.9, , , l losides- A d d i t i o n  o f  GDIb in an~ounts f rom 6 t o  

20 nmoles b rought  about a c o n s i d e r a b l e  inc rease of  the  l a b e l i n g  

of  9 a n g l i o s i d e s  over  t h a t  observed w i th  endogenous accep to rs  

(Table  I ) ,  In c o n t r a s t ,  a d d i t i o n  o£ 15 nmoles of  GDla i n h i b i t e d  

the  i n c o r p o r a t l o n  i n t o  endogenous accep to rs  whi l e lower amounts 

( I , 5  to  6 nmoles; exper imen ts  not  shown in the t a b l e )  had no 

d e f i n i t e  e f f e c t s ,  The trans-Ference of  s i a l y l  groups From CMp-[3H] - 

NeuAc to  £ang. l ios ides  in the  presence of  GDIb was a l i n e a r  Func t i on  

of  the  enzyme c o n c e n t r a t i o n  between 114. and 570 )2g of  p r o t e i n .  I t  

was a l so  t ime  dependent between 50 and 125 rain when an amount of  

b r a i n  p r e p a r a t i o n  c o n t a i n i n g  4.00 yg of  p r o t e i n  was used. 

Comparing the  increase o£ i n c o r p o r a t i o n  produced by the  same 

amount (6 nmoles)o f  GDIb and G[ql t hey  were Found s i m i l a r  (Tab le  1). 

Since ghll is  known to  be the  p recu rso r  of  the  major d i s i a l o g a n l i o -  

s ide  GDle ( 8 ) ,  t h i s  simi l a r i t y  suggests  t h a t  GDIb is  a l so  a 

p r e c u r s o r  o f  a major 9 a n g l l o s i d e  in the  embryonic ch icken  b r a i n .  

Chromatoaraph i c 2 a t t e r n  of  the  labe led  o~an~ I i osl des - The di s t r  i -  

b u t i o n  of  labe led  NeuAc i n c o r p o r a t e d  i n t o  the  d i f f e r e n t  g a n g l i o -  

s ides  in the  presence of  GDIb was s t u d i e d  by TLCon  s i l i c a  gel G 

us ing  d i f f e r e n t  s o l v e n t s ,  The chromatograph ic  p a t t e r n s  of  labe led  

g a n g l l o s l d e s  de tec ted  by a u t o r a d i o g r a p h y  and by s t a i n i n g  w l t h  a 

resorcinol- HCI reagent (9)are shown in Fig. I, The solvent used 

in this case was chloroform - n, ethanol- 20% ammonia (60 : 35 : 8, 

v/v). Host of the labeled material cochromatographed with the 

trisialogangliosides; e smal let proportion moved behind trisialo- 

g a n g l i o s i d e s ;  ± h i s  l a s t  m a t e r i a l  i s  p robab ly  a t e t r a s i a l o g a n g l i o -  

s ide  wh ich  is  known t o  be p resen t  in ch icken  b r a i n  ( I O ) ,  S t i l l  

s m a l l e r  p r o p o r t i o n s  of  the  r a d i o a c t i v i t y  were i n c o r p o r a t e d  i n t o  

d i f f e r e n t  endogenous accep to rs  of  the  b r a i n  p r e p a r a t i o n .  S i m i l a r  

resu I t s  were obta i ned i n o the r  ch romatograph ic  exper imen ts  usi n9 

n-propano l  - n -bu tano l  - water  (65 : IO : 25r v / v )  and n-propano l  - 

w a t e r -  conc,ammonie (70 : 28 : 2, v / v )  as s o l v e n t s ,  

P.art..ial i den t . i £ i ca t . i on  of  the  labele..d t r i s i a l . . o £ a n g l i o s i d e  - AF te r  

i s o l a t i o n  the t r i s i a l o g a n g l i o s i d e  was t r e a t e d  w i t h  V i b r i o  cho le ra  
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FIGURE I : Chron~atogr,aphic a n a l y s i s  o f  t h e  l a b e l e  d 9 a n Q l i o s ! d e s  

Found in  t h e  a s s a y  sys tem a f t e r  i n c u b a t i o n  o f  gDIb w i t h  CMP-~-LI4cJ- 
F<euAc 

L e f t  s i d e  - T h i n  l a y e r  ch romatog ram s t a i n e d  w i t h  a r e s o r c i n o I - H C t  
r e a g e n t  ( 9 ) .  ,Ri£ht  s i d e  - R a d i o a u t o g r a m  o f  t h e  same ch romatog ram.  
Lane I - R e a c t i o n  p r o d u c t s  From a c o m p l e t e  i n c u b a t i o n  sys tem t o  
wh ich  a m i x t u r e  o f  g a n g l i o s i d e s  From b o v i n e  b r a i n  was added p r i o r  
t o  s p o t t i n g .  Lane 2 - The san:e as in  Lane I e x c e p t  t h a t  no GDIb 
was added t o  t h e  i n c u b a t i o n  s y s t e m .  Lane 3 - R e a c t i o n  p r o d u c t s  
1:tom a cow, p l a t e  i n c u b a t i o n  sys tem t o  wh ich  t r i s l a l o g a n g l i o s i d e  
was added p r i o r  t o  s p o t t l n g .  Lane 4 - The same as in  Lane 3 
e x c e p t  t h a t  no gDIb was added t o  t h e  i n c u b a t i o n  s y s t e m .  Lane 5 - 
A p r e p a r a t i o n  o£ t o t a l  g a n g l i o s i d e s  f r o m  b o v i n e  b r a i n .  
The ch romatogram was run on S i l i c a  Gel G w i t h  c h l o r o f o r m -  m e t h a n o l -  
20~ an~monia (60 : 35 : 8, v / v )  as s o l v e n t .  

n e u r a m i n i d a s e  ( I )  and t h e  r e a c t i o n  m i x t u r e  was a p p l i e d  t o  a 

c o l u m n  ( I x 2 cm) o f  Dowex- I  x 8 ( f o r ~ i a t e ) ,  Tile c o l u m n  was 

washed wi±h 8 ml of water and the radioactive material was eluted 

with 0,S [4 1:ormic acid, The eluate was lyophilized and the residue 

was spotted on chromatographic paper along with standard NeuAc 

and developed with n-propanol- n-butanol - 0. I N HCI (I : 2 : It 

v/v) (II), Note than 95 % of the s~arting radioactlvity was 

recovered 1:tom the area of the paper where spot of standard 

slalic acid was located, 
I 

Two t r l s i a l o g a n g l l o s l d e s  have been r e p o r t e d  in  b r a i n  From 

d i f f e r e n t  a n i m a l s .  One ot: them (GT Ib )  c o n t a i n s  a c h a i n  o f  two 
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FIGURE 2 : ,products o f  p a r t i a l  removal oF s l a l i c  ac i d  From the  

l a b e l e d  t r l s ia lo~an~91 io .s ide  

Labeled t r i s l a l o g a n g l l o s l d e  was mixed w i th  un labe led  t r i s i a l o -  
g a n g l l o s i d e  f rom bovine b r a i n  and hyd ro l yzed  w i th  5.6 mt,l Formic 
ac i d  a t  80 ° f o r  30 rain and the  p roduc ts  oF h y d r o l y s i s  run on TLC. 
Lane I - Radioautogram oF the p roduc ts  oF h y d r o l y s i s .  Lane 2 - 
The same chromatogram as in Lane I but s t a i n e d  w i th  a r e s o r c i n o l  
reagen t ,  Lane 3 - A p r e p a r a t i o n  oF t o t a l  g a n g l i o s l d e s  From bovine 
b r a i n .  The chromatogram was run on s i l i c a  gel G w i t h  c h l o r o f o r m  - 
methanol - 20~ an~monla (60 : 35 : S, v / v ) .  In t h i s  ch romatograph ic  
system the  Rf oF a u t h e n t i c  s i a l i c  ac id  was 0 .02 .  

s l a l y l  gPoups a t t a c h e d  t o  the  ga l ac tose  p rox ima l  t o  ceramlde 

wh l l e  the t h i P d  s i a l y l  group is  a t t a c h e d  to  the d i s t a l  g a l a e t o s e .  

The o the r  t r l s l a l o g a n g l i o s i d e  (GTIc)  c o n t a i n s  the  t h r e e  s i a l y l  

groups in a cha in  a t t ached  t o  the  pPoxlmal g a l a c t o s e .  These two 

t r i s l a l o g a n g l l o s l d e s  have not  been d i f f e P e n t i a t e d  by TLC (12 ) .  

As an a p p r o x i m a t i o n  t o  determine the  p o s i t i o n  occupied by the  

s i a l y l  g P o u p s i n c o r p o r a t e d  i n t o  the  t r l s l a l o g a n g l l o s i d e ( s )  a 

p a r t i a l  removal o f  s l a l i c  ac i d  r es i dues  by ac id  h y d r o l y s i s  was 

c a r r i e d  out  as desc r l bed  by I sh izuka  e t  a l .  ( 1 2 ) .  F ig .  2 shows 

t h a t  a f t e r  p a r t i a l  h y d r o l y s i s  o f  the  labe led  t r i s l a l o g a n g l l o -  
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s i d e ( s )  w i t h  5.6 mhi Formic a c i d  a t  80 ° For 30 rain labe led  

d i s i a l o g a n g l i o s i d e  was o b t a i n e d .  Since GTIc l abe led  in t he  

t e r m i n a l  s i a l y l  r es idue  cannot  be degraded to  a labe led  d i s i a l o -  

g a n g l i o s i d e  r t h i s  r e s u l t  i s  c o n s i s t e n t  w i t h  the poss ib i  l i t y  t h a t  

a t  l eas t  p a r t  of  the  p roduc t  was GTIb. Fur thermore ,  v i s u a l  

a p p r a i s a l  o£ the  r a d i o a c t i v e  spo ts  of  the  Free s i a l i c  a c i d  and of  

the  d i s i a l o g a n g l i o s i d e  forme(# by p a r t i a l  h y d r o l y s i s  of  the  

labe led  t r i s i a l o g a n g l i o s i d e  ( F i g .  2) showed t h a t  they  were 

a p p r o x i m a t e l y  equal i n d i c a t i n g  t h a t  a t  l eas t  one h a l f  o f  the  

l a b e l i n g  in the  hyd ro l yzed  t r i s i a l o g a n g l i o s i d e  was not  in the  

t e r m i n a l  p o s i t i o n  of  a cha in  o£ s i a l y l  g roups,  These r e s u l t s  

suppor t  the  r e s u l t s  p r e v i o u s l y  ob ta ined  by l a b e l i n g  s u b c e l l u l a r  

b r a i n  p a r t i c l e s  i . e .  t h a t  GDIb is  the  p r e c u r s o r  oF GTIb ( 3 ) .  

Ack,nowledgements. Th is  work was suppor ted  in p a r t  by a g ran t f r om 
the  Consejo Nacional  de I n v e s t i g a c i o n e s  C i e n t r F i c a s  y T&cn icas ,  
A r g e n t i n a .  M.G.N. is  r e c i p i e n t  oF a s c h o l a r s h i p  From the  Consejo 
Nacional  de I n v e s t i g a c i o n e s  C i e n t [ f i c a s  y T&cn icas ,  A r g e l ] t i n a .  1,/e are 
indebted  to  Drs .A .Arce  and F.Macc lon i  For a g i f t  o£ C~.IP-~H-NeuAc. 
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