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2 - 1 ~ o x y - 2 - f l u o r o - D - g a l a c t o s e  ( d G a l F ) ,  a d d e d  t o  t he  m e d i u m  o f  p r i m a r y  c u l t u r e d  ra t  h e p a t o e y t e s ,  i n h i b i t e d  N-g lycosy la t~on  o f  m e m b r a n e  (g p  ! 20) 
a n d  s e c r e t o r y  8 1 y c o p r o t e i n s  ( 3 , - m a c r o g i o b u l i n )  in a c o n c e n t r a t i o n  . d e p e n d e n t  m a n n e r .  C o m p l e t e  i n h i b i t i o n  o f  N - g l y c o s y l a t i o n  w a s  a c h i e v e d  at 
c o n c e n t r a t i o n s  o f  I r n M  a n d  a b o v e .  A t  iden t i ca l  c o n c e n t r a t i o n s ,  2 - d e o x y - 2 - f l u o r o - l ) - g l u c o s e  ( d G l c F )  c a u s e d  o n l y  i n c o m p l e t e  inhiP:. t ion o f  
N - g l y c o s y l a t i o n .  d G a l F  r e d u c e d  i n c o r p o r a t i o n  o f  O - 1 2 . 6 - ~ H ] m a n n o s c  i n to  l ip id - l inked  o l i g o s a c c h a r i d e s  i nd i ca t i ng  i n t e r f e r ence  wi th  the i r  a s s e m b l y  

in t h e  d o l i c h o l  cycle.  

I n h i b i t i o n  o f  N - g l y ¢ o s y l a t i o n ;  G ! y c o p r o t e i n ;  Tunic .amycirJ ;  2 - D ~ o x y - 2 - f l u o r o - D - g a l a c t o s ¢ ;  2 - D e o x y - 2 - f t u o r o - D - g l u c o s e ;  H e p a l o c y t e  

1. I N T R O D U C T I O N  

N - G l y c o s y l a t i o n  o f  p r o t e i n s  i n v o l v e s  t h r e e  steps:  (1)  
t h e  a s s e m b l y  o f  a c o m m o n  l i p i d - l i n k e d  o l i g o s a c c h a r i d e  
p r e c u r s o r ,  G i c 3 M a n g G I c N A c 2 ,  in t h e  e n d o p l a s m i c  reti-  
c u l u m ;  (2)  its transtFr t o  n a s c e n t  o r  n e w l y  s y n t h e s i z e d  
p o l y p e p t i d e s  at  A s n - X - S e r / T h r - s e q u e n c e s ;  a n d  (3)  p r o -  
c e s s i n g  o f  t h e  p r o t e i n - b o u n d  o l i g o s a c c h a r i d e  to  y ie ld  
e i t h e r  h i g h - m a n n o s ¢ - t y i ~ ,  h y b r i d - t y l ~  o r  c o m p l e x - t y p e  
o l i g o s a c c h a r i d e s  o n  t h e  m a t u r e  g l y c o p r o t e i n s .  P r o c e s -  
s ing  i n c l u d e s  r e m o v a l  o f  g l u c o s e  a n d  m a n n o s e  r e s i d u e s  
b y  g l u c o s i d a s e s  a n d  m a n n o s i d a s e s  in  the  e n d o p l a s m i e  
r e t i c u l u m  a n d  in the  G o l g i  apparat ,~s ,  a n d  trans fer  o f  
periphera~ s u g a r s  G l c N A c ,  G a l ,  F u c  a~ld N e u A c  b y  
spec i f i c  g l y c o s y l t r a n s f e r a s e s  in t h e  G o l g i  a p p a r a t u s  a n d  
t h e  t r a n s - G o l g i - n e t w o r k  [I].  

D i f f e r e n t  i n h i b i t o r s  o f  N - g l y c o s y l a t i o n  h a v e  b e e n  de -  
s c r i b e d  t h a t  a f f e c t  e i ther  the  a s s e m b l y  o f  d o l i c h o l - p y -  
r o p h o s p h a t e - t i n k e d  o l i g o s a c c h a r i d e s  o r  p r o c e s s i n g  o f  
t h e  p r o t e i n - b o u n d  o l i g o s a c c h a r i d e s  [2,3]. T h e  m o s t  p r o -  
m i n e n t  i n h i b i t o r  o f  l i p i d - b o u n d  s a c c h a r i d e  f o r m a t i o n ,  
t u n i c a m y c i n ,  inh ib i t s  t h e  first s t e p  o f  the  d o l i c h o l  cyc l e ,  
i .e. t rans f er  o f  G l c N A c - l - P  f r o m  U D P - G I c N A c  t o  13ol- 
P,  a n d  m a y  t h u s  b l o c k  N - g l y e o s y l a t i o n  o f  n e w l y  s y n t h e -  

Abbreviations; dGalF, 2 - d e o x y - 2 - f l u o r o - l ) - g a l a c t o s e ;  d G I c F .  2-cleoxy- 
2 - f l u o r o - D - g l u c o s e ;  D o i - P ,  d o l i c h y l  m o n o p h o s p h a t ~  D o l - P P ,  dol i -  
c h y l  p y r o p h o s p h a t e ;  F u c ,  f u c o s e ;  G a l ,  g a l a c t o s e ;  G l c N A c .  N - a c e t y l -  
gluc, oazmainc; N e u A c ,  N - a c © t y l n e u r a m i n i ¢  ac id ;  P A G E ,  p o l y a e r y l a -  
m i d e  ge l  e l e c t r o p h o r e s i s ;  PBS,  p h o g p h a t e  b u f f e r e d  sa l ine ;  S D .  ° ,  so -  
d i u m  d o d ~ y l s u l f a t e .  
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sized p r o t e i n s  c o m p l e t e l y .  F u r t h e r m o r e ,  m e t a b o l i t e s  o f  
2 - d e o x y - D - g l u c o s e  [4] a n d  o f  f l u o r o - d e o x y - s u g a r s ,  e.g. 
2 - d e o x y - 2 - f l u o r o - D - g t u c o s c  ( d G l c F )  [5], 2 - d e o x y - 2 -  
f l u o r o - D - m a n n o s c  [6], a n d  4 - d e o x y - 4 - f l u o r o - D - m a n -  
n o s e  [7] h a v e  b e e n  s h o w n  to  in te r fe re  wi th  do l i cho i -  
p y r o p h o s p h a t e - l i n k e d  o h g o s a c c h a r i d e  a s s e m b l y ,  T u n i -  
c a m y c i n  a n d  the  v a r i o u s  s u g a r  a n a l o g u e s  p r o v i d e d  va-  
l uab l e  t oo l s  f o r  s t u d y i n g  thc  f u n c t i o n  o f  g l y c o p r o t e i n  
g l y c a n s  [8,9]. T h e s e  o b s e r v a t i o n s  p r o m p t e d  us  to  inves-  
t i ga t e  t he  e f fec t s  o f d G a l F  on  N - g l y c o s y l a t i o n .  E v i d e n c e  
is p r o v i d e d  t h a t  d G a ! F  inh ib i t s  N - g l y c o s y l a t i o n  o f  b o t h  
m e m b r a n e  a n d  s e c r e t o r y  g l y c o p r o t e i n s ,  t o  a s im i l a r  ex-  
t e n t  as  t u n i c a m y c i n .  

2. M A T E R I A L S  A N D  M E T H O D S  
2. t .  Materials  

C o n s t i t u e n t s  o f  t i s sue  c u l t u r e  m e d i a  were  o b t a i n e d  f r o m  B i o c i , r o m  
(Ber l in ,  G e r m a n y ) ;  o t h e r  m a t e r i a l s  fo r  t i s sue  c u l t u r e  were  p u r c h a s e d  
f r o m  F a l c o n  ( H e i d e l b e r g ,  G e r m a n y )  o r  N u n c  (XViesbaden.  G e r m a n y ) .  
O u l b o ¢ c o ' s  m i n i m a l  e s s e n t i a l  m e d i u m  d r y  p o w d e r  ( D M E M )  a n d  h o r s e  
s e r u m  were  o b t a i n e d  f r o m  G i b c o  (Ber l in .  G e r m a n y ) .  D M E M ,  w i t h o u t  
L - m e t h i o n i n e  a n d  D-glo¢,=s¢, b u t  c o n t a i n i n g  10 m M  p y r u v a t e ,  was  
p r e p a r e d  a f f o r d i n g  t o  D M E M  f o r m u l a .  D G a i F  w a s  s y n t h e s i z e d  a s  
dc~cr ibod  p r e v i o u s l y  [10] u s i n g  g a s e o u s  F2 a n d  t r i - O - a c c t y I - D - g a l a c t a l  
a s  s u b s t r a t e  a n d  f u r t h e r  pu r i f i ed  to  h o m o g e n e i t y  b y  H P L C  o n  a 
p r e p a r a t i v e  E u r o k a t  H c o l u m n  ( E u r o c h r o m  $ .~ulen technik ,  Ber l in ,  
G e r m a n y ) .  d G I c F  w a s  o b t a i n e d  f r o m  S i g m a  ( M i i n c h e n ,  G e r m a n y )  
a n d  t u a i c a m y ¢ i n  w a s  p u r c h a s e 0  f r o m  C a l b i o c h e m  ( F r a n k f u r t  a m  
M a i n ,  G e r m a n y ) .  P r o t e i n  A - S c p h a r o s e  w a s  o b t a i n e d  f r o m  P h a r m a c i a  
( F r e i b u r g ,  Cvcrmany) .  L-13SS]Methionine  ( > 3 0  T B q / m m o l )  a n d  D- [2 .6 -  
~ H ] m a r m o s e  (2 .6 -3 .1  T B q / m m o l )  were  p u r c h a s e d  f r o m  A m c r s h a m  
B u c h l e r  ( B r a u n s c h ~ i g ,  G e r m a n y ) .  T h e  m o n o c i o n a l  a n  : ibody  47.2,  
diro~tegl a g a i n s t  a r a t  l iver  m e m b r a n e  g l y c o p r o t e t n  ( m a n u s c r i p t  in 
p r e p a r a t i o n ) ,  a n d  m o n o d o n a l  a n t i b o d y  ! 1. I, r e c o g n i z i n g  ~ l - m a c r o -  
g l o b u l i n  I I I  ], were  pur i f i ed  f r o m  t h e  respec t ive  h y b r i d o m a  cell c u l t u r e  
s u p e m a t a n t s  b y  e s t a b l i s h e d  p r o c e d u r e s .  
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2,2, Cell culture 
P r i m a r y  h e p a t o c y t e s  ,/,'ere i~ola tcd a c c o r d i n g  to  the  p r o t o c o l  o f  

Seg len  [12] w i t h  a m i n i m u m  v i a b i l i t y  o f  85 00v/c, as  e v i d e n c e d  b y  
T r y p a n  b lue  exc lu s ion  tes t ,  a n d  p l a t e d  o n  C o l l a g e n  1-coa ted  p l a s t i c  
d ishes .  Ce l l s  were  m a i n t a i n c d  in D M E M  s u p p l e m e n t e d  w i t h  a n t i b i o -  
t ics (pen ic i l l i n  a n d  s t r e p t o m y c i n ) ,  10 9 M insu ; in .  10 ~" M d e x a m e t h a -  
son  a n d  5% c o m p l e m e n t - i n a c t i v a t e d  h o r s e  ~erum in a h u m i d i f i e d  a t -  
n l o s p h e r e  v,,ilh 5% ( ' O :  a t  37~C. (_'ells w e r e  aliowLx:l to  a d h e r e  o v e r -  
n igh t .  

2.3. Afctat~olic iatbelling ¢¢f cells 
T h e  o b t a i n e d  m o n o l a y e r s  w e r e  w a s h e d  twice  w i t h  PBS  a n d  w e r e  

p r e - i n c u b a t e d  w i t h  i n h i b i t o r s  for  60 rain in D M E M  w i t h o u t  L - m e t h i o -  
n i n e  a n d  D - g l u c o s e .  but  s u p p l e n t c n t e d  w i t h  10 m M  p y r u v a t e .  0.5 m M  
u r i d i n e  a n d  I m M  p h o s p h a t e .  I - i epa tocy tes  w e r e  m e t a b o l i c a l l y  l a b e l l e d  
by  a d d i t i o n  o f  e i t h e r  1.85 M B q  L - [ ~ ' S ] m e t h i o n i n e  o r  D- [2 ,6 -~Hlman-  
n o s e  pe r  d i sh .  I n h i b i t o r  c o n c e n t r a t i o n s  were  m a i n t a i n o : !  t h r o u g h o u t  
t he  l a b e l l i n g  pe r i od .  

2.4. Isolation .~ lipid-bound <,ligosaccharides 
Af te r  l a b e l l i n g  o f  cel ls  w i th  D - [ 2 , 6 - ' H l m a n o s e  fo r  4 h. m e d i u m  w a s  

r e m o v e d  by  a s p i r a t i o n ,  ce l l s  w e r e  w a s h e d  t w i c e  w i t h  i ce -co ld  PBS a n d  
h a r v e s t e d  in PBS by  s c r a p i n g  w i t h  a r u b b e r  p o l i c e m a n .  An  a l i q u o t  w a s  
t a k e n  for  p r o t e i n  d e t e r m i n a t i o n .  L i p i d - b o u n d  o l i g o s a c c h a r i d e s  w e r e  
e x : r a c t e d  a c c o r d i n g  to  S c h m i l t  a n d  E l b e i n  [13]. Briefly,  t he  l i p id -  
b o u n d  s a c c h a r i d e s  were  e x t r a c t e d  f r o m  cel l  pe l l e t s  w i t h  c h l o r o f o r m /  
m e t h a n o l / w a t e r  ( l : 1 :1 .  by  voL).  L i p i d - b o u r ,  d o l i g o s a c c h a r i d e s  wcce  
e x t r a c t e d  wi th  c h l o r o f o r m / m e t h a n o l / w a t e r  (10:10:3,  by  vol .) .  T h e  in- 
c o r F o r a t e d  r a d i o a c t i v i t y  w a s  d e t e r m i n e d  b y  l i qu id  s c i n t i l l a t i o n  c o u n t -  
ins .  

2.5. /m/nunoa¢£~'orp¢ion and  SDS-poi t 'acrylamide gel  ¢[ectrophor¢$i$ 
All  s t e p s  w e r e  car t~ed  o u t  a t  0 4 ° C .  Al~er  m e t a b o l i c  l a b e l l i n g  cei;., 

were  h a r v e s t e d  a s  d e t a i l e d  a b o v e .  F o r  d e t e r g e n t  e x t r a c t i o n  del ls  w e r e  
r e s u s p e n d e d  in '~ ml  [ysis h u f r - r  A ¢0. t 5  M N a C I .  0.01 M T r i s - H C i ,  
p H  H~0, I m M  ~ D ' ~  "-, 2 ml~i pht  , q y l m e t h y l s u l f o n y l f l u o r i d ¢ ,  19[, N P -  
40)  a n d  f u r t h e r  k e p t  ~ -  i¢~ F;-r 2 h, D e t e r g e n t - i n s o l u b l e  m a t e r i a l  w a s  
r e m o v e d  by  ¢~.*trd'~g~:~:~: ~ [ ~ 5 0 0 ~  x g. 30 min ) .  T h e  s u p e r n a t a n t s  
were  pre -c | ca rec i  by ,~ha1~,;~g c u d - o v e r - e n d  w i t h  100 m g  S e p h a r o s e  4 B  
fo r  a t  l eas t  2 h. ,S-zph~t,,gc ~ia ~ ' as  i ~ | l e t e d  by  ¢ ¢ n t r i f o g a t i o n .  S u p e r n a -  
t a n t s  w e r e  rem.~ved ar~,A ~G Atg o f  ~ ,* ,noc lona l  a n t i b o d y  (47.2  o r  I I. I )  
c o u p l e d  to  ~ m g  prote;t~ & - S e p h a r o s e  w e r e  a d d e d  a s  s u s p e n s i o n  in  lys i s  
bu f f e r  A.  T h e  suspenslt>~t ~v~ts s h a k e r  e n d - o v e r - e n d  a t  4 ° C  fo r  a t  l eas t  
4 h, I m m u n o c o m p l e x e ~ ,  b o u n d  to  p r o t e i n  A - S e p h a r o s e  w e r e  p e l l e t e d  
by  c e n t r i f n g a t i o n  a n d  w a s h e d  5 - t i m e s  w i t h  w a s h i n g  b u f f e r  B (0.5 M 
N a C I .  0.01 M T r i s - H C I ,  p H  8.0, ! m M  E D T A ,  I %  N P - 4 6 L  F o r a f i n a l  
w a s h i n g  s t e p  PBS  w a s  used .  l m m u n o o a m p l e x e s  w~re  e lu to : l  b y  b o i l i n g  
f a r  3 r a in  in  2 0 ~ ]  S D S - e k a : t r o p h o r g s i s  s a m p l e  b u f f e r  a n d  w e r e  s e p a r a t -  
¢~! in 7 .5% a c r y l a r n i d e  ge l s  in the  p r e s e n c e  o f  0 .1% S I ) S  a:; d e s c r i b e d  
by  L a e m m l i  [14]. F l u o r o g r a p h y  w a s  p e r f o r m e d  as  d e s c r i b e d  b y  B e n -  
n e t  a n d  L a s k e y  [I 5]. 

2.6. Glycopeptidase F-tr¢atntent 
D i g e s t i o n  o f  i m m u n o p u r i f i e d  g p  120 w i t h  P N G a s e  F w a s  e s s e n t i a l l y  

p e r f t ' r m e d  a% r e c e n t l y  d e ~ r i b e d  [16]. 

3 .  R E S U L T S  A N D  D I S C U S S I O N  

d G a l F  i n h i b i t e d  N - g l y c o s y l a t i o n  o f  m e m b r a n e  a n d  

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

2-Deoxy-2-fluoro- 
ID-galaetose 

2 -1 )ooxy-2 - f luoro -  
D-glucose 

0 0 ,01 0 ,1  1 " I 0 0 .01  O. I  1 5 
rnk5 I mM 

Tunic anlycin 

0 0 .01  0 .1  $ 5 I 

I lag/lvd 

A :t'O "3  

C 

Fig .  I. I n f l uence  o f  d G a l F ,  d G l c F  a n d  t u n i c a m y c i n  o n  e l e ~ r o p h o r e t i c  mol)iliti~es o f  d i f f e r e n t  g l y c o p r o t e i n s .  R a t  h e p a t o c y t e s  w e r e  l a b e l l e d  w i t h  
1.85 M B q / m l  L-[SSS]methionine in t h e  p r e s e n c e  o f  i n c r e a s i n g  c o n c e n t r a t i o n s  o f d G a l F ,  d G I c F  a n d  t u n i c a m y c i n  fo r  l 0  h .  C e l l s  w e r e  d e t e r g e n t -  
e x t r a c t e d  a s  d e s c r i b e d  in  s e c t i on  2 a n d  d i f f e r e n t  a n t i g e n s  were  i m m u n o p r e c ; p i t a t e d  e i t h e r  f r o m  cel l  e x t r a c t s  o r  f r o m  cel l  c u l t u r e  s u p e r n a t a n t s .  
l m m u n o p r e c i p i t a t i o n  of:  (A )  g p  120 f r o m  cel l  e x t r a c t ;  (B)  , zn -macrog lobu l i , t  f r o m  cel l  e x t r a c t ;  (C )  s e c r e t e d  t z l - m a c r o g l o b u l i n  f r o m  cel l  c u l t u r e  

s u p e r n a t a n t s .  A r r o w s  i n d i c a t e  M ,  o f  p o l y p c p t i d ¢  b a n d s  d e t e r m i n e d  b y  c o m p a r i s o n  t o  .4#, m a r k e r  p r o t e i n s ,  
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Fig. 2. Digestion of  gp ! 20 immunoprecipitated from rat hepatocytes 
with PNGase F. Gp 120 was immunoadsorbcd f,-om hepatocytes after 
metabolic labelling with 1.85 MBq/ml for 10 h, ~nd was subsequently 
either mock-treated (A) or treated with PNGase F (B). (C) gp 120, 
immunoadsorbed from detergent-exuacts of  hepatocytes metaboli- 
cally labelled in the presence of  2 ,ug/ml tunic~mycin. (D) gp t20 

immunoisolated from hepatocytes treated with I ,aM dGalF. 

c y t c s  in  a d o s e - d e p e n d e n t  m a n n e r ,  a s  s h o w n  b y  c o m p a r -  
i n g  t h e  e f f e c t  o f  d G a l F  t o  t h a t  o f  ) h e  w e l l - c h a r a c t e r i z e d  
g l y c o s y i a t i o n  i n h ' b i t o r  t u n i c a m y c i n .  H e p a t o ~ y t e s  w e r e  
t r e a t e d  w i t h  i n c ; e a s i n g  c o n c e n t r a t i o n s  o f  d G a l F  a n d  
m e t a b o l i c a l l y  l a b e l l e d  w i t h  L - [ 3 5 S ] m e t h i o n i n e .  d G a l F ,  
a t  c o n c e n t r a t i o n s  o f  1 m M  a n d  a b o v e ,  c a u s e d  a r e d u c -  
t i o n  i n  t h e  M ,  o f  t h e  m e m b r a n e  g l y c o p r o t e i n  g p  120 a n d  
o f  t h e  s e c r e t o r y  g l y c o p r o t e i n  a ~ - m a c r o g l o b u l i n ,  a s  
s h o w n  b y  S D S - P A G E ,  t h a t  w a s  i n d i s c e r n i b l e  f r o m  M r  
s h i f t s  o b t a i n e d  a f t e r  t r e a t m e n t  o f  ce l l s  w i t h  I a n d  5 
/As/m1 o f  t u n i c a m y c i n  ( F i g .  !),  A t  t h e s e  c o n c e n t r a t i o n s  
t u n i c a m y c i n  c o m p l e t e l y  b l o c k s  p r o t e i n  N - g l y c o s y l a t i o n  
in ra t  h e p a t o c y t e s  [ ! 7, i 8]. A s  s h o w n  f o r  t h e  m e m b r a n e  
g l y c o p r o t e i n  g p  120, t h e  s a m e  sh i f t  in  M ,  w a s  o b t a i n e d  
b y  e n z y m a t i c  N - d e g l y c o s y l a t i o n  w i t h  P N O a s e  F ( F i g .  
2), c l e a v i n g  o l i g o s a c c h a r i d e s  o f  b o t h  c o m p l e x  a n d  h i g h -  
m a n n o s e - t y p e  g l y c a n s  [19,20].  A t  c o n c e n t r a t i o n s  in be -  
t w e e n  (0.1 m M  a n d  1 m M )  d G a l F  c a u s e d  t h e  f o r m a t i o n  
o f g l y c o p r o t e i n s  w i t h  M r  in  b e t w e e n  t h a t  o f  t h e  c o m p l e -  
t e l y  g l y c o s y l a t e d  p r o t e i n s  a n d  t h a t  o f  t h e  n o n - N - g l y c o -  

Table ! 
Metabolic products o f  dGaiF in liver 

M e t a b o l i t e  C o n t e n t  0 4 t o o l / g )  

d G a l F o l - p  1.21 _+ 0 . 4 4  
U D P - d G a l F  0 . 8 5  +_ 0 .  I 7 
U D P - d G l e F  1 .64  + 0 . 1 6  

The contents o fdGa lF  metabolites w e r e  analyzed by enzymatic analy- 
sis in combination with anion-exchange HPLC of the nucleotides [21] 
5 h after injection o fdGalF  at a dose of I mmol/kg body weight. Mean 
values from 5 livers + SD. The metabolite identification was confirmed 

by **F-NMR spectroscopy 12|i . 
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Fig. 3. [nfluenoe of  tunicamycin and dGalF on the incorporation of 
D-[2,6-3H]mannose into lipid-bound oligosaeeharides of rat hepato- 
¢ytes. Cells seeded semiconfluently in 6-well dishes were pre-i~cuhatet~ 
with different amounts of  tunica.aycin or dGalF for I h. and were 
labelled wilh i .•5 MBq/well D-[2.b-~Hjmannose for 6 h in the prcsen<-e 
of  the inhibitor Cells were washed and lipid-bound saccharidcs were 
extracted as Pescribed in section 2. Rad;oact!vity (dpm) per mg of cell 

prettify, Data arc means _+ SEM for triplicate determinations. 

s y l a t e d  v a r i a n t s ,  i n d i c a t i n g  a n  i n c o m p l e t e  i n h i b i t i o n  o f  
N - g l y c o s y l a t i o n  ( F i g .  !). 

i n  r a t  h e p a t o c y t e s  d G a l F  is m e t a b o l i z e d  l ike  D - g a l a c -  
t o s e  v i a  t h e  L e l o i r  p a t h w a y  t o  d G a l F - l - p h o s p b a t e ,  
U D P - d G a l F  a n d  U D P - d G I c F  ( T a b l e  I a n d  [2 t]). T h e r e -  
f o r e ,  t h e  i n h i b i t o r y  e f f e c t  o f  d G a l F  w a s  c o m p a r e d  t o  
t h a t  o f  d G I c F ,  w h i c h  w d s  a l s o  s h o w n  t o  i n t e r f e r e  w i t h  
p r o t e i n  N - g l y c o s y l a t i o n  [22]. I n  o r d e r  t o  r u l e  o u t  t h a t  
d i f f e r e n t  e f f e c t s  o n  N - g l y c o s y l a t i o n  ref lec t  c o m p e t i t i o n  
p h e n o m e n a  in  c e l l u l a r  u p t a k e  o f  d G l c F ,  D - g l u c o s e  w a s  
o m i t t e d  f r o m  l a b e l l i n g  m e d i a  in t h e s e  e x p e r i m e n t s .  In  
c o n t r a s t  t o  d G a l F ,  o n l y  p a r t i a l  i n h i b i t i o n  o f  N - g l y c o s y -  
l a t i o n  w a s  o b t a i n e d  w i t h  d G l c F  a t  c o n c e n t r a t i o n s  o f  t 
m M  a n d  a t  e v e n  h i g h e r  c o n c e n t r a t i o n s  ( F i g .  ! ) .  F u r t h e r  
e v i d e n c e  t h a t  d G a l F ,  a n d  n o t  i ts  c o n v e r s i o n  t o  d G l c F ,  
is e s s e n t i a l  f o r  t h e  i n h i b i t o r y  e f f e c t  o n  N - g l y c o s y l a t i o n  
w a s  p r o v i d e d  b y  e x p e r i m e n t s  in w h i c h  t h e  e p i m e r i z a t i o n  
o f  d G a l F  t o  d O I c F  w a s  i n h i b i t e d .  I n h i b i t i o n  o f  U D P -  
G l c / U D P - G a l - 4 " - e p i m e r a s e  by  a d d i t i o n  o f  20 m M  e t h a -  
n o l  t o  t h e  l a b e l l i n g  m e d i u m  a c c o r d i n g  t o  [23] d i d  n o t  
a f f e c t  i n h i b i t i o n  o f  N - g l y c o s y l a t i o n  by  d G a l F  ( d a t a  n o t  
s h o w n ) .  

A l l  k n o w n  i n h i b i t o r s  o f  N - g l y c o s y l a t i o n ,  t n n i c a m y -  
c i n ,  2 - d e o x y - D - g l u c o s e ,  2 - d e o x y - 2 - f l u o r o - D - g l u c o s e ,  4-  
d e o x y - 4 - f l u o r o - D - m a n n o s e  a n d  2 - d e o x y - 2 - f l u o r o - D -  
m a n n o s e  h a v e  b e e n  s h o w n  t o  i n t e r f e r e  w i t h  t h e  a s s e m -  
b l y  o f  t h e  l i p i d - l i n k e d  o l i g o s a c c h a r i d e s  in t h e  d o l i c h o l  
c y c l e  [3 ,6 ,7 ,24] .  I n  a n  a t t e m p t  t o  c h a r a c t e r i z e  t h e  i n h i b i -  
t o r y  n~o~han i sm o f  d G a I F ,  i t s  e f f e c t  o n  t h e  i n c o r p o r a -  
t i o n  o f  D - [ 2 , 6 - 3 H ] m a n n o s e  i n t o  l i p i d - l i n k e d  o l i g o s a c -  
cha t - ides  w a s  s t u d i e d  in h e p a t o c y t e s  a n d  c o m p a r e d  t o  
t h e  e f f e c t  o f  t u n i c a m y c i n .  B o t h  t u n i c a m y c i n  a n d  d G a l F  
s i g n i f i c a n t l y  d e c r e a s e d  i n c o r p o r a t i o n  o f  m a n n o s e  i n t o  
D o l - P P - l i n k e d  o l i g o s a c c h a r i d e s  ( F i g .  3). T h i s  i n d i c a t e s  
t h a t  d G a l F  m a y  i n t e r f e r e  e i t h e r  w i t h  t h e  f o r m a t i o n  o f  
t h e  m a n n o s e  d o n o r s  G D P - M ~ , n  o r  D o i - P - M a n ,  o r  w i t h  
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t h e  t r a n s f e r  o f  m a n n o s e  r e s i d u e s  t o  D o I - P P - l i n k e d  
o l i g o s a c c h a r i d e s .  G D P - 4 d M a n F ,  t h e  m e t a b o l i t e  o f  
a n o t h e r  f l u o r o s u g a r ,  4 - d e o x y - 4 - f l u o r o -  D - m a n n o s e  
( 4 d M a n F ) ,  i n h i b i t s  o l i g o s a o c h a r i d e  a s s e m b l y  b y  b l o c k -  
i n g  t h e  f o r m a t i o n  o f  D o l - P P - G I c N A c z M a n  2 [24|, w h e r e -  
a s  t u n i c a m y ¢ i n  is  k n o w n  t o  b l o c k  t h e  f i r s t  s t e p  o f  t h e  
d o l i c h o l  c y c l e ,  i .e .  f o r m a t i o n  o f  D o I - P P - G I c N A c  b y  i n -  
h i b i t i o n  o f  G l c N A c - l P - t r a n s f e r a s e  [25] .  T h e  u s e  o f  
d G a l F  in  c o n j u n c t i o n  w i t h  o t h e r  i n h i b i t o r s  c o u l d  b e  
u s e d  t o  f u r t h e r  c h a r a c t e r i z e  d i s t i n c t  s t e p s  in  t h e  f o r m a -  
t i o n  o f  d o l i c h o l - l i n k e d  o l i g o s a o e h a r i d e s .  

A d d i t i o n a l l y ,  d G a l F  a s  a p o t e n t  i n h i b i t o r  o f  N - g l y c o -  
s y l a t i o n  o f  s e c r e t o r y  a n d  m e m b r a n e  g l y c o p r o t e i n s  m a y  
b e  a u s e f u l  t o o l  t o  s t u d y  t h e  b i o l o g i c a l  r o l e s  o f  p r o t e i n  
N - g l y c o s y l a t i o n .  
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