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Summary 

The properties of  enzymes catalysing the transfer of  a galactose from UDP- 
galactose to exogenous ceramide monohexoside  and ceramide di-hexoside de- 
rived from the Syrian hamster cell line NIL 2 were studied. The products  of  
these enzymes were characterized by chemical and enzymatic methods.  

Kinetic analyses showed that  the enzymes are susceptible to inhibition and 
activation by a number of  substrate analogues. The kinetic and inhibition con- 
stants, glycolipid substrate specificity and nucleotide sugar donor  specificity 
have been studied. 

Introduction 

Malignant t ransformation results in a variety of alterations in animal cell 
surfaces [1--3] and it is generally believed that  one or more of  these changes 
may have a key role in the control  of  cell multiplication. Previous studies from 
this [3--5] and other  laboratories [6,7] have shown that  the synthesis of  
certain glycosphingolipids which are present in the plasma membrane [4] ,  is 
reduced or blocked following viral t ransformation probably because the addi- 
t ion of  sugars to the precursor molecules of these glycolipids does not  take 
place. 

The glycosphingolipids found in the NIL2 hamster cell line and a possible 
bio-synthetic pathway [8,9] are shown in Scheme 1. The tri-, tetra-, and penta- 
glycosyl ceramides which disappear as a result of  viral t ransformation were 
shown to increase in the untransformed cells with increasing culture density 
[3 ,5] .  
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T h e  s c h e m e  o f  s y n t h e s i s  as sugges t ed  b y  R o s e m a n  [ 9 ] .  T h e  s t r u c t u r e  o f  g l y c o s p h i n g o l i p i d s  as r e p o r t e d  b y  
H a k o m o r i  et  al. [ 8 ] .  
A b b r e v i a t i o n s :  t t e a c t i o n s  c a t a l y s e d  b y  t r an~fe ra se  I a n d  t r a n s f e r a s e  II a re  r e f e r r e d  to  in  t e x t  as r e a c t i o n s  I 
a n d  II r e spec t i ve ly .  

The transferase enzymes responsible for the synthesis of  these saccharide 
chains are generally believed to be highly selective and to require specific 
nucleotidyl sugar donors [9].  

There have been several studies on these enzymes from different sources. A 
glucosyl and a galactosyl transferase from embryonic chicken brain have been 
characterized by Basu et al. [10] and Hildebrand and Hauser [11] have re- 
ported on the properties of these transferases in extracts of rat spleen and 
kidney. More recently Yeung et al. [12] reported on the in vitro synthesis of 
neutral glycolipids from adrenal tumor  cells. The results of studies by Kijimoto 
and Hakomori  [13]  on the transferase from NIL2 cells agree with those ob- 
tained in the present study which was undertaken as part of a more extensive 
appraisal of  the role of cell surface glycolipid metabolism on animal cell growth 
regulation. 

Experimental Procedure 
~ ~ 

Materials ...: 
Lactosyl ceramide was from Miles Laboratories Ltd., England. Other glyco~ 

sphingolipids were purified from pig lungs andho r se  spleen. Radioactive UDP- 
galactose and UDPglucose labelled with 1 4 C in the carbon 1 position were from' 
The Radiochemical Centre, Amersham, England. Radioactive UDP-N-acetyl- 
[1-1 4C] galactosamine labelled on carbon-I- of  the galactosamine moiety,  was 
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from New England Nuclear. Nucleotide sugars were stored at --20°C and their 
stability checked by paper chromatography every 2 months.  Unlabelled nucleo- 
tide sugars used as carriers, the phospholipids, r ibonucleotide triphosphates and 
cyclic AMP, were from the Sigma Chemical Co. Tri ton X 100 was from British 
Drug House, England, and "Cut scum"  a gift from Dr. S. Hakomori.  

Cell culture 
Conventional methods of cell culture were used, with clones of the NIL 

2~Syrian hamster line, and a derivative clone NIL-2-HSV, transformed by Ham- 
ster Sarcoma Virus [5] .  

Enzyme assays 
(a) Preparation o[ particles. Confluent cultures grown in 2.5L roller bottles 

were used throughout ,  except  for experiments specifically designed to test the 
effect  of  cell density on enzyme activity. After removing the medium the 
monolayer  of cells was washed once with isotonic phosphate buffer,  pH 7.0. 
Cells were scraped into buffer and centrifuged. Cell pellets were either used 
immediately or stored at --20 °C. Frozen cells retain their enzyme activities for 
3 months.  

When fresh cells were used they were suspended in 4 vol. of 0.32 M sucrose 
containing 0.014 M 2-mercaptoethanol  and 0.01 M EDTA pH 7.0 and either 
homogenized in a hand homogenizer  or sonicated with an immersible probe at 
an output  of 80w for 15 s, (Sonioprobe,  Type 1130A, Dawe Instruments Ltd.). 
Suspensions were examined microscopically for  complete cell breakage, before 
using the homogenate  for further  processing. Nuclear breakage as a result of 
sonication has no effect  on enzyme activities. Frozen cells were thawed at 
room temperature  and processed as fresh cells. Homogenates were used directly 
for some experiments,  whereas in others a crude microsomal pellet prepared as 
described by Kijimoto and Hakomori  [13] was used. All operations during the 
preparation of particles were conducted at a temperature  not  exceeding 4 ° C. 

(b) Incubation mixture. The substrate glycolipid (ceramide monohexos~de or 
ceramide dihexoside) was prepared for incubation as follows. An aliquot of a 
ch loroform/methanol  (2 : 1) solution of the glycolipid of known concentrat ion 
was, evaporated to dryness. A solution of  IM cacodylate-HC1 buffer at pH 6.1 
coa~aining either Tri ton X-100 or 'MCutscum" at a concentrat ion of  13.6 
mg/ml  (w/v) was added to the dry glycolipid and sonicated in an ultrasonic 
ba th .  The solution was heated to 45°C for 10 min and cooled to room tempera- 
ture. Aliquots of  this solution were pipetted to give glycolipid concentrat ions 
ranging from 5 '  10 -4 to 2.5 • 10 -2 pmol in individual assay tubes. The total 
volume of  glycolipid-cacodylate-detergent mixture  was kept constant  at 60 
pl/200 pl of incubation mixture,  so that  the detergent concentra t ion did not  
exceed 850 pg in the mixture. To this mixture were added MnC12 and UDP- 
galactose to final concentrat ions of  150 and 25 mM, respectively; 100 pl of the 
enzyme preparation (0.4--0.8 mg protein) to make a total  volume of  200 pl. 

The reaction was stopped by the addition of 4 ml of  chloroform/methanol  
(2 : 1) and after standing at room temperature  for  2 h, the reaction mixture  
was parti t ioned with 1/5 vol. of water and upper layer was discarded. The 
interphase was washed twice with 1 ml of 0.1 M KC1 and the organic phase 
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evaporated to dryness and analysed on silica gel G thin layer plates (E. Merck 
and Co.) by ascending chromatography in chloroform/methanol /water  {65 : 25 
:4) [5]. 

The thin layer plates were autoradiographed and the spots corresponding to 
known standards of ceramide dihexoside and ceramide trihexoside were lo- 
cated, scraped and measured by scintillation spectrometry. 

Identification of  reaction products 
The radioactive spot corresponding to ceramide dihexoside was eluted and 

chromatographed. It produced a single radioactive spot with an RE value corre- 
sponding to standard ceramide dihexoside [5]. No further characterization of 
this compound was at tempted.  The spot corresponding to ceramide trihexoside 
when subjected to the same procedure as above, gave three radioactive spots of 
which only one had the RF value of standard ceramide trihexoside in the 2nd 
dimension when the two dimensional chromatographic system previously re- 
ported [5] was used. Further characterization of this compound was made as 
follows. The radioactive spot corresponding to ceramide trihexoside in one 
dimensional chromatography using chloroform/methanol/water  (65 : 25 : 4) 
was scraped off  and eluted. It was saponified with 1 M methanolic sodium 
hydroxide for 1 h at room temperature followed by neutralisation with aque- 
ous HC1, and partitioning. The organic phase was chromatographed in three 
different solvent systems. Autoradiography of the plates gave one radioactive 
spot in each solvent, as shown in Fig. 1. 

The radioactivity of the biosynthesized ceramide trihexoside was shown to 
be associated only with the terminal galactose as shown by its loss during 
hydrolysis of  the material with fig a-galactosidase prepared according to the 
method of Hakomori et al. [14].  The radioactive material isolated from thin- 
layer chromatography plates shown in Fig. 1 was pooled and incubated with 
galactosidase [14].  The radioactivity released amounted to 70% when the ma- 
terial was co-chromatographed with known galactose (Fig. 2). The remaining 
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Fig .  1.  A u t o r a d i o g r a p h  o f  t h i n  l a y e r  c h r o m a t o g r a m  o f  b i o s y n t h e s i z e d  c e r a m i d e  t r i h e x o s i d e  in three  d i f f e r e n t  
s o l v e n t  s y s t e m s .  T h e  r e a c t i o n  m i x t u r e  w a s  p r o c e s s e d  as  d e s c r i b e d  in  t h e  t e x t .  A f t e r  s a p o n i f i c a t i o n  a n d  
c h r o m a t o g r a p h y  o n  s i l i c a  G e l  G p l a t e s  ( i n  s o l v e n t  s y s t e m  1 0  : 6 : 4 : 1, tetrahydrofuran/methylal]metha- 
n o l / w a t e r ) .  T h e  p l a t e s  w e r e  r a d i o a u t o g r a p h e d  a n d  t h e  o n l y  r a d i o a c t i v e  s p o t  p r e s e n t  c o r r e s p o n d e d  w i t h  
s t a n d a r d  c e r a m i d e  t r i h e x o s i d e .  T h i s  s p o t  w a s  e l u t e d ,  d i v i d e d  i n t o  t h r e e  a l i q u o t s  a n d  c h r o m a t o g r a p h e d  
a g a i n  i n  t h r e e  d i f f e r e n t  s o l v e n t s  a n d  a u t o r a d i o g r a p h e d .  T h e  c i r c l e  o n  e i t h e r  s i d e  o f  e a c h  r a d i o a c t i v e  s p o t  
r e p r e s e n t s  t h e  p o s i t i o n s  o f  s t a n d a r d  c e r a m i d e  t r i h e x o s i d e .  S o l v e n t  s y s t e m s  u s e d  w e r e :  A ,  1 - p r o p a n o l / w a -  

t e r / c o n c ,  a m m o n i u m  h y d r o x i d e  ( 8 0  : 1 3 . 3  : 6 7 ) ;  B, C h l o r o f o r m ] m e t h a n o l / c o n c .  a m m o n i u m  h y d r o x i d e  
( 6 0  : 4 0  : 1 0 ) ;  C,  C h l o r o f o r m / m e t h a n o l / w a t e r  ( 6 5  : 25  : 4) .  
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Fig. 2. C h r o m a t o g r a p h y  of  ga lac tose  re leased f r o m  b i o s y n t h e s i z e d  c e r a m i d e  t r i h e x o s i d e  by  fig ~-galactosi-  

dase.  T h e  b i o s y n t h e s i z e d  c e r a m i d e  t r i h e x o s i d e  pur i f i ed  as g iven  in Mater ia ls  and  M e t h o d s  was  i n c u b a t e d  

wi th  c~-galactosidase, a c c o r d i n g  to the  m e t h o d  of  H a k o m o r i  et al. [ 14] .  The  sugar  was e x t r a c t e d  f r o m  u p p e r  
phase  w i t h  h o t  p y r i d i n e  and  app l i ed  to  cel lulose p la tes  ( M N 3 0 0 ,  E. Merck  and  Co.) in 10% i sop ropano l ,  

P la tes  d e v e l o p e d  in e thy l  a c e t a t e / p y r i d i n e ] w a t e r  (2 : 1 : 2). The  p e a k  of  r a d i o a c t i v i t y  was  f o u n d  to corre-  

s p o n d  w i t h  s t a n d a r d  galactose .  

30% was accounted for as increased ceramide trihexoside by chromatography 
of the lower phase. 

The identity of the product was further confirmed by the production of a 
single precipitin line upon immunodiffusion analysis with rabbit antisera im- 
muno-specific for ceramide trihexoside *. When chromatographed in the 65 : 25 
: 4 system about 15--30% of the counts contaminating the ceramide trihexo- 
side were found to be saponifiable material. No at tempt was made to character- 
ize these materials. 

Because of the contamination with saponifiable material the lower phase was 
saponified and chromatographed in all routine assays in 65 : 25 : 4 (chloro- 
form/methanol/water) .  Products located by autoradiography were also com- 
pared with known standards and then scraped and counted, as gelled samples 
using Carbosil. Counting efficiencies were determined using [~4C]toluene as 
internal standard. Protein was determined according to the method of Lowry et 
al. [151. 

Preparation o f  labelled glycolipid substrates 
Labelled ceramide dihexoside and ceramide trihexoside were prepared by 

growing NIL-2 cells in the presence of [~4C] palmitate and isolating the com- 
pounds by two dimensional chromatography [3,5]. 

Recovery o f  glycolipids from the assay mixture 
Labelled glycolipids added to mock incubation systems yielded 88--92% of 

the original counts when chromatographed as described. All reported data is 
corrected assuming a general recovery of 90%. 

* Kind ly  l~er formed by  J.  Coll ins and  A. D e s t r e e  
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Results 

Requirements for enzyme activity 
As shown in Table I optimal reaction rates were obtained only with the 

complete system given in the methods.  Substituting manganese ions with mag- 
nesium resulted in a 50% reduction in activity in reaction I, while it reduced 
the rate of  reaction II by 80%. "Cu t scum"  detergent  gave the same results as 
Tri ton X-100 in both reactions. Both detergents when used above concentra- 
tions of 4 mg/ml strongly inhibited both activities. 

Both reactions had an absolute specificity for UDP-galactose, as the nucleo- 
tide sugar donor.  When UDP-[1-~4C] glucose was used the di- and tri-glycosyl 
ceramides were not  labelled, but  heavy endogenous labelling appeared in cera- 
mide monohexoside.  

There was reduct ion in labelling in ceramide dihexoside and ceramide tri- 
hexoside when unlabelled UDP-glucose was added at the same concentrat ions 
as UDP-[1-~ 4 C] galactose in the complete  system. With UDP-N-[1-~ "C] acetyl- 
galactosamine as the radioactive sugar donor,  10--14% of the counts found in 
complete  incubation system were found in regions where ceramide dihexoside 
and ceramide trihexoside were chromatographed in 65 : 25 : 4. However with 
UDP-[1- ~ "C] galactose as the sugar donor,  apart from the ceramide dihexoside 
and ceramide trihexoside formed as indicated in Table I, labelling was also 
found in two spots corresponding to RF values of  tetra  and penta  glycosyl 
ceramides. This unexpected observation is discussed later. 

T A B L E  I 

R E Q U I R E M E N T S  F O R  E N Z Y M E  A C T I V I T Y  A N D  S U G A R  D O N O R  S P E C I F I C I T Y  

T h e  c o m p l e t e  s y s t e m  is g i v e n  in t h e  E x p e r i m e n t a l  P r o c e d u r e .  R e a c t i o n  w a s  s t o p p e d  a f t e r  o n e  h o u r  a n d  t h e  
m i x t u r e  w a s  p r o c e s s e d  as d e s c r i b e d  i n  t h e  t e x t .  T h e  m i c r o s o m a l  p e l l e t  p r e p a r e d  as  d e s c r i b e d  w a s  u s e d  as  
t h e  e n z y m e  s o u r c e .  

I n c u b a t i o n  m i x t u r e  L a b e l l e d  g l y c o l i p i d  s y n t h e s i z e d  in  
p m o l  * m g  p r o t e i n  - !  • h -1 

C e r a m i d e  C e r a m i d e  

d i h e x o s i d e  t r i h e x o s i d e  
s y n t h e s i z e d  s y n t h e s i z e d  

C o m p l e t e  7 8 0  
N o  d e t e r g e n t  1 3 0  

No  g l y c o l i p i d  s u b s t r a t e  1 6 8  

P l u s  E D T A  ( 5 p m o l )  15  
N o  a c t i v e  + h e a t  i n a c t i v a t e d  e n z y m e  27  
N o  U D P  [ 1 - 1 4 C ]  g a l a c t o s e  + 

U D P - [ I - 1 4 C ]  g l u c o s e  1 6 5  

a t  t h e  s a m e  c o n c e n t r a t i o n  
N o  U D P - [ 1 - 1 4 C ]  g a l a c t o s e  + 

U D P - [ 1 - 1 4 C ]  G a l N A c  ( 0 . 2 / ~ C i .  1 1 0 "  
S p e c i f i c  a c t i v i t y  52  p C i  p e r p m o l )  

6 5 0  
98  

1 5 9  

9 

18  

86 

102" 

* T h e s e  n u m b e r s  w e r e  c a l c u l a t e d  o n  t h e  b a s i s  o f  d p m  o b t a i n e d  f r o m  a r e a s  o f  t h i n  l a y e r  p l a t e s  w h e r e  
c e r a m i d e  d i h e x o s i d e  a n d  c e r a m i d e  t r i h e x o s i d e  c h r o m a t o g r a p h  i n  t h e  s o l v e n t  s y s t e m .  N o  a t t e m p t  
w a s  m a d e  t o  c h a r a c t e r i z e  t h e m .  
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F i g .  3 .  E f f e c t  o f  i n c u b a t i o n  t i m e  o n  r a t e  o f  f o r m a t i o n  o f  c e r a m i d e  d i h e x o s i d e  a n d  c e r a m i d e  t r i h e x o s i d e .  

C o n d i t i o n s  w e r e  t h e  s a m e  a s  g i v e n  i n  T a b l e  I .  T h e  r e a c t i o n s  w e r e  s t o p p e d  a t  i n d i c a t e d  i n t e r v a l s  o f  t i m e  

a n d  m i x t u r e  p r o c e s s e d  a s  g i v e n  i n  t h e  t e x t .  • • ,  c e r a m i d e  d i h e x o s i d e  s y n t h e s i s ;  • o ,  c e r a m i d e  

t r i h e x o s i d e  s y n t h e s i s .  

Effect of  changes of  protein concentrations, pH, time and temperature of  
incubation on rates of  reactions 

The  e f fec t  o f  t ime  on reac t ion  is shown  in Fig. 3, and t ha t  o f  changing 
p ro te in  c o n c e n t r a t i o n  in Fig. 4. A pH o p t i m u m  of  5.9 to 6.1 was observed  for  
r eac t ion  I and 6- -6 .4  for  r eac t ion  II. Both  assays were  t he re fo re  rou t ine ly  run  
at  p H  6.1. The  t e m p e r a t u r e  sensi t ivi ty of  the  enzymes  d i f fered  m a r k e d l y .  In- 
cuba t i on  at  45°C for  10 min  c o m p l e t e l y  abol ished the  f o r m a t i o n  of  any  de tec t -  
able t r ihexos ide ,  while the  same t r e a t m e n t  did no t  r educe  the  ra te  of  d ihexo-  
side f o r m a t i o n  by  m o r e  than  20%. 

Kinetic constants o f  the reactions 
The  e f fec t  o f  varying the  c o n c e n t r a t i o n  of  UDP-galac tose  on bo th  reac t ions  

is s h o w n  in Fig. 5 as the  L ineweaver -Burke  p lo t  o f  the  same data .  F r o m  this 
da ta  the  a p p r o x i m a t e  K m values for  UDP-galac tose  are 2.2 • 10 .3 M for  reac- 
t ion  I and 0.57 • 10 .3 M for  reac t ion  II.  

The  e f fec t  o f  g lycol ipid  subs t ra t e  c o n c e n t r a t i o n  on  reac t ion  rates  is shown  in 
Fig. 6 and 7. Both  reac t ions  are s t rongly  inhibi ted  by  the i r  o w n  subs t ra tes  a t  
concen t r a t i ons  higher  than  100 pM. In a previous  s tudy  on the  same  enzymes ,  
no m e n t i o n  is m a d e  of  this inhibi t ion.  The  same  t ransferases  f r o m  rat  spleen 
a p p a r e n t l y  do no t  show subs t ra te  inh ib i t ion  even a t  m u c h  higher  c o n c e n t r a t i o n  
o f  the  glycol ipid  [ 1 1 ] .  However ,  inhib i t ion  o f  reac t ion  velocit ies  by  excess 
subs t ra te  on m e m b r a n e  b o u n d  e n z y m e  sys tems  of  sphingol ipid  b iosynthes i s  
has been  r e p o r t e d  b y  o the r s  [16 ,17] .  

In all assays when  the  to ta l  e n z y m e  levels o f  a cu l ture  were  d e t e r m i n e d  a 
var ie ty  o f  subs t ra te  concen t r a t i ons  were  t r ied and on ly  the  m a x i m a l  velocit ies  
ob t a ined  be fo r e  inh ib i t ion  were  t aken  as the  Vmax. Even unde r  such experi-  
men ta l  cond i t ions  it is clear  (See Fig. 6 and 7) tha t  in the  case of  t rans fe rase  I I  
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Fig .  4. E f f e c t  o f  p r o t e i n  c o n c e n t r a t i o n  o n  t h e  ra te  o f  f o r m a t i o n  o f  c e r a m i d e  d i h e x o s i d e  and  c e r a m i d e  

t r i h e x o s i d e .  T h e  rate  is l inear  b e t w e e n  0 .2  t o  1.8 m g  o f  p r o t e i n .  • • o,  R a t e  o f  f o r m a t i o n  o f  

c e r a m i d e  d i h e x o s i d e ;  • - -  • • ,  ra te  o f  f o r m a t i o n  o f  c e r a m i d e  t r i h e x o s i d e .  

F ig .  5. L i n e w e a v e r - B u r k  p l o t s  f or  r e a c t i o n s  I a n d  II.  R e a c t i o n  c o n d i t i o n s  w e r e  as  g i v e n  in T a b l e  I b u t  

U D P - g a l  c o n c e n t r a t i o n s  w e r e  va r i e d .  • • • ,  C o n v e r s i o n  o f  c e r a m i d e  m o n o h e x o s i d e  t o  cera-  
m i d e  d i h e x o s i d e .  C a l c u l a t e d  K m v a l u e  fo r  U D P - g a l  2 .2  • 10  -3  M. • • A0 C o n v e r s i o n  o f  c e r a m i d e  

d i h e x o s i d e  t o  c e r a m i d e  t r i h e x o s i d e  a n d  i n h i b i t i o n  b y  A T P ,  K m f o r  U D P - G a l  = 0 . 5 7  • 10  -3 M. 

which  is s trongly  inhibited by its substrate,  the  V measured exper imenta l ly  
falls well  short o f  the  true velocit ies  attainable.  The inset of  Fig. 7 shows  the  
normalised curve for the  same data when  o = S / K m  and ¢p = v / V a n d  where S is the  
substrate concentra t ion  and v the  corresponding  observed veloc i ty .  The ex tent  
to  which  ¢ fails to  reach un i ty  is a measure o f  the  inhibi tory  effect  exerted by 
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Fig.  6.  E f f e c t  o f  c o n c e n t r a t i o n  o f  c e r a m i d e  m o n o h e x o s i d e  o n  f o r m a t i o n  o f  c e r a m i d e  d i h e x o s i d e .  I n c u b a -  
t i o n  c o n d i t i o n s  w e r e  the  s a m e  as  g i v e n  in  T a b l e  I. e x c e p t  t h a t  t h e  c o n c e n t r a t i o n  o f  c e r a m i d e  m o n o h e x o -  
s i d e  w a s  v a r i e d  a s  i n d i c a t e d .  T h e  i n s e t  s h o w s  t h e  n o r m a l i s e d  c u r v e  f o r  t h e  s a m e  d a t a  w h e r e  a = [ S I L K  m 

and 4~ = v / V .  



104 

£ 

F 
~ v  

£ 
~4-  

$ 

• 

0 0.2 0.4 0.6 , , 0 0.2 o" 0 I' ff 

~ 0 50  100 150 
C e r a m i d e  d ihexos ide  ( # M )  S 

Fig.  7. E f f e c t  o f  c e r a m i d e  d i h e x o s i d e  c o n c e n t r a t i o n  o n  t h e  f o r m a t i o n  o f  c e r a m i d e  t r i h e x o s i d e .  C o n d i t i o n s  

o f  i n c u b a t i o n  were  t h e  s a m e  as g i v e n  in  T a b l e  l ,  e x c e p t  t h a t  c o n c e n t r a t i o n s  o f  c e r a m i d e  d i h e x o s i d e  we re  

v a r i e d  as i n d i c a t e d .  The  i n s e t  is t h e  n o r m a l i s e d  c u r v e  fo r  t he  s a m e  d a t a  (See  l e g e n d  fo r  F ig .  6).  

the substrate. The value of  V m a x  was taken from the reciprocal plots shown in 
Figs. 8b and 9b because this plot spreads out  the data for lower substrate 
concentrat ions so that the greater part of the curve represents the region where 
the Michaelis law is obeyed [18] .  Figs. 8a and 9a show the apparent inhibition 
constants obtained for both enzymes, as well as their Km values for their 
glycolipid substrates. Because of the limited solubility of the glycolipid sub- 
strates in aqueous media the enzyme-substrate interaction is probably taking 
place with the substrates in their micellar condit ion in an in vitro assay system. 

.~ 

9~  ×b 
"~D4- 
>.~ 

-~ ~ 

~ 2- 

~ ~ ~ - - - ~  

~00 O '  

a 

~o ~o ~o 0.4 0 0.5 1.0 1.5 
Ceremide monohexoside (MM) S Ceramide monohexoside (MM) -1 1 /S (x lO  1) 

Fig.  8. (a) D e t e r m i n a t i o n  o f  i n h i b i t i o n  c o n s t a n t  f r o m  i n h i b i t i o n  b y  excess  s u b s t r a t e  f o r  r e a c t i o n  I. (b )  
L i n e w e a v e r - B u r k  p l o t  f o r  t he  s a m e  da t a .  C o n d i t i o n s  o f  e x p e r i m e n t  w e r e  t he  s a m e  as g i v e n  i n  T a b l e  I, 

e x c e p t  t h a t  c o n c e n t r a t i o n  o f  c e r a m i d e  m o n o h e x o s i d e  was  va r i ed .  Calc~t la ted K m v a l u e  fo r  c e r a m i d e  

m o n o h e x o s i d e  = 6 . 2 5  • 10  -5 M. I n h i b i t i o n  c o n s t a n t  f o r  c e r a m i d e  m o n o h e x o s i d e  = 1 .08  • 1 0 - 4 M .  

( E q u a t i o n s  I V . 4 3 - - I V . 4 5  i n  ref .  18 ,  page  75,  f o r m s  t h e  b a s i s  f o r  t h e  t r e a t m e n t  o f  k i n e t i c  d a t a  f o r  
e v a l u a t i o n  o f  i n h i b i t i o n  c o n s t a n t  s h o w n  i n  (a).  T h e  d a t a  h o l d s  o n l y  i f  i t  is  a s s u m e d  t h a t  a t  h i g h e r  

c o n c e n t r a t i o n s  o f  s u b s t r a t e ,  t h e  s u b s t r a t e - d e t e r g e n t  m i c e l l e  f o r m e d  is no  l o n g e r  t h e  a c t i v e  spec i e s  t h a t  can  

b i n d  t he  e n z y m e  e f f e c t i v e l y  as i n  l o w  s u b s t r a t e  c o n c e n t r a t i o n s ) .  
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Fig .  9 .  ( a )  D e t e r m i n a t i o n  o f  i n h i b i t i o n  c o n s t a n t  f r o m  i n h i b i t i o n  b y  e x c e s s  s u b s t r a t e  f o r  r e a c t i o n  II .  ( b )  

L i n e w e a v e r - B u r k  p l o t  f o r  t h e  s a m e  d a t a .  C o n d i t i o n s  of  e x p e r i m e n t  w e r e  t h e  s a m e  as g i v e n  in  T a b l e  I 

e x c e p t  t h a t  c o n c e n t r a t i o n  o f  c e r a m i d e  d i h e x o s i d e  w a s  v a r i e d  K m f o r  c e r a m i d e  d i h e x o s i d e  = 2 . 5  • 1 0  - 4  M.  

I n h i b i t i o n  c o n s t a n t  f o r  c e r a m i d e  d i h e x o s i d e  = 1 . 2 5  • 1 0  -2  M ( see  l e g e n d  o f  F ig .  9 f o r  t h e  a s s u m e d  

i n h i b i t i o n  m o d e l ) .  

It is therefore difficult to relate the kinetic data in such a system to a biological 
context.  The question as to whether the transferases are regulated in vivo by 
their own substrate concentration therefore must be left open. 

It is known that  in order to demonstrate conclusively that an exogenous 
lipid substrate is being utilised by a particle bound enzyme preparation it is not 
enough to show that  it stimulates the reaction being studied. Incorporation of 
the exogenous substrate should be demonstrated unequivocally in order to 
offset the criticism that  the added exogenous lipid is merely stimulating incor- 
poration of endogenous substrate by alternate pathways. Labelled ceramide 
mono-hexoside and di-hexoside were therefore prepared by labelling NIL 2 
cells with [14C] palmitate and isolated by the 2-dimensional chromatography 
previously described. These glycolipids were then used as substrates in the assay 
system we have described. Using unlabelled UDP-galactose as the sugar donor 
under these conditions there was 0.15% conversion of labelled ceramide mono- 
hexoside to ceramid~ dihexoside and 0.05% conversion of labelled ceramide 
dihexoside to ceramide trihexoside. These are minimum e~timates of  the % 
conversion, since the cold endogenous glycolipid acceptors in the membranous 
enzyme fraction considerably dilute the specific activity of the added labelled 
acceptors. 

Substrate specificities and effect of  other glycolipids 
Table II shows the effect of other glycolipids on the reaction rates. In 

addition to ceramide dihexoside from Miles Laboratories two other samples of  
ceramide dihexoside prepared from spleen and lung were also used for reaction 
II. The change in Km values for transferase II when biologically isolated cera- 
mide dihexoside was used instead of the synthetic ceramide dihexoside (Miles) 
was quite appreciable. With biological substrates this value was about 600 #M, 
while this was about  250 pM with the synthetic substrate using commercial 



T A B L E  II  

S U B S T R A T E  S P E C I F I C I T I E S  A N D  T H E  E F F E C T  O F  O T H E R  G L Y C O L I P I D S  O N  R E A C T I O N  R A T E S  

O F  P A R T I C U L A T E  E N Z Y M E  S Y S T E M S  C A T A L Y S I N G  T H E  S Y N T H E S I S  O F  C E R A M I D E  D I H E X O -  

S I D E  A N D  C E R A M I D E  T R I H E X O S I D E  I N  N I L - 2  C E L L S  

T h e  c o n d i t i o n s  o f  a s s a y  w e r e  as  g i v e n i n  T a b l e  I. R e a c t i o n s  w e r e  s t o p p e d  a f t e r  o n e  h o u r  a n d  t h e  m i x t u r e  

w a s  p r o c e s s e d  as  d e s c r i b e d  in  t h e  t e x t .  W h e n  a n o n - s u b s t r a t e  g l y c o l i p i d  w a s  p r e s e n t  i t  w a s  a d d e d  a l o n g  
w i t h  t h e  s u b s t r a t e  in  a c h l o r o f o r m / m e t h a n o l  s o l u t i o n  a n d  u n d e r w e n t  t h e  s a m e  e m u l s i f i c a t i o n  p r o c e d u r e .  

T h e  v a l u e s  r e p o r t e d  a re  t h e  a r i t h m e t i c  m e a n  o f  s e p a r a t e  e x p e r i m e n t s  a n d  t h e  n u m b e r  o f  e x p e r i m e n t s  a r e  

s h o w n  in  p a r e n t h e s i s .  A m i c r o s o m a l  p e l l e t  p r e p a r e d  as  d e s c r i b e d  in t h e  t e x t  w a s  u s e d  as  e n z y m e  s o u r c e .  
T h e  r a t e s  g i v e n  a re  t h o s e  o b t a i n e d  b e f o r e  i n h i b i t i o n  f r o m  k i n e t i c  p l o t s .  

S u b s t r a t e  C o n c e n t r a -  A d d e d  n o n - s u b s t r a t e  

g l y c o l i p i d  t i o n  in  i n c u -  g l y c o l i p i d  
b a t i o n  m i x -  

t u r e  ( p M )  

G l y c o l i p i d  s y n t h e s i z e d  i n  p m o l  
p e r  m g  p r o t e i n  p e r  h o u r * *  

C o n c e n -  C e r a m i d e  C e r a m i d e  
t r a t i o n  in  d i h e x o s i d e  t r i h e x o s i d e  

i n c u b a t i o n  
m i x t u r e  

( p M )  

N o n e  - -  N o n e  - -  1 3 5  9 8 ( 4 )  
C e r a m i d e  m o n o h e x o s i d e  

( f r o m  E q u i n e  s p l e e n )  75  N o n e  - -  7 8 0  1 2 1 ( 4 )  
C e r a m i d e  m o n o h e x o s i d e  

( f r o m  B o v i n e  s p l e e n )  75  N o n e  - -  7 6 8  1 2 8 ( 4 )  
C e r a m i d e  m o n o h e x o s i d e  

( f r o m  P o r c i n e  l u n g )  75  N o n e  - -  7 8 9  1 1 8 ( 4 )  
C e r a m i d e  d i h e x o s i d e  

( f r o m  E q u i n e  s p l e e n )  50  N o n e  - -  2 2 8  4 5 8 ( 6 )  
C e r a m i d e  d i h e x o s i d e  

( f r o m  B o v i n e  s p l e e n )  50  N o n e  - -  2 1 0  4 9 2 ( 6 )  
C e r a m i d e  d i h e x o s i d e  

( c h e m i c a l l y  s y n t h e -  
s i zed  Mi les  l a b o r a t o -  

r i e s )  50  N o n e  - -  2 2 8  5 7 8  
C e r a m i d e  m o n o h e x o s i d e  C e r a m i d e  d i h e x o s i d e  

( f r o m  B o v i n e  s p l e e n )  50  ( f r o m  Miles  l a b o r a t o -  50  9 0 8  6 9 7 ( 3 )  

t i e s )  
C e r a m i d e  m o n o h e x o s i d e  C e r a m i d e  t r i h e x o s i d e  

( f r o m  B o v i n e  s p l e e n )  50  ( f r o m  E q u i n e  s p l e e n )  50  8 8 3  1 8 7 ( 1 3 ) *  

C e r a m i d e  m o n o h e x o s i d e  C e r a m i d e  t e t r a h e x o s i d e  

( f r o m  B o v i n e  s p l e e n )  50  ( f r o m  E q u i n e  s p l e e n )  50  9 8 6  2 3 5 ( 4 ) *  
C e r a m i d e  m o n o h e x o s i d e  C e r a m i d e  p e n t a h e x o s i d e  

( f r o m  B o v i n e  s p l e e n )  50  ( f r o m  E q u i n e  s p l e e n )  50  8 9 6  2 4 8 ( 4 )  
C e r a m i d e  m o n o h e x o s i d e  H e m a t o s i d e  

( f r o m  E q u i n e  s p l e e n )  50  ( f r o m  E q u i n e  s p l e e n )  50  7 7 4  1 4 1 ( 3 )  
C e r a m i d e  d i h e x o s i d e  C e r a m i d e  t r i h e x o s i d e  

( f r o m  Mi les  l a b o r a t o -  50  ( f r o m  E q u i n e  s p l e e n )  50  2 2 6  6 5 1 ( 3 ) *  
r i e s )  

C e r a m i d e  d i h e x o s i d e  C e r a m i d e  t e t r a  s a c c h a r i d e  
( f r o m  Miles  l a b o r a t o -  50  ( f r o m  E q u i n e  s p l e e n )  50  2 1 7  7 1 4 ( 4 ) *  
t i e s )  

C e r a m i d e  d i h e x o s i d e  C e r a m i d e  p e n t a h e x o s i d e  
( f r o m  Mi les  l a b o r a t o -  50  ( f r o m  E q u i n e  s p l e e n )  50  2 3 6  8 1 0 ( 4 )  
t i e s )  

C e r a m i d e  d i h e x o s i d e  H e m a t o s i d e  
( f r o m  Miles  l a b o r a t o -  50  50  2 1 5  7 8 5 ( 4 )  
t i e s )  

* T h e  r a d i o a u t o g r a p h s  s h o w e d  s t r o n g  l a b e l l i n g  in  t h e  r e g i o n  o f  t e t r a -  a n d  p e n t a  g l y c o s y l  c e r a m i d e s  in  
t h e s e  s y s t e m s .  

**  G l y c o l i p i d  s y n t h e s i s  is c a l c u l a t e d  f r o m  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  d o n o r  s u g a r  n u c l e o t i d e  a s s u m i n g  
t h e  s t o i c h i o m e t r y  o f  t r a n s f e r  as  s h o w n  in  S c h e m e  I.  S i n c e  i t  is  o b v i o u s  f r o m  t h e  d a t a  p r e s e n t e d  t h a t  
e n d o g e n o u s  g l y c o l i p i d  p a r t i c i p a t e s  in  r e a c t i o n s  s t u d i e d  in  v a r i a b l e  a m o u n t s  m o r e  t h a n  o n e  s u g a r  
c o u l d  b e  l a b e l l e d  i n  b i o s y n t h e s i z e d  c e r a m i d e  t r i h e x o s i d e .  C o n s e q u e n t l y  a n  u n k n o w n  c o r r e c t i o n  fac-  
t o r  wi l l  b e  i n v o l v e d  b e t w e e n  t h e  n u m b e r  o f  m o l e s  o f  g a l a c t o s e  i n c o r p o r a t e d  a n d  t h e  n u m b e r  o f  
m o l e c u l e s  o f  g l y c o l i p i d  s y n t h e s i z e d  d e p e n d i n g  u p o n  t h e  d e g r e e  o f  p a r t i c i p a t i o n  b y  e n d o g e n o u s  

s u b s t r a t e s .  
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Fig.  10.  E f f e c t  o f  c e r a m i d e  d i h e x o s i d e  c o n c e n t r a t i o n  o n  t he  ra te  o f  f o r m a t i o n  o f  c e r a m i d e  t r i h e x o s i d e  in  

t h e  p r e s e n c e  o f  a d d e d  g l y c o l i p i d s .  (~ --~, c e r a m i d e  d i h e x o s i d e  a t  i n d i c a t e d  c o n c e n t r a t i o n s .  ~ ~, 

r a te  o f  r e a c t i o n  w i t h  a d d e d  e x o g e n o u s  c e r a m i d e  t r i h e x o s i d e  ( 5 0  g M )  :', A, ra te  o f  r e a c t i o n  w i t h  

a d d e d  e x o g e n o u s  h e m a t o s i d e  ( 5 0  pM) .  T h e  c o n d i t i o n s  o f  assay  were  t h e  s a m e  as in  T a b l e  II.  

cerebrosides from various sources as glycolipid substrates. Transferase I did not 
exhibit any such change in its kinetic constants. This behaviour of transferase II 
is noteworthy since the synthetic ceramide dihexoside differs from the biologi- 
cal compound only in a double bond in the sphingosine moiety.  

The results also show that  none of the other glycolipids tried can act as 
substrates for the reactions under study. However, as shown in Fig. 10 they 
consistently increased the observed rates of formation of both ceramide di- 
hexoside and ceramide trihexoside when present in the assay mixture. It can be 
seen that  the glycolipids tested shift all three kinetic constants, viz. the Kin, V 
and the inhibition constant. The most likely explanation is that  these enzyme 
systems are sensitive to changes in the structure of their substrate micelles. 
Increasing the detergent concentration to keep the glycolipid/detergent ratio 
constant results in substantial inhibition of activity when the detergent concen- 
tration exceeds 4 mg/ml, presumably because of enzyme denaturation. 

Apart from the stimulation of ceramide dihexoside and ceramide trihexoside 
synthesis which occurs at every concentration of the respective glycolipid sub- 
strate tied below its inhibition point, when added non-substrate glycolipid is 
present. Table II also shows that  significant enhancement of endogenous syn- 
thesis occurs. This may be due to the endogenous glycolipid participating in the 
mixed micelle formations. An interesting observation is that  trihexoside in 
reaction II and dihexoside in reaction I when present in the medium stimulated 
their own synthesis rather than showing any back reaction, and this emphasises 
the point that  an in vitro assay system utilising micellar substrates can hardly 
be used to investigate regulatory processes like feedback control. 

Inhibition by substrate analogues 
Several studies have shown that  the activities of  glycoprotein glycosyl trans- 

ferases obtained from a variety of tissues are affected by nucleotide phosphate. 
Both inhibitory and stimulatory effects have been described [19--22].  Con- 
siderable activation of glycolipid-glucosyl transferase has been shown to occur 
when phospholipids are included in the assay.medium [23,24].  



108 

75. 
%of 

control 
50. 

25- 

0 

i ~ 
I / 

~ / / 
/~ I / 
/1 / / 
.,4 / / 
~ / / 
,4  I / 
/1 I / 
/1 I / 
/'1 / / 
/1  / / 

2 4 

/ 1 
t / 
/ / 
/ / 
/ / 
/ f 

/ 
4 / 

5 6 7 

J~ / 
/ / 
/ / 
/ / 
/ / 
/ / 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

8 

/ / 
/ / 
/ / 
/ / 

/ t 
/ t 
/ I 
/ i 
f t 
/ / 
i i 
i t 

9 10 

t 
t / 
l {  / 
/ / 
t / 
/ '  / 
t / 

/ 
/ 
/ 
/ 
/ 
f 
i 
/ 

11 12 13 

Fig.  11 ,  E f f e c t  o f  n u c l e o t i d e s  a n d  p h o s p h o l i p i d s  o n  c e r a m i d e  d i h e x o s i d e  a n d  c e r a m i d e  t r i h e x o s i d e  
s y n t h e s i s  in  N I L - 2  ce l l s .  C o n d i t i o n s  w e r e  t h e  s a m e  as in  E x p e r i m e n t a l  P r o c e d u r e .  P h o s p h o l i p i d s  w h e n  
p r e s e n t  w e r e  d r i e d  a l o n g  w i t h  t h e  g l y c o l i p i d  s u b s t r a t e  f r o m  a c h l o r o f o r m / m e t h a n o l  s o l u t i o n  ( 2  : 1)  in 
n i t r o g e n .  W h e n  n u c l e o t i d e s  w e r e  p r e s e n t  t h e y  w e r e  P r e i n c u b a t e d  w i t h  e n z y m e  p a r t i c l e s  for  1 5  ra in  at  
3 7 ~ C .  T h e  c r u d e  m i c r o s o m a l  p e l l e t  p r e p a r e d  as d e s c r i b e d  in  t h e  e x p e r i m e n t a l  p r o c e d u r e  w a s  u s e d  as 
e n z y m e  s o u r c e .  R e a c t i o n  w a s  s t o p p e d  a f t e r  o n e  h o u r  a n d  t h e  m i x t u r e  w a s  p r o c e s s e d  as  d e s c r i b e d  in  t h e  
t e x t .  T h e  d a t a  is e x p r e s s e d  as % c h a n g e  in a c t i v i t y  c o m p a r e d  to  c o n t r o l s ,  r~, T r a n s f e r a s e  I; ~ ,  T r a n s f e r -  
a s e  II.  P h o s p h o l i p i d  c o n c e n t r a t i o n s  w e r e  5 0  ~zM a n d  n u c l e o t i d e  c o n c e n t r a t i o n s  w e r e  2 0 0  # M ,  w h e n  t h e y  
w e r e  p r e s e n t  in  t h e  i n c u b a t i o n  m i x t u r e .  1 ,  P h o s p h a t i d y l  i n o s i t o l ;  2 ,  p h o s p h a t i d y l  c h o l i n e ;  3,  p h o s p h a t i d y l  
e t h a n o l a m i n e ;  4 ,  c a r d i o l i p i n ;  5, s p h i n g o m y e l i n ;  6 ,  c o n t r o l  i n c u b a t i o n s  ( n o  a d d i t i o n s ) ;  7 ,  G T P ;  S,  C T P ;  9 ,  
U D P ~  1 0 ,  A D P ;  1 1 ,  A T P ;  1 2 ,  U T P ;  1 3 ,  c y c l i c  3 ' 5 ' A M P .  

The effect of a variety of phospholipids and ribonucleotide triphosphates 
were therefore tested to the transferases under study. Fig. 11 summarises the 
results obtained. 

No consistent stimulatory effect was obtained with any of the compounds  
tried. Consistent inhibition was however obtained with ATP among the nucleo- 
tide triphosphates tried. The inhibition was pronounced only with transferase 
II under the conditions employed.  The inhibition seems to be non-competit ive 
because {a) Km for UDP-galactose does not  seem to be affected, (b) pre-incuba- 
t ion with UDP-galactose or substrate glycolipid has no effect on inhibited 
velocities. It is unlikely that an irreversible protein phosphorylat ion as a result 
of  ATP treatment takes place because enzyme particles pre-incubated with 
ATP, (0.2 mM) for 30 rain at 37°C, and dialysed for 3 h (3 changes of  distilled 
water) gave uninhibited velocities comparable to that of a similarly treated 
control preparation without  ATP. Presence or absence of  Mg 2÷ at 0 .5--2 mM 
did not  effect the observed kinetic parameters in any significant way. 

The effect of  phospholipids on reaction rates as shown in Fig. 11 was un- 
expected because, most published data shows an activation of  membrane 
bound enzyme systems with these micelles in an aqueous system. No activa- 
tion was noticed even at concentrations much higher than those quoted in the 
figure. 

Discussion 

Previous studies on glycolipid metabolism in NIL2 cells showed that cera- 
mide tri, tetra, and penta saccharides increase in concentration as cell popula- 
t ion density increased [3 - -6 ] .  Since the nature and quantity of each glycolipid 
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is probably controlled by the specificity and concentration of the correspond- 
ing glycosyl transferase, it was hoped that  an understanding of the properties of  
these enzymes might lead to further clarification of glycolipid metabolism in 
these cells. A prior report [13] has described some properties of these en- 
zymes, but did not deal with their kinetic behaviour. Our results show that the 
enzymes are susceptible to inhibition and activation by a variety of reagents. 
The fact that  they are very sensitive to inhibition by their own substrates 
emphasizes the need to construct substrate-velocity curves in assays of enzyme 
levels in cell cultures. The data we have given shows that  transferase II has an 
appreciably different Km for a synthetic substrate than for substrates isolated 
from biological sources. This observation suggests that the enhanced synthesis 
of ceramide trihexoside by the dense cells may be due to subtle changes in the 
chemical structure of the enzyme substrate, so that a particular transferase 
would utilise a precursor pool of  a particular chemical structure, when more 
than one such pool exists in the cell. This idea gains credence from studies on 
pig erythrocyte  [25] glycolipids that  show that  palmitic, stearic and oleic acids 
are the principal fa t ty  acids in the cerebrosides. However with increasing chain 
length of  the oligosaccharide unit, the proportion of these acids drop to 1/9th 
of the original precursor cerebroside, the difference being made up by increas- 
ing the amount  of behenic, lignoceric and nervonic acids, which were only trace 
compounds in the original cerebrosides. Assuming the accepted pathway one 
cannot reconcile these observations except by attributing a rigid specificity of 
various transferases toward their respective substrates discriminating them even 
when the difference is as subtle as the chain length of fat ty acid, or when 
sphingosine instead of sphinganine is on the long chain base part of  these 
molecules. Increased ceramide trihexoside synthesis therefore would result 
from a preferential utilisation of a ceramide dihexoside by tranferase II which 
is being made by the cell only when they are in contact and have attained a 
high density. 

The following observations suggest that  transferase I is different from trans- 
ferase II in spite of their occurrence in the same particles, with similar pH 
optima: 

(1) The two activities are clearly separated on a linear sucrose gradient. (see 
accompanying paper),; (2) The inhibition by phospholipids, and ATP affects the 
two transferases differentially; (3) They are markedly different in their sensi- 
tivity to heat; (4) The ratio of the two activities that  is 6btained after the 
enzymes are released by detergent in a soluble form (i.e. not sedimented at 100 
• 103 g for 1 h) differs appreciably from the original particulate fraction. 

Chien et al. [26] have described the synthesis of a globoside-like glycolipid 
from tri-hexosyl ceramide in an in vitro system with an enzyme derived from 
embryonic chicken brain. Ishibashi et al. [27] have also synthesized globoside 
and Forssman hapten using Guinea-pig kidney and Yeung et al. [12] achieved a 
similar reaction with adrenal tumor cell material. In all these experiments the 
conditions employed for these syntheses were very similar to those we have 
described for enzymes I and II. 

We have been unable to demonstrate the in vitro synthesis of  tetra and penta 
glycosyl ceramides in NIL2 cells when ceramide trihexoside and globoside are 
given as glycolipid substrates and UDP-N-acetylgalactosamine as the nucleotide 
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sugar donor, using the reaction conditions found to be optimal for transferase I 
and II. On the other hand using UDP-galactose as sugar donor, two products 
were formed in the same system. The compound formed when ceramide tri- 
hexoside was used as glycolipid substrate had a n  R F value identical to globo- 
side in solvent system 65 : 25 : 4 (chloroform/methanol/water)  and the com- 
pound formed when globoside was used as glycolipid acceptor had an RF value 
identical to pentaglycosyl ceramide in the same solvent system. These reactions 
cannot be explained on the basis of known structures of tetra and penta glyco- 
syl ceramides (Scheme I) except as a non-physiological specificity of a transfer- 
ase present in the cell. More puzzling is the observation that  under identical 
conditions the physiological reaction is not catalysed when correct substrates 
and cofactors are used. Stoffyn et al. [28] obtained the same result with 
material from rat tissues. They attribute their failure to synthesize globoside 
from ceramide trihexoside (prepared from erythrocytes and having a 1-4 linkage 
between two galactoses) using a rat tissue enzyme to a specificity of N-acetyl- 
galactosaminyl transferase which would require a ceramide trihexoside mole- 
cule with a 1-3 linkage between the galactosyl units. 

Such observations emphasize the need for using the stereochemically correct 
substrate glycolipid in in vitro synthesis. Less likely explanations would be that  
the in vitro synthesis of globoside and penta saccharide may be taking place as 
enzyme bound intermediates, or even as a one step synthesis by a di- or tri- 
nucleotide transfer from UDP-oligosaccharides as suggested by Roseman [9].  

Attempts to demonstrate transferase II activity in transformed cells have 
failed. This may be due to a genetic block in enzyme synthesis or the presence 
of  a non-dialysable particulate inhibitor which specifically inhibits the enzyme. 
Alternatively a catalytically defective enzyme protein may be a consequence of 
transformation. 

Addendum 

After the preparation of this manuscript a study of galactosyl transferase was 
reported in rat tissue [29]. The inhibition of reaction at higher substrate con- 
centration was also observed in this study. 
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