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N O T E S  

THE PREPARATION OF TRIHEXOSYL - AND TETRAHEXOSYL GANGLIOSIDES 
SPECIFICALLY LABELED I N  THE N-ACETYLGALACTOSAMINYL MOIETY I 

R e c e i v e d  on  O c t o b e r  7, 1 9 7 1 .  

INTRODUCTION 

Much cur ren t  biochemical i n t e r e s t  has centered on t h e  metabolism of 

Tay-Sachs gangl ioside,  N-acetylgalactosaminyl-(N-acetylneuraminosyl)-galac- 

tosyl-glucosylceramide (Gibf2) because of  t h e  excessive q u a n t i t i e s  of  t h i s  com- 

pound which accumulate 

def ic iency of a s p e c i f i c  hexosaminidase presumed t o  be involved i n  t h e  catabolism 

of t h i s  substance appears t o  account f o r  t h i s  accumulation(').  

evidence has been presented which suggests t h a t  the  d e f i c i e n t  enzyme i s  i n -  

i n  t h e  bra in  of p a t i e n t s  with Tay-Sachs disease.  A 

Although some 

,-, 
volved i n  t h e  catabolism of GM2"', f u r t h e r  experimentation was required f o r  

t h e  d e f i n i t i v e  demonstration of t h e  d i r e c t  c a t a l y t i c  a c t i v i t y  of t h i s  hexo- 

saminidase on Tay-Sachs gangl ioside.  These inves t iga t ions  would be dramatical ly  

f a c i l i t a t e d  through the  preparat ion of t h i s  gangl ioside s p e c i f i c a l l y  labeled 

i n  the  aminosugar port ion of  the  molecule. We repor t  i n  t h i s  communication a 

convenient procedure f o r  the preparat ion of GrVj2 and galactosyl-N-acetylgalac- 

tosaminyl-(N-acetylneuraminosyl)-galactosylglucosylceramide (G ) s p e c i f i c a l l y  

labeled i n  the  N-acetylgalactosaminyl por t ion  of t h e  respec t ive  compounds [Figure 11 

PRINCIPLE 

b l l  

Labeled GM2 i s  synthesized through a reac t ion  between uridinediphosphate- 

N-acetylgalactosamine- [ l - 1 4 C ]  with N-acetylneuraminosylgalactosylglucosylcera- 

mide (hematoside) (Reaction 1 ) .  

1. > UDP-GalNAc[ 1 4  C] + NeuNAc-Gal-Glc-Ceramide _ - _ _  !??!%f?r?%?-! - _ _ _ _ _ _ _ _  

GalNAc[14C] - (NeuNAc) -Gal-Glc-Ceramide + UDP 
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Laheled GM1 i s  synthesized v i a  a two-step r e a c t i o n  between hematoside 

and uridinediphosphate-N-acetylgalactosamine + uridinediphosphate  ga lac tose  

(Reaction 2 ) .  

> 14 2 .  UDP-GalNAc[ C] + NeuNAc-Gal-Glc-Ceramide _ _ _ _  ~ ? % ? f ? ? ? ~ e - ~  _ _ _ _ _ _ _ _ _ _ _  
~GalNAc.~'4C~.(NeuNAc~-Gal-Glc-Cer~ide] + UDp 

(not i s o l a t e d ]  

14 IGalNAc- 

Gal-GalNAc- C-(NeuNAcl-Gal-Glc-Ceramide t UDP 

C-(NeuNAc) .Gal-Glc-Cermide] + UDP-galactose - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ >  
14 

EXPERIMENTAL 

Materials 

Uridinediphosphat e N-acetyl -&-galactosamine - 1 -14C ( s p e c i f i c  a c t i v i t y  

43 mCi/mmole) was purchased from New England Nuclear Co. (Boston, Mass.). 

The p u r i t y  o f  t h i s  reagent was g r e a t e r  than 95% based on t h e  d i s t r i b u t i o n  of 

uv absorbance and d i s t r i b u t i o n  of r a d i o a c t i v i t y  on t h i n - l a y e r  chromatography. 

Hematoside (GM3) was prepared from dog ery throcytes  according t o  t h e  procedure 

of Yamakawa 

t a s e  and snake venom phosphodiesterase were obtained from Worthington Bio- 

chemical Corp. (Freehold, New J e r s e y ) .  

t i s s u e  o f  a p a t i e n t  with Tay-Sachs d isease  according t o  Gatt and Berman"). 

was purchased from SupeIco Co. (Bel le fonte ,  Pa . ) .  A l l  of t h e  re ference  

$-.(31 with minor  improvement^(^). _ _ _  E .  c o l i  a l k a l i n e  phospha- 

Authent ic  Gbj2 was prepared from b r a i n  

gangl ios ides  were shown t o  be chromatographically homogenous i n  a t  l e a s t  3 

d i f f e r e n t  solvent  systems(6) .  

Methods 

I .  Enzyme Prepara t ions .  

A. Prepara t ion  of Solubi l ized  y-acetylgalactosaminyltransferase. 

Brains from 15-day o ld  Sprague-Dawley r a t s  were homogenized with 8 volumes 

of 0.25 M sucrose i n  a Ten-Broeck g l a s s  homogenizer. 

t r i f u g e d  a t  9000 x g f o r  20 minutes; t h e  supernatant  was cent r i fuged  a t  105,000 

x g f o r  45 minutes t o  obta in  a l i g h t  mitochondrial-microsomal p e l l e t .  

l e t  was resuspended i n  0.2M Na cacodylate-HCl b u f f e r ,  pH 7.3 (0.7 m l  per  r a t  

The homogenate was cen- 

T h i s  p e l -  

4 8 5  
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bra in) .  Sodium deoxycholate (3%) was added t o  a f i n a l  concentrat ion of  0.18%. 

The suspension was homogenized and cent r i fuged  as above. The supernate  was 

u t i l i z e d  as t h e  so luble  enzyme(7). A l l  procedures were c a r r i e d  out  a t  0-5’C. 

B. 

Homogenates of  the  bra ins  of  12-day o l d  Sprague-Dawley r a t s  were prepared 

Prepara t ion  of P a r t i c u l a t e  Rat Brain Transferases .  

by hand u t i l i z i n g  a g l a s s  homogenizer and 4 volumes of  0 .25 M sucrose - 0.014 M 

2-mercaptoethanol. 

t h e  superna tan t  was recent r i fuged  a t  20,000 x g f o r  30 minutes t o  y i e l d  a mito- 

chondrial-microsomal p e l l e t .  

sucrose-mercaptoethanol so lu t ion .  

The homogenate was cent r i fuged  a t  900 x g f o r  20 minutes and 

The p e l l e t  was resuspended i n  a small volume of  

This resuspended p e l l e t  represents  t h e  “par- 
,-\ 

t i c u l a t e  enzymes” L ’ J .  

11. Condit ions for Enzymatic Incubat ions 

A .  GM2 Synthesis  

For t h e  conversion of  GM3 t o  GM2, l abe led  with N-acetylgalactosamine-l- 
- 

1 4 C ,  t h e  so luble  galactosaminyltransferase was used as  enzyme source.  

incubat ion mixtures contained 2.4 pmoles of  N-acetyl GM3, 5 VCi of UDP-N- 

a~etylgalactosamine-l-~~C (0.117 umoles), 10 mg of  Triton-X-100, 50 pmoles of  

MnC12, and t h e  enzyme (10 mg of  p r o t e i n )  i n  a t o t a l  volume of  2.4 m l .  

ba t ions  were c a r r i e d  out f o r  24 hours a t  37°C. 

Enzyme 

Incu- 

B. GMl Synthesis  

F o r  t h e  synthes is  of  GM1, l abe led  with N-acetylgala~tosamine-l-~~C, the  
- 

p a r t i c u l a t e  microsomal prepara t ion  which contains  both N-acetylgalactosaminyl- 

t r a n s f e r a s e  and ga lac tosy l  t r a n s f e r a s e  was used. Each incubat ion contained 2.5 

umoles of N-acetyl GM3, 5 )Xi UDP-N-acetylgala~tosamine-l-~~C (0.117 vmoles) , 

2.5 umoles of  UDP-galactose, 250 umoles of cacodylate  b u f f e r  (pH 7.2), 50 pmoles 

of  M n C 1 2 ,  2 .5  mg Tween 80 and 5.0 mg T r i t o n  CF-54 as  d e t e r g e n t s ,  enzyme (38.5 

mgm p r o t e i n )  and water  i n  a t o t a l  volume of 2 .5  ml. 

f o r  24 hours a t  37”; a f t e r  5 .5  hour s ,  enzyme and b u f f e r  were added to double the 

i n i t i a l  volume. 

Incubat ions were c a r r i e d  out 
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111. I so la t ion  of Total  Lipids from Incubations 

These reac t ions  were stopped by t h e  addi t ion  of 20 volumes of chloroform- 

methanol (2:1,  v/v) and the suspensions were f i l t e r e d  t o  remove denatured pro- 

t e i n .  F i l t e r  paper was washed with chloroform-methanol (Z: l ,  v/v) and t h e  wash 

was combined with the f i l t r a t e .  The volume was reduced under vacuum and the  

remaining so lu t ion  was dialyzed against  1000 volumes of d i s t i l l e d  water. 

r e t e n t a t e  was lyophi l ized.  

I V .  Removal of Unused Nucleotide-Sugar 

The 

A '  GM2 

The dr ied  powder was taken up i n  8 m l  of chloroform-methanol-H20 (60:30:4.5, 
- 

v/v/v) and placed on a 1 .5  x 10 cm Sephadex G-25 superf ine column. 

was e lu ted  with the  same solvent  and r a d i o a c t i v i t y  associated with the ganglio- 

s i d e s  appeared i n  t h e  i n i t i a l  f r a c t i o n s  (30 ml). 

The column 

B. $1 - 
Because of t h e  la rge  amount of endogenous sugar  nucleot ides  i n  the  par- 

t i c u l a t e  enzyme preparat ion and the. f a i l u r e  of Sephadex G-25 t o  adequately 

remove a la rge  amount of contaminating nuc leo t ides ,  enzymatic degradation of  

the nuc leo t ide  sugars with phosphodiesterase and a lka l ine  phosphatase was c a r r i e d  

out .  The reac t ion  mixtures contained the  f i l t e r e d ,  lyophi l ized incubat ion medium, 

500 umoles t r i s - c i t r a t e  buf fer  (pH 8 .5) ,  150 uinoles magnesium a c e t a t e ,  50 rlg 

a lka l ine  phosphatase, and 50 ug phosphodiesterase i n  5 m l .  

have been shown t o  e f fec t ive ly  lower nucleot ide sugar  contamination of gang- 

l ios ides(8 ' .  Af te r  incubat ing f o r  2 hours a t  37"C, twenty volumes of chloro- 

form-methanol (Z:l, v/v) were added and t h e  pro te in  removed by f i l t r a t i o n .  

f i l t r a t e  was dialyzed as above and lyophi l ized.  

V .  Pur i f ica t ion  I d e n t i f i c a t i o n  of  Labeled Gangliosides: 

These enzymes 

The 

The gangl ioside mixtures from both GM2 and GMl syn thes is  were separated 

i n t o  major components by prepara t ive  th in- layer  chromatography on 500 u 

S i l i c a  Gel G p l a t e s  i n  an ascending solvent  system of chloroform:methanol:lO% 
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ammonia (60:35:8, v/v/v) .  The p l a t e s  were d r i e d ,  scanned f o r  r a d i o a c t i v i t y  

with a Berthold scanner ,  scraped,  and t h e  rad ioac t ive  gangl iosides  were e lu ted  

from the  respec t ive  por t ions  of  t h e  chromatograms w i t h  chloroform-methanol-H 0 

(60:40:10, v/v/v) .  

chromatography with au thent ic  s tandards i n  adjacent  lanes  and spraying these  

lanes  with resorc inol  reagent") .  

vacuum and dialyzed as  descr ibed.  The r e t e n t a t e  was lyophi l ized .  Contaminating 

non-l ipid mater ia l  was removed by passing the  gangl ioside through a Sephadex 

G-25 column as descr ibed above. 

2 

The i d e n t i t y  of t h e  ind iv idua l  peaks was es tab l i shed  by co- 

The volume o f  t h e  e l u a t e  was reduced under 

Homogeneity o f  the  i s o l a t e d  compounds was es tab l i shed  by chromatography 

with s tandards i n  another  so lvent  system cons is t ing  of  ch1oroform:methanol:H 0 

(60:35:8, v /v /v) .  

glycosidases  produced the  expected products  from the  ind iv idua l  compounds (7). 

Treatment o f  labe led  GW1 with p u r i f i e d  r a t  l i v e r  B - g a l a c t ~ s i d a s e ' ~ ~ )  r e s u l t e d  

i n  the  formation of  labe led  G H 2 .  

t reatment  with neuraminidase gave r i s e  t o  s to ich iometr ic  q u a n t i t i e s  of f r e e  

2 

Acid hydro lys is  of t h e  molecules and t reatment  with s p e c i f i c  

Acid hydro lys is  of labe led  GMZ followed by 

s i a l i c  ac id  and ceramide lac tos ide  '". 
s i d e  produced i s  based on t h e  amount of  r a d i o a c t i v i t y  p e r  mole of  N-acetyl- 

neuraminic acid.. The r a t i o  of  N-acetylneuraminic ac id  t o  N-acetylgalactosamine 

i n  t h e  b i o s y n t h e t i c a l l y  produced gangl iosides  i s  uni ty .  

DISCUSSION 

The s p e c i f i c  a c t i v i t y  o f  each ganglio- 

The prepara t ion  of I4C-GM2 using the  so luble  galactosaminyltransferase 

r e s u l t e d  i n  an o v e r a l l  y i e l d  of  10.3% of p u r i f i e d  gangl ioside based on the  

s t a r t i n g  q u a n t i t y  of  UDP-N- ace ty  1 ga lac t  os amine - 1 -I4C. 

s t e p s  i n  t h i s  s y n t h e t i c  process  a r e  shown i n  Table I .  

the  s m t h e s i z e d  l4C-GM2 was 6 . 7  x 1 0  cpm/umole (90.1% counting e f f i c i e n c y ) .  

The radiochemical p u r i t y  of t h e  i s o l a t e d  labeled GH2 i s  shown i n  Figure 2 .  

The prepara t ion  o f  l4C-GH1 labeled i n  the  aminosugar p o r t i o n  r e s u l t e d  

The recovery a t  var ious 

The s p e c i f i c  a c t i v i t y  of  

6 

14 i n  t h e  formation o f  2 gangl ioside products :  GM1- C and t h e  intermediate  i n  the  
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Figure 2 - Thin-layer chromatogram of enzymatical ly  synthesized Gb,2. 

gangl iosides  were chromatographed on 250 p S i l i c a  Gel G p l a t e s  u t i l i z i n g  a 

developing so lvent  of chloroform, methanol, and 10% ammonia (60: 35 : 8 ) .  

Radioac t iv i ty  was determined u t i l i z i n g  a Berthold scanning device and t h e  

p l a t e s  were sprayed with resorc inol  reagent .  

synthesized GM2; lane 3, GM3 s tandard;  lane 4 ,  GMl s tandard;  lane 5 ,  scan 

of lane 2 .  

The 

Lane 1 ,  GE2 s tandard ;  lane 2 ,  
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Figure 3 - Thin-layer  chromatogram of enzymatical ly  synthesized GMl. 

gangl iosides  were chromatographed on 250 li S i l i c a  Gel G p l a t e s  u t i l i z i n g  

a developing so lvent  of  chloroform, methanol, and 10% ammonia ( 6 0 : 3 5 : 8 ) .  

Radioac t iv i ty  was determined using a Berthold scanning device and t h e  p l a t e s  

were sprayed with resorc inol  reagent .  

s tandard ;  lane 3, GM3 s tandard ;  lane 4 ,  

Gkf2 s tandard ;  lane 7 ,  scan of  lane 4 .  

The 

Lane 1, GH1 s tandard;  lane 2 ,  GMZ 

14 C-GF,l; lane 5 ,  GM1 s tandard ;  lane  6 ,  
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2-step reac t ion  "C-GM2, l abe led  as i f  prepared by t h e  s o l u b i l i z e d  enzyme. The 

overa l l  y i e l d  o f  I4C-GM1 i n  these  experiments was 4.5% and t h e  y i e l d  of t h e  

intermediary "4C-GMZ was 2 .1% (Table 11). The s p e c i f i c  a c t i v i t y  of the  GM1-I4C 

was 3.3 x 10 cpm/vmole. Chromatography of the  labeled GM1 (Figure 3) showed 

t h a t  a l l  of t h e  r a d i o a c t i v i t y  co-chromatographed with unlabeled GM1 standard.  

In 2 separa te  experiments we noted a lower s p e c i f i c  a c t i v i t y  of t h e  biosynthesized 

14C-GM1 than t h a t  of  t h e  intermediate  14C-GM2.  This lower s p e c i f i c  a c t i v i t y  can 

be a t t r i b u t e d  t o  the  l a r g e r  amount of endogenous GM1 i n  t h e  p a r t i c u l a t e  enzyme 

prepara t ion  i n  comparison with the  small amount o f  gangl iosides  i n  the  s o l u b i l i z e d  

prepara t ion  used f o r  t h e  synthes is  of  GMZ. 

6 

The use of  labeled glycosphingol ipids  i n  s t u d i e s  on t h e  catabolism of  

cerebrosides  'l1-l3), s ~ l f a t i d e " ~ ) ,  as  wel l  as labe led  ~ p h i n g o m y e l i n ( ' ~ ) ,  has  

markedly advanced our knowledge of  the  metabolic derangement underlying t h e  

accumulation of such substances i n  humans a f f l i c t e d  with l i p i d  s torage  d iseases .  

The a v a i l a b i l i t y  of Ghq2 s p e c i f i c a l l y  labeled i n  t h e  hexosamine por t ion  of  t h e  

molecule w i l l  now permit an accurate  assessment of t h e  importance of Gh,2 

hexosaminidase a c t i v i t y  i n  var ious t i s s u e s  and t h e  relevance of  the  diminished 

a c t i v i t y  of t h e  hexosaminidase isozyme A which occurs i n  p a t i e n t s  with Tay-Sachs 

d isease .  

The i n t e r n a l l y  labeled GhI1 should provide valuable  i n s i g h t  i n t o  the  

quest ion of whether mul t i - s tep  enzyme reac t ions  p lay  a r o l e  i n  gangl ioside 

catabolism and provide an ind ica t ion  of t h e  k i n e t i c  parameters governing these  

processes .  

t h e  requirement for e x q u i s i t e l y  s e n s i t i v e  enzyme assays which a r e  now f e a s i b l e  

as  a consequence of t h e  development of procedures f o r  the  prepara t ion  of  speci-  

f i c a l l y  labe led  gangl iosides .  

Such s t u d i e s  have been impossible t o  undertake previous ly  due t o  
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Recovery 

TABLE I 
14 

Yields  a t  var ious  s t e p s  i n  t h e  prepara t ion  of C-G 
M2 

14 
UDP-N-acetylgalactosamine-1- C incubated 

Sephadex G-25 column chromatography 
A .  Lipids  (gangl iosides)  
B Other m a t e r i a l s  

Der cent  

2 . 0  lo7 

3.8 x lo6 
15. x lo6 

14C-GM2 from prepara t ive  t h i n  l a y e r  chromat8ography2.06~ lo6 

I 

18. 
77. 

10.3 

TABLE I1 

1 4  Yields  a t  var ious s t e p s  i n  t h e  prepara t ion  of  C-GM1 

Procedure ITotal r a d i o a c t i v i t y  

Enzymatic incubat ion 

Dia lys i s  of recovered crude 14C-ganglioside 
A. Inso luble  mater ia l  
B. Dialysate  
C .  Re ten ta te  (gangl iosides)  

Treatment with a l k a l i n e  phosphatase 
and phosphodidsterase 

A. Dialysa te  
B. Re t e n t  a t e  (gang li o s i  de s)  

Ganglioside recovered from prepara t ive  
t h i n - l a  er chromatography 

A. 4;4C-G M 1  
B. 14C-GM2 

7 1.0 x 10 

5 1.6 x lo6 
8 . 1  x lo6 
1.8 x 10 

2.4 x 10; 
1 .5  x 10 

5 

5 
4.5 x 10 

2.1 x 10 

Recovery 
p e r  cent  

1 . t 
81. 
18. 

2 . 4  
15. 

4.5 

2.1 

* 
Based on t h e  UDP-N-acetylgalactosamine i n  t h e  o r i g i n a l  incubat ion mixtures which 

a l s o  contained unlabeled UDP-galactose p l u s  GM3 as acceptor .  
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