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ABSTRACT 

A considerably simplified assay for recording sialyl- and fucosyltransferase 

in human serum is presented. Serum samples incubated with labeled nucleotide- 

sugar and glycosylated endogenous acceptor molecules were adsorbed to Con A 

Sepharose and quantitated by scintillation counting. The results correlated 

with those of a much more timeconsuming acid precipition method, and displayed 

a higher diagnostic sensitivity due to the improved specificity of the method 

and the combined recording of the two activities. 

A correlation between serum sialyl- and fucosyltransferase activities 

as well as quantitative agreement between the amount of incorporated sialic 

acid and fucose indicated that the endogenous acceptor molecules were rate- 

limiting for transfer and may themselves have diagnostic potential. 

INTRODUCTION 

It iskmvnthat the activity of certain serum glycosyltransferases can he cor- 

related to malignant diseases ( 1 , 1 0 , 1 2 , 1 4 , 1 5 ) .  Particularly sialyl-, fucosyl- 

and galactosyltransferases are supposed to he of importance in the diagnosis 

and follow-up of some malignant diseases, although the laboratory procedures 

for the assay must be improved and simplified ( 1 , 1 4 ) .  In most previous studies 

of serum or plasma glycosyltransferases in connection with malignant diseases, 

overlapping activities of sera from other patients have been observed. The rea- 

son of this finding is unclear and several different factors are probably in- 

volved. In the future development in this promising field, however, an increa- 

sed accuracy and precision in the analytical method as well as development of 

simpler laboratory assays seem to he necessary. 

Evidence was obtained in our laboratory that sialyltransferase is located 

at the outer surface of Ehrlich tumor cells ( 5 , 6 , 7 ) .  Based on these observa- 

tions we initiated a clinical study of serum sialyltransferases. A rationale 

for such studies is that glycosyltransferases and acceptor molecules located 

at the cell surface may he released to the extracellular fluid by membrane 
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shedding (9) or proteolytic cleavage (17). It is also assumed that shedding is 

more active on neoplastic cells when compared to resting normal cells. Using 

an acid precipitation assay, we measured the incorporation of sialic acid info 

endogenous serum glycoconjugates and also estimated the saturation of the 

endogenous acceptor molecules with sialic acid 2nd breakdown (16). In a large 

clinical material comprising patients with several different tumours and benign 

surgical diseases, we observed a significantly elevated sialyltransferase ac- 

tivity in serum samples derived from patients suffering from colorectal cancer. 

Other types of neoplastic diseases displayed no changed transferase activity 

and in some cases decreased activity when compared to the control material (16). 

Considering the possibility that cancer patient sera may contain low mole- 

cular weight acid-soluble glycopeptides derived from proteolytic cleavage at 

the tumour cell surface, and that these glycopeptides may be characterized by 

incomplete glycosidation (8,13,18), exposing mannose and glucose which bind 

to Con A, the assay was modified to include such glycopeptides. Thus, in the 

present work, the acid-precipitation step was substituted for a final short 

incubation in the presence of Con A SepharoseR gel, followed by repeated 

washings. Labeled glycoconjugates exposing terminal glucose or mannose then 

bound to the gel and could easily be assayed for incorporated sugar. Serum 

samples derived from patients with colo-rectal cancers and with benign surgi- 

cal diseases were analyzed for incorporation of sialic acid and fucose. 

METHODS 

3lood sampling. Blood was obtained by venipuncture from patients with colo- 

rectal cancers as well as from patients with benign surgical diseases. After 

clotting the serum was separated by centrifugation and stored at -2OOC for at 

the most 2 months until analyses. 

Assessment of Con A-binding serum '11 AcNen-sialoconJu~ates and 

14c fucoconjugates. 

Con A Sepharose (Pharmacia AB, Uppsala) was washed with 20 volumes of Tr 

HC1 (0.02 moles/l, pH 7.65) containing calcium chloride, magnesium chloride 

manganese sulfate ( I  mmolell of each) and sodium chloride (0.05 moles/l), 

and kept overnight at 4OC in two volumes of that buffer. 

S-  

0.10 ml of NaEDTA (0.1 moles/l, pH 7.4), 0.20 ml of serum and 1.00 ml of sodium 

cachodylate-acetate buffer (0.05 moles/l with respect to cachodylate, pH 6.8) 

containing 10.8 ' 10 moles/l of CMP- H AcNeu (18.9 Ci/mmole) were pipetted 

into the apical bottom of glass centrifuge tubes put on i.ce. (The final con- 

centration of CMP- H AcNeu was 8.31 ' 10 moles/l). The tubes were then 

transferred to a water bath at 37OC and incubated for 3 h. Thereafter, they 

were chilled fc. 10 min on ice. 0.75 ml of Con A Sepharose in a total vol.ume 
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of 1 . 5  ml of b u f f e r  s u s p e n s i o n  were added t o  each t u b e ,  t h e  t u b e s  a g a i n  t r a n s -  

f e r r e d  t o  t h e  i n c u b a t o r  and s t i r r e d  rnanually i n  o r d e r  t o  keep t h e  g e l  suspended.  

A f t e r  i n c u b a t i o n  f o r 5  rnin a t  37OC, t h e  tubes  were c h i l l e d  on i c e  f o r  10 min 

fo l lowed  by t h e  a d d i t i o n  o f  5 m l  of  t h e  i c e - c o l d  T r i s - H C 1  b u f f e r .  The g e l  was 

a l lowed  t o  sediment  a t  u n i t  g r a v i t y  on i c e  o r  by c e n t r i f u g a t i o n  a t  400 x g f o r  

5 min fo l lowed  by a s p i r a t i o n  of t h e  s u p e r n a t a n t .  The g e l  w a s  s u b s e q u e n t l y  

washed 6 t imes  w i t h  10  m l  of t h e  i c e - c o l d  T r i s - H C 1  b u f f e r  w i t h  t h e  f i r s t  5 ml 

of  b u f f e r  added t o  t h e  uppe r  marg in  of t h e  Lubes. Ca re  was t a k e n  t o  suspend 

t h e  g e l  comple t e ly  d u r i n g  each  washing.  F i n a l l y ,  0 . 5  ml of  b u f f e r  was added,  

t h e  g e l  suspended and t r a n s f e r r e d  t o  a s c i n t i l l a t i o n  v i a l ,  and counted i n  

t h e  p r e s e n c e  o f  10  ml of Aquasol  (NEN Chemicals ,  GmbH, F r a n k f u r t  on- Main, 

Germany). 

The i n c u b a t i o n s  w i t h  GDP-fucose ( I 4 C  f u c o s e - l a b e l e d ,  216 C i /mole  from NEN 

Chemicals)  were performed i d e n t i c a l l y  w i t h  t h e  a fo remen t ioned  i n c u b a t i o n  ex- 

c e p t  t h a t  t h e  amount of t h e  p r e c u r s o r  n u c l e o t i d e - s u g a r  was 0 .185  x 10 moles,  

added from t h e  s t o c k  s o l u t i o n  i n  4 ~1 of e thano l -wa te r .  

-9 

The i n c u b a t i o n s  w i t h  n u c l e o t j d e  s u g a r  were performed on 8 d i f f e r e n t  occa- 

s i o n s  w i t h  s e r a  from p a t i e n t s  w i t h  c o l o r e c t a l  c a n c e r s  and w i t h  b e n i g n  s u r g i c a l  

d i s e a s e s .  On each o c c a s i o n ,  t h e  mean v a l u e  of i n c o r p o r a t i o n  of s u g a r  i n t o  se-  

rum g l y c o c o n j u g a t e s  from s e r a  of p a t i e n t s  w i t h  b e n i g n  s u r g i c a l  d i s e a s e s  

was indexed 1 .00 .  Each serum p robe  was t h e n  r e l a t e d  t o  t h i s  i ndex  i n  p ropor -  

t i o n  t o  t h e  amount of i n c o r p o r a t e d  s u g a r .  About 10  serum samples  were ana lyzed  

c o n s e c u t i v e l y  on two o c c a s i o n s ,  c o n s t i t u t i n g  methodology c o n t r o l s .  3H AcNeu- 

s i a l y z e d  g l y c o c o n j u g a t e s  were a l s o  a s s e s s e d  by a c i d  p r e c i p i t a t i o n ,  a s  p rev ious -  

l y  d e s c r i b e d  ( 1 6 ) .  The r e s u l t s  a r e  t h u s  g i v e n  a s  i n d i c e s  and t h e  r e a s o n  i s  

t h a t  t h e  a d d i t i v e  d i a g n o s t i c  v a l u e  o f  serum s i a l y l  and f u c o s y l t r a n s f e r a s e  c a n  

b e  r eco rded  i n  s p i t e  of d i f f e r e n t  a b s o l u t e  amounts of i n c o r p o r a t e d  s u g a r  resi- 

d u e s .  

RESULTS 

Serum samples  of 0 . 2  m l  from c c n t r o l  p a t i e n t s  w i t h  b e n i g n  s u r g i c a l  d i s e a s e s  
3 

when i n c u b a t e d  f o r  3 h w i t h  8 . 3 1  * m o l e s / l  o f  CMP- H AcNeu i n c o r p o r a t e d  

66.6 x 

hav ing  a f f i n i t y  f o r  Con A-Sepharose.  T h i s  co r re sponds  t o  approx ima te ly  0.616% 

of t h e  added CMP- 

p o r a t e d  d u r i n g  a n  e q u i l v a l e n t  i n c u b a t i o n  ( F i g  1). 

moles 11 .5  x LO-'*, n=48, of l a b e l e d  AcNeu i n t o  g l y c o p e p t i d e s  

3 H AcNeu and 44% of t h e  a c i d - p r e c i p i t a b l e  3H AcNeu i n c o r -  
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F i g .  1. 5 o r r e l a t i o n  of ac id -p rec i - -  
5 g i t a b l e  H AcNeu and Con A-bound 

H AcNeu from i d e n t i c a l  serum samp- 

3 
I n  F i g .  2a t h e  H AcNeu bound t o  0.75 ml of g e l  was indexed 100 Z w h i l e ,  a s  

shown i n  F i g  2b, t h i s  amount of g e l  is s l i g h t l y  subop t ima l  f o r  b i n d i n g  t h e  

l a b e l e d  g l y c o p e p t i d e s .  I t  c a n  b e  c a l c u l a t e d  from t h e  d a t a  p r e s e n t e d  i n  F i g .  2b 

t h a t  a n  i n f i n i t e  amount of g e l  would b i n d  o n l y  1.8 t imes more l a b e l e d  glyco-  

p e p t i d e s  t h a n  t h e  a c t u a l  amount of g e l  used r o u t i n e l y ,  0 .75 ml, which by 

t h i s  c r i t e r i o n  i s  c o n s i d e r e d  s u i t a b l e  f o r  t h e  a s s a y .  

U 3  J 

Con A-sepharose gel , m l - '  1 /con A - sepharose gel, rnl 

y i p  2A and B .  D e t e r m i n a t i o n  of t h e  amount of  Con A g e l  s u i t a b l e  f o r  b i n d i n g  
H AcNeu-labeled g l  c o c o n j u g a t e s  d e r i v e d  from i n c u b a t i n g  serum samples  o f  

0 . 2  m l  f o r  3h a t  37 C .  Samples d e r i v e d  from c a n c e r  p a t i e n t s  and a normal co r -  
r e l a t e  were i n c u b a t e d  w i t h  CMP-AcNeu and t h e  l a b e l e d  g l y c o c o n j u g a t e s  of each 
serum adso rbed  t o  0 .1 ,  0 . 5  o r  0 . 7 5  m l  of g e l .  The mean of t h e  cpm-value adso r -  
bed t o  0 . 7 5  m l  of  g e l  was s e t  t o  100 % and t h e  o t h e r  mean v a l u e s  of i nco rpora -  
t i o n  r e l a t e d  t o  t h i s  p e r c e n t a g e .  
A .  r e p r e s e n t s  t h e  a c t u a l  p e r c e n t a g e  w h i l e  B r e p r e s e n t s  a g raph  w i t h  i n v e r t e d  
v a l u e s .  

x 
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The incorporation of sialic acid into Con A -binding serum glycoconjugates 

from patients with benign surgical diseases was indexed 1.00 with standard 

deviations of 0.17 (n=48). This figure is derived from two separate incubations 

where 25 and 23 control serum samples were analyzed, giving a mean incorpora- 

tion of 317 x lo-’ moles/l and 349 x lo-’ moles/l serum respectively. Thus the 

mean incorporation of 3H AcNeu corresponding to the index 1.00 is 333 x 10 

moles/l of serum/3h. The same serum samples were used in consecutive assays 

without significant loss of activity. T!ie index for incorporation of 3H AcNeu 

into Con A -binding glycopeptides in sera from patients suffering from colo- 

rectal cancer was 1.26 0.22. This figure is derived from 72 different sera 

where the incorporation into colorectal cancer serum glycopeptides was corre- 

lated with control sera indexed 1.00 and corrected for slight variations of 

the absolute incorporation due to variations of methodology. Such variations 

which amounted to less than 15 Z of the mean incorporation could be explained 

by the fact that the washing procedure following incubation with CMP- 3H AcNeu 

was not completely standardized regarding temperature, time and sugar-binding 

capacity of the lectin-gel. 
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Fig. 3 A Representation of correla- 
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rent amounts of gel. Filled circles 
represent serum samples derived from 
cancer patients while open circles 
represent samples derived from 
patients with benign surgical disea- 
ses. Serum samples are identical with 
those investigated in Fig 3 B. 
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R e p r e s e n t a t i o n  o f  c o r r e l a t i o n  betw en  3H AcNeu-labeled m a t e r i a l  F i 8 . 3  B .  
f rom i d e n t i c a l  serum samples  i n c u b a t e d  w i t h  CMP H AcNeu and adso rbed  t o  d i f -  
f e r e n t  amounts of g e l .  F i l l e d  c i r c l e s  r e p r e s e n t  serum samples  d e r i v e d  from 
c a n c e r  p a t i e n t s  w h i l e  open c i r c l e s  r e p r e s e n t  samples  d e r i v e d  from p a t i e n t s  
w i t h  b e n i g n  s u r g i c a l  d i s e a s e s .  Absc i s sa :  0 . 5  ml of g e l .  

5 

F o r  comparison,  t h e  a c i d  p r e c i p i t a t i o n  a s s a y  (16 )  y i e l d e d  a n  index  o f  

1.OUO 0.288 from 152 p a t i e n t s  w i t h  b e n i g n  s u r g i c a l  d i s e a s e s  and a n  index  

of 1.189 _+ 0.520 (n=21) f o r  s e r a  f rom p a t i e n t s  w i t h  c o l o - r e c t a l - c a n c e r  a f t e r  

3 h o f  i n c u b a t i o n  w i t h  CMP- H AcNeu unde r  e q u i v a l e n t  c o n d i t i o n s  ( 1 6 ) .  Thus,  

t h e  d i s c r i m i n a t i v e  power of t h e  p r e s e n t  Con A -b ind ing  method seems t o  b e  

somewhat b e t t e r  t h a n  t h e  p r e v i o u s l y  used a c i d  p r e c i p i t a t i o n  o f  3H AcNeu - labe-  

l e d  g l y c o p e p t i d e s .  Fu r the rmore ,  i n  some s e p a r a t e  c a s e s ,  it was p o s s i b l e  t o  

a c h i e v e  a f u r t h e r  s l i g h t  improvement o f  t h e  d i a g n o s t i c  u s e f u l n e s s  of t h e  

Con A -b ind ing  a s s a y  by i n c r e a s i n g  t h e  amount of g e l  ( F i g .  3 A and B ) .  

3 

Aiming a t  a n  even b e t t e r  d i a g n o s t i c  v a l u e ,  serum f u c o s y l t r a n s f e r a s e  w a s  i n -  

t roduced  i n  t h e  a s s a y .  A f t e r  3 h of i n c u b a t i o n  of c o n t r o l  s e r a  w i t h  0.142 x 

m o l e s l l  of GDP- I 4 C  f u c o s e ,  2 .21 Z 0 .44  o f  t h e  added p r e c u r s o r  had been  

i n c o r p o r a t e d  i n t o  serum g l y c o c o n j u g a t e s  t h a t  bound t o  Con A -Sepharose.  T h i s  

c o r r e s p o n d s  t o  20.44 x 10 m o l e s / l  o f  serum o r  a n  index  f o r  normal s e r a  o f  

1.00 0.20 (n=48) .  The co r re spond ing  index  f o r  s e r a  from p a t i e n t s  s u f f e r i n g  

from c o l o r e c t a l  c a n c e r  was 1 . 3 1  0.32 (n=72) .  T h i s  f i n d i n g  i s  i n  agreement  

w i t h  p r e v i o u s  r e p o r t s  (1 ,2)  t h a t  serum f u c o s y l t r a n s f e r a s e  may b e  u s e f u l  

i n  t h e  d i a g n o s i s  o f  c o l o n  c a n c e r .  

-9 

A c o r r e l a t i o n  w a s  obse rved  between t h e  i n c o r p o r a t i o n  of s i a l i c  a c i d  and t h a t  

o f  f u c o s e  ( F i g .  4 . ) .  Fo r  120 i n c u b a t i o n s  o f  serum samples  w i t h  CMP- 3H AcNeu 

and GDP- I 4 C  f u c o s e ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  was 0.37 i n  t h e  s i a l y l t r a n s -  

f e r a s e  index  r a n g e  o f  0.6-1.7. C o n t r a r y  t o  s i a l y l t r a n s f e r a s e ,  s e rumfucosy l t rnns -  

f e r a s e  was n o t  s t a b l e  t o  r e p e a t e d  f r e e z i n g  and thawing,  which n e c e s s i t a t e d  
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that the change in activity of fucosyltransferase in Consecutive incubations was 

compensated for. 

I I I I . .  
. .  
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INDEX FOR s IALY L TRANSFER 

Fig. 4 .  A. Correlation between serum sialyltransferase activity and serum 
fucosyltransferase activity. (Upper figure) 
B. Correlation between sialyltransfer and (sialyltransfer + fucosylt ansfer). 
Serum sypples from the same patients were incubated with either CMP 5H AcNeu 
or GDP- C fucose for 3 h at 37 C and the labeled glycoconjugates bound to 
Con A Sepharose. The mean cpm-values for the incorporation into glycoconju- 
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g a t e s  i n  s e r a  d e r i v e d  from p a t i e n t s  s u f f e r i n g  from benign s u r g i c a l  d i s e a s e s  was 
indexed 1.00 and t h e  i n c o r p o r a t i o n  i n t o  each sample expressed i n  r e l a t i o n  t o  
t h i s  index.  The r e p r e s e n t a t i o n  wi th  i n d i c e s  has  been chosen i n  o r d e r  t o  t a k e  
advantage of t h e  a d d i t i v e  d i a g n o s t i c  s e n s i t i v i t y  of s i a l y l -  and fucosyl t ra t i s -  
f e r a s e  a c t i v i t y  i n  s p i t e  of t h e  f a c t  t h a t  they d i f f e r e d  16-fold i n  a b s o l u t e  
amount of sugar  t h a t  w a s  incorpora ted  i n t o  endogenous a c c e p t o r  molecules .  

The sum index of serum s i a l y l t r a n s f e r a s e  and serum f u c o s y l t r a n s f e r a s e  was 

2.00 0.29 f o r  sera r e p r e s e n t i n g  s u r g i c a l  d i s e a s e s  w h i l e  t h a t  of c o l o r e c t a l  

c a n c e r s  w a s  2.55 0.41. This  r e p r e s e n t s  an improved d i a g n o s t i c  s e n s i t i v i t y  

when compared t o  e i t h e r  enzymatic a c t i v i t y  only .  F i n a l l y ,  t h e  c o r r e l a t i o n  b e t -  

ween serum s i a l y l -  and f u c o s y l t r a n s f e r a s e  was explored by making a graph of sum 

index of s i a l y l -  and f u c o s y l  t r a n s f e r  v e r s u s  t h e  index f o r  s i a l y l  t r a n s f e r  

( F i g .  4b) .  The r e s u l t i n g  c o r r e l a t i o n  c o e f f i c i e n t  w a s  0 .77  which i s  b e t t e r  t h a n  

t h a t  ob ta ined  when t h e  two enzymatic a c t i v i t e s  were c o r r e l a t e d  and r e p r e s e n t s  

a n  improvement of d i s c r i m i n a t i o n  between tumour and normal c o r r e l a t e  s e r a .  

DISCUSSION 

The n u c l e o t i d e  metabolism of n e o p l a s t i c  and o t h e r  r a p i d l y  d i v i d i n g  c e l l s  

i s  c h a r a c t e r i z e d  by a convers ion  of u r i d i n e  t r i p h o s p h a t e  t o  thymidine t r i p h o s -  

pha te  ( 4 )  f o r  subsequent  u s e  i n  DNA r e p l i c a t i o n .  The d r a i n  of u r i d i n e  nucleo- 

t i d e s  i s  a p r i o r i  expected t o  cause  diminished metabolism of u r i d i n e  - l inked  

s u g a r s  such a s  g lucose ,  g a l a c t o s e ,  hexoseamines and g lucuronic  a c i d  and a 

r e l a t i v e  i n c r e a s e  of t h e  metabolism of g lycoconjugate  s u g a r s  t h a t  b ind  t o  

o t h e r  n u c l e o t i d e s  l i k e  mannose, fucose  and s i a l i c  a c i d .  Therefore  t h e  he te ro-  

po lysachar ides  of  tumour and DNA-synthesizing c e l l s  are  expected t o  c o n t a i n  

a h igh  p r o p o r t i o n  of t h e s e  l a t t e r  s u g a r s  i n  t e r m i n a l  p o s i t i o n .  For  example, a 

g lycopept ide  r i c h  i n  s i a l i c  a c i d  was i s o l a t e d  from a number of tumour and ra- 

p i d l y  d i v i d i n g  c e l l s ,  w h i l e  t h e  corresponding g lycopept ide  c l a s s  from t h e i r  

non-dividing c o u n t e r p a r t s  lacked s i a l i c  a c i d  (11). 

When t h e s e  p e p t i d e s  have been shed from t h e  tumour c e l l  s u r f a c e  i n t o  serum, 

they may be  broken down by s- g l y c o s i d a s e s  ( 3 ) ,  y i e l d i n g  new acceptor  s i tes  

f o r  mannose, fucose  and s i a l i c  a c i d .  These g lycopept ides  can  a c t  as s u b s t r a t e s  

t o g e t h e r  w i t h  co-subs t ra tes  such as CMP- AcNeu and GDP-fucose i n  r e a c t i o n s  

c a t a l y z e d  by g l y c o s y l t r a n s f e r a s e s  t h a t  a r e  p r e s e n t  i n  human serum. Provided 

g lucose  and mannose are not  completely hydrolysed a t  t h e  s u r f a c e  of t h e  neo- 

p l a s t i c  c e l l s ,  i t  should be  p o s s i b l e  t o  e s t i m a t e  t h e  tumour-specif ic  p e p t i d e s  

by a s s e s s i n g  t h e  b inding  of such fucose  and s i a l i c  ac id-  l a b e l e d  g lycopept ides  

t o  Sepharose-bound Con A ,  t h a t  b inds  mannose and g lucose  w i t h  h igh  a f f i n i t y .  

Thus, g lycopept ides  c o n t a i n i n g  s i a l i c  a c i d  and fucose  and der ived  from t h e  

s u r f a c e  of n e o p l a s t i c  c e l l s  by shedding i n t o  serum have not  been determined 

d i r e c t l y  i n  t h e  p r e s e n t  i n v e s t i g a t i o n .  I n s t e a d ,  t h e i r  p a r t i a l l y  hydrolysed 

c o u n t e r p a r t s  have been measured and t h i s  method has  t h e  advantage of compensa- 
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ting for the glycohydrolytic activity at the surface of the neoplastic cells. 
Previous reports on serum glycosyltransferases have, with few exceptions, 

concentrated on the enzyme levels although the endogenous acceptor glycopro- 

teins in serum may be important contributors to the elevated glycosyltransfe- 

rase activity observed in serum of patients with certain malignant diseases. 

The present finding of a concomitant rise in sialyltransferase and fucosyltrans- 

ferase activities in serum of many patients with colorectal cancers favours 

such a view. These glycosyltransferases share galactose as an acceptor molecule. 

The activities of sialyl- and fucosyltransfer seem to agree quantitatively, in 

that incubation with GDP I4C fucose (0.142 ’ 

incorporation of 20.44 ’ lo-’ moles/l of serum while incubation with 
8.31 * 

moles/l of serum. Hence, it seems likely that with the same concentration of 

CMP AcNeu and GDP-fucose, the absolute incorporation of each sugar would 

correspond closely. This conclusion and the correlation between serum sialyl- 

and fucosyltransferase strongly suggest that the limiting concentration 

of serum acceptor molecules regulates the level of glycosyl transfer and its 

diagnostic potential. Terminal galactosyl residues, which can be used as accep- 

tor molecules, for both sialyl- and fucosyltransferase are implicated. 

moles/l) results in the 

3 moles/l of CMP H AcNeu gives an incorporation of 333 ’ lo-’ 
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