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D'abord cons idérée  comme une f r o n t i è r e  pass ive  e n t r e  l e s  t ~ i l j - e u x  

i n t r a -  e t  e x t r a c e l l u l a i r e ,  l a  membrane plasniique e s t  au jourd 'hu i  l e  c c n t r ?  

des recherches  des B io log i s t e s ,  Phys io log i s t e s ,  Biochirii istes,  Biopfiysiciens 

e t  P a t h o l o g i s t e s .  En p lus  de son r ô l e  de b a r r i è r e ,  c ' e s t  l a  r e l a t i o n  de 

l a  c e l l u l e  avec son environnement que con t rô l e  l a  membrane. 

S i  l a  nacure l i popro té ique  de  c e t t e  s t r u c t u r e  f u t  rapidement 

démontrée, il f a l l u t  a t t e n d r e  l e s  premiers  i so l en~en t s  de mcnY~ranes p l a sp l -% 

ques pour que s ' impose l ' i d é e  d 'un  complexe g lycol ipopro té ique .  Bien que 

l e s  glucicles de l a  su r f ace  c e l l u l a i r e  r ep ré sen ten t  une f r a c t i o ~ i  mineure 

(souvent i n f é r i e u r e  à 10 2) de l a  membrane, on l e u r  a t t r i b u e  des r o l e s  

b io logiques  prépondérants : déterminants  an t igéniques ,  r écep teu r s  d e  viriic8, 

récepteurs  d'hormories, de tox ines ,  r ô l e  dans l ' adhés ion  e t  l a  reconnais-  

sance c e l l u l a i r e ,  r ô l e  enzymatique e t  de con t rô l e  de l a  perniéa'sil i tf  xicm- 

b rana i r e .  Leur imp l i ca t ion  dans l e  déclenchement de l a  mi tose ,  b i en  q u ' i l  

s o i t  inal compris, semble ê t r e  l e  p o i n t  e s s e n t i e l  de l a  B io log ie  Molécu- 

l a i r e  des conçt i tuzmts  membranaires comme l e  prouvent l e s  mod i f i ca t ions  

profondes que subisse i l t  l e s  glycoconjugués de s u r f a c e  dans l e s  processus 

de c a n c é r i s a t i o n .  

Bien que l ' é t u d e  s t r u c t u r a l e  des glycoconjugués membranaires 

s o i t  d i f f i c i l e ,  quelques s t r u c t u r e s  de g lyco l ip ides  e t  de g?gcoprotGines 

membranaires s o n t  ac tue l lement  connues. Fondé s u r  c e t t e  é t u d e  s t r u c t u r a l e ,  

l e  r appor t  e n t r e  s t r u c t u r e  e t  f o n c t i o n  des glycoconjugués menbranairer, 

commence à s ' é t a b l i r .  Ce t t e  Bio logie  Moléculaire  des  glycoconjugués de 

su r f ace  a permis de dégager deux p o i n t s  importants  : 

1 - Les glycocoi~jugiiés s o n t  i n t é g r é s  dans une "nosaïque f l u i d e " ,  

s e lon  l e  concept de SINGER e t  NICOLSON ( 1) , r ep ré sen tée  dans l a  Fig.,rir e 1. 

L'ancrage s e  f a i t  g râce  à des i n t e r a c t i o n s  hydrophobes à l ' a i d e  du &sa- 

mide pour l e s  g lyco l ip ides  ou d'une f r a c t i o n  hydrophobe p o r t é e  pzr  l e s  

chaînes pepr id iques  pour l e s  g lycopro té ines .  

2 - Les glycannes,  d i r i g é s  v s r s  l e  mi l i eu  e x t r a c e l l u l a i r e ,  s o n t  

des signaiix dc reconriaissance e t  s o n t  resporisables du r ô l e  h i o l ~ g i q i i ~  que 

j o u e n ~  l e s  glycoconjugvés des s u r ~ a c e s  c e l l u l a i r e s .  

Alors  qu'uri schéma généra l  semble s e  dégager de ces  é t u d e s  l e  
. . 

prob1Cni1e de 1.a blosynt'rt2se des f r a c t i o n s  gl.ycmniques a i n s i  q u e  l a  r;!ili.;:.iri 

d c c t  e l l e s  sont  réparees  ou dégiadécs r e s t z  du domaice de l 'hypot:h?-~~e. 



F i g u r e  1 : 

Schéma de  l a  mosaïque f l u i d e  : modèle de membrane proposé p a r  SINGER 
e t  NICOLSON. 

Nous nous sommes a t t a c h é s  dans  c e  t r a v a i l  à examiner  l ' u n e  de 

ces  hypothèses  dans  l e  b u t  de repondre  aux q u e s t i o n s  s u i v a n t e s  : l e s  g ly -  

coconjugués membranaires p e u v e n t - i l s  ê t r e  s y n t h é t i s é s  ou r é p a r é s  s u r  l a  

membrane elle-même g r â c e  à des  ectoenzymes ? E x i s t e - t ' i l  d e s  e c t o g l y c o s y l -  

t r a n s f é r a s e s ,  s o n t - e l l e s  f o n c t i o n n e l l e s ,  conment s o n t - e l l e s  r é g u l é e s  ? 

Avant d e  d é c r i r e  l e s  r é s u l t a t s  de  nos r e c h e r c h e s ,  nous exposerons  

l e s  p r i n c i p a u x  t r a v a u x  p o r t a n t  s u r  l a  b i o l o g i e  m o l é c u l a i r e  d e s  glycoccn-  

jugués  d e  s u r f a c e  e t  nous p a s s e r o n s  en  revue  l e s  hypothèses  re la t ive : ,  à 

l e u r  b i o s y n t h è s e .  

Nos r e c h e r c h e s  o n t  f a i t ,  j u squ ' à  p r é s e n t ,  l ' o b j e t  des  pi ib l j  cntiorie. 
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-Z 

by r e d u c t i o n  aiih so<!iuio Pli; bcrohydr i  de. 
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GENERAL I TES 



BIOLOGIE M O L E C U L A I R E  DES GLYCOCONJUGUES DE S U R F A C E  

Les glycoccnjugués de s u r f a c e  des c e l l u l e s  de Manunifères s o n t  

groupés en t r o i s  c l a s s e s  : les g l y c o l i p i d e s ,  l e s  g lycopro t é ines  e t  l e s  

protéoglycannes.  Ces composés s o n t  p r ê s e n t s  dans t o u t e s  l e s  membranes c e l l u -  

l a i r e s ,  ( n u c l é a i r e s ,  mi tochondr ia les  e t  microsomales).  Nous n'examinerons 

dans c e  c h a p i t r e  que l e s  glycoconjugués de l a  membrane plasmique. 

La membrane plasmique e s t  asymétrique e t  c e t t e  asymétr ie  s e  

r e t r o u v e  pa r t i cu l i è r emen t  au n iveau  des glycoconjugués.  Les g luc ides  ne s o n t  

en e f f e t  d é t e c t a b l e s  que s u r  l a  f a c e  e x t e r n e  des membranes. Les preiives cy- 

to log iques  son t  nombreuses. En e f f e t  l a  c o l o r a t i o n  des s i . a log lycopro té ines  

pe r  l 'hydroxyde de f e r  c o l l o ï d a l  (YARX e t  a l .  : 2 ; W E I S S  e t  SC'BJECK : 3 ; 

KODAPIA e t  a l .  : 4) ou l a  p r é c i p i t a t i o n  dc g r a i n s  d ' a rgex t  ap rè s  oxydation 

per iod ique  (RAMI30URG e t  ZEBLOND : 5)  met ten t  e n  évidence l e  glycolernine. Celiii-- 

c i  e s t  r é v é l é  également p a r  l ' u t i l i s a t i o n  de l e c t i n e s  couplées  à l a  f e r r i t i n c  

notamment par  l ' é q u i p e  de NICOLSON (NICOLSON e t  S I N G E R  : 6 ; N I W O  e t  al. : 7 

NICOLSON e t  S I N G E R  : 8  ) ,  e t  p l u s  récemment par  l ' emplo i  de  niarqueurs cyto-  

chimiques g lycosylés  e t  de l e c t i n e s ,  technique m i s e  au p o i n t  p a r  l e  groupe 

de Michel KONSIGNY (ICIEDA et al .  : 9 ; GROS e f ;  al. : 1 0  ).  

La présence d'un glycolemme q u i  d o ~ b l e  l a  f a c e  ex t e rne  de l a  

membrane e t  dont  l a  morphologie e s t  b i e n  d é c r i t e  dans l a  revue généra le  de 

PARSONS e t  SUBJECK ( 1 1 )  a pu également ê t r e  mise e n  évidence pa r  des mEthodeç 

biochimiques.  L ' u t i l i s a t i o n  d'enzymes qu i  ne p é n è t r e n t  pas dans l a  c e l l u l e ,  

corne l a  ga l ac to se  oxydase, permet de marquer les g l y c o l i p i d e s  e t  l e s  g ly -  

cop ro t é ines  de s u r f a c e  en  p a r t a n t  de c e l l u l e s  e n t i è r e s  ou de vCsicu les  mem- 

b r a n a i r e s  possédant  une o r i e n t a t i o n  normale ou i n v e r s é e  ( v o i r ,  par  e x ç r p l e ,  

l e s  t ravaux  de GAHMBERG e t  HAKOMORI ( 1 2 )  e t  ceux de STECK e t  DATLTSON (13) .  

La dé t e rmina t ion  de l a  s t r u c t u r e  de ces  composés n ' e s t  p o s s i b l e  

qu 'après  l ' i s o l e m e n t  des molécules e t  n ' a  pu ê t r e  r é a l i s é e  q ~ l ' a p r è s  l a  mise 

au p o i n t  de méthodes f i n e s  d ' e x p l o r a t i o n  de l a  s t r u c t u r e .  

1 - L A  STRUCTUKE DES GLYCOCON'JUGUES DE SURFACE 
- 

A - L E S  G1,YCOLlPTDES -- 
Les g l y c o l i p i d e s  àsphingos i r ie  ou g lycosphingol ip idcs  r e s t e r t  

1 e s  s t ruc t i i r e s  l e s  mieux connues parmi l e s  g l ~ ~ c o c o n j u g ~ i ~ s  me~iibranaires . En 

e f f e t ,  d'une p a r t ,  i l s  ne possèdent  qu 'un seul glycannz pal- rnol6ciilr ce  q c i  

en s i m p l i f i e  l l & t u d e  e t  d ' a u t r e  p a r t  80 à 90 % d ' e n t r e  eux s e n t  1ocai icGs 

dans l a  rnein17rane p l  asmique (KLEKK e t  CHûPPPi?' : 14 ; GAFiiB1:RG : 15 ; KEZ:A2; 

ct al.  : 16 ) ,  c e  q u i  perinct de lcs é t u d i e r  à p a r t i r  de ct7l.liiles t o t a l e s  



s a n s  i s o l e m e n t  p r é a l a b l e  de l a  membrane. 

Ln p a r t i e  lipidique : l a  céramide,  permet  l ' i n t é g r a t i o n  d e  l a  

molécu le  dans l a  membrane. Le glycanne possède l e  m o t i f  de b a s e  cornnon du  

l a c t o s e  P-Ga1-(1- 4 ) - a - G l c - ( 1  -+ ) ,  l c  g l u c o s e  s e  l i a n t  s u r  l a  cérarnide.  

A p a r t i r  de c e t t e  l ac tosy l -cé ra rn ide  ou GL2 s e  c o n s t i t u e n t  des  g l y c o l i p i d e s  

de p l u s  en  p l u s  complexes e t  d o n t  l e s  formüles  s o n t  résumées dans l e  t z 5 i e a c  

1 (p. 7 ). Nous d i s t i n g u e r o n s  l e s  g l y c o l i p i d e s  n e u t r e s  des  g a n g l i o s i d e ç ,  

c ' e s t - à - d i r e  des  g l y c o l i p i d e s  possédan t  de l ' a c i d e  s i a l i q a e .  

1 - Les g l y c o l i p i d e s  n e u t r e s  

I l s  s o n t  caractérises p a r  l a  p r é s e n c e  de  N-acétylosamines,  l a  

N - a ~ é t ~ l g a l a c t o s a m i n e  ou  l a  N-acétyl&lucosamine.  

Les g l y c o l i p i d e s  n e u t r e s  possédan t  de  l a  M-acé'cylgalactosûirine 

o n t  é t é  d '  abord i s o l é s  d ' h é m a t i e s  hvmâines e t  de  f i b r o b l a s t e s  de Harnscer. 

EAKOMORI e t  al. (17) o n t  démontré l a  s t r u c t u r e  du c6rami.de t r i h e x o s i d e  

(Cl3) e t  du g l o b o s i d e  (G1 ) p u i s  de l ' a n t i g è n e  de  Forssman q u i  possède e n  4  
p l u s  du g1obosi.de un r é s i d u  a-N-acétylgalactosaminyl e n  p o s i t i o r i  ncn r6-a 

d u c t r i c e  (SIDDIQUI e t  'rlM<OMORI : 18 ) . 
La présence  d e  g l y c o l i p i d e s  poss6dan t  de l a  N-acétylgli:eosa7rLinc 

e s t  b i e n  démontrée,  e t  l a  s t r u c t u r e  du glucosarzi i~yl-  l a c t o s y ?  - ré ramide  a Cté  

é t u d i é e  p a r  AND0 e t  612. ( 19 ) a p r è s  son  i s o l e m e n t  d e  l a  memfjra~ie d ' l - i éma~ie  

fiumaine. A p a r t i r  de l a  mSme s o u r c e ,  l ' i s o l e m e n t  du "paratglohoside" ou l a c t o -  

N-neo té t raosy lcé ramide  a permis  d e  l ' i d e n t i f i e r  à un an t igs r le  de s u r f a c é  de 

l a  tumeur de  Hamster NILpy (SLrNDSPIO e t  iiAKO1lORI : 20 ) . Cc glyco lFp ide  r é a g i t  

a v e c  un ant isérurn anti-pneumocoque X I V  (ÇIDDIQUI e t  HAKO?.IOKP : 2 1 ) . Dech 

cérarnyl p e n t a s a c c h a r i d e s  à N-acétylglucosamine o n t  é t é  également  i s o l E s  p a r  

STELmER e t  HAKOMORI (22) e t  p a r  NAIKI e t  al. (22) ). Ces d e r n i e r s  o n t  ~ o n t r 6  

que l a  s t r u c t u r e  s u i v a n t e  : a -Ga1 - ( 1 +  4)- P -Sal- (1  + 4)- P -GlcNAc-(1 -+ 3 ) -  

P-Gai-(1 9 4 ) - a  --Glc ( 1  + )-Cer c o r r e s p o n d a i t  à une a c t i v i t é  de g roupe  P l .  

Le f u c o s e  a  é t é  souven t  dCcelé dans l e s  g l y c o l i p i d e s .  Le p l u s  

s i m p l e  de  t q u s  e s t  l e  a-L-fucosyl  c é r a r ~ i o e  qini s'crcccimule dans  l e s  tuni-2x2s 

humaines du co lon  comme l ' o n t  aontr .2 \iATANABE e t  al. ( LL ).Mais souven t  l e s  

É u c o g l y c o l i p i d e s  posseden t  m e  a c t i v i t é  de groupe s a n g u i n  A ,  3 ,  13, 1Xi;!S a 

e t  LEWIS B (HAKOIviORI e t  JE1SLOZ : 25 ; HAKOM0F.I e t  SITK~'CI!i\RU : 26 ) . LF s T r u ?  

t u r e  r é v è l e  o u t r e  l a  p r é s c n c e  des  détex-minants A,  B ou 11, l a  préçcnce d e  X-- 
> 

acétylglucosa!nine  voj-r p a r  ei;er,!;)l-e les travîilr de  KOSC'LE1,AK e t  al, ( 2 7 ) .  FKL 

f a t t  une s t r u c t u r e  t e l l e  q u e  Fuc (1 -4 2 )  Ga1 ( 1  -- 3 ) G a l ! ~ , ~ c  ( 1  -p 4 )  (381 

( 1  
-+ 4)  G l c - C ~ T  alTant uric a c t i v i t é  ,le groupe 11 e s t  un erc:,;ple dc glj-i.ccii;,i.-+ 



STRUCTURE DE QUELQUES GLYCOL.IPIDLS ISOLES DES MEMBRANES 

PLASM1C:UES DE CELLULES DE M m I F E R E S  
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à a c t i v i t é  de g roupe  sanguin  possédan t  de l a  N-ac6tyigalacrosamine ; c e t - t e  

molCcule a é t é  t r o u v é e  dans l 'hépatome a s c i t i q u e  d e  Rat Ni 7 9 7 4  F (FfiTSUh:OIO 

e t  TAK-1 :2S ). A c ô t é  de  c e s  s t r u c t u r e s  s i m p l e s  à glycanne peu i m p o r t a n t  on 

i s o l e  a c t u e l l e m e n t  des  Céram:-deheptasaccharides (SLOEiLrWY e t  SI,O1IIAlNY : 7.9 ) 

p o s s é d a n t  des g l y c a n n e s  b r a n c h é s  e t  des  rnêgaloglycctl ipides (GARDAS e t  ::OÇCIEL,A;- 

30 ; SLOPIIILVY e t  SLOIIIANY : 3 1  ; GARDAS : 32) forn,és de  22 r é s i d u s  s a c c h a r i -  

d iques  com11e l e  montre  l a  f i g u r e  2 e t  p o r t a n t  une a c t i v i t é  d e  groupe s a n g u i n  

1 (GAPDAS : 34) .  

Fuc (1-2)Gal(1-4)GlcFdAs(l, 

F i g u r e  2 : -- 
S t r u c t u r e  p roposée  pour  l e  m é g a l o g l y c o l i p i d e  S22 p a r  A. CARDAS (33). 

2 - Les  g a n g l i o s i d e s  

L a  p r é s e n c e  d ' a c i d e  s i a l i q u e  dans l e s  g l y c o s p h i n g o l i p i d e s  a 

é t é  démontrée il y a p l u s  d e  25 ans  dans l e s  g l o b u l e s  rouges  de Mammifères 

p a r  YAPiAKAWA e t  S U Z U K I  ( 35 ) e t  KLENR e t  WOLTER ( 36 ) . Les g a n g l i o s i d e s  

p o s s s d e n t  dans l e u r  niolécule o u t r e  de  l ' a c i d e  ç i a l i q u e ,  des  N-acétyloçamines.  

Le gang]- ios ide  majeur  de  l ' h é m a t i e  'nuniaine ou s i a ? o s y l  t é t r a h e s o s y l c é r a m i d e  

possède de  l n  N-acétylglucosainine ( K ~ S C I E L A K  e t  a l .  :37 , ANCO et ûz. : 38 , 
LJCIERKET : 39 ) . 



Ces g a n g l i o s i d e s  à N - a c é t y l g l u c o s a n ~ i ~ ~ p e u v e n t  ê t r e  d i s t i n g u e s  

d e  ceux c o n t e n a n t  d e  l a  N-acétylgalactosamine abondan ts  dans l e  t i s s u  

nerveux. Ces d e r r i i e r s  connus depu is  p l u s  l o n g t c i . 1 ~ ~  o n t  été i s o l e s  pour  l a  

p remière  f o i s  p a r  ICLENK e n  1335 ( 4 0  ). Ccs gang1ic)çides s o n t  d é s i g n é s  s u i -  

v a n t  l a  noincncla ture  de SENNERHOLM ( 4 1  ) p a r  l e  nombre de  r é s i d u s  s i a l y l  

p r é s e n t s  dans  l a  molécu le .  On d i s t i n g u e  a i n s i  les inonosia logangl iosLdes  : 

GM1, 2 e t  3 ,  l e s  d i s i a l o g a n g l i o s i d e s  GDla e t  l b ,  GD2 e c  GD 3, l e s  t r i s i e -  

l o g a n g l i o s i d e s  GTla e t  l b ,  GT3 e t  l e s  t é t r a s i a l o g a n g l i o ç i d e ç  0. T l  f a u t  

remarquer l a  p r é s e n c e  de  groupemerits d i s i a l o s y l  ( a  -N-acétylneuraninyl  

(2  -+ 8) N-acé ty lneuraminy l )  dans les g a n g l i o s i d e s .  

3  - V a r i a t i o n s  d e  l a  compos i t ion  e n  g l y c o l i p i d e s  ----- 
Il f a u t  n o t e r  que l a  n a t u r e  d e s  g l y c o l i p i d ~ s  a i n s i  qcie l e u s  

i n t é g r a t i o n  dans l a  membrane v a r i e  f o r t e m e n t  avec  l e s  c o n d i t i o n s  p h y s i o l o -  

g i q u e s  c e l l u l a i r e s .  Les v a r i a t i o n s  l e s  p l u s  important-es se r e n c o n t r e n t  dans  

l e  cas  d e s  c e l l u l e s  f o e t a l e s ,  des  c e l l u l e s  t r ans formées  e t  l o r s  d e  modi f i -  

c a t i o ~ s  du t a u x  d e  c r o i s s a n c e ,  

La comparaison d e  l a  r é a c t i v i t é  du g l o b o s i d e  v i s  à v i s  d 'un  

serum antig10bosi .de dans les é r y t h ~ o c y t e s  a d u l t e s  e t  f o e t a u x  montre  que c e s  

d e r n i e r s  s o n t  p l u s  a c c e s s i b l e s  aux a n t i c o r p s  (HMOPiOKI : 42 ) L i e n  que l e s  

t a u x  de c e  g l y c o l i p i d e  s o i e n t  i d e n t i q u e s  dans  les deux t y p e s  c e l l u l a i r t s .  Ln  

p a r t i e  g1yca"que de  l a  molécule  semble ê t r e  exposée dans l e s  c e l l u l e s  foe -  

t a l e s  e t  cachée clans l a  membrane dans  l e s  c e l l u l e s  a d u l t e s .  

La t r a n s f o r m a t i o n  c e l l u l a i r e  permet de  montrer  l e  même phGvn- 

mène : p a r  exemple,  les g l y c o l i p i d e s  d e  t y p e  hématoside  ( g a n g l i o s i d e  G2.U) 

s o n t  p l u s  exposés  dans  l e s  ce1 l u 1  e s  RHK e t  3T3 t rans formées  p a r  l e  v j  r u s  du 

po1yome:py BHK ou  l e  SV40:SV40 3T3 que dans  l e s  c e l l u l e s  normales  ( H ~ X O > I O R X ~ ~  :: 

4 3 ) .  En p l u s  de  c e t t e  d i f f é r e . n c e  de r é a c t i v i t é ,  l a  t r a n s f o r m a t i o n  c e l î i r l a i r e  

s 'accompagne d 'une  s i m p l i . f i c a t i o n  d e  l a  p a r t i e  g lycann ique  des  g l y c o l i p i d e s ,  

dans  t o u t e s  l e s  c e l l u l e s  q u e l  que s o i t  l e u r  node de  t r a r , s fo rmat ion ,  i n  Uivs 

ou  i n  v i t r s ,  p a r  v i r u s  à DNA ou p a r  d e s  ca rc inogènes  chimiques e t  

même dans l e s  tumeurs spon tanées .  Les g l y c o l ~ p i d e s  des  membranes s o n t  A c r u  

inachevés  e t  p e r d e n t  l e s  s u c r e s  terminaux : a c i d e  s i a l i q u e  d e s  g a n g ï i o s i d e s ,  

f u c o s e  des  fucog lyco l ip i .des  ( c o n d u i s a n t  2 des  m o d i f i c a t i o n s  d e  groupe sarr- 

g u i n ) ,  p e r t e  de g a l a c t o s e  ou de N-acétylga!actosamine t e r m i n a l .  Ces ~ : . od i f i - .  

c a t i o n s  s o n t  d e t a i l l g e s  dans  l e s  revues  g é n P r a l e s  s u i v a n t e s  : B,4KO?ER,3. t:?: 

(G4 ) , BIIA.DY e t  FlÇlii,iiiPIS ( <5 ) 1-IAI<O>:ORL ( 4  6 ) , RICliAlll3SC;LT et' ~ 2 ,  (!b i >  , 



- 10 - 
Des m o d i f i c a t i o n s  i m p o r t a n t e s  s o n t  également  démontrées e n  ~ t i -  

l i s a n t  d e s  c e l l u l e s  e n  c u l t u r e ,  où l a  conf luence  des  c e l l u l e s  i n d u i c  ciie 

augmenta t ion  de l a  s y n t h è s e  d e s  g l y c o l i p i - d e s .  Ce phénomène a  é t é  montrG e n  

p a r t i c u l i e r  pour  l e  céramide t r i h e x o s i d e ,  p u i s  pour  d ' a u t r e s  g l y c o l i p i d e s  

n e u t r e s  : g l o b o s i d e ,  a n t i g è n e  de  ~ORSSYAN e t  pour l e s  g a n g l i o s i d e s .  Les  

q u a n t i t é s  de c e s  g l y c o l i p i d e s  peuven t  augmenter de 50 à 100 %. 

Ce phCnonène e s t  a b s e n t  dans l e s  c e l l u l e s  t r a n s f o r n é e s  (HAKO?fO31 : 

4 8 ) .  

13 - LES GLYCOPROTEINES - 
Les s t r u c t u r e s  des  g l y c o p r o t é i n e s  membranaires s o n t  t r è s  a a l  

connues. Les i n f o r m a t i o n s  r e c u e i l l i e s  à c e  j o u r  p r o v i e n n e n t  p resque  e x c l u s i -  

vement d ' a n a l o g i e s  f a i t e s  avec  les g l y c o p r o t é i n e s  s o l u b l e s .  Les d i f f i c u l t C s  

s o n t  nombreuses,  l e s  molécu les  p o r t e n t  e n  g é n é r a l  p l u s i e u r s  g lycannes ,  Ife.;-- 

t r a c t i o n  e s t  d i f f i c i l e  e t  demande d ' a b o r d  une f r a c t i o n  riienbrariaire i s c l é e ,  

p u i s  l ' e m p l o i  d e  d é t e r g e n t s  de  manière  à s o l u b i l i s e r  l e s  molécu2es. C 1 s s t  

pourquoi  nombre d ' a u t e u r s  se s o n t  o r i e n t é s  v e r s  une deuxième t e c h n i q u e  q u i  

e s t  l ' a t t a q u e  de  c e l l u l e s  e n t i è r e s  p a r  des  enzymes p r o t é o l y t i q u e s  q u i  l i b s -  

r e n t  d e s  g l y c o p e p t i d e s  s o l u b l e s .  C e t t e  méthode e s t  t o u t  a u s s i  d é l i c a t e  c a r  

l e s  q u a n t i t é s  de s u b s t a n c e s  formées s o n t  f a i b l e s  e t  peuven t  ê t r e  contarr!iri6es 

p a r  l a  l i b é r a t i o n  de  g l y c o p r o t é i n e s  i n t r a c e l l u i a i r e s  due à l a  f r a g i l i s a t i o n  

des  c e l l u l e s  l o r s  de l ' a t t a q u e  p r o t é a s i q u e .  

Très  peu de r é s u l t a t s  o n t  é t é  ob tenus  s u i s a n t  l a  p r e x i s r e  néthode, 

En e f f e t  peu de  g l y c o p r o t é i n e s  niembranaires o n t  é t é  i s o l é e s  à l ' É t a t  p u r  e t  

e n  q u a n t i t é  s u f f i s a n t e  pour a c h e v e r  des é t u d e s  s t r u c t u r a l e s .  On possède  p l u s  

d ' i n f o r m a t i o n s  s u r  l a  s t r u c t u r e  des  g l y c o p e p t i d e s  membranaires.  

Q u e l l e  que s o i t  l ' a p p r o c h e  méthodologique,  les çch6mas d e  s t r u c -  

t u r e  s o n t  i d e n t i q u e s  à ceux t r o u v é s  pour  l e s  g l y c o p r o t é i n e s  s o l u b l e s .  Le 

t a b l e a u I I  résume l e s  p r i n c i p a u x  t y p e s  de  glycannes  q u i  o n t  é t é  c a ? ' a c t f r i s è s  

dans les membranes plasmiques .  On d i s t i n g i ~ ~  l e s  g lycannes  conjugués  à l a  

p a r t i e  p r o t é i q u e  p a r  une l i a i s o n  O-glycoeidiqüe que l ' o n  r e t r n u v e  dans l e s  

mucines ( v o i r  GOTTSCHALI: e t  a l .  : 4 9 )  e i - l e s  g lycannes  conjugvér, par  une l i a i so r ,  

N-gll-cosidiququi s o n t  généralement  d e s  glycaniles b ranchés  ( i so -g lycannes )  . 
C e  deuxième type de  gl-ycanne e s t  commun à un grand n o ~ b r e  de gl .ycopro té ines  

s é r i q u e s  q u i  possèden t  t o u t e s  l e  noyau p e n t a s a c c h a r i d i q u c  su ivan t  : 0 -.:fan- 

( 1  - 3)-  [a - ~ a n - ( l  - s)] - P ->fan-(1 + 4 ) - p  --GlcNdc-(j. + 4 ) - \ 3  - G ~ C : < ~ C  

(1 )Asn, s u r  c e  noyaa v i e n n e n t  s e  greffer s o i t  des  neurarninyl (oa I : l ~ ~ ~ ; : l ) -  

N - a c . ~ t y l l a c t . o s a m ~ n e  ou deç r é s i d u s  de  mannose (vo i r  les  revues gGnGral:?s 2 ~ :  

?48X'ïXEIJIL ( 5 0 , 5 1 ) , e t  flOiGTiZ,E'clPI, e t  LT,i:ESEITTi-IPiRT (53), Ces tynes tle gl.ycrinn-c; 

cnt é t é  r e t r o ü v é s  dans les 
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glycoprotéir ies  membranaires de cerveau,  r e i n  e t  f o i e  de Rat  pa r  KRUSIUS 

e t  FINNE ( 5 3  ). 

Nous examinerons l e s  r é s u l t a t s  obtenus avec l e s  g lycopro té ines  

i s o l é e s  p u i s  ceux obtenus avec l e s  glycopept ides .  

1 - S t r u c t u r e s  glycanniques déterminées avec des g lycopro té ines  

membranaires i s o l é e s  

La presque t o t a l i t é  de l ' a c i d e  N-acétylneuraminique de l a  membrane 

de  l 'hémat ie  humaine e s t  l i é e  à une s e u l e  molécule. C e t t e  sia:oglycoprotéine 

e s t  appelée  glycophorine A e t  peut  ê t r e  i s o l é e  des  menbranes é r y t h r o c y t a i r e s  

sous forme so lub le  grâce à un dé t e rgen t  non ionique  su ivan t  l a  technique 

mise au p o i n t  par  MARCHESI e t  ANDREWS (54) .  La séquence complète en  amino- 

a c i d e s  e t  l e  p o i n t  d ' a t t a c h e  des 16 g l y c a n n e s o n t p u ê t r e  déterminéspar  'IICKiTA 

e t  MARCHESI (55). Quinze cha ines  o l igosacchar id iques  son t  l i é e s  p a r  des  l i a i -  

1 1  ' E R  sons O-glycosidiques e t  l a  s t r u c t u r e  a é t é  déterminée pa r  THOMAS e t  W I V  

(56) e t  p a r  ADAMANY e t  UTHAN (57) (Fig. 3 ) .  La s t r u c t u r e  du glycanne l i e  9 

l ' a s p a r a g i n e  n ' e s t  pas encore to ta lement  connue. WINZLER a proposé un schéma 

dans l e q u e l  on re t rouve  l e  noyau trimannosidique (59) (Fig.  3) mais c e t t e  

s t r u c t u r e  e s t  incomplète e t  l a  s t r u c t u r e  exac t e  r e s t e  à déterminer .  

Bien que d ' a u t r e s  g lycopro té ines  membranaires a i e n t  6 t é  i s o l é e s  : 

5 'nuc leo t idase  par  EVANS e t  GURD (61)  e t  pyrophosphatase p a r  l e s  &mes z u t e u r s  

Neu NAc 

I 293 
a2 6 

NeuNAc -J Gai 

Fuc PàeuPlAc 

+ 1 
Gal Gal Ga1 

S C 1 

GfcNAc  G1cNAc G l c N A c  

GlcNAc 
C 
N 
I Asn 

Figure  3 : 

Sîruct.ure des d i f f é r e n t s  glycannes de l a  glycophorine A. 
La s t r u c t u r e  A correspond aux glycannes l i é s  pa r  des  l i a i s o n s  0- 
glycos id iques  d' aprCs THOHAS e t  WIX7LER (58) ,  l a s t r u c t u r e  B 
correspond aü glycanne l i é  pa r  une l;aisiin Y-g lyços ic l iq~~t :  d ' après  
WINZLER (60).  



( 6 2 , 6 3  ) à p a r t i r  du f o i e  de  Ra t ,  g l y c o c a l i c i n e  i s o l é e  des  p l a q u e t t e s  san- 

gu ines  huniaices p a r  l ' é q u i p e  de J.XMIESON (OKUMURA e t  JAFZESON : 64 ; Oi<li7!URP.. 

e t  a l .  :65 ) ,  l a  CSP (ce11  s u r f a c e  p r o t e i n )  p a r  YAMADA e t  WESTON (66 )  ou  

LETS ( l a r g e  e x t e r n a l  t r a n s f o r m a t i o n  s e n s i t i v e )  g l y c o p r o t é i n e  p a r  CNZTEI: e t  

HAKOMOXI (67)  e n c o r e  a p p e l é e  "gal a c t o p r o t @ i n e  a  " i s o l é e  des  membranes de  

f  i b r o b l  a s  t e s ,  l a  g l y c o p r o t é i n e  majeure  des  membranes de l ' hépa tome a s c i t i c i u e  

I s s a n c e  de AH66 p a r  FmAKOSHI e t  YAMASHIMA (GE), aucune n ' a  a b o u t i  à l a  cor i~la '  

l a  s t r u c t u r e  de  s a  ( s e s )  p a r t i e  ( s )  g lycann ique  ( s ) .  S e u l  l ' i s o l e n i e n t  di1 

r é c e p t e u r  des a s i a 1 0 g l y c o ~ r o t é i n e . s  d ' h é p a t o c y t é  de Ra t  p a r  K'2IJASAKl e i  

ASHlJELL (69)  a donné l i e u  à une é t u d e  s t r u c t u r a l e .  La s t r u c t u r e  des  deux 

g l y c o p e p t i d e s  e s t  donnée dans l a  f i g u r e  4 .  On n 'y  r e t r o u v e  pas  l e  ncyau 

t r imannos id ique ,  mais on r e c o n n a î t  l e s  deux types  d ' i s o g l y c a n n e s  d é c r l t s  

prGcédemnent . 
S.A. 
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F i g u r e  4 : -- 
S t r u c t u r e  des  deux glycannes  du r é c e p t e u r  h é p a t i q u e  des  a s i n l o -  
g l y c o p r o t é i n e s  (I(I?WASkILKL e t  ASHWELL : 70j .  



L ' i s o l e m e n t  de g l y c o p r o t é i n e s  mcnibr~naires  p a r  c:aromatographie 

d ' a f f i n i t é  à l ' a i d e  de  l e c t i n e s  i . n s o l u b i l i s é c s  a  cgalement  é t é  e f f e c t u é .  

Les r é c e p t e u r s  de l ' a g g l u t i n i n e  du germe de  616 (WGA) e t  du r i c i n  (KCA) 

o n t  é t é  i s o l é s  de l ' h é m a t i e  humaine p a r  ADAIR e t  KOIPNSELD ( 7 1 )  a i n s i  que 

ceux de  l a  concanavalineA (Con A) e t  de  l ' a g g l u t i n i n e  de  l a  l e n t i l l e  (LCFHA) 

p a r  FINDLAY ( 7 2 ) .  Les  r E c e p t e u r s  de  l a  Con A o n t  é t é  également  i s o l é s  5 p a r t i s  

des  synaptosomes p a r  ZANETTA e t  GOMBOS (73) ,  à p a r t i r  des  lymphocytes de  

S o u r i s  p a r  NILSSON e t  WAXDAT, ( 7 4 )  e t  des  c e l l u l c s  L p a r  HUNT e t  al. ( 7 5 ) ,  

l à  non p l u s ,  aucune s t r u c t u r e  g lycann ique  n ' e s t  connue. 

2 - S t r u c t u r e s  glycanniqi ies  déterminées avec  d e s  g l y c n p e ? t i d e s  - Pm--- 

membranaires - 
Bien que l ' a t t a q u e  p r o t é o l y t i q u e  des  c e l l u l e s  l i b è r e  des  glyco-  

p r o t é i n e s  i n t r a c e l l u l a i r e s  comme l ' o n t  s i g n a l é  JETT e t  JALWESON ( 7 6 ) ,  de  

nombreux a u t e u r s  o n t  employé c e t t e  t e c h n i q u e  pour  i s o l e r  d e s  g l y c o p e p t i d e s  

menbrana i res  . 
L ' a t t a q u e  t ryps iq i i e  des  c e l - l u l e s  TA 3 ( ' l ignée Ha) a  p e r n i v  d '  i s o -  

l e r  des  g l y c o p e p t i d e s  d  ' une masse m o l é c u l a i r e  de 200 00û da l tous  (CODISGIOX 

e t  al. : 77  ; SLAYTER e t  CODINGTON ; 78 ). Chaque c e l l u l e  possède  à s a  s u r -  
5  f a c e  3 x 1 0  molécu les  q u i  c o n t i e n n e n t  une c e n t z i n e  de g lycannes .  Deux types  

de g lycannes  s o n t  a t t a c h é s  à l a  p r o t é i n e  p a r  des l i a i s o n s  O-g7*ycosidiq1ies, 

Ils s o n t  c a r a c t é r i s é s  d 'une p a r t  p a r  l a  longueur  des  c h a h e s  o l i g o s a c c h - r i -  

d iques  e t  d ' z u t r e  p a r t  p a r  l a  p r é s e n c e  à I t e x t r é m i t G  non r é d a c t r i c e  d 'un  

r é s i d u  P - g a l a c t o s y l  t e r m i n a l ,  ou d '  un a c i d e  N- a c é t y l n e u r a m t c i q u e  (SPRKJER 

e t  al. : 7 9  ) (Fig.  5 ) .  

Des g l y c o p e p t i d e s  o n t  é t é  i s o l é s  p a r  d i g e s t i o n  p ronas ique  d e  

membranes plasmiques  de l ' hépa tome a s c i t i q u e  AI1 66 p a r  l ' é q u i p e  de YAYASWINA 

(FUNAKOSHI e t  al. : 51 ; N.IU(ADA e t  al. : 32 ) c e s  molécu les  p o r t e n t  l e s  cleciir 
> 

types  d e  glycannes  O - e t  N-glycosidiques  n a i s ,  comme dans l e  c a s  des  s i a l o g l y -  

c o p e p t i d e s  i s o l é s  p a r  SMITH e t  WALBORG d e  l 'hépatome AS-30 D (33) âucvne 

s t r u c t u r e  n t  e s t  dé te rminée .  Les deux tsypes de glycannes  N- e t  O -g lycosic l iques  

o n t  éga lement  é t é  m i s  e n  év idence  s u r  des  glycopept i -des  t r y p ç i q u c s  de  r-iem- 

membranes plasmiques  i s o l é e s  d ' h é p a t o c y t e s  de Ra; (CACAN : 84  ) e t  p a r  IIEERZf 
. . 

e t  IfONTFGIU'TI, ( 85 ) s u r  des  g l y c o p e p t i d e s  t ï y p s i q u ~ s  d ' u n e  l i g n S e  i ? l - ~ , , ! ~ c >  

d ' l ~ é p a t o c ~ t e s  en c u l t u r e  ( c e l l u l e s  R L ) .  Ces d e r n i e r s  montreziL de p l u s  I'cxiz- 

t ence  d e  g l y c o p e p t i d e s  de t y p e  N - a c é t y l l a c t o s ~ r n i n i q u e  etr de typi- cl igor>?;  no-- 

s id iq f ie .  



Lortg-chairi type 
a-~cuNAc-(2->3)-p-~-Gai-(1+3 or 4)-D-GlcNAc-(l+2,4, cr 6)-»-Gal-(l+3 or 4)-cx-D-GEINAC- 
Scrphr) 

1 

Sliort-rhaiii type 
a-NeuNAc-(2-3)-p-~-Gd-(1-t3 or 4) -a -~ -GalNAc-Ser~ lr )  

3 

Pig i i re  5 : -- 
S t r u c t u r e  des  d i f f é r e n t s  t y p e s  de  g lycannes  de l ' é p i g l y c a n j n e  des  
c e l l u l e s  TA d ' a p r è s  CODINGTON e t  al. (80) .  Les  g lycannes  1 e t  2 

3 
s o n t  des  g lycannes  à longue c h a î n e ,  l e s  g lycannes  3 ,  4 e t  5 s o n t  d e s  
g lycannes  c o u r t s .  

L'emploi de l e c t i n e s  a  p a r f o i s  permis d ' é t u d i e r  l a  s t r u c t ü r e  d e  

c e r t a i n s  g l y c û p c p t i d e s  niembranaires. Le r ê c e p t e u r  d e  l a  l e c t i n e  d'ACgûri-7~s 

bisporus e s t  un d i s a c c h a r i d e  /3 -Gal- ( 1  + 3) -GalNAc + S e r i  n e  ( T h r é n n i n e )  

(PRESANT e t  KOWFE1,D :86 ). D'après  l ' é t u d e  dfOSA1JA de nombreuses l e c t i n e s  

mitogènes  s e  l i e n t  s u r  l e  cha înon  (Man) 3 - GlcNAc -..- GlcNAc (TOYOSHIYA 2 ;  ai, : 

8 7 )  mais c e s  é t u d e s  s o n t  r é a l i s é e s  p a r  c o m p é t i t i o n  avec  des  g l y c o p e p t i d e s  de 

s t r u c t u r e s  coanues c e  q u i  n e  c o n s t i t u e n t  pas  une p reuve  d i r e c t e  de l a  s t r u c -  

t u r e  des  glycannes  membranaires.  La f i x a t i o n  de g l y c o p e p ~ i d e s  meirhraqaires 

s u r  d e s  colonnes  de  l e c t i n e s  C n s o l u b i l i s é e s  a a b o u c i  ô l ' i s o l e m e n t  du r6ccr- 

t e u r  d e  l a  c o n  A des  c î l l u l c s  d e  1' hépatome de NOVJKOEF ou AS-30 D p a r  ;XE: E 

e t  al. ( 5 8 )  e t  ROJ3INSON e t  al. (39) .  Le r é c e p t e u r  de  l a  coi% A  a  & té  s61,'rC 

du r é c e p t e u r  de  l a  l e c t i n e  de Iiobin-ia pseudoücca~ia dans  l e s  c e l l d l e s  36po.-  

t i q u e s  norrrales e t  t u ~ n a r a l e s  (hépatome d e  Z a j d c l a )  p a r  D1!:Vhl"3 ct zOi~Kl?l%i-~3'; 

(9G) mais dans tous  c e s  c a s  aucurie s t r u c t u r e  n ' e s t  conniie. 



S i  aucune séquence n ' a  pu ê t r e  d i r e c t e m e n t  é t a b l i e ,  1 1 u ~ i l i ç 3 t i o n  

d e s  endo- p -N-acétylglucosarninidase H e t  D a  pe rmis  à l ' é q u i p e  drATKIN5CX 

d e  montrer  l a  p r é s e n c e  de  g l y c o p e p t i d e s  N-glycosidiques  de types  oligomanno- 

s i d i q u c  e t  de type N-acétyl  l a c t o s a m i n i q u e  dans  d e s  c e l l u l e s  humaines KI,-2 

(CECCARINI e t  al. : 91 ; IWRAMATSU e t  a l .  : 92 ) e t  dans l e s  c e l l u l e s  BMK 21  

p a r  l ' é q u i p e  de KOBATA (OGATA e t  al. : 9 3 ) .  Il f a u t  remarquer que corrurie dans 

l e  c a s  d e s  g a n g l i o s i d e s , d e s  groupenients d i s i a l o s y l :  a -Y-acétylneurarninyl- 

( 2  8) -N-acétylneurami n y l  o n t  é t é  t r o u v é s  dans  l e s  g l y c o p r o t é i n e s  menibra- 

n d i r e s  p a r  FINNE e t  al. ( 9 4 ) .  a 

3 - V a r i a t i o n s  de l a  composi t ion e t  de  l a  s t r u c t u r e  des  

&copro t é i n e s  membranaires 

Les v a r i a t i o n s  de l a  compos i t ion  e t  de l a  s t r u c t u r e  des  g lycn-  

p r o t é i n e s  d e  l a  rneiribrane plasmique s o n t  l e  témoin d e  l a  v i e  s o c i a l e  dp l a  

c e l l u l e .  C e s  v a r i a t i o n s  s o n t  de d i f f é r e n t s  o r d r e s  : v a r i a t i o n  de l a  s i a l y -  

lation, d i s p a r i t i o n  o u  a p p a r i t i o n  de  g l y c o p r o t é i n e s ,  changement dc? type de 

glycannes  . 
de  l a  s i a l y l a t i o n  d e s  g l y c o p r o t é i n e s  membranaires 

dans l e s  c e l l u l e s  t r a n f o r m é e s  semble ê t re  un phénomène g6nÉral  ( v ~  BEZK 

e t  aZ. : 95 ). Ce r é s u l t a t  e s t  montré p a r  des  e x p é r i e n c e s  de tamisage malt;- 

c u l a i r e  d e s  : lycopêpt ldes  meinbranaires r é a l i s é e s  selon l a  méthode cie i.:LziL~~t~ 

e t  al. (96) q u i  mont ren t  que p a r  r a p p o r t  à des  c e l l u l e s  nurinales,  les g i y c o -  

p e p t i d e s  des  c e l l u l e s  t r ans formées  c o n t i e n n e n t  un e x c t s  cifacide s ia l ique .  

C e t t e  r i c h e s s e  en a c i d e  s i a l i q u e  e s t  p r o p o r t i c n n e l l e  ,?j l a  c a p a c i t é  drjr.diii,-- 

des tumeurs chez l ' a n i m a l  d ' a p r è s  l e s  t r a v a u x  d e  GLTCI: et al. (97,  9 8 ) .  

Une f a m i l l e  d e  g l y c o p r o t é i n e s  i s o l  é e  du f i b r o b l a s t e  senh l  e éga- 

lement être en r e l a t i o n  avec  l a  t r a n s f o r m a t i o n  n é o p l a s i q u e  : i l  s ' a g i r  de 

l a  CSP également i s o l é e  sous  l e  nom de  "LETS p r o t e i n "  ou de " g a l a c t o p r o ~ e f n  

a". C e t t e  g l y c o p r o t é i n e  possède  l e s  p a r t i c u l a r i t é s  s u i v a n t e s  : c ' e s t  l a  çl y- 

c o p r o t é i n e  majeure d e  l a  membrane des  f i b r o b l a s t e s  comme 1 ' o n t  démcntre  YÂ '::PN 

e t  WCSTON ( 9 9 ) ,  e l l e  e s t  f o r t e m e n t  niarquge p a r  des  procédés  de marquage 

spGcif i q u e  des p r o t é i n e s  e t  d e s  g l y c o p r o t é i n e s  mernbrannires (marquage 2 l'iode 

c a t a l y s é  p a r  l a  l a c t o p e r o x y d a s e  e t  marquage du g a l a c t o s e  à l ' a i d e  d e  la. 

g a l a c t o s e  oxydase) s e l o n  l e s  t r a v a u x  de HYNES e t  IiU1IPHRYES (1001 e t  de,;.':!'îi),FI,c 

e t  HAKOIIORI (101), s o n  t a u x  diminile 011 e l l e  d i s p a r a î t  a p r è s  transl 'orri)ati?!i 

par  des v i r u s  oncogéniqueç (TJiltITSI e t  RI~OSLAIITI : 102 J BUKRT3GE : 193 ; 

KïNi:S : 104 ) , a j o u t é e  au m i l  ici1 cis c k ~ l t u r e  e l l e  r e ç  t a u r e  1 a  rr,ol-p!iolog?.? 



normale, l ' adhés ion  e t  l ' i n h i b i t i o n  dc c o n t a c t  s u r  des  f i b r o b l a s t e s  t rons- 

formés (YAIII1DA e t  a l .  : 105 j, e l l e  est: rapidement dé t r i i i t e  pa r  1-es p r o ~ é 3 s e ç  

e t  augmente quand l a  ciiltuire a r r i v e  à confluence (GAEMBERG el- al .  : 106 ) .  

Ces p r o p r i é t é s  s o n t  d é t a i l l é e s  dans l a  revue généra le  de YhvADA e t  PASTAS 

(107). De p lus  l a  présence de l a  "ga l ac top ro té inea '8âns  l a  membrane dépend 

de l a  phase où s e  t rouve l a  c e l l u l e  dans l e  cyc le  c e l l u l a i r e ,  c e t t e  giy-- 

copro te ine  a p p a r a î t  en phase G corne l ' o n t  montré GAEIMBERG e t  HAKOLIGRI 1 
(108 ) . 

Des v a r i a t i o n s  dans l a  n a t u r e  des glycannes s o n t  no tées  e n  i c :~c -  

t j o n  de l a  c ro i s sance  de l a  c e l l u l e  : l a  membrane de c e l l u l e s  en r n u l t i p l i c s a : i c ;  

s e r a i t  e n r i c h i e  en glycannes de type 01igo~nannosldiqiic.- par  r appor t  aux 

c e l l u l e s  en  repos où l e  type N-acétyl lactosaminiqile prédominerai t  (CZCCAliIXl 

et a l .  : 109 ; h ï A T S U  e t  a l .  : 110 ) .  Récemment p a r  des méthodes immuno-- 

log iques ,  des  g lycopro té ines  possédant des  glycannes analogues 2 ceux des 

gangl ios ides  : l e s  G E l  gang l i cp ro t é ines ,  ou à ceux des globosidcs : l e s  

globoprotéines o n t  é t é  t rouvées par  TONEGAWA e t  HAKONORI ( 1  1 1 ) .  ],es 

gangl iopro té ines  s e r a i e n t  dépendantes de l a  t ransformat ion  c e l l u l a i r e .  

C - LES PROTEOGLYCmNES 

Les pï-otéoglycannes appelés  également mucopolysaccharideç ou 

glycoarninoglycannes s o n t  des g lycopro té ines  (sauf  pour l ' a c i d e  hya l l~ rn2 iqxe )  

c a r a c t é r i s é e s  pa r  l e  f a i t  que l e s  glycannes l i n é a i r e s  son t  f o r ~ , é s  pa r  des  

enchaZnements d ' u n i t é s  d i sacchar id iques  : ac ide  uronique-(1 + 3)-3-acyl 

osamine unies  l e s  unes aux a u t r e s  par  une l i a i s o n  E-acyl osamine-(1 " 5)- 

ac ide  uronique. Ces molécules peuvent ê t r e  O-ou N-sulfatées  e t  p r e s e n t c n t  une 

t r è s  f o r t e  microhétérogénéi té .  Le po in t  d ' a t t a c h e  avec 13 p r o t é i n e  s e  f z i ~  

pa r  l ' i n t e r m é d i a i r e  d'une l i a i s o n  e n t r e  l e  xy lose  e r  l a  s é r i n e .  

1 - S t r u c t u r e  des protéoglyccr-rzies menibrauni-res ----- 
L e  t a b l e a u  L I 1  montre l a  s t r u c t u r e  des protéoglycatmes trcilvGs 

dans l e s  membranes plasmiques. La présence d 'héparane s u l f a t e  a é t é  montr2e 

par  KXAET'ER (1 1 2 )  dans des c u l t u r e s  de c e l l u l e s  de Hamster Chinois ! C ! I O ) ,  

c e t t e  mêrce molécule a  é t é  re t rouvée  avec de l ' a c i d e  hyaluroniqiie dans d e s  

cel1i:les de r e i n  de s inge  v e r t  (GLK) norrlales e t  trt?nsfortnées p a r  l e  SY 10 

pa r  MAKITA e t  SHINOJO (113) .  La nasse  n o l é c u l a i r e  de l 'héparane  s u l f a t i  

nlembranaire e s t  d ' envi ron  135 OOC drlltoriç (Kr:,Whfl:R t. t SIlJiT : 1 I L  ) . 
1, 'hydrolysc p r o n ~ s l q u e  Lie mtir-hr nnes d 'ki t -pato~e ai;c i cLqi~e 

AH 130 FN l i b è r e  du chorl î i roï t i i~e s i i i fn t e  A (T4U'J'SH e t  ai,. : 115 ) ,  q v i  z P ! E  





également  p u r i f i é  à p a r t i r  de  c e l l u l e s  de mélanome de s o u r i s  B 1 6  p a r  

BHAIJANANDAN e t  DAVIDSON ( 1  16 ) .  A p a r t i r  d e  membranes synapCoson~ales e t  de 

myélirie SIMPSON e t  al. (117) one i s o l é  o u t r e  de  l ' a c i d e  h y u l u r o n i q u e ,  1 x 2  

g l y c o p r o t é i n e  s u l f a t é e  possadan t  du manr~use e t  s e  d i s t i n g u a n t  p a r  s e s  para- 

mèt res  physicochimiques  des  p r o t ~ o g l y c a n n e s  a c t u e l l e m e n t  connus.  

2 - V a r i a t i o n s  de  l a  c o n p o s i t i o n  e n  p ro téog lycannes  -- 
Comme dans  l e  c a s  des  g l y c o l i p i d e s  e t  des  g l y c o p r o t é i n e s  l a  

n a t u r e  e t  l a  q u a n t i t é  des  p r o t é o g l y c a n n e s  membrala i res  v a r i e n t  l o r s  de  l a  

t r a n s f o r m a t i o n  c e l l u l a i r e .  La t r a n s f o r m a t i o n  v i r a l  P r é d u i t  l a  q u a n t i t é  de 

p r o t é o g l y c a n n e s  à l a  s u r f a c e  des c e l l u l e s  comme il a étC montré  pour  l e s  

c e l l u l e s  313 a p r è s  t r a n s f o r m a t i o n  p a r  l e  SV (SV 3T3) (ROR1,I.N ef  al. : 118 ; 4 O 
COIIN e t  al. : 119 ). D ' a u t r e  p a r t  l a  n a t u r e  de c e s  glycocor i jug~iss  se i ih le  

ê t r e  m o d i f i é e  en  p a r t i c u l i e r  l ' h é p a r a n e  s u l f a t e  des  c e l l u l e s  SV 3T3 semble 

posséder  p l u s  de  charges  que l ' h é p a r a n e  s u l f a t e  des  c e l l u l e s  3T3 n o r a z l e s  

(UNDERKILL e t  KELLER : 120 ) . 
L o r s  d ' é t u d e s  s u r  des  c u l t u r e s  d e  c e l l u l e s  COKN e t  a l .  ( 1 2 ! )  o n t  

montré qu ' à  f o r t e  d e i l s i t é  c e l l u l  a i r e ,  on observe  une nugmenfatioiz d ~ i  t a u x  

de c h o n c h o ï t i n e - 6 - s u l f a t e  e t  d 'héyarane  s ~ i l f a t e  e t  uliz d i m i n u t i o n  de  l ' a c i d e  

hya lu ron ique .  

II - LE ROLE DES GLYCOCONJUGUES DE LA SURFACE CELLULAIRE -. -- 
A ---- 

Rien  que c e s  composés s o i e n t  en q u a n t i t C  nilneure à l n  s u r f a c e  

de l a  c e l l u l e ,  l e s  g lycoconjugués  o n t  p a r  l e u r  g lycanse  d e s  r ô l e s  S i o l o ~ i q u e ç  

extrêmement i m p o r t a n t s .  Toüs c e s  r ô l e s  o n t  un p o i n t  c o m u n  : l e s  g l y ç a n L ~ e s  -- -- 

s o n t  des  5- s i o n a u x  dc r e c o n n a i s s a n c e .  Ce r ô l e  g é n é r a l  que peuven t  J o u e r  i e s  

g lycannes  a é t é  t o u t  d ' a b o r d  suggéré  p a r  1211NERBURX e t  PiIE1,PS ( ; 2 ? )  pour  q u i  

" l e s  g l y c o p r o t é i n e s  s o n t  synthétisées p a r  des  c e l l u l e s  pour  des e e l l u l r s "  

pour c e s  a u t e u r s  une glycoprot6inesynthStisée p a r  une c e l l u l e  reconnay t  s a  

c e l l u l e  c i b l e  g r â c e  à son  glycanne.  Nous env i sagerons  dans c c  c h a p i t r e  l e  

phénomène i n v e r s e  où c e  s o n t  l e s  g lycannes  d e s  g1yco:onjugués n e ~ ~ i b r â ~ z i i - o ç  

q u i  r e c o n n a i s s e n t  s o i t  des  molécu les  s o l u b l e s , s o i t  d ' a u t r e s  c e l l u l e s .  Dans 

c e  c a s  c e  s o n t  e n  g é n é r a l  l e s  monosacchar ides  e x t e r n e s  q u i  i i - r t e rv ienncn t  po:i~- 

coder  l e  s i g n a l .  



A - LES GI,Y COCON JUGES PEPBRPPNATRES EN TANT QTJE DETEXPU TLTANI'S -- ---- 
ANTIGENIQUES - 
1 - Déterminaii ts  a i i t i g é n i  qiics p o r t é s  p a r  1 e s  g lyco l  i p i d e s  ----------- 
Gn c o n n a î t  t r è s  b i e n  à l ' h e u r e  a c t u e l l e  les  dé te rminan ts  a~lel :5i~i-  

ques du  systeme de groupe s a n g u i n  A, E ,  O. Les s t r u c t u r e s  d é t a i l l e e s  o n t  5tG 

é l u c i d é e s  g r â c e  à des g l y c o p r o t é i n e s  de  s e c r é t i o n  p o s s é d a n t  les a c t i v i t é s  

ABO, l e s  s t r u c t u r e s  o n t  é t é  résumées d ' a p r è s  l e s  r e v u e s  g é n é r a l e s  d e  KATXISS 

(123) e t  de  GlNSRURG ( 1 2 4 )  dans  l e  t a b l e a u  I V .  A c a u s e  des  d i x f i c u l t é s  d ' ex-  

t r a c t i o n  e t  du f a i b l e  rendement c e  n ' e s c  que p l u s  t a r d  que l e s  glycosphin2,o- 

l i p i d e s  à a c t i v i t é  AB0 o n t  été i s o l é s  de l a  membrane d 'hémat ie  hu~iîaine.  T c .  

développement d e s  t echn iques  d ' é t u d e  de l a  s t r u c t u r e  (n ié thy la t ion ,  s p e c t r o -  

m é t r i e  d e  masse) a  permis d e  r e t r o u v e r  c e s  s t r u c t u r e s  dans l e s  g l y c o ? i ~ F d e s  
) 

à a c t i v i t é  O {dé te rminan t  H) , A (KOSCIELAK e.t al. : 128 ; IIANFZANB : 129 ) . 
C ' e s t  uniquement l e s  s u c r e s  t e rminaux  q u i  c o n f è r e n t  à l a  n1~1Gcülc s e s  pro--  

p r i é t é s  an t igé r i iques  : r é s i d u  û -L-fucosyl pour  l e  d é t e r m i n a n t  H ,  auqukl 

s ' a j o u t e  s o i t  l e  r é s i d u  a-D-Nacétylgalactosaminyl pour  l e  dé te rminan t  A ou 

l e  rés idu@-D-Galac tosy l  pour  l e  d é t e r m i n a n t  B.  L ' u t i l i s a t i o n  d ' e x a g l y c î s i -  

dase  ( @ - g a l a c t o s i d a s e  d e  g r a i n  d e  café) perrriet d e  f a i  re d i ç p a r a ' i t r e  1' zc.- 

t i v i t é  B à l a  s u r f a c e  des  h é m a t i e s  t r a i t é e s  p a r  l'eilzyiris. conme l ' a  nioilt--ré 

l ' é q u i p e  de  SHARON (HARPAZ e t  a l .  :130 ) ,  c e  type  d ' e x p é r i e n c e  p e r a e t  d e  

c a l c u l e r  l e  nombre de s i t e s  a n t i g é n i q u e s  q u i  s e r a i t  d e  2 $ 2  l o 6 s i t e s  p a r  ce3 - 
l u l e s  e t  conf i rme l a  p o s i t i o n  e x t e r n e  des dé te rminonts  a n t i g é n i q u e s .  

Les  a n t i g è n e s  du système Lewis (Le a e t  Le h )  s o n t  égalercent: d e  

n a t u r e  g l y c ~ s ~ h i n g o l i p i d i q u e .  Les  s t r u c t u r e s  des déter i l i inants  os'; C t 6  tit-udlC:.r 

dans l e s  merrlhranes des h e n a t i e s  e t  dans 1 e s  tumeurs I-iuniaines p2r. IIi~?J>!ORi: 

e t  STR.YCHAW (!31) e t  HhKQ$lORI e t  bZJDREL:'L: ( 1 3 2 )  e t  v = a t  résumGs dzns !c 

t a b l e a u  I V .  Hais  c e s  a n t i g è n e s  s o n t  c a p t é s  p a r  l ' h é n i a t i e  à p a r t i r  des  l i2o-  

p r o t é i n e s  s é r i q u e s  e t  peuvent  donc ê t r e  cor is idér5es  cornne des  a n t i g h c s  ex- 

t r i n s è q t i e s  (MARCUS e t  CASS : 133 ) .  

Le système de  groupe s a n g u i n  P chez l ' h o ~ ~ ~ n ~ e  possède C i o i s  ant-i - 
K 

gznes P l ,  P  e t  P  q u i  s o n t  por tCs  p a r  des  glÿcolipic!es : cérairiide tri!i'-_;;oç?' 

pour  pK,  g l o b o s i d e  pour P e t  céramide p e n t a s n c c h a r i d e  pour  P l  (?<AIRI e t  

I4hRCUS :134 ) .  Ces s t r u c t u r e s  s o n t  r e p r é s e n t é e s  dans l e  t a b l e a u  i ,  p .  7 .  

Ui, g l y c o l i p i d e  à a c t i v i t é  de groupe s a n g u i n  i a égnleiiiezt ? C G  

i s o l é  p a r  C-ARZY,Ç (135) e t  une p r e m i è r e  h y s o t h ? s t  c o a c ê r n a n t  l a  s t r u c t L ? r e  d~ 

d é t e r m i n a n t  antiggniquc? a  é t é  fo rmulée ,  e l l e  e s t  r t p r 6 s e r i l c c  dans l e  t û i s - ~ ~ ~ i  

I V .  



Déterminants anzigéniques du système AB0 dlaprSs WATRINS (125). 

Chaîne de type 1 ~ c t  ivité Chaîne de type 2 

~ a l ~ y  GlcNAc 7 R O 
b 1 , 2  

Fuc 

G ~ ~ N A C  Q 3 ~ a l  pp G~CNAC - R A 
4 0 192 

Fuc 

a 1,3 
Gal --  al':' GloNAc - R 

4 
Fu c 

ûai ~ L ~ G I ~ N A ~  - R 
4 a 1,2 

Fuc 

a13 714 
GalNAc 2 Gal '--'.G!cNAc - a 

40192 
Flac 

Déterminants antigéniques du systkme Déterminants antig6nique I d'aprzs 
Lewis d '  après HILKOFORI e t  STRYCHARD G A P S î S  (127). 
( 1 2 6 ) .  

192 Fuc - Ga1 '2: GlcNAc 

~ c t i v i t e  k 
14 

G ~ \ ' ~ ? - G I C N A C  + R GzI - GicNkc -* E( 



2 - Déterminar i ts  a n t i g é n i q u e s  p o r t é s  p a r  l e s  g l y c o p r o t s i n t i s  

La p r g s e n c e  de  d é t e r m i n a n t s  A30 dans  l e s  g l y c o p r o t é i n e s  d e  l a  

membrane d 'hémat ie  a  é t é  longtemps c o n t e s t é e ,  il semble p o u r t a n t  qüe plu--  

s i e u r s  a u t e u r s  o n t  i s o l é  de  t e l l e s  molécu les  (ANSTEE e t  TANNER : ! 3 6  ; ! 37 ) 

Les d é t e r m i n a n t s  n e  s e r a i e n t  p a s  p o r t é s  p a r  une s e u l e  g l y c o p r o t é i n e  mais  

p a r  t r o i s  groupes d e  g l y c o p r o t é i n e s  é r y t h r o c y t a i r e s  PAS-1, PAS-2, PAS-3 

q u i  p o r t e r a i e n t  uniquement l e s  dé te rminan ts  de  t y p e  2.  

La g l y c o p r o t é i n e  majeure de  l ' h é ~ a t i e  humaine : l a  g l y c o p h o r i n e  

p o r t e  les  d é t e r m i n a n t s  14 e t  N q u i  c o n s t i t u e n t  l e  second système majeur  de  

groupe sanguin ( v o i r  l a  r evue  g é n é r a l e  d e  WINZLER 135) .  Les sEquences 

o l i g o s a c c h a r i d i q u e s  s o n t ,  là e n c o r s ,  r e s p o n s a b l e s  d e  l ' a c t i v i t é  a n t i g 6 n i q v e .  

Il s ' a g i t  de g lycannes  l i é s  2 l a  p r o t é i n e  p a r  des  l i a i s o n s  de type 0-gly- 

c o s i d i q u e .  Ces a n t i g è n e s  s o n t  f a c i l e m e n t  l i b é r é s  de l a  c e l l u l e  p a r  1-es 

enzymes p r o t é o l y t i q u e s  (COOK e t  EYLAR : 139 ). Le t a b l e a u  montre l a  s t r u c -  

t u r e  p r o b a b l e  de c e s  a n t i g è n e s  d ' a p r è s  SFRINGER e t  al. (142.). D 'après  c e t  

a u t e u r  l e  dé te rminan t  M e s t  ob tenu  p a r  s i a l y l a t i o n  du d é t e r m i n a n t  N .  Cer- 

t a i n s  r é s u l t a t s  t e n d e n t  p o u r t a n t  à prouver  que des  g l y c » p r o t é i n e s  d i f f é r e n t e s  
4 

p o r t e n t  l e s  a c t i v i t E s  N e t  M (WASNIOWSK4 c t  DRZENIEK : 143 ) . 
L ' a c t i v i t é  d e  groupe 1 e s t  également  r e t r o u v é e  s u r  l e s  g lyco-  

p r o t é i n e s  de l a  membrane de  l ' h é m a t i e  (EBERT e t  al. : 144 ) e t  l e s  détermir iants  

s o n t  p o r t é s  p a r  d e s  c h a î n e s  o l i g o s a c c h a r i d i q u e s  de  type  N-glycosidique,  11 

semble q u e  c e t t e  g l y c o p r o t é i n e  q u i  p o r t e  les d é t e r m i n m t s  1 s o i t  d i f f o r e n t e  

de l a  g lycophor ine .  

D e  nombreux a n t i g e n e s  membranaires s o n t  de  n a t u r e  g l y c o p r o t é i q u e  

p a r  exemFle l e s  a n t i g è n e s  d ' h i s t o c o m p a t i b i l i t é  parmi l e s q u e l s  l c s  anti ; '  eï~r?s 

du système H-2 chez  l a  s o u r i s  ( v o i r  l e s  t r a v a u x  de  NATHENÇON e t  CIJTJLF:?: 1 4 5 ) .  

Une s t r u c t u r e  h y p o t h é t i q u e  du glycanne e s t  r e p r é s e n t é e  dans l e  t a b l e a u  Y, 

mais il semble que,  dans  c e  c a s ,  l e  g lycanne n e  possède  pas  l ' a c t i v i t é  H-2 .  

La n a t u r e  g lycopro té i -que  de p l i i s i e u r s  a n t i g è n e s  a  é t é  dénlontl-Ge. 

P a r  exemple l e s  g l y c o p r o t é i n e s  Thy-1 i s o l é e s  d e s  thymocytes e t  du ce rveau  

q u i  p o r t e n t  l e s  a n t i g è n e s  t h é t a  ( 6 )  sous  s e s  deux formes a l l é l i q r ~ e s  8 -XIZY 

e t  9 Cg-17 (BARCLAY e t  al. : 146 ) Les g l y c o p r o t é i n e s  gp 70 e t  gp 45 di! I ' e i i -  

veloppe v i r a l e  du  v i r u s  de  Rauscher  d e  l a  l eucémie  murine  (:fuLV) o n t  Cté 

i s o l é e s  p a r  MARQUARDT e t  al. ( 1 4 7 ) ,  c e  q u i  a  permis  de r e t r o u v e r  c e s  a i t  ig'>;?ir c; 

g r â c e  à d e s  méthodes irrmunocl-iimiqiies à l a  s u r f a c e  d e  nombreuses ligneel: sc  

c e l l u l e s  murines normales  (CLOYD e t  al. : 143 ) e t  I r i f e c t é e s  p a r  des  i 7 - i : ~ ~ ~  

(CLOPD e t  0 2 .  : 149 ) . 



STRUCTURE DES GLYCANNES LI ES A DES GLYCOPROTE I NES MEf%RANAI RES 

POSSEnkNT UNE ACTIVITE ANTIGENIQUE DANS LES CELLULES EE WrJ41FERE 

Structure des déterminants antigéniques de groupe N et N, d'après 
SPRINGER et al. ( 1 4 C )  

Gûf 

(ou Ga! ), 9 

Structure hypothétique du glycanne des glycoprotéines H-2 d'après 
NATHENSON e t CULLEN ( 1 4 1 ) 

i 
Fuc -+ G I cTJAc 

1 .  



B - LES GLYCOCONJUGUES MEPIBMRAIR3S EN TANT QUE RECEPTEURS DE V I R E S  - ----- 
L ' a b s o r p t i o n  d 'un  v i r i l s  s u r  l a  membrane plasmique c o n s t i t u e  

l ' évènement  i n i t i a l  de  l a  r e n c o n t r e  e n t r e  l e  v i r i o n  e t  l a  c e l l u l e  h o t e .  

Les r é s i d u s  monosacchar idiques  t e rminaux  j o u e n t  un r ô l e  p r f p o n d é r a n t  dans  

la r e c o n n a i s s a n c e  des  v i r u s  avec l a  membrane c e l l u l a i r e .  Ce f a i t  a  p a r t i -  

c u l i è r e a e n t  b i e n  é t é  démontré pour  les myxovirus,  l e s  paramyxovirus  e t  l e s  

r é o v i r u s  . 
L ' i n t e r a c t i o n  des  myxovirus e t  d e s  paramyxovirus avec  les rnem- 

b raneç  c e l l u l a i r e s  s e  f a i t  p a r  l ' i n t e r m é d i a i r e  des r é s i d u s  s i a l y l  t e m i n i u x  

( v o i r  p a r  exemple GOTTSCHALK :150 ).  Les ana logues  à 8 e t  7  atomes d e  c a r -  

bone n e  s o n t  pas  c a p a b l e s  de f i x e r  l e  v i r u s  de  l ' i n f l u e n z a  (souche PR&) 

HUQIES (151) ,  t a n d i s  que l a  souche a s i a t i q u e  (A2) du même v i r i l s  n é c e s s l t z  

pour  s e  f i x e r  à l a  c e l l u l e ,  o u t r e  l e  r a d i c a l  t r i c a r b o n é  t e r m i n a l ,  l a  prt5sence 

du groupement O-acétyl  e n  p o s i t i o n  4 (PEPPER :152 ). La n a t u r e  de l a  s i s Io -  

g l y c o p r o t é i n e  membranaire q u i  joue l e  r ô l e  de  r é c e p t e u r  dépend de  ç a  rJc?Jesse 

e n  r é s i d u r  s i a l y l  . Dans l e  cas  du g l o b u l e  rouge ,  c ' e s t  ?a g l y c o p h o r i n e  rLui 

joue  l e  r ô l e  de r é c e p t e u r  comme 1 ' o n t  montré YCTI-IAig e t  al. (153). La ~ C G -  

p h o r i n e  e s t  également  l e  r é c e p t e u r  du v i r u s  d e  1 T encéptialomyocardi t e  (E:!C) 

(ENEGPSN e t  BURNESS :154 ). Les g a n g l i o s i d e s  semblent ê t re  impl iqués  den., 

l a  r econna j  s s a n c e  du v i r u s  ~ e n d a ï  comme l ' a  montré HAYWOOD (155 , 156 ) . i' ab- 

s o r p t i o n  du v i r u s  s u r  l a  membrane semble  d ' a i l l e u r s  décl-encber un résrrzn- 

gement des  g l y c o p r o t é i n e s  e t  des g l y c o l i p i d e s  de  l a  s u r f a c e  c e l l u l a i r e  

(AOYAGI e t  a l .  : 1 j 7  ) p e u t - ê t r e  e n  r e l a t i o n  a v e c  l e s  phénorriSnes de f u s ? c x  

membranai r e .  

L '  i n t é r a c t i o n  des  r é o v i r u s  avec  l e s  membranes é r p t h r o c y t a i  r z s  

n é c e s s i t e  l a  p r é s e n c e  d 'un  r é s i d u  N - a c é t y l ~ l u c o s a m i n y l  dans  l e  r é c e p t e b r  

membranaire (GELD e t  LERNER : 153 ) .  

Le r é c e p t e u r  de  l ' a d é n o v i r u s  (Tyne 2 )  des c e l l u l e s  KB a é t6  

i s o l é  p a r  p l u s i e u r s  équj-pes e n  p a r t i c u l i e r  p a r  îEASEE e t  ai. (153) et. 

HENXACHE e t  BOULAXGER (160) mais daris c e  c a z ,  b i e n  que l e  r é c e p t e u r  s o i t  u n e  

g l y c o p r o t é i n e ,  l a  p a r t i e  g lycann ique  n e  semble pas  di recte iner i t  irripliqi-5c dans  

l a  r e c o n n a i s s a n c e  du v i r u s  p a r  l a  c e l l u l e .  

C - LES GLYCOCONJITGUES 1.EEiKIiiLYAIRES 175 TANT QEE KECTPTI-TJR CC >!3T.E3iT-?lÇ ---------- ---.- --- - -" 
SOLUELE S  

L e s  glycocon jugi.iés mecibranaires peiivent également  ê t r e  d e r  rE-. 

cep t e u r s  pour  d e s  noléc .ules  s o l u b l e s  ( tûxj .ncs,  iiorr,::zieç, a s i a l o g l y c o p ~ o  tG.i~>is) , 



Nous pouvons c l a s s e r  l e s  évènements que déclenche l a  formation du conplexe 

récepteur-- l igand e n  deux cû tégor i e s  s e l o n  l ' i n t e r v e n t i o n  ou non des ncc?éo- 

t i d e s  cyc l iques  ( en  p a r t i c u l i z r  de llAMPcyclique) dans l a  réponse c e l l u i a i r e .  

En e f f e t ,  c e r t a i n s  r écep teu r s  s o n t  couplés  à l ' adény lcyc la se ,  c ' es t -à -d i re  

que l a  reconnaissance du r écep teu r  pa r  l e  l i gand  condui t  à une augmentation 

de l ' a c t i v i t é  adényl-cyclasique, donc à une augmentation du taux i n t r a c e l -  

l u l a i r e  dlN\?Pc. D 'au t res  r écep teu r s  conduiserit ,  après  l a  f i x a t i o n  avec Leui 

l igand s p é c i f i q u e ,  à des phénomènes biochimi.qiies où 1' AMPc n '  i n t e r v i e i ! ~  

pas d i rec tement .  Nous é tud ie rons  successivement ces deux types de réceptru:cs. 

1 - Les r écep teu r s  couplés  à 1' adényl-cyclase 

Parmi ces  r écep teu r s  nous d is t inguerons  l e s  r écep teu r s  de tox ines  

e t  l e s  r écep teu r s  hormonaux. 

a  - Les r é ç e ~ t e u r s  de toxines.  En 1971 VAN BEPNINGEN c ;  al. ------------ ----- -mm-------- 

(161) montrent que l e s  gang l io s ides  i s o l é s  de cerveaux s e  l i e n t  à l ' e n t e r c -  

toxine du iTq3rio choZerae. C ' e s t  en  1473 que %ThTRi?CkSkS a i d e n t i f i é  l e  

r écep teu r  au gang1iosi.de GM1 (162).  D'une p a r t  une bonne c o r r é l a t i o n  s s t  

notée e n t r e  l a  t eneu r  des membranes plasmiques en Gd e t  l a  réponse à l a  1 
toxine  (HOCLENBERG e t  al. : 163 ) . D'au t r e  p a r t ,  1' inco rpora t ion  de GY, , dsxs 

L 

des c e l l u l e s  ne possédant  pas ce ganglicsi .de ( f i b r o b l a s t e  de soi i r is  X L i Z  

207 1 )  i n d u i t  une réponse à l a  t ox ine  (XOSS e t  al. : 164 ) , La f i x a t i o n  de I r  

toxine s u r  l e  r écep teu r  conduit  à une a c t i v a t i o n  de l lader ,y l -cyc lase  773crt- 

b r a n a i r e  dans un grand nombre de t i s s u s  (FIELD : 165 ; FM1K.S : 166 ), xais 

a u s s i  à une modi f ica t ion  de l a  pe rméab i l i t é  membranaire (PIOSS e t  al. : iG7)e t  ; 

une r e d i s t r i b u t i o n  des s i a l o g l y c o l i p i d e s  (SEDLACEK ?t al. : 168). 

Les gang l io s ides  s e  f i x e n t  également s u r  l a  t ox ine  té tan iqut )  

(VAN I-IEYNIKGEN e t  MILLER : 169 ) ,  mais dans ce cas  l e  gang l io s ide  l e  p lus  

a c t i f  s e  rCvèle ê t r e  l e  GDlb (VAN HEYNINGEN : 170 ). 

- Les r écep teu r s  hormonaux. On s a i t  au jourd 'ku i  apres les b - - , - - - , - - - - - - - - - - - - - - - - - - - 
travaux de SUTHERLh?D que l e s  horinones polypept idiques n ' e n t r e n t  pas dans  IF< 

c e l l u l e  c i b l e .  L'hormone s e  f i x e  à Sun r6cepteur  membranaire e t  l e  m C : s c g ?  

hormonal e s t  t r snsmis  à l a  machinerie  c e l l u l a i r e  par  un 2èmc messzgeî : 

l ' M P c  (SUTHERLAND e t  ROBTSON : 1 7 1  ) .  

Les t ravaux de CUATPXCASAS (172) ont. a o ~ t r 6  cluc l e s  r C ~ & ; t i  'tlrc, 

hépa tocy ta i r e s  e t  ad ipocy ta i r e s  de l ' i i i ç u l i n e  s o n t  des glycc.~rotCir . :  5 --Y- 

b r a n a l r e s  qu i  peuvent ê t r e  s o ~ u b i l i s Z ~ ~ s  p a r  L 'act ion d e  dGtcrgencç r i .  -!; ! : 





D ' a u t r e s  s u b s t a n c e s  non hormonales a g i s s e n t  également p a r  1 ' i ~ i -  

t e r m é d i a i r e  d 'un r e c e p t e u r  g l y c o p r o t é i q u e .  Le f a c t e u r  lymphocyta i re  qui  

i n h i b e  1 a  m i g r a t i o n  des  macrophages (MW) s e  f i x e  s u r  l a  membrane du nacru- 

phage s u r  un r é c e p t e u r  f u c o s y l é  (RELIOLD : 184 ).  Le r é ç i d u a - L - f u c o s e  joue  

un rôle impor tan t  dans l a  f i x a t i o n .  Dans c e  c a s  on i g n o r e  s i  l a  f i x a t i o n  

du ~ ~ ~ , ' z a t e u r  a b o u t i t  à l ' a c t i v a t i o n  de  l ' a d é n y l  c y c l a s e .  

2 - Les r é c e p t e u r s  non coup lés  à I ' a d é n y l  c y c l a s e  ----- -"?- 

C e r t a i n e s  molécu les  possèden t  un r é c e p t e u r  membranaire, mnis  

l a  f o r m a t i o n  du complexe r é c e p t e u r - l i g a n d  d é c l e n c h e  des  phénomènes a u t r e s  

que ceux n i r t t a n t  e n  j e u  1'AIIIPc p a r  exemple l a  phagocytose  ou l a  p é n é ~ r a t ; o n  

d ' i o n s .  Nous é t u d i e r o n s  success ivement  c e s  deux t y p e s  de r é a c t i o n s  : d t o 3 0 r d  

l e  c a s  où l e  complexe r é c e p t e u r - l i g a n d  c o n d u i t  à l a  phagocytose  ou picocy-  

t o s e  de molécu les ,  phénomène mis e n  év idence  p a r  ASHiELI,, p u i s  l e  c a s  où I e  

complexe r é c e p t e u r - l i g a n d  c o n d u i t  à l a  p é n é t r a t i o n  d ' i o n s  dans l a  c e l l u l e .  

a - Les g l y c o p r o t é i n e s  d E s i a l y l é e s  i n j e c t é e s  3 des  maimlif?reç 

d i s p a r a i s s e n t  t r è s  v i t e  d e  l a  c i rc l - i l a t ion .  Ce mécanis!re a  é t é  décoi 'ver t  p a r  

l ' é q u i p e  dlASHWELL en  1970 (VAN DEN HAI-ES ct a l .  : 185 ; MORELL e t  21. : : 8 6  ) . 
Le mécanisme p e u t  s e  résumer  d e  l a  manière  s u i v a n t e  : 1 - les a s i a l o g l y c o -  

p r o t é i n e s  s o n t  reconnues  p a r  l e  f o i e  e t  c a t a b c l i s é e s  p a r  les lysosomes ; 

2 - l e  s i g n a l  de r e c o n n a i s s a n c e  d e  l a  g l y c o p r o c é i n e  e s t  l e  rGsidu ~ a l a : . t o ~ j l  

démasqué p a r  l a  d é ~ i a l ~ l a t i o n  ; 3 - c e t t e  c l e a r a n c e  est- un phê:iomèn~ d c  t o u t  

ou  r i e n .  En e f f e t  s i  2 d e s  1 0  a c i d e s  s i a l i q u e s  d e  l a  cé ru léop losmine  s o n t  

d é t a c h é s ,  l a  molécule  d i s p a r a î t  rapidement  de l a  c i r c u l a t i o t i  ; 4 - l e  rex-  

p lacement  des  a c i d e s  s i a l i q u e s  manquan ts res taure  l a  durée  de v i e  r~or:r)ale dans 

l e  sérum ; 5 - c e  r é c e p t e u r  p r é s e n t  s u r  l e s  membranes h ~ p ~ ' - ~ c ~ t a i ~ ~ s e s t  111lr- 

g l y c o p r o t é i n e  e t  s a  s i a l y l a t i o n  e s t  n é c e s s a i r e  à l a  r e ~ o i m a i s s a n c e  { v o i r  ?es  

revues  g é n é r a l e s  de ASHWELL e t  MOWLL (117 ,185 ) ) .  La s t r u c t u r e  des  deux 

g lycannes  des deux s o u s - u n i t é s  du r é c e p t e u r  e s t  indiquCc dans  l a  F i g u r e  4 .  Lc 

r é c e p t e u r  a  é t é  également  i s o l é  chez l e s  Oiseaux  où uii systCme a n z l o ; ; ~ : ~  

e x i s t e ,  mais l e  s i g n a l  de  r e c o n n a i s s a n c e  e s t ,  dans  ce  c ' is ,  l a  N-acEty?gluco-- 

samine (LU:nTi7Y e t  ASMLTELL : 139 ) . Ce r ê c e p t e u r ,  e n  p l u s  de s a  f o n c t i o - L  d ' é -  

p u r a t i o n  des  a s l d l o g l y c o p r o t é i n e s ,  s e r a i t  c a p a b l e  d e  f i x e r  des  c e l l u l e s  c2.r c 

l e s  hémat ies .  En e f f e t  i l  a  é t é  mantré  p a r  JA:LTCLI< e t  SCIIACER ( l ? C )  q~ic: :e 

t a u x  d ' a c i d e  s i a l i q u e  dé  t e r m i n e  l a  durée  de  v i e  d e  c e s  c e l l i ~ l e s .  t r n n s f d -  

s i o n  d ' é r y t - h r o c y t e s  a u t o l o g u e s  p a r t i e l l e ~ e n t  d l s i a i  y l S s  montre quc ces ce! ! it - 
l e s  d i s p a r a i s s e n t  rapidement  de l a  c i r c c i z t i o n  e t  s ' a c c u ~ ~ ~ ~ l c n t  &.ns 1* -?Je 

oli ils s o n t  d ê t r u i  ts. 



Un systèiiie i d e n t i q u e  à c e l u i  du f o i e  semble e x i s t e r  pour  l e s  

enzymes lysosomiaux. En e f f e t  HICKYAN e t  NEIFELD (19 1 ) o n t  p roposé  une 

hypothèse  a t t r a y a n t e  s u r  l ' o r i g i n e  d e s  enzymes lysosomiaux : c e s  enzymes 

de  n a t u r e  g l y c o p r o t é i q u e  s e r a i e n t  s e c r é t é s  p a r  des  c e l l u l e s  e t  reconnus 

p a r  l a  membrane d ' a u t r e s  c e l l u l e s .  La r e c o n n a i s s a n c e  enzyme-membrane dé- 

c l e n c h e r a i t  une phagocytose  c o n d u i s a n t  a u  s t o c k a g e  de  c e s  enzymes dans  l e s  

lysosomes. Des enzymes comme l a  P - glucuronidas ,e , la  p - g a l a c t o s i d a s e ,  l a  

P-N-acétylglucosaminidase l y s o s o m i a l e s ,  i n j e c t é e s  à d e s  r a t s  d i s p a r a i s s e n t  

rapidement  de l a  c i r c u l a t i o n  (STAHI, e t  al. :192 ) .  S e u l e  l ' i n j e c t i o n  s i r ru?-  

t anée  d ' a s i a l o o r o s o m u c u ï d e  augmente l e  temps de  s u r v i e  c e  q u i  

suggère  que l a  r e c o n n a i s s a n c e  s e  f a s s e  p a r  l ' i n t e r i n é d i a i r e  des  r é s i d u s  N- 

a c é t y l g l u c o s a m i n y l .  Dans c e  système proche de  c e l u i  d'ASRhTELL on n e  possède  

aucune i n f o r m a t i o n  s u r  l a  n a t u r e  du r é c e p t e u r .  

Dans c e r t a i n s  c a s ,  l a  l i a i s o n  r é c e p t e u r - l i g a n d  i n d u i t  l a  péris- 

t r a t i o n  d ' i o n s  dans l a  c e l l u l e  r é c e p t r i c - c .  En p a r t i c u l i e r ,  l a  t r a n s f c r r l n e  

possède un s i t e  r é c e p t e u r  s u r  l e  r é t i c u l o c y t e ,  c e t t e  g l y c o p r o t e i n e  permet  

l ' a p p o r t  du f e r  n é c e s s a i r e  à l a  b i o s y n t h è s e  de  1'hCmoglobine. L e  récepueur  

a é t é  i s o l é  p a r  LEIBMAN e t  AISEN (193 ). Il s ' a g i t  d 'un complexe glycopro-  

t é i q u e  formé p a r  l a  combinaison de deux s o u s - m i t é s  de masse m o l é c u l a i r e  

176 000 e t  95 000 d a l t o n s .  La l i a i s o n  a v e c  l a  t r a ~ i s f e r r i n e  semble dépendre  

du  glycanne d e  l a  g r o s s e  sous -un i té .  

La  r e c h e r c h e  des  mécanismes p a r  l e s q u c l s  1 ' a c é t y l  c h o l i n e  régil?e 

l a  p e r n é a b i l i t é  v i s  à v i s  des  c a t i o n s  dans l e s  n e d r a n e s  e x c i t a b l e s  a  çon<lu i t  

à l a  c a r a c t é r i s a t i o n ,  à l ' i s o l e r n e n t  e t  à l a  p u r i f i c a t i o n  du r é c e p t e u r .  L,CS 

organes  é l e c t r i q u e s  d1Electropkorus eZeci~~z'cus ou de d i v e r s e s  espÈces  de 

Tor^pedo o n t  é t é  u t i l i s é s  pour i s o l e r  p a r  chromatographie  d l a f f i n i t G  c c  

r é c e p t e u r  ( v o i r  l a  r evue  g é n é r a l e  de  CHAïqGEUX : 194  ). Le r é c e p t e u r  e s t  üne 

g l y c o p r o t é i n e  de  masse m o l é c u l a i r e  270 000 d a l t o n s  formée de s o u s - u s i t é s  

d e  40 000 d a l t o n s .  On i g n o r e  l e  r ô l e  du glycanne dans l a  l i a l  son avzc  1 ' s c E -  

t y l c h o l i n e .  P a r  c o n t r e ,  on s a i t  que s a  l i a i s o n  avec l a  g l y c o p r o t S i ~ e  dé2ien-  

che des modif i c s t i o n s  de conformat ion c ~ r t d u i s a n t  à l ' o u v e r t u r e  d ' u n e  p ro tÉ2ne  

ionophore r e s p o n s a b l e  du passage t r a n s m e ~ b r a n â i r e  des  c ~ t i o n s  (GXYINFWGSS 
b 

e t  CHANGEUX : 195 ). 

n - ROLE DES GLYCOCOXJUGIES rrmGrc2;:arrzs II,AYS L1An:rr,i;ropJ ET LA ---- .-- .---*---- -e --- 
RECO3NATSSAYCE CFLLliLAIRE ----- .- --- ---- 
1,a r e c o n n a i s s ~ n c e  ce1 l u i  a l r e  p u i s  1' adtiésion s o n t  les pI~;~c- ; . ;  Y - ;  

. . 
q u i  p r6u ide i l t  2 l a  forri iat ion des t i s s ~ s .  Le: c e l l u l e ;  enbryonna i r~! ;  ~ i i ~ s i ! _ , ,  , 



g r â c e  à 1'EDTA ou à l a  t r y p s i n e  s e  r é a s s o c i e n t  i n  vitro pour  donner d e s  

s t r u c t u r e s  t i s s u l a i r e s  c o h é r e n t e s  (STEINBERG e t  APWSTRONG :196 ) .  Les 

glycoconjugués  s o n t  impl iqués  dans  c e  phénomène de r e c o n n a i s s a n c e  mais l e s  

mécanismes e x a c t s  n e  s o n t  pas  é l u c i d é s  ( v o i r ,  à c e t  égard ,  HUGHES :197 ) .  

En e f f e t  les r é s u l t a t s  ob tenus  a v e c  l e s  d i f f é r e n t s  modèles expérirrlentaux 

n e  p e r m e t t e n t  pas j u s q u ' à  p r é s e n t  une e x p l i c a t i o n  unique du phénomène. Les 

d i f f é r e n t s  concep t s  s o n t  résumés dans l a  f i g u r e  6 .  
Interaction glycanne - glycanne 2-lt?te:action glycanne -récepteur 

3-Intervention d'un facteur d'agrégation 

Lectine ou ectoglycosylt ransferase 

F i g u r e  6 t 

D i f f G r e n t e s  hypothèses  c o n c e r n a n t  l e  r ô l e  des  g lyeoconjugués  men- 
b - rana i res  dans l a  r e c o ~ i n a i s s a n c e  des  c e l l u l e s  e u c a r y o t e s .  

1 - T n t e ~ a c t i o n  glycanne-glycanne --- 
L a  p o s s i b i l i t é  de  f o r m a t i o n  de pon ts  hydrogènes  e n t r e  deux 

g lycannes  a é t é  avancée pour  e x p l i q u e r  l ' a d h é s i o n  c e l l u l a i r e  ( JOXES : l 9 3  ) .  

Cet  e f f e t  s e r a i t  nlodlLlé p a r  l e s  charges  p o r t é e s  pal- l e s  a c i d e s  sjalic:i:es, 

mais l e s  r é s u l t â t s  s o n t  d i f f é r e n t s  s u i v a t  l e s  c e l l u l e s  étudiées. S f e p r > s  

KEi'.P, 1' a g r é g a t ?  on des  c e l l u l e s  de r ~ u s c l e ç  ernbryonnai r e ç  d e  Po i l l e t  e s t  

inl-iibée ûprès  t r - a i t e m n t  3 ? a  neuramini: l jse (199) .  L a  p r é s e n c e  d '2cic4e 



s i a l i q u e  e s t  également n é c e s s a i r e  pour l a  formation de co lonies  de lyrpho-  

c y t e s  dans l a  r a t e  (TONELLI e t  PEINTS : 200 ) . Par con t r e  l ' a c t i o n  de l a  neu-- 

raminidase augmente l ' a g r é g a t i o n  des c e l l u l e s  Hela (DEMAN e t  a%. : 201 ) ,  dans 

ce  c a s  l e s  f o r c e s  d 'adhésion s o n t  a t t énuées  par  l e s  ac ides  s i a l i q u e s  de  su r -  
++ 

f a c e  q u i  eux-mêmesvoient l e u r  e f f e t  modulé par  l ' i o n  Ca . 

2 - I n t e r a c t i o n  glycanne-rccepteur - 
La formation d 'un  complexe s t é r é o s p é c i f i q u e  e n t r e  un glycanne 

e t  un r écep teu r  n é c e s s i t e  une s t r u c t u r e  glycznnique p a r t i c u l i è r e ,  s u s c e p t i b l e  

d ' ê t r e  reconnue par  l e  r écep teu r  à l ' e x c l u s i o n  d ' a u t r e s  glycannes. Dans beau- 

coup des systèmes c e l l u l a i r e s  é t u d i é s ,  on montre l ' impor tance  des r é s i d u s  

p -D-galactosyl . ROTH e t  a l .  ( 2 0 2 ) ~  en u t i l i s a n t  l e s  c e l l u l e s  de n e u r o r é t i n c  

embryonnaire de Poule t  observent  une p e r t e  de s p é c i f i c i t é  de l a  reconnaisranct  

ap rè s  t r a i t emen t  par  l a  p -ga lac tos idase .  CHIPOWSKY, LEE e t  R0ÇEm.S (203) on+ 

montré que des f i b r o b l a s t e s  t ransfor rGs  pa r  l e  v i r u s  SV 4 0  (SV 3T3) recon- 

naissaient spéc i f  iquement des  r é s i d u s  ga l ac tosy l  f i x é s  de façon covzl e n t ~  s u r  

des  b i l l e s  de Sépharose. L ' u t i l i s a t i o n  de l a  l e c t i n e  de Ricinus con?lm/,nis a 

permis de prouver que des c e l l u l e s  3 T 3  en c u l t u r e  p r é s e n t a i e n t  une augmen- 

t a t i o n  des r é s idus  g a l a c t o s y l  l o r s q u ' e l l e s  a r r i v a i e n t  à confluence (KTCOLSOY 

e t  LACORBIERE : 2 0 4  ). Les mutants des c e l l u l e s  BI-IKZ1 r é s i s t a n t  à l a  t ox ine  du 

R i c i n  ( r i c i n e )  qu i  p r é s e n t e n t  une dé f i c i ence  en r é s i d u s  ga l ac tosy l  2 l e u r  

s u r f a c e  (MEAGER e t  al .  : 2 0 5  ) o n t  l e u r  c a p a c i t é  de reconnaissance for te rner~t  

diminuée. 

Un modèle de ce type d ' i n t e r a c t i o n  e s t  donné l o r s  de l a  reconnais  

sance  de l a  membrane du spermatozoïde par  l a  membrane o v u l a i r e  avant  l a  

fécondat ion .  Chez l ' o u r s i n  Arbcccia punztulctn, SCHMELL e t  al. (206) o n t  

montré qu' lin récepteur  glycopro t é i q u e  de 1 ' ovule r e c o n n a i s s a i t  un récc-  t e u i  

s p é c i f i q u e  de l a  membrane du spermatozoYde. 

Dans tous ce s  cas ,  il seinble que c e  s o i e n t  des r é s idus  mo7osac- 

cha r id iques  terminaux q u i  jouent  l e  r ô l e  de s ignaux de reconnaissance.  On 

peu t  c l a s s e r  ce mode d ' i n t e r a c t i o n  su ivan t  l a  n a t u r e  du  récepteur  qu i  peut  
.. 
e t r e  s o i t  un enzyme : une ec tog lycosy l t r ans fé rase ,  ou une l e c t i n e  memuruneirc 

Nous d is t inguerons  ces  deux cas  dans l a  s u i t e  de l ' exposé .  

a - Le récep-teur e s t  iine e c t o n l ~  cosyl t ra r i s fé rase  ,-----,---- -----,---------"-,a-.i--z --,--------- 

Les g l y c o s y l t r a n s f é r a s e s  ca ta lyser i t  1.a r é a c t i o n  su ivante  : 

n u c l é o t i d e  - gluc ide  + P-ccepteur - Accepteur -,- g luc ide  + nuc iéo t idc ,  l a  



r é a l i s a t i o n  du complexe enzyme-substrat n é c e s s i t e  l a  reconnaissance pa r  l e  

s i t e  a c t i f  de l'enzyme de l a  p a r t i e  glycannique de l ' a c c e p t e u r .  ROSEFAV e t  

son équipe  ont  proposé une hypothèse s e l o n  l a q u e l l e  l a  formation du complexe 

enzymc-substrat e n t r e  une g l y c o s y l t r a n s f é r a s e  membranaire d'une c e l l u l e  e t  

un accep teu r  d'une a u t r e  c e l l u l e  é t a i t  responsable  du phénomène de reconnais-  

sance c e l l u l a i r e  ( v o i r  Fig. 7 )  q u i  résume l 'hypothèse  de ROSEFIAN ( 2 0 3  ) e t  

de ROTH e t  a l .  ( 2 0 9 ) .  

ln i t io l  odhesive 
recognit ion os 

tronsferose - Reoction cornpletion 
substrote complex and consequent ce1 l 

mcdificotion 

Figure 7 : 

Représenta t ion  schématique du r ô l e  p o s s i b l e  des ec tog lycosy l t r ans -  
f é r a s e s  dans l e  phénomène d 'adhés ion  spéc i f ique  e n t r e  deux ce!.lules 
A e t  B (d 'après  ROTH e t  al. : 2 0 7 ) .  

Ce t te  t h é o r i e ,  énoncée pour l e s  c e l l u l e s  de l a  neu ro ré t ine  embryonnaire d e  

poule t ,  a  é t é  é tendue par  ROTH e t  WHITE ( 2  10  ) aux f i b r o b l a s t e s  de s c u r i s  

3T3 où un processus de g lycosy la t ion  de c e l l u l e  à c e l l u l e  (trarisg1ycoç~;la:~ior 

a é t é  démontré e t  par  llcLEA3 e t  BOSPfANN (21 1 ) â l a  reconnaisszrice des 

gt~mèteç de  Chlamydomonas. 1,'adhésion de p l a q u e t t e s  sanguines au c~j l lap~èr ie  

s e r a i t  également une i n t e r a c t i o n  de ce type grâce  aux e ~ t o g l y c o ç y 1 t r a : ~ s f e ~ -  

r a se s  p laquet  t a i r e s  comriie 1 ' o n t  suggéré S A I ~ I E S O N  e t  0 2 .  (2 12) e t  EOSZ:?i;?; 

( 2 1 3 ) .  



C e t t e  t h é o r i e  du r ô l e  des  ec toglycosyl t ransférases  dans l a  re- 

connaissance e t  l ' adhés ion  c e l l u l a i r e  s e  h e u r t e  à p l u s i e u r s  problèmes. 

D'une p a r t  l e s  au t eu r s  ne f o n t  pas  de d i s t i n c t i o n  e n t r e  l a  reconnaissance 

c e l l u l a i r e  e t  l ' adhés ion  q u i  s o n t  deux phénomènes b io logiques  d i s t i n c t s ,  

comportant vraisemblablement deux mécanismes d i s t i n c t s .  D 'au t re  p a r t  l ' i n -  

t e r v e n t i o n  des p récu r seu r s ,  c ' e s t - à -d i r e  des g lycosyl -nuc léo t ides  e s t  peu 

probable .  En e f f e t ,  l e s  l i q u i d e s  e x t r a c e l l u l a i r e s  n 'en  cont iennent  pas e c  

l e u r  présence au  niveau membranaire e s t  peu vra isemblable  à cause de l ' a c -  

t i o n  des  nucléot ides-pyrophosphatases  t r è s  a c t i v e s  à c e  niveau. Enfin,  l a  

présence  d 'ec toglycosyl t ransférases  e s t ,  dans de nombreux systèmes c e l l u -  

l a i r e s ,  encore hypothét ique ( v o i r  l e  c h a p i t r e  ec toglycosyl t ransférase ,  

P. 42 ) *  

b - ~ - & e - r $ c ~ ~  te:r_est-~ne-Iecr:ine 
L'é tude  de l a  " v i e  s o c i a l e "  de l'Amibe Dictycstcliunl disco?c!~,~~+: 

(MAC I A H O N  : 2 1 4 )  a  permis de montrer qi?e l e s  gl i ic ides  i n t e rv i ennen t  dans 

l e  phénomène de reconnaissance des c e l l u l e s  (RETTEIEREIIAN e t  al. : 215 ) .  Le 

c o n t a c t  s e  f a i t  e n t r e  l e s  l e c t i n e s ,  appelées  d i s c o ï d i n e  1 e t  II , d'une 

c e l l u l e  e t  l e s  g luc ides  d 'une  a u t r e  c e l l u l e  (RAEIMSDORF e t  al. : 2 1 6 ) .  Des 

l e c t i n e s  analogues ont  é t é  i s o l é e s  chez Polysplzondy lium pallidum (par  

ROSEN e t  al. :217 ) .  Leur mode d t a c t i o n  e s t  résumé dans l a  revue g é c é r a i e  

de FRAZIER (215).  

Des i n t e r a c t i o n s  lect ines-glycannes on t  a u s s i  é t é  mises en ëv i -  

dence dans des c e l l u l e s  de Mammifères. Y A W A  e t  al. (219) on t  montré que 

l a  g lycopro té ine  majeure des  f i b r o b l a s t e s  (CSP) e s t  une agg lu t in ine .  Une 

l e c t i n e  a é t é  i s o l é e  des membranes plasmiques d 'hépa tocyles  q u i  s e r a i t  

capable  de r econna î t r e  des  membranes d ' é ry th rocy te s  de l a p i n  (BOILTL,ES e"L 

KAUSS :210 ) .  Deux l e c t i n e s  s e r a i e n t  responsables  de l a  reconnaissance des  

myoblastes L avant  l e u r  f u s i o n  dont l f u n e  seulement e s t  inh ibée  par  l e s  6 
t h i o d i g a i a c t o s i d e s  (GARThXR e t  PODLESRI :221 ). Dans ce cas ,  b i e n  que 

l ' e x i s t e n c e  de l e c t i n e s  ne s o i t  pas  mise en doute,  l e u r  r ô l e  dans l a  f u s i o ~ ?  

c e l l u l a i r e  n ' e s t  pas clairerneilt é t a b l i  (DEN e t  a l .  : 222  ) .  Des l e c t i n e s  o n t  

e n f i n  é t é  mises en  évidence par  SIIPSON e t  al. (223) q u i  s e r a i e n t  en r e l a -  

t i o n  avec l a  formation des  synapses dans l e  co r t ex  c é r é b r a l .  

Chez l e s  P l a n t e s ,  des t ravaux p r é l i m i n a i r e s  montrent que l a  

reconnaissarice du p o l l e n  p a r  l e  s  tLgmate d e  GZcd-Lo Zz!s gand~uensis  e s  t 

un système analogue (KWOX e i  al. : LLLI ) ,  l e  s t igmate  p o r t a n t  des glyco;,rn- 

t é i n e s  r é c e p t r i c e s ,  qui s e  l i e n t  à des l e c t i n e s  exogènes conune l a  COILCÔ-- 

n a v a l i n e  A. 



3 - I n t e r v e n t i o n  d ' u n  f a c t e u r  d ' a g r é g a t i o n  

La p l u p a r t  des  f a c t e u r s  d ' a g r é g a t i o n  c e l l u l a i r e  i s o l é s  d e  d i -  

v e r s e s  s o u r c e s  c o n t i e n n e n t  des  s u c r e s .  Les c e l l u l e s  l e s  p l u s  é t u d i é e s  

s o n t  c e l l e s  des  Eponges, p a r  l ' é q u i p e  de  BURGER (TURUER 

e t  BURGER :225 ; TrlEINBAUbf e t  BURGER : 226 ; KViINS e t  ai . :  2 2 7 ) .  L e s  

c e l l u l e s  de c e s  organismes s o n t  d i s s o c i é e s  p a r  é l i m i n a t i o n  des  i o n s  d i v a -  
++ 

l e n t s  (Ca e t  ~ g " )  e t  s e  r é a s s o c i e n t  quand les c a t i o n s  s o n t  a j o u t é s ,  

cependant  il f a u t  a j o u t e r  un a u t r e  f a c t e u r  p e r d u  d u r a n t  l a  d i s s o c i a t i o n .  

HENKART e t  ai?. (225) o n t  p u r i f i é  c e  f a c t e u r  à p a r t i r  d e  fdicroeiona pi l i -  

t h e n a  : il s ' a g i t  d 'une  g l y c o p r o t é i n e  d e  2 000 000 d e  d a l t o n s  de n a v s e  

m o l é c u l a i r e  possédan t  50  % de  s u c r e  e t  don t  l a  composi t ion e s t  v o i s i n e  de  

c e l l e  d e s  p r o t s o g l y c a n n e s .  T l  semble que l ' a c i d e  g lycuron ique  i n t e r v i e n n e  

dans  l a  l i a i s o n  e n t r e  l e  f a c t e u r  d ' a g r é g a t i o n  e t  une p r o t é i n e  nenlbranaire  : 

l a  p l a q u e  b a s a l e .  Chez une a u t r e  éponge, Geodia eydonium,une s i . e l y l t r a n s - -  

f é r a s e  e s t  a s s o c i é e  a u  f a c t e u r  d ' a g r é g a t i o n  ( M ~ L E R  e t  ai?. :229 ) e t  e l l e  

r e c o n n a î t r a i t  des  g lycannes  membranaires.  

Des f a c t e u r s  d ' a g r é g a t i o n m t  é t é a i s s i i s o l é s  de  c e l l r i l e s  de  

Mammifères, en  p a r t i c u l i e r  d e  c e l l u l e s  r é t i n i e n n e s  embryonnaires où l e  

s i g n a l  d e  r e c o n n a i s s a n c e  semble ê t r e  l a  N-acé ty lga lac tosamine ,  e t  d e  ce?--, 

l u l e s  du  l o b e  c é r é b r a l  où l a  N-acétylmannosamine t i e n d r a i t  c e  r ô l e  ( v o i r  

BALSAMO e t  LILIEN :230  ) ,  Une g l y c o p r o t é i n e  s e r a i t  un f a c t e u r  d l a g r é . g a t i o n  

d e s  c e l l u l e s  de  t é r a t o m e ,  comme l ' a  montré  OPPENHEIMER (231)  e t  l e  g a l a c -  

t o s e  s e r a i t ,  l à  a u s s i ,  impl iqué  dans l a  reconna i ssance .  

E - ROLE ENZYMATIQLT DES GLYCOPROTEINES MEl~lBIIANAIRE S 

C e r t a i n s  enzymes i n t é g r é s  dans  l e s  membranes plasmiques  s o n t  d e s  

g l y c o p r o t é i n e s .  La p a r t i e  g lycann ique  n ' a p p a r a î t  p l u s  dans  c e  c a s  conme un 

s i g n a l  de  r e c o n n a i s s a n c e ,  mais il semble q u ' e l l e  p e r m e t t e  l ' o r i e n t a t i o n  cie 

l 'enzyme dans l a  membrane. Nous c i t e r o n s  l e s  enzymes l e  p l u s  couranment 

r e t r o u v é s  à l a  s u r f a c e  c e l l u l a i r e  e t  d o n t  l a  n a t u r e  g l y c o p r o t é i q u e  a  éts 
b i e n  démontrée.  

1 - La 5 ' - n u c l 6 o t i d a s e  e s t  une ectoenzyme s p é c i f i q u e  Je l a  nem- 

b r a n e  plasmique (TIWn4S e t  LAIJTER : 2 2  ) . L '  c-ilzyre a é t é  p u r i f i é  p a r  EITAXS 

e t  GURD (233) à p a r t i r  d ' h é p a t o c y t e s  de S o u r i s ,  il s ' a g i t  d 'une  g l y c o y r o -  

t é i n e  d e  masse m o l é c u l a i r e  150 000 d a l t o n s  . L T a c t i v i t 6  de  l l enzyn ie  e s t  

f o r t e m e n t  diminuée l o r s q u e  l e s  c e l l u l e s  s o n t  t r a i t a e s  à ].a Concana-\-a1ln.e L, 

a u s s i  b i e n  dans l e s  c e l l u l e s  g l i a l e s  (c lone  C G ) ,  co rne  l ' o n t  rriontré 

STEFhVOVIC , PL4NDEL e t  ROSENBERG ( 2 34) , que dans  l e s  lyriiphocy t e s  (DO?>l' i?:3 

e t  ai?. : 235 ) .  



2 - La n u c l é o t i d e  pyrophospha tase  e s t  une s i a l o g l y c o p r s t é i n e  

d e  130 000 d a l t o n s  i s o l é e  de  l a  membrane d1I iépa tocy te  de  S o u r i s  p a r  

EVANS (236) p u i s  p a r  BISCHOFF z t  al. (237) .  

3 - L'ectogalactosyl t ransférase  i s o l é e  de  l a  s u r f a c e  des  g l o b u l e s  

rouges  d e  l a p i n  e s t  l a  s e u l e  e c t o g l y c o s y l t r a n s f é r a s e  d o n t  l a  n a t u r e  g ly -  

c o p r o t é i q u e  a i t  é t é  démontrée.  D ' a p r è s  l ' é q u i p e  dYISSELBACHER, c e t  enzyne 

s e r a i t  l e  r é c e p t e u r  de l a  C ~ n c a n a v a l i n e A  pour  c e s  c e l l i i l e s  e t  p o s s è d e r a i t  

un g lycanne  de t y p e  o l igomannos id ique  ( v o i r  PODOLSKY e t  al. : 2 3 5 ) .  

I n c o r p o r é  dans les g l o b u l e s  rouges  humains, l 'enzyme les rend a g g l u t i n a b l e s  

p a r  l a  Concanaval ineA. 
-F + 

4 - L'ATPase (Na -K ) est  formée d e  deux s o u s - u n i t é s  : l a  sous- 

u n i t é  c a t a l y t i q u e  e t  une g l y c o p r o t é i n e  a s s o c i é e  (RHEE e t  HOKIN : 239 ). 

La s o u s - u n i t é  g l y c o p r o t é i q u e  e s t  d i r i g é e  v e r s  l e  c ô t é  e x t r a c e l l u i a i r e  

e t  semble ê t r e  l e  s i t e  d e  f i x a t i o n  d e  l ' o u a b a ï n e  (JEAN er. ALBERS : 240 ). 

L'enzyme p u r i f i é  n e  semble pas  a f f e c t é  p a r  l a  l i a i s o n  avec  l a  Coricanavaline 

A (MARSIIALL :241 ) c o n t r a i r e m e n t  à l a  s t i m u l a t i o n  o b s e r v é e  p a r  NOVOGRGDÇKY 

s u r  d e s  c e l l u l e s  e n t i è r e s  (242) .  

5 - L ' a c é t y l c h o l i n e s t e r a s e  i s o l é e  d e s  membranes d 'Electrophoz7ts 

e l e c t r i c u s  p a r  l ' é q u i p e  de  FîASSOULIE (BON e t  al. : 243 ) e s t  formée d e  cluat::~ 

s o u s - u n i t é s  de masse i n o l é c u l a i r e  80  000 dalLoz~s qiii s o n t  des  g l y c o p r o t é i n e s  

p o s s é d a n t  1 4  % d e  s u c r e .  Ce t e t r a m è r e  s ' a s s o c i e  à un p r o l o n g e z e n t  de  n a t u r e  

p r o t é i q u e  ( c o l l a g è n e )  q u i  permet l ' a n c r a g e  dans l a  membrane ( v o i r  l a  re.- 

vue g é n é r a l e  de  SILMAN : 244 ) . 
6 - L'aminopep t idase  i s o l é e  des e n t é r o c y t e s  e t  des  b o r d u r c s  e n  

b r o s s e  d e  c e l l u l e s  r é n a l e s  de P o r c  e s t  une g l y c o p r o t é i n e .  Ce métal lcfnzyme 

(2  atomes de z i n c  p a r  molécule)  e s t  une g l y c o p r o t é i n e  transmembranaire 

formée de  t r o i s  s o u s - u n i t é s  (LOUVARD e t  al. : 2 4 5 )  d o n t  l e  s i t e  a c t i f  e t  

l a  p a r t i e  g l y c a n n i q i ~ e  s o n t  s i t u é s  à l ' e x t é r i e u r  de l a  c e l l u l e .  

S i  on n e  c o n n a l t  pas  l e  r ô l e  de l a  p a r t i e  g lycann ique  des e-nzyn;ts 

dans l ' a c t i v i t é  c a t a l y t i q u e ,  on  a  quelques  arguments s u r  l e u r  r ô i e  dans 

l a  modula t ion  d e  c e t t e  a c t i v i t é .  En e f f e t  l a  d é ç i a l y l a t i o n  d s a s t r o 3 1 a s t e s  

( c l o n e  N-N) ou d e  c e l l u l e s  d e  neuroblas tome ( c l o n e  S 21,  N 18, e t  N 115) 

provoque,  d ' a p r f s  STEFANOVIC, MANDEL e t  ROSENBERG, une a c t i v a t i o n  de ce r -  

t a i n s  ec toe~ izymes  : 1' a c é t y l  e t  1  a  b u t y r y l c l i o l i n e s t é r a s e  (2h6) e t  1' ec to -  

pyrophosphatase  ( i n o r g a n i q u e )  (247) .  



S i  l e s  g!ycoconjugués ne son t  pas  impliqués directement  dans l e  

phénomène de pe rméab i l i t é  q u i  f a i t  appel  p l u t ô t  aux canaux ou aux t ranspor-  

t e u r s  membranaires, il semble que l a  pe rméab i l i t é  à c e r t a i n s  ions  ou à 

c e r t a i n e s  substances s o i t  c o n t r ô l é e  par  l e s  glycannes des glycoconjugués. 

Nous examinerons successivement l e  con t rô l e  de l a  pe rméab i l i t é  aux 

c a t i o n s ,  aux anions e t  à l ' e a u  e t  e n f i n  aux drogues.  

1 - Contrô le  de l a  pe rméab i l i t é  aux c a t i o n s  -"-- + 
C'es t  l a  pe rméab i l i t é  aux ions K q u i  sernble dgpendre l e  p l u s  

de l a  s t r u c t u r e  des glycoconjugués membranaires, en p a r t i c u l i e r  de l ' a c i d e  

s i a l i q u e .  GLICK e t  GITHENS ( 2 4 8 )  ont  montré q u ' i l  r é g u l a i t  l a  p e r x é e b i l i t é  

v i s  à v i s d e  ce c a t i o n  dans l e s  c e l l u l e s  ieucemicliies L 1210. En o u t r e ,  l e  

t r a i t e m e n t  de l ' h é m a t i e  pa r  l e  pe r ioda te  de sodium dans des cond i t i ons  qu i  

r é a l i s e n t  sé lec t ivement  l 'oxydat ion  des Lonc t ionsa -g lyco l  des glycannss 
-t 

s'accompagne d 'une p e r t e  cons idérable  en ions K (BROSSMER e t  BOHN : 2 4 9  ) . 

2 - Contrô le  de l a  perméabi l i té  aux aniotis e t  à l ' e a u  - 
Le sérum de c e r t a i n s  polssons a n t a r c t i q u e s ,  comme I ' r~natom~s  

borchgrevinki, c o n t i e n t  des  g lycopro té ines  d i t e s  "an t ige l  " qu i  sont  à 

m o l a r i t é  éga le  2 0 0  à 500 f o i s  p lus  e f f icacesqi ie  l d  Nacl (SHIER e t  a l .  : 

250) e t  aba i s sen t  de 2" C l e  p o i n t  de congéla t ion  du sang de ces aninaux,  

La c a p a c i t é  des g lycopro té ines  d ' i n t e r a g i r  avec l e s  molécules d 'eau  

semble s e  r e t rouve r  au niveau menibranaire. 

La f i g u r e  8 montre, d '  après  l?O'?HSTEIN e t  a l .  ( 2 5 2 ) ,  un modèie 

hypothét ique de l ' ionophore  responsable  de l a  pe rméab i l i t é  aux anions: Un 

t e l  système a  é t é  récemment i s o l é  dans l e  g lobu le  rouge par  WOLOÇIN e5 n l .  

( 2 5 3 )  e t  montre une a s s o c i a t i o n  e n t r e  une p r o t é i n e  diméri-que (1.a bande 3)  

e t  l a  s i a log lycopro té ine  majeure : l a  glycophorine ( v o i r  l a  revue géné ra l e  

de SBAMOO e t  GOLDSTEIN : 2 5 4  ) .  

3 - Contrô le  de l a  pe rméab i l i t é  aux droyiies - 
T d r u t i l i s a t i o n  de c e l l u l e s  ovariennes de Hamster Clrinois (CEs.0) 

R r é s i s t a n t e s  à l a  c o l c h i c i n e  (CH ) a  permis d ' é t u d i e r  l a  d i f f u s i o n  d c  

c e t t e  drogue dans ces  c e l l u l e s .  

L ' en t r ée  de l a  co l ch ic ine  y  e s t  for tement  diminuée et: s c u l s  

des  agents  t e n s i o a c t i i f  s o n t  c a p ~ h l e s  de sci inuler  l ' e n t r é e  de i a  droc d i  

(CARLSEN e t  al. : 155 ) .  C e t t e  p r o p r i é t é  e s t  majntenue grâce  à . l ' A I T  



anion 
b indiny  site 

- 
35000 dalton segment 

internat memb:ane proteins 

F i g u r e  8 : 

Schéma h y p o t h é t i q u e  du t r a n s p o r t  d e s  a n i o n s  dans  l a  membrane du 
g l o b u l e  rouge humain d ' a p r è s  ROTHSTEIN e t  ai?. (251) .  

i n t r a c e l l u l a i r e  p a r  l a  phosphoryla t i -on de deux g l y c o p r o t é i n e s  d e  s u r f a c e  

de h a u t  po ids  m o l é c u l a i r e  (CARLSEN e t  al. : 2 5 6  ). 

G - KOLE DES GLYCOCONJUGUES DE SURFACE DANS LE DECLENCHEW,N'L' DE - .---------- 
LA MITOSE -- 

L e  d e r n i e r  r ô l e  a t t r i b u é  aux g lycoconjugués  de s u r f a c e  e s t  c e l u i  

q u i  e s t  l e  moins b i e n  connu. Ce n ' e s t  p o u r t a n t  pas  Le moins i m p a r t a n t .  Il 

s ' a g i t  du déclenchement de  l a  mi tose .  En e f f e t ,  l a  l i a i s o n  de c e r t a i 3 . s  

g lycoconjugués  de  s u r f a c e  a v e c  un l i g a n d ,  ou  l e u r  m o d i f i c a t i o n  chimique 

i n d u i t  une t r a n s f o r m a t i o n  b l a s t i q u e  p u i s  une m i t o s e  chez l e  lymphocyte.  Socs 

é t u d i e r o n s  success ivement  l e  cas  où l e  l i g a n d  e s t  un a n t i g è n e ,  15 r o c e p t c u r  

é t a n t  dans ce c a s  un a n t i c o r p s  de  s i l r f a c e ,  p u i s  c e l u i  où l e  l i g a n d  e s t  une 

l e c t i n e , l e  r é c e p t e u r  é t a n t  a l o r s  cric g l y c o p r o t é i n e  rfiembranaire e t  enfin le 

cas  d e s  rnodif i c a t i o n s  chimiques des  g lycoconj  ugues. 



1 - Le l i g a n d  e s t  un a n t i g è n e  

Les  lymphocytes p o r t e n t  à l e u r  s u r f a c e  des  immunoglobuiines 

(MARCHALONIS e t  a l .  :257 ) .  Ces g l y c o p r o t é i n e s  o n t  é t é  i s o l é e s  de l a  s u r -  
à 

f a c e  des  lymphocytes B e t  T e t  c o r r e s p o n d c n t d e s  I g  M mononiCiriques e t  à 

des  I g  D ( v o i r  l a  revue  g é n é r a l e  de  MAKCHALONIS : 2 5 5 ) .  Ces deux t y p e s  

d'imrniinoglobulines p o s s è d e n t  des  p r o p r i e t é s  d i f f é r e n t e s  de  c e l l e s  des  

immunoglobulines de s é c r é t i o n  . Les I g  M de  l a  membrane d e  s p l é n o c y t e s  

d e  S o u r i s  o n t  une d e n s i t é  moindre que l e s  I g  M i n t r a c e l l u l a i r e s  ou  s é -  

c r é t é e s  e t  que l e s  IgD membranaires (MELCHER e t  UHR :259 ) .  C e s  d i f f é -  

r e n c e s  d e  d e n s i t é  semblent  r e f l é t e r  des  d i f f é r e n c e s  dans l a  g l ÿ c o s y l a t i o c  

des  molécules .  Les  immunoglobulines de  s u r f a c e  s o n t  i n t é g r é e s  dans  l a  

membrane p a r  l a  p a r t i e  C-terminale des  c h a î n e s  pep t i -d iqucs  t a n d i s  que l e  

s i t e  de  r e c o n n a i s s a n c e  a n t i g é n i q u e  e t  l e  ( s )  g lycanne ( s )  s o n t  d i r i g é s  

v e r s  l ' e x t é r i e u r .  D '  a p r è s  VITETTA e t  UHR (260) ,  c '  e s t  1 a l i a i s o n  e n c r e  

les I g  D e t  l ' a n t i g è n e  q u i  d é c l e n c h e r a i t  l a  t r a n s f o r m a t i o n  b l a s t i q u e  e t  

l a  m i t o s e  d e s  lymphocytes B.  Dans c e  c a s  on i g n o r e  l e  rôle  de  l a  p a r t i e  

g l u c i d i q u e  de c e s  molécu les .  

2 - Le l i g a n d  e s t  une l e c t i n e  

Un c e r t a i n  nombre de  l e c t i n e s  p o s s è d e n t  l a  p r o p r i é t é  de  t r a n s -  

former  'xn v i tro"  l e s  lympl-rocyteç e n  c u l t u r e .  Dans c e  c a s  c ' e s t  l e  glyçarine 

du r é c e p t e u r  q u i  i n t e r v i e n t  pour d é c l e n c h e r  l a  réponse ly inghocytai re .  

Dans c e r t a i n s  c a s ,  l e s  r é c e p t e u r s  s o n t  l e s  r é s i d u s  moncsacç l~ar i -  

d i q u e s  a p p a r t e n a n t  à l ' e x t r é m i t é  non r é d u c t r i c e  du glycanne.  La l e c t i n e  

e x t r a i t e  de  l'hémolymphe de  Limulus polzjphemzls (ou l imul i r i e )  e x a r c c  i?n 

e f f e t  mi togén ique  s u r  les lymphocytes p é r i p h é r i q u e s  humains en se f i x a n t  

s u r  les séquences  s u i v a n t e s  : Neu8Ac-t GalNAc ou  NeuNAC -+ Gain-+C-LtXhc - 
Man, comiie l ' o n t  démontré ROCHE e t  a l .  (26 1 ). Les a g g l u t i n i n e s  (le i<c<vlus 

cornmunis e t  de Abrus precatorius i n d u i s e n t  l a  t rans format ion  des  lym-ho-- 

c y t e s  en  s e  f i x a n t ,  d ' a p r è s  CLOSS e t  a l .  ( 2 6 2 ) ,  s u r  les résidus fi-gal,?ctosyf 

Après d é s i a l y l a t i o n  de l a  membrane lymphocyta i re ,  l e s  r é s i d u s  /3 - ga lac toq- ) -?  

e t  N-acé ty lga lac tosaminy l  a i n s i  "découver ts"  p e r m e t t e n t  à 1 ' a g g l i i t i n i n ?  du 

S o j a  (SBA) de p r o d u i r e  un e f f e t  mi togén ique  (NOVOGBODÇRY e t  KATCHALSKI : 

263) .  

Des l e c t i n e s  mitogènes  p o s s è d e n t  d e s  s i t e s  de f i x a t i o n  Sezucoul  

p l u s  complexe e t  non e n c o r e  i c len t i f  iés ( v o i r  à c e  s u j e t  l e  t r a v a i  1 df.fi]yr,i; - r r a  

e t  a l .  264). La concanava l ine  A e t  l a  s u c c i n y l  c ~ n c a n a v a l i n e A  (tVLDDCN et U T .  : ? 6 i  ) 

l a  PHA de PkaseoZ~ts vuZg;:ris (ALTAN e t  CRm%'TO;Q : 266 ) , 1' ûgg!  utiri;i?e de 

Pizy tolacca arvericana (PW?I) (WASDAL : 267 ) , ce1 l e s  de Pi.i.xn satizlwr- 



(BERNARD-GRIFFITHS e t  a l .  : 268 ) e t  d e  Robinia peî~doaccacia (SHARIF e t  

BOURRILLON : 2 6 9  ) p r é s e n t e n t  des  a c t i v i t é s  mitogènes  q u i  n e  s o n t  p a s  

i n h i b é e s  p a r  c o m p é t i t i o n  avec d e s  sucre.s  s i m p l e s ,  mais p a r  des  glycopep-  

t i d e s  de  s t r u c t u r e  complexe . 

3 - M o d i f i c a t i o n s  chimiques d e s  glycoconjugués  de s u r f a c e  

Depuis l a  d é c o u v e r t e  de  NOVOGRODSKY e t  IUTCIL4LSKI (270) d e  l a  

t r a n s f o r m a t i o n  lymphocyta i re  p a r  l e  p e r i o d a t e  de sodium 1 0 - ~ f l  dans d e s  

c o n d i t i o n s  t r è s  douces ,  un grand nombre de  r e c h e r c h e s  o n t  é t é  e n t r e p r i s e s  

pour  t e n t e r  de  d é c o u v r i r  l e  p o i n t  d ' impac t  de c e  r é a c t i f .  Les t r a v a u x  

peuvent  s e  résumer  de  l a  manière  s u i v a n t e  : 

a - La f o r m a t i o n  d e s  f o n c t i o n s  a ldSEydiques  e s t  n é c e s s a i r e  Z i  

l ' a p p a r i t i o n  de l a  t r a n s f o r m a t i o n  b l a s t i q u e  (NOVOGRODSKY e t  KATCIUiLSKY : 

271 ) .  En e f f e t ,  un t r a i t e m e n t  s é q u e n t i e l  p a r  l a  neuramir i idase ,  p u i s  p a r  

l a  g a l a c t o s e  oxydase  p r o d u i t  l e  même e f f e t ,  comme l ' o n t  montré KOVOGRODSKW 

e t  KATCHALSKI (272) e t  DIXON e t  a l .  (273) .  

b  - Le t r a i t e m e n t  à l a  neuramin idase  r é d u i t  l a  réponse  a u  p e r i o -  

d a t e  (MONAHAN e t  a l .  r 274 ) .  

c - L ' o x y d a t i o n  de l ' a c i d e  s i a l i q i ~ e  semble d é c l e n c h e r  l e  phé- 

nomène, comme l e  montre  l ' a p p a r i t i o n  d ' a c i d e  5-acétamido-3,5-didésoxl~- 

L-arabino-7-aldéhydo-2-heptulosonique (PRESAhTT e t  PAYXER : 275 ) . 
d - Les  a g e n t s  de b locage  des  groupements aldéhycliqves i n h i b e n t  

l e  phénomène (DIXON e t  a l .  : 276 ). 

Récemment une a n a l o g i e  a  é t é  é t a b l i e  e n t r e  l e  mode d ' a c t l c n  d e s  

l e c t i n e s  mitogènes  e t œ l u i  du p e r i o d a t e .  Il semble que dans l e s  deux c a s  

l e  mécanisme s o i t  i n d i r e c t  (BEYER e t  BOWERS :277 ) e t  que que lques  c i ~ l i c l e s  

l i b è r e n t  sous l e u r  a c t i o n  un f a c t e u r  de c r o i s s a n c e  q u i  s t i m u l e r a i t  ? e s  

a u t r e s  c e l l u l e s  (P50NAHAN e t  a l .  :278 ) .  



LE MÉTABOLISME DES GLYCOCONJUGUÉS BE SURFACE 

Après a v o i r  é t u d i é  l a  s t r u c t u r e  e t  l e  r ô l e  des  glycoconjugués 

membranaires, nous nous proposons de pas se r  e n  revue l e s  hypothèses con- 

cernant  l a  b iosyn thèse ,  l a  r épa ra t ion  e t  l a  dégrada t ion  des glycoconjugüés 

de su r f ace .  Il e s t  en  e f f e t  important  de conna î t r e  comment ces  composés qu i  

jouent  un r ô l e  b io logique  c a p i t a l  s o n t  s y n t h é t i s é s e t  i n t é g r é s  dans l a  

membrane plasmique e t  comment i l s  peuvent y  ê t r e  maintenus e t  r épa ré s .  Nous 

é tudierons  successivement ,  l e  renouvellement des  glycoconjugués me~rîra-  

n a i r e s ,  l e s  d i v e r s e s  hypothèses concernant  l a  b iosynthèse  e t  l e  catabol isme 

de ces  composés. 

1 - LE RENOUVELLEIENS DES GLYCOCONJUGUES ME?fBMNAIRES -- 

L' é tude  du renouvellement métabol iq~ie  des g lycocon ju~ i i é s  rrem- 

b r a n a i r e s  en u t i l i s a n t  des  c u l t u r e s  de f i b r o b l a s t e s  ( c e l l u l e s  L) a  S t é  

e f f e c t u é e  par  IJARREN e t  GLICK ( 2 7 9 ) .  Ces a u t e u r s  ont  montré q u ' i l  e x i s t a i t  

une synthèse e t  une dégrada t ion  cons t an te  des  glycoconjugiiés dans l e s  mem- 

branes plasmiques que l e s  c e l l u l e s  s o i e n t  en  phase de c ro i s sance  ou au r e p o c  

Dans l e s  c e l l u l e s  en c ro i s sance  l e  ma té r i e l  nouvellement s y n t h é t i s é  e s t  

u t i l i s é  pour a c c r o î t r e  l a  su r f ace  de l a  membrane e t  l e  renouvellement e s t  

l e n t .  Au c o n t r a i r e ,  dans l e s  c e l l u l e s  au  repos celilj-ci e s t  r ap ide ,  c'est--2.- 

d i r e  que 1- ' incorpora t ion  du m a t é r i e l  nouvellement s y n t h é t i s é  s'accompagne 

d'une p e r t e  de molécules dé j à  i n t é g r é e s  dans l a  membrane. D'après  c e s  ac t eu r  

l e  renoiivellement n ' e s t  pas  t r è s  d i f f é r e n t  pour l e s  p r o t é i n e s ,  l e s  l i p i d e s  

e t  l e s  suc re s .  Ce r é s u l t a t  n ' a  pas é t é  confirmé par  d ' a u t r e s  au t eu r s  pour 

l e sque l s  l a  composition en sucre  de l a  membrane v a r i e  par  r appor t  d l a  

q u a n t i t é  de p r o t é i n e s .  

L 'é tude  de l ' i n c o r p o r a t i o n  des g luc ides  dans l a  membrane p l a s -  

mique de c e l l u l e s  de nastocytome (souche P815Y) e n t r e p r i s e  par  GRAHMI 8' c l .  

(280) montre q u ' i l  e x i s t e  une f i u c t u a t i o n  du r appor t  glu ci des protéine^ / Ce 

rappor t  e s t  é l evé  en phase G 1 r é v é l a n t  une synthèse e t  une i n s e r t i o n  icpoc- 

t a n t e  dans l a  membrane pendant c e t t e  phase. L e  fucose e s t  incorporé  au  

début e t  l a  glucosamine à l a  f i n  de l a  phase G 1 ' JAa phase S e s t  ca rac t é -  

r i s é e  pa r  un r appor t  f a i b l e .  Le r a p p o r t  s ' é l è v e  de nouveau en f i n  de S e l  

en début de G 2  p r inc ipa lement  à cause de 1' incorpora t ion  d ' ac ide  s i a? iq l -~e .  

Les c e l l u l e s  mi to t iques  (en phase M) sont  donc p lus  s i a l y l é e s  qile l e s  cêllu- 

l e s  en in t e rphase .  L 'é tude  d c  l T i n c o r ? o r a t i o n  de l a  glucosamine a u r a n i  I? 



phase M montre que l a  synthèse  des glycoconjugués s ' a r r ê t e  20 à 30 riiinuteç 

avant  que l e s  c e l l u l e s  n ' e n t r e n t  en  mitose e t  reprend seulement du ran t  Iô 

té lophase  ( f i n  de l a  phase M (KUBASOVA e t  a l .  : 25 1 ) . 
L'é tude  dri métabolisme des glycoconjugriés de s u r f a c e  a également 

é t é  e n t r e p r i s e  en envisageant  l a  p o s s i b i l i t é  de r épa ra t ion .  Après a c t i o n  

de l a  t r y p s i n e  ou d e  l a  neuraminidase s u r  des c e l l u l e s  BHK21(C-13), DUCK 

e t  WARREN ( 2 8 2 )  o n t  montré que l a  r é p a r a t i o n  de l a  p a r t i e  d é t é r i o r é e  des 

glycoconjugués de s u r f a c e  é t a i t  n u l l e  ou t r è s  f a i b l e ,  e t  que l e  remplacement 

de l 'aci.de s i a l i q u e  à l a  s i i r face de ces  c e l l u l e s  s ' e f f e c t u a i t  p a r  échange d e  

l a  molécule e n t i è r e  du s ialoglycoconjugué.  Au c o n t r a i r e ,  EJARNS e t  RECTTES 

(283) o n t  montré que l a  demi-vie de l ' a c i d ~  s i a l i q i i e  dans l e s  membranes 

plasmiques d 'hépa tocytes  é t a j  t beaucoup p lus  cour te  que l a  demi--vie des  

amino-acides , ce q u i  montre 1 ' e x i s  tence  de deux métabol ismes indGpendûnts 

e t  d 'une p o s s i b i l i t é  de r épa ra t ion .  

Il semble également que l e V t u r n  ove;' des g lycopro té ines  s o i t  

hétérogène . En e f f e t ,  en i i t i l i s d n t  des  c e l l u l e s  de neiiroblastome (1 jgriCe 

N2a), HUDSON e t  JOHNSOI? ( 2 8 4 )  on t  montré que l e s  qua t r e  g lycopro lé in i s  

fi icosylées de ces rilemhrane posséda ien t  des  v i t e s s e s  de renouvellemeut 

t r è s  d i f f é r e n t e s .  

L '  é tude  du n5tabolisme des glycoconj  ugués membranaires condui t dorit:: à 

deux ques t ions  r comment ces  molécules son t - e l l e s  briosyntliétisées e t  i n G -  

grées  dans l a  membrane ? Comment s o n t - e l l e s  dégradêeç ? 

II - LA RXOSPNTHESE DES GLYCOCONJUGUES DE S3RFACE -- -- 
Deux hypothsses  t e n t e n t  de rcvondre à c e t t e  ques t ion  q : ~ i  s e  d i s -  

t inguent  pa r  l a  i o c a l i v a t i o n  des enzymes de l a  b iosynthèse ,  c ' es t -à -d i re  

des g lycosy l t r ans fé ra ses .  

Selon l a  première,  l a  biosynthSse s ' e f f e c t u e r a i t  g râce  aux glyco- 

s y l t r a n s f é r a s e s  i n t r a c e l l u l a i r e s  e t  l ' i n t é g r a t i o n  de l a  vacuele  go lg i enz~e  

dans l a  membrane plasmique amènerai t  l e s  glycoconjugués à l a  s u r i n c e  de l a  

c e l l u l e  : c ' e s t  l ' hypo thèse  du "membrane flow". 

La seconde hypothèse p r é v o i t  l ' e x i s t e n c e  d ' e c t o g l y c o s y l t r s n s f é -  

r a s e s  q u i  p e r m e t t r a i t  une b iosynthëse  en sur face .  Nous examinerorLa ces deilx 

hypothèses.  

3 .- L'bypo tiièse du "meq-;-,rarie f lov"  -- ~--r.-------.---- 

Un bon modt1.e i l l u s t r a n t  c e t t e  liypothèse c i u  "membrane  fi.^?^.:'' nvus  3 %  

donne pa r  l a  b iosynthèse  des g iycopro t@incs  d t  en~reloppes v i r a l e s .  Ces 



glycoproté ines  s o n t  d 'abord dé t ec t5es  dans l e s  membranes i n t r a c e l l u l a i - r e s ,  

pu i s  30 minutes après  l ' i n f e c t i o n ,  e l l e s  appa ra i s sen t  à l a  su r f ace  de l a  

c e l l u l e  h ô t e  ( v o i r  l e s  t ravaux dlATKINSON : 285 e t  dfATKINSON eL a l .  :256 ) .  

La glycclsylation de t e l l e s  molécules e s t  donc r é a l i s é e  dans l e  r é t i c u l ~ l m  

endoplasmique par  l e s  g l y c o s y l t r a n s f é r a s e s  de l ' h ô t e  e t  l ' i n t é g r a t i o n  à l a  

s u r f a c e  s e  f e r a i t  par  f u s i o n  des v é s i c u l e s  golgiennes avec l a  membrane 

p l a s r i q u e .  Ce processus appelé  "membrane flow" a  é t é  proposé par  P A L ~ L ~ F -  

en 1959 (257).  Le mécanisme du t r a n s i t  i n t r a c e l l u l a i r e  e s t  une énigm:, 

b i e n  que des ~ e n t a t i v e s  pour v i s u a l i s e r  l e  phénomène a i e n t  é t é  e f fecruZes ,  

pa r  exemple l o r s  de l a  d i v i s i o n  de l 'oeuf  de Xenopus ZaeuLs par  RLUEj~IIXCK 

e t  DE LAAT (288) .  Ces a u t e u r s  o n t  montré q ~ e  des "c i s t e rnae"  du r é t i c ~ l i i m  

e~idoplasmique r e p r é s e n t a i e n t  l e  précurseur  membranaire qui  s ' i nco rporu ik  

à l a  membrane durant  l a  cytolcinèse. 

C e t t e  hypothèse a  connu un développement r é c e n t  grâce  à I n  

t h e o r i e  de ROTHtZiZhr e t  LZPVARD (289) s e lon  l a q u e l l e  l e s  ec top ro té ines  s o r i t  

s y n t h é t i s 6 e s  par  l e s  ribosomes l i é s  aux membranes coirme l e  s o n t  l e s  endo- 

p r o t é i n e s  (Figure 9 ) .  F a i s  ces  ec top ro té ines  possèdera ienr  ~Ine séque;:cc 

F igu re  9 : -- 
Piécanismes pour l a  biosyn'ilièse e t  11 in t6g r i ; t i on  d e s  ;,rclté;deç :.m- 
brar ia i res  : a ,  b ,  c  : ec top ro té ines  e t  cctoglycoprotcznes ; d ,  e : 
endoprotéiries ( d l  après  ROTI~lil~~ e t  1 E:\:ilRD : 290) . 



t e r m i n a l e  d ' aminoac ides  p e r m e t t a n t  l a  r e c o n n a i s s a n c e  d' un r é c e p t e u r  pro-  

t é i q u e  l i é  au  ribosome c e  q u i  l u i  p e r m e t t r a i t  l e  passage  au t r a v e r s  d e  l a  

membrane du r é t i c u l u m  endoplasmiqiie, La g l y c o s y l a t i o n  s ' e f f e c t u e r a i t  e n s i ~ i t ~ ?  

g r â c e  aux g l y c o s y l t r a n s f é r a s e s  i n t r a c e l l u l a i r e s  d ' abord  du r é t i c u l u m ,  p u i s  

de l ' a p p a r e i l  de  Golg i .  Le c y t o s q u e l e t t e  ( m i c r o t u b u l e s ,  mic rof  i l a n i e n t s )  

p e r m e t t r a i t  l ' i n t é g r a t i o n  de c e s  v é s i c u l e s  g o l g i e n n e s  dans l a  rcenibrane. 

C e t t e  t h é o r i e  a l e  m é r i t e  d ' e x p l i q u e r  à l a  f o i s  l ' a s y m é t r i e  e t  l ' i n t é g r a -  

t i o n  des  g l y c o p r o t é i n e s  membranaires : l a  p a r t i e  g l y c o s y l é e  dans  l a  

" c i s t e r n a "  du r é t i c u l u m  endoplasmiqiie devenan t  e x t r a c e l l u l a i r e ,  g r â c e  5 

l a  f u s i o n ,  l a  p a r t i e  hydrophobe s e r v a n t  de  p o i n t  d ' a n c r a g e  dans  l a  rne~nbrane, 

2 - La b i o s y n t h è s e  p a r  l e s  e c t o g l y c o s y l  t r  ansf.Grases ---.-- 

Une hypothèse  e n t i è r e m e n t  d i f f é r e n t e  p e u t  ê t r e  c n v i s a g è e  s e l o n  

l a q u e l l e  l a  b i o s y n t h è s e  des  g lycoconjugués  menbranaires  s ' e f f  r c t u e r a i  t 

g r â c e  à des  enzymes s p é c i f i q u e s  de l a  membrane plasmique : l e s  e c t o g l y c o -  

s y l t r a n s f é r a s e s .  

S e l o n  l a  d é f i n i t i o n  de  DePIEPAE e t  KAIIXTOVSKY (29  1 1 ,  l e s  ec-to- 

enzymes s o n t  des  enzymes mernbranajres d o n t  l e  s i t e  a c t i f  e s t  a c c e s s i b l e  

à l ' e x t é r i e u r  de l a  c e l l u l e .  Les ect-oglycosyltransférases s o n t  des e c t o -  

enzymes c a p a b l e s  de t r a n s f é r e r  des  m o n ~ s a c c h a r i d e s  à p a r t i r  d 'un  précurseur 

n u c l é o t i d i q u e  s u r  un a c c e p t e u r  g l y c o p r o t é i q ü e  ou g l y c o l i p i d i q u e .  L ' i n ~ e r -  

v e n t i o n  d ' ec tog lycosy l t r ans fé ra ses  dans l a  b i o s y n t h è s e  des  g i y c o r ~ n j u g u é s  

membranaires n é c e s s i t e  l a  p résence  d1e l \ zynes  f o n c t i o n n e l s  s u r  l a  :iier;iscane, 

du p r é c u r s e u r  e t  de l ' a c c e p t e u r .  

La p r e m i è r e  d i f f i c u l t é  v i e n t  des  d i v e r s  modèles u t i l i s e s  pour  

c e t t e  é t u d e .  En e f f e t ,  l ' h y p o t h è s e  d ' u n e  b i o s y n t h è s e  t o t a l e  d ' u n e  g lpcopro-  

t é i n e  (ou d ' u n  g l y c o l i p i d e )  à l a  s u r f a c e  d 'une  c e l l u l e ,  ne  p e u t  ê t r e  défen-  

due que si l a  membrane c e l l u l a i r e  possède  t o u t e s  l e s  g l y c o s y i t r a n s T 6 r a s e s  

n é c e s s a i r e s .  La f i g u r e  10 montre b i e n  que t o u t e s  l e s  e c t o g l y c o s y l r r a n s f & -  

r a s e s  o n t  é t é  m i s e s  e n  év idence ,  m a i s  s u r  d e s  c e l l u l e s  trss d i f f é r e E : c s ,  l a  

p résence  d e  l a  s é r i e  complète  d'enzymes s u r  l a  meni'irane d ' u n e  ncxe  c e l l u l e  

n ' a  dé t~on t rGe  que  dans l e  c a s  des  c e l l u l e s  i n t e s t i n a l e s  p a r  L Z I S E R  (2 I 1 )  r t 

ISSELBACHER (312) .  Ces a u t e u r s  o n t  c a r a c t é r i s C  au n i v e s u  des  ce11ules  des 

c r y p t e s ,  cles g l y c o p r o i é i n e s  de s u r f a c e  incc)riiiplZtes e t  des  e c t o g a i n c t o ~ ~ l -  

t r a n s f é r a s e s  e n  abondance,  t a n d i s  que l e s  c e l l u l e s  des  v i l l o s i t 6 r  q t i  pas-  

s è d e n t  d e s  gl .ycopro t é i n r s  de neiilbrane acl?evée.s o n t  une f o r t e  act . ivir@ ec.t.3- 

s i a l y l t r a r ! s f é r a s i q u e .  La p r é s c n c e  c?.'ectosial.yl-., d rec .%ofucc~sy l -  e r  d ' eir:o-- 

g a l a c t o s y l t r z n s f é r a s e s  a  é t é  n o t e e  dans  d e s  f i b r o b l a s t e s  nomiaux 22 . - .~il l_.s  



cellules intes t inales ,  g a m o t e s ,  

cel luies intestinales,  f ibroh!as!e5 3T3, 

f ibroblastes3T3, py3T3.SVST3. 

ce l lu les  leureniiques L-1210, 

cellules asc i t iques  ~ ' E H R L ~ C H ,  

Figure  10 : 

Mise e n  évidence d e s  g l y c o s y ? t r a n s f é r a s e s  r e s p o n s a b l e s  de  l a  hiosyn- 
t h è s e  d e s  g l y c o p r o t é i n e s  à l a  s u r f a c e  de  d i v e r s e s  c e l l u l e s  euca ryo t e s  : 
c e l l u l e s  i n t e s t i n a l e s  (WEISER : 2 9 2  ; TSSELBACHER : 2 9 3 ) ,  f i b r o ' u l n s l e s  
3T3 ,  py 3 T 3 ,  SV3T3 (PATT e t  GRTLES : 29!~), f i b r o b l a s t e s  A 31 (PATT e i  
GRIMES : 2 9 5 ) ,  c e l l u l - e s  RIIK (1,AFZONT e t  al. : 2 9 6  ; DATTA : 2 4 7 1 ,  l y n r  
phocytes  (LAt4ONT e t  al. : 2 9 8  ; PAINTCR e t  WHITE : 259) c e l l i l l ~ s  It-LI- 
cémiques L (PORTER e t  RERNACKI : 300) , c e l l u l e s  a s c i  t i q u e s  dtEli?-l i  cl1 
(CERVEN : 301  ; TRWIN e t  ANASTASSIADES : 3 0 7 ) ,  p l a q u e t t e s  sangu ines  
(EOSMANN : 3 0 3 ) ,  é r y t h r o c y t e s  (PODOLSKY e t  al. : 3 0 4 ) ,  neuroré t l ine  
embryonnaire de p o u l e t  (ROTH e t  al. : 305), gametes de  ChZa~ny20:~sias 
(PlAc LEAN e t  R O S W N  : 3 0 6 ) ,  f i h r o b l a s t c s  3T3 (PAIT e t  GRIFES : 3 0 7 ) -  
c e l l u l e s  d ' o v i d u c t e  de  Pou le  (STRUCK e t  LENN.4RZ : 3 0 8 ) ,  f i b r o b l a s t e s  
embryonnaires de P o u l e t  (BOS?fhNN e t  al. : 3 0 9  ; FIORGLU e t  BOSSLXUK : 3 1 G j  

3T3 e t  d e s  f i b r o b l a s t e s  t r a n s h r m g s  (Py 37'3, SV 3T?)  p a r  PATT e t  GF.I.:.l?S 

( 3 1 3 ) .  La p r é s e n c e  c l ' e c toga lac tosy l t r a~ i s fé ra se  a  é t é  mont ree  dans l e s  

f i b r o b l a s t e s  A 3 1  e n  c u l t u r e  p a r  PATT c t  C-1:IIIF.S ( 3 1 4 3 ,  clans l e s  c e l l u ? e s  

3T3 p a r  PATT ei a l .  ( 3 1 5 )  e t  dans l e s  c e l i u l e s  EHR F a r  LAVONT e-5 O?,. ( 3 I 6 j ,  

dans toiis  c.es t y p e s  c e l l u l a i . r e s  1 1 a c t i v i t 6  augmente f o r t e n e n t  ;:er.:dzriii Ir! 

c r o i s s a n c e .  L a  p r g s e n c e  d ' e c t o ~ a ~ a c t o s Y ~ t r a i ~ s F é ~ - a s e  3 La s u r f a c e  di?. 



lymphocyte a E t é  s i g n a l é e  p a r  LMfONT e t  al. (317) ,  c e t  enzyme a  é t é  

également  t r o u v é  à l a  s u r f a c e  d e s  é r y t h r o c y t e s  de  L a p i n  p a r  l ' é q u i p e  

dtISSELBACHCR (PODOLSKY e t  al. : 3 1 8  ) ,  à l a  s u r f a c e  des  c e l l u l e s  de neuro- 

r é t i n e  embryonnaire de P o u l e t ,  p a r  ROTH e t  a l .  ( 3 1 9 ) ,  e t  s u r  l e s  g a c e t e s  

de ChZmdarno~zas p a r  MCLEAN e t  BOS1UNN (320) .  

E 1 e c t o s i a l y l t r a n s f é r a s e  e s t  l a  s e u l e  e c t o g l y c o s y l t r a n s f é r a s e  pour 

l a q u e l l e  des  preuves  u l t r a s t r u c t u r a l e s  o n t  é t é  ob tenues  p a r  PORTER e t  

BEPJIACKI avec  des  c e l l u l e s  leucémiques  L-1210 (321) .  Mais il e x i s t e  é g a l e -  

ment pour c e t  enzyme d e s  p r e u v e s  biochimiques  d e  s o n  e x i s t e n c e  o b t e ~ u e s  

avec  d e s  c e l l u l e s  BHIC ( C 1 3 )  p a r  DATTA (322) ,  d e s  c e l l u l e s  a s c i t i q u e s  
i 2  1 

f7 r t e s  d ' E h r l i c h  p a r  CERVEN (323) e t  IRIJTN e t  ANAST~LSSIADES ( 3 2 4 ) ,  des  lymphe-t 

p a r  PAINTER e t  lJHITE (325) ,  des  p l a q u e t t e s  sangu ines  p a r  BOSPU?lX (326) e t  

dans  c e  c a s  52 % de  l ' a c t i v i t é  de  l 'homogenat s e  r e t r o u v e  avec  une p c r i f i -  

c a t i o n  d e  50 f o i s  dans l e s  membranes plasmiques i s o l é e s .  T o u t e f o i s ,  l e  r ô l e  

d e  l ' e c t o s i a l y l î r a n s f é r a s e  dans  l a  r é g é n é r a t i o n  des  s ia l i ;g lycoconj i~&,t lSs  

de  s u r  f a c e  dans  des  lymphoblas tes  (1 i g n é e  Raj i )  seinble ê t r e  négligeci?- l e  

MACA e t  HAKES (327).  

En c e  qui concerne  1'ec~oma~rosyltrûnsf6rase PAT'II e t  SSIYLS l ' o n t  

mise  e n  é v i d e n c e  e n  u t i l i s a n t  des  f i b r c b l a s t e s  3 T 3  (328) e t  STKUCK eC LESXAYZ 

e n  u t i l i s a n t  des  c e l l u l e s  i s o l é e s  d ' o v i d u c t e  de  P o u l e  (329) .  

La mise  e n  é v i d e n c e  des  e c t o  Y-ac6 t y l g l  u c ~ s a m i n y l -  e ~  e c t o  :\il.-acé-- 

tylgalactosaminyltrançféraçes a  é t é  moins l a r g e v e n t  p u b l i é e ,  mais B9S>YXXX 

e t  a l .  (330) e t  FORGM? e t  BOSYANN (33 1 ) o n t  démontre l a  p r é s e n c e  de  ces 

deux enzyrncs s u r  l a  membrane de  f i b r o b l a s t e s  em3i-yonnaires de  Poule ' i ,  ! 'n~ 

a u t r e  d i f f i c u l t é  e s t  l a  m i s e  e n  é v i d e n c e  de c e s  enzymes à l a  s u ï f a c c  d e s  

c e l l u l e s .  En e f f e t  deux t y p e s  d e  t e c h n i q u e s  o n t  é t é  u t i l i s é e s  pour  GG~?ontler 

s a n s  a m b i g u i t é  l a  p résence  d ' ec tog lycosy l t r ans fé ra ses .  La première  e s t  1'i- 

so iement  ci ' une f l ac  t i o n  menibrariaire e n r i c h i e  en  membranes pl  asmiqi~es  i" "c 

l ' é t u d e  d e  s o n  a c t i v i t é  g l y c o s y l t r a n s f é r a s i q u e ,  dans  c e  c a s  d'ulre p a r t  l ' a c -  

t i v i t é  appor tCe p a r  l e s  membranes i n t r a c e l l u l a j r ~ s  c o n t a m i n a n t ~ s  e z t  l o i n  

d ' ê t r e  n é g l i g e a b l e ,  e t  d ' a u t r e  p a r t  l a  p o s i t i o n  e x t e r n e  du s i t e  a c î i i  de  

l 'enzyrne (donc s a  n a t u r e  d 'ec toenryme)  ne  p c u t  ê t i e  p r g c i ç é e .  La s e c o r d e  

t e c h n i q u e  e s t  1 ' u t i l i s a t j o i z  d e  c e l l u l e s  e n t i s r e s  i n c u b é e s  avec  Ie piZc,i:z- 

s e u r  r a d i o a c t i f  avec ou sâns a c c e p t e u r  exogeae. C e t r e  d c u x i è ~ e  t e c h n i c 7 ~ e  

e s t  coiir:iment employée inais e l l e  e s t  s o u r c e  de  no~;? 'L,re~scc cause ;  d P  c;re7:-rs 

q u i  o n t  GtS u i g n 2 l é e s  p a r  DEPFEZT e t  27. (332 ) ,  KL;ErTX:LT .?t TUkRr: (335) p i  

DEPPE3T e t  WALTEP. (334) .  EL1 e y  s o n t  a.ù norrbr' di. q u a t r e  : 

a - T a  p résence  d '  ectorlucl  ê o t - i d e s - ~ ~ n ~ ~ ~ h o s ~ l ~ a t a s e s  ci- d '  c c  i j ! i ~ , s -  

r;tiatases nciibi ariaires c o n d u i t  2 1 n des t ru r t : ion  du  précvrse1ir sc loi i  1 - 



Pyropl iosphatase  
r6action;XDPmonosaccharide DIP + monosaccharide-1-P -- 

monosacchar ide  + phosphate .  L e r m o s a c c h a r i d e  r a d i o a c t i f  p e u t  

p é n é t r e r  dans  l a  c e l l u l e  e t  l a  r a d i o a c t i v i t é  mesurée s u r  l e s  a c c e p t e u r s  

endogènes n ' e s t  pas  une a c t i v i t é  d e  t r a n s f e r t  mais une s i m p l e  e n t r é e  de  pré-  

c u r s e u r  . 
b  - Les c e l l u l e s  peuven t  s e c r é r e r  des  g l y c o s y l t r a n s f é r a s e s  dans 

l e  m i l i e u  d ' i n c u b a t i o n .  

c  - Dans l e  c a s  d 'un  a c c e p t e u r  exogène l a  c e l l n l e  p e u t  phagocy te r  

l ' a c c e p t e u r  e t  l e  p r é c u r s e u r .  La g l y c o ç y l a t i o n  p e u t  a l o r s  s e  d s r o u l e r  à 

l ' i n t é r i e u r  de  l a  c e l l u l e  g r â c e  aux g l y c o s y l t r a n s f é r a s e s i n t r a c e l l u ~ a i r e s .  

d  - Il e x i s t e  t o u j o u r s  dans  une ~ r é ~ a r a t i o n  c e l l u l a i r e  quc lques  

pourcen t s  de  c e l l u l e s  c a s s é e s  q u i  peuvent  l i b é r e r  dans l e  riii.lieu des etizymes 

i n t r a c e l l u l a i r e s .  

L e  t a b l e a u  V I  montre  d e  q u e l l e s  causes  d ' e r r e u r s  l e s  a x t e u r s  se 

s o n t  préoccupés  ( v o i r  à c e  s u j e t  l a  r evue  de  SHUR e t  ROTH : 3 5 7 ) .  017  CORS-- 

t a t e  q u 9 a c c u r i & t c u r  ne t i e n t  compte de  t o u t e s  l e s  remarques c e  q u i  rend 

d i f f i c i l e  l a  comparaison e t  l ' i n t e r p r é ~ a t i o n  des  r i 5 s u l c a t s .  

La d e r n i è r e  o b j e c t i o n  au r ô l e  des  ectoglycosyltransférases dans 

l a  b i o s y n t h è s e  e s t  l a  p r é s e n c e  d e s  p r é c u r s e u r s ,  c ' e s t - 3 - d i r e  des  g l y c e s y l -  

n u c l é o t i d e < ~ D ~ ~ a l ,  CVPIleuRAc, GDPFuc , UDP('lcNhc, GDPLlan) dGcoüver ts  Fzr 

LELOIR (CAPUTT0 e t  a l .  : 358 ) q u i  s o n t  absezrts ou en quanir i t6  t r è s  f a i b l e  

dans  l e s  n i i l i eux  e x t r a c e l l u l a i r e s ,  e t  cjui s o n t  c i é t r u i t s  r a p i & i ~ ~ e i - ~ t  p ~ r  l i s  
A n u c l é o t i d e  -pyrophosphatases  m e i ~ ~ l ~ r a n a i r e s .  En f a i t ,  ce protilème p c u t  c.tï-e 

r é s o l u  en c o n s i d é r a n t ,  d 'une  p a r t ,  l e s  c o n c e n t r â t i o i i s  l o c s l  es s u r  La ~IIZF>--  

b r a n e  q u i  à p r o x i m i t é  de  l ' enzyme peuven t  ê t r e  é l e v é e s  

e t ,  d ' a u t r e  p a r t ,  l a  p a r t i c i p a t i o n  des  i n t e r n é d i a i r e s  l i p i d i q u e s  

d e  t y p e  d o l i c h o l  phospha te  e t  d o n t  l ' i m p o r t a n c e  a  é t é  démontrée d a ~ s  l e  c a s  

de  l a  b i o s y n t h è s e  des  g l y c o p r o t é i n e s  s o l u b l e s  ( v o i r  l a  r evuc  gCnCralc de  

Wkl7CHTER e t  LEENkgz: 3 5 9 ) .  Ces d é r i v é s  f o r t e m e n t  hydrophobes t r anspoTtc i l t  

l e s  s u c r e s  a c t i v é s  g r â c e  à une l i a i s o n  phosphate  ois p y r o p h o s p h a ~ e .  En f a i t ,  

on pense  en  g é n é r a l  à un t r a n s p o r t  du çytoplasnie v e r s  l e s  " c i s t c r n â c "  d u  

r é t i c u l u m  endoplasriiique. T o u t e f o i s ,  aucune p reuve  n ' a  e n c o r e  é t é  a p p o r t é e  

à c e t t e  hypotht;se e t  c e s  i r o l é c u l e s  p o u r r a i e n t  r o u t  a u s s i  b i e n  ê t r e  ?es  jn-- 

t e r m é d i a j  r e s  dans l a  r é a c t i o n  cnzyma t i q u e .  

Ces donnéss  o n t  c o n d u i t  L E R X A K Z ~  p r o p o s e r  en 1975 (369) un çcFSo-i  

de  b i o s y n t h è s e  des  g l y c o p r o t é i n e s  ~rieinbranaires q u i  u t i l i s e  c e s  inter-d,%,'d$ r; :rc L 

( v o i r  Fig. I I ) .  Dans c e  schfr.ia un 01 igosacr .ha r ide  sgr~théi-;  c l  clans 17s r - ~  - :- 
. . 

n e s  e s t  greCf5 à l a  p r o t e r n e  ïnemilro~aire  n o n  ~ l y c o s y l é e  p a v r  i o r , ~ l s ï  1 0  
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Figure  11 -- 
Modèle de glycmylat ion des glycoprotéi-nes de l a  membrane plasmique 
v i a  l e s  i n t e  é d i a i r e s  l i p i d i q u e s  (d ' ap re s  LENNARZ : 351). 
~ l ~ b  e t  C l y %  r ep r6sen ten i  deux r é s i d u s  g lycos id iques  d i f f 6 r e n t s .  

g lycopro té ine .  Ce schéma a  é t é  confirmé en u t i l i s a n t  des c e l l u l e s  i s o l é e s  

d 'ov iducte  de  Poule.  Avec ce modèle, STBUCK e t  LEN-IARZ(362) on t  montré dans 

l a  membrane plasmique l a  présence d'ectoenzymes capables  de c a t a l y s e r ,  à 

p a r t i r  de GDP-l.lan, l a  s u i t e  de r é a c t i o n s  : 

GDP-Mar,+ Ma~ inos~ lphosphory ldo l i cho l  + Oligosaccharide - l i p i d e  --P. 

glycopro t é ine .  

L ' u t i l i s a t i o n  de ~ ' u D P  r c ]  -GlcNAc a  permjç 8 CHfN e t  LESXA.?: (163) 

de p r é c i s e r  l a  séquence de r éac t ions  de l a  f i g u r e  12. La formationdu t r i s a c -  

cha r ide  l i é  au d o l i c h o l  : 

p -Man-tp -GlcNAc -+ a-GlcNAc- P-P-Dol, e s t  for tement  stil-iil16e 

par  l a  b a c i t r a z i n e .  Un a u t r e  c in t ib io t icpe ,  l a  tunicamycirie, bloque 1-  :orr;a- 

t i o n  de GlcNAc +- P-Y-Dol corne l ' o n t  montré. STRIICK eT L Z ~ ~ A & Z  ( 3 6 5 ) ,  n a i s  

r e spec t e  l a  f o r n a t i o n  de mannosylphos~!horyldolichoi. Enf in ,  r é c e ~ m ~ n t ,  l c  

premicre é tape  de l a  réectbon : 

l 

a demontree au niveau d e  ces  Kgi,,~e:; :nez~brei,~es par  CEIEK e t  I,ENN>iJIL ( '-;. ' ix':). 



U D P ~ G I C N A C  
(001-P 

UMP + 
G I C N A C ~  P-P-Do1 ~ P J D P ~ M O ~  U D p l j ~ ~ ~ o  GICNAC 

n G D P d  

G rnDO"' 
GICNAC-GlcNAcoP-P-DOL n Man - P-Do1 

P 
M ~ ~ ~ G I ~ N A ~ - G I ~ N A ~ ~ P - P - D ~ L  

Do l -P  

Séquence des  r é a c t i o n s  c o n d u i s a n t  à l a  b i o s y n t h è s e  des  g l y c o p r o t é i n e s  
de membrane des  c e l l u l e s  d ' o v i d u c t e  de P o u l e ,  s e l o n  l ' h y p o t h è s e  de  
CHEN e t  LENNARZ (364) .  

La r é a c t i o n  de  t r a n s f e r t  de  1 ' o l i g o s a c c F a r i d e  siir 1 a  p r o t é i i r e  n6cess i . f e  

l a  p résence  de  l o  séquence t r i p e p t i d i q u e  Asn-Y-Ser (ou Thr) rilais a - s r i  1.m 

déploiement  d e  l a  c h a î n e  p o l y p e p t i d i q u e  ( v o i r  PLESS e t  LENN&z:367 e t  

RONLN e t  al. :365 ) .  

III - LE CATABOLIS?@ DES GLYCOCONJUGUES DE SURFACE ------- 
La prGsence d ' e c t o g l y c o s i d a s e s  q u i  s e r a i e n t  c a p a b l e s  de d c g r a d e r  

d e s  glycoconjugu6s membranaires e s t  encore  i n c e r t a i n e .  S e u l e s  des  a c t i v i t g ç  

e c t o s i a l i d a s i q u e  fi - g a l a c t o s i d a s i q u e  e t p  -N-acétylSlucosamini~ilasiqiir o n t  
$ !  

é t é  t rouvees  dans l e s  membranes pl.asmiques. 

Une s i a l i d a s e  c a p a b l e  d ' a g i r  s u r  l e s  g a n g l i o s i d e s  c o - u r i f i c  

avec l a  5 ' n u c l é o t i d a s e  dans l T h é p â t o c y r e  de Ra t  (VISSER e t  C1I;LLc'T : 

369 ; SCHE:?X;',~JXD e t  al. :370 ) ,  e t  dans l e s  synaptosomes (YO'IE et I3PSLLXZL.i; : 

3-)] ) ,  mais c e s  é t u d e s  r é a l i s é e s  s u r  des  mecibrailes i s o l é e s  n e  p e r m e t t e r  pus  



d e  d é t e r m i n e r  l ' o r i e n t a t i o n  d u  s i t e  a c t i f  de  l 'enzyme. Aucune a c t i v i t e  

s i a l i d a s i q u e  n ' a  é t é  d é c e l é e  dans  l e s  c e l l u l e s  embryonnaires  de H a n s t e r  

(HEF) ou dans  l e s  c e l l u l e s  BHK normales .  P a r  c o n t r e ,  une a c t i v i t é  s i a l i d a -  

s i q u e  a p p a r a î t  dans  c e s  c e l l u l e s  a p r è s  t r a n s f o r m a t i o n  spon tanée  ou v i r a l e  

p a r  l ' a d é n o v i r u s  12 (SCHENGRUND e t  a l .  :372 ) .  Une a c t i v i t é  e c t o s i a l i d a -  

s i q u e  es t  r e t r o u v é e  dans  les f i b r o b l a s t e s  d'embryon de  Hamster t r ans formés  

p a r  l e  v i r u s  Heupex simplex ( t y p e  2 )  (SCHENGRUND e t  a l .  : 373 ). T o u t e f o i s ,  

e n  u t i l i s a n t  des  s u b s t r a t s  r a d i o a c t i f s  comme l e  14c GM3 ou  l e  r 4 6 j ~ ~ l a  L l 
aucune a c t i v i t é  n e  p e u t  ê t r e  d é c e l é e  à l a  s u r f a c e  des  c e l l u l e s  He la  dans 

des  c o n d i t i o n s  de  pH p h y s i o l o g i q u e  (TALLNM e t  a l .  : 374 ) .  

u n e t - g a l a c t o s i d a s e  a  é t é  d é c r i t e  dans l e s  membranes hépatocy-  

t a i r e s  d u  t oeuf' (FLEISCHER e t  FLEISCIJER : 375 ) mais l e  s u b s t r a t  employé, 

1'UDP-Gal, permet p l u t ô t  l a  mesure  d ' u n e  a c t i v i t é  pyrophospha tas ique  qu 'une 

a c t i v i t é  g a l a c t o s i d a s i q u e .  En o u t r e ,  P -N-acétylglucosaminidase a  é t é  

t r o u v é e  dans  des  menbranes p u r i f i é e s  d e s  c e l l u l e s  a s c i t i q u e s  dTEPir l ich  p a r  

MOLNAR e t  al. (376) .  Comme clans l e  c a s  des  ectoglycosyltransfé~ases, l a  

d i v e r s i t é  des  modèles e t  d e s  t e c h n i q u e s  mises e n  o e u v r e  n e  permet pas  de  

d é f i n i r  d e s  r è g l e s  g é n é r a l e s .  



CONCLUS IO!iS 

Ces g é n é r a l i t é s  s u r  l a  b i o l o g i e  molécula i re  des  glycoconjugués 

de s u r f a c e  permettent  de dégager deux f a i t s  p r inc ipaux : 

1 - Les glycannes des glycoconjugués membranaires jouent  un 

r ô l e  b io logique  extrêmement important ,  e t  c e c i  g râce  à deux c a r a c t é r i s t i q u e s  

l e u r  d i v e r s i t é  s t r u c t u r a l e  e t  l e u r  mode d ' i n t é g r a t i o n  dans l a  membrane. 

2 - Ce s o n t  l e s  suc re s  terminaux q u i  jouent  l e  r ô l e  de s i g n a l  

de reconnaissance.  En e f f e t  un r é s i d u  g a l a c t o s y l  terminal  p o r t é  par  un gly-  

c o l i p i d e  ou une g lycopro té ine  membranaire peut  f a i r e  p a r t i e  d'un déterminant  

an t igénique ,  e t  par  l à  ê t r e  reconnu pa r  un a n t i c o r p s  ou un lymphocyte. Il 

f a u t  n o t e r  également que lorsque  l e s  suc re s  s o n t  impliqués dans l a  reconnais-  

sance c e l l u l a i r e  c ' e s t  l e  r é s i d u  g a l a c t o s y l  q u i  semble jouer  l e  r ô l e  impor- 

t a n t .  L 'acide N-acétylneuraminique e s t  l u i  a u s s i  souvent impliqué dans ces  

phénomènes, il e s t  en e f f e t  reconnu pa r  l e s  v i r u s ,  c e r t a i n e s  toxines bac té-  

r i ennes  e t  c e r t a i n e s  hormones. De p lus  l e  degré de s i a l y w i o n  de l a  membrane 

joue un r ô l e  moins s p é c i f i q u e  en r é g l a n t  c e r t a i n e s  fonc t ions  v i t a l e s  cornme 

l a  pe rméab i l i t é  de l a  membrane, l ' a c t i v i t é  des enzymes membranaires e t  l a  

durée de v i e  de c e r t a i n e s  c e l l u l e s .  Les r é s i d u s  fucosyl  en  p lus  de l e u r  r ô l e  

de déterminants  an t igéniques  s o n t  des signaux de reconnaissance pour c e r t a i n s  

médiateurs .  

Les molécules soumises aux agress ions  du m i l i e u  e x t r a c e l l u l a i r e  

s e  dégradent rapidement e t  s o n t  c o n s t a m e n t  renouvelées pa r  l a  c e l l u l e .  Ce 

problème de l a  b iosynthèse  e s t  l o i n  d ' ê t r e  r e s o l u  e t  nous avons vu que deux 

t h é o r i e s  s ' a f f r o n t e n t  : c e l l e  de l a  b iosynthèse  pa r  l e s  g lycosy l t r a r i s f é ra ses  

i n t r a c e l l u l a i r e s  : hypothèse du "membrane flow", e t  c e l l e  de l a  syn thèse  par 

l e s  ec toglycosyl t ransférases .  En f a i t  q u e l l e  que s o i t  l a  l o c a l i s a t i o n  d e  ces 

enzymes, l e  schéma de synthèse  e s t  ident ique .  La f i g u r e  13 résume nos connais- 

sances s u r  ce s u j e t  dans l e  cas  des g lycopro té ines  de type N-acétyl lactosa-  

minique. Là encore deux f a i t s  s e  dégagent : 

1 - La synthèse  du noyau pentasacchar id ique  i n t e r n e  se  f a i t  grâce 

aux in t e rméd ia i r e s  l i p i d i q u e s  ( cyc l e  des d o l i c h o l s )  s u i v i e  pa r  une matura t ion  

du glycanne ( é t apes  1-4). 

2 - Après branchement des r é s idus  N-acétylglucosaminyl ( é t apes  

5 e t  7 ) ,  l e s  r é s idus  terminaux viennent  compléter l a  molécule : a d d i t i o n  l e  

r é s i d u s  fucosyl  (é tapes  8 ,  11 e t  1 2 ) ,  de r é s i d u s  g a l a c t o s y l  (é tape  9 )  e t  



Figure 1.3 : 

Schéma hypothétique de la biosynthèse des glycoprotéines membranaires 
de type N-acétyllactosaminique d'après SCHACHTER (377). a- Début de la synthèse de la cliaîne peptidique. Une séquence N-ter- 
minale reconnaît des sites récepteurs du réticulum endoplasmique 
rugueux. La formation d'un canal transmembranaire permet le passage 
du peptide naissant au travers de la membrane : BLOREL et DOBBEKSTEIN 
(378, 379). 

@- Synthèse du noyau oligosaccharidique interne grâce au cycle des 
dolichols : voir les revues générales de HEYbfING (380, 331) et de 
LJAECHTSR et LENKARZ (382) . a- Glycosylation dii peptide au niveau de l'asparagine : voir JAIYIESON 
(383) et RIELY e t  al. (354). 

@- Maturation du glycanne (élimination des residus glucos~rls et man- 
nosyls excédentaires : voir la revue de ROBBINS e t  al. (385), et les 
travaux de TABkS eL al. (386), HUNT e t  al. (387) et Cl-IEN et LEWARZ 
(338, 389). 
O- Action de la p-2-N-acétylglucosaminyltransférase 1 : voir STARLEY 
et al. (390). 
@ - Action d'uned  ann no sida se golgienne. Cette étape est hypothétique 
mais elle est ap?u;rSe par la decouverte de cet enzyme par DEIULD 
et TOUSTEK (391). 

@ - Acti~n de la O--2-N-acétylglucosaminyltransférase II : voir 
NAKASIFEIAN e t  al. (392) avant ou après branchement du résidu fucosyl. a- Actjo, de I'aC -6-fucosyltransféras~ qui branche un résidu fucosyl 
sur la N-acétyi~lucosaiî?ine du point d'attache : voir WILSON et a?;. 
(393) et SABBAL et SC IACHTER (334). 8- Action d'une p - 4 - g a l a c t o s y l t r a ~ i s f ~ r a s e  (KHATRA et al. : 395). 

- Action d'une& -6-sialyl trânsf érase : BAXïXiOLOFEW et al. (3961, 
et PAULSON st a?;. (397, 398). 

(ou) 11 - Action d'une4 -3-f ucosyltransf crase : PAULSON st al. (399). 
(ou) 8 12 - Actio~: d'une fucosyltransfErase branchant un résidu fucosyl sur 

le galactose. Cettc activité n'a pu être décelée que in vitro : voir 
WILSON e t  a7.(400), la seule structure correspondant à cette activité 
connue à ce jour est celle trouvée par KRUSIUS e t  al. (401) sur les N- 
glycoprotéines de membrane érythrocytaire : 

d-1 3 1 4 
Gl CNAC ---b=- Ga1 t'-b.k~lch~~c .2++ ~lcN.4 -C >fan-+GlcYAc2-Asn a 
Ga1 Gal+ GlcNAc 1 h  Gal -A GlcNAc -+Man =+-Glci'fAc2-Asn 

4A 1,2 l 3  
Fuc 

0 - Intégration dans la membrane ;\lasmi~ue par fusiori de la vésicule 
golgienne. 



rés idus  s i a l y l  ( é t a p e  10) .  

Le  problème posé e s t  donc ce lu i - c i  : e x i s t e - t - i l  s u r  l a  membrane 

c e l l u l a i r e  des g l y c o s y l - t r a n s f é r a s e s  capables  d 'achever ,  ou de  r é p a r e r  l e s  

glycoconjugués de s u r f a c e  l o r s  de l e u r  i n t é g r a t i o n  dans l a  membrane ? p a r  

l e u r  a c t i v i t é  ces enzymes s o n t - i l s  capables  de moduler l e  taux  de r é s i d u s  

ga l ac tosy l - ,  s i a l y l  e t  fucosyl  c ' es t -à -d i re  de moduler " l a  q u a n t i t é  de 

signaux de reconnaissance". 



TRAVAUX PERSOMNELS 



1 - LE C H O I X  DE LA CELLULE ET DES ECTOGLYCOSYLTMNSLERASES 

Deux s t r a t é g i e s  de recherches  peuvent ê t r e  employées pour é tu-  

d i e r  l e s  ec toglycosyl t ransférases  : s o i t  l a  recherche de ces  enzymes dans 

l e s  membranes plasmiques i s o l é e s ,  ou l e u r  d é t e c t i o n  s u r  des  c e l l u l e s  e n t i è -  

r e s .  La première méthode s e  h e u r t e  à deux ob jec t ions  graves : d'une p a r t ,  

aucune méthode de p répa ra t ion  ne donne une f r a c t i o n  membranaire pure (sauf 

pour l e  g lobu le  rouge) ,  c e l l e - c i  e s t  l a  p l u p a r t  du temps contaminée p a r  

des  membranes i n t r a c e l l u i a i r e s  en  p a r t i c u l i e r  des membranes golgiennes qu i  

s o n t  elles-mêmes r i c h e s  en g l y c o s y l t r a n s f é r a s e s  (ga lac tosy l -s ia ly l - -e t  fuco- 

s y l t r a n s f é r a s e s ) ,  d ' a u t r e  p a r t ,  l a  présence  d 'une a c t i v i t é  enzymatique dans 

une f r a c t i o n  membranaire supposée pure ne permet pas de conclure  à l a  pré- 

sence d'ectoenzyrnes c a r ,  dans ce  cas  l e  s u b s t r a t  e s t  a c c e s s i b l e  à l a  f o i s  

aux enzymes dont  l e  s i t e  a c t i f  e s t  d i r i g é  v e r s  l e  c ô t é  i n t r a c e l l u l a i r e  e t  

à ceux dont l e  s i t e  a c t i f  e s t  d i r i g é  v e r s  l e  c ô t é  e x t r a c e l l u l a i r e .  

Pour é v i t e r  ce s  cêuses d ' e r r e u r s  nous nous sommes d i r i g é s  v e r s  

l a  seconde méthode c 'es t -à -d i re  : l ' emplo i  de c e l l u l e s  e n t i è r e s .  Dans ce  

ca s  comme l e  s u b s t r a t  (nucléot ide-sucre)  ne pénè t r e  pas dans l a  c e l l u l e ,  

s e u l s  l e s  ectoenzymes s o n t  dé t ec t é s .  Le p r i n c i p e  généra l  de l a  méthode e s t  

schématisé dans l a  f i g u r e  14 q u i  montre l a  r é a c t i o n  de  t r a n s f e r t  s u r  l e s  

accepteurs  endogènes de l a  c e l l u l e  e t  s u r  des  accepteurs  exogènes. 

A - PRORLEME DU CHOIX DE LA CELLULE -.-- 
L ' u t i l i s a t i o n  de c e l l u l e s  e n t i è r e s  pose l e  probleme du choix 

de  l a  c e l l u l e  d 'expér ience .  Le choix dépend de deux c r i t è r e s  p r inc ipaux  : 

1 - l e s  a c t i v i t é s  dé t ec t ées  é t a n t f a i b l e s ,  il e s t .  n é c e s s a i r e  de 

t r a v a i l l e r  avec  des  concent ra t ions  en c e l l u l e s  re la t ivement  é l e v 6 . e ~  (de  
8 l ' o r d r e  de 10 c e l l u l e s / m l ) ,  il f a u t  donc une souche de c e l l u l e s  q u i  s 'ob-  

t i e n t  f ac i l emen t  avec un rendement é levé .  

2 - l e s  ec toglycosyl t ransférases  é t a n t  par  d é f i n i t i o n  exposées 

à l a  su r f ace  e x t e r n e  des  c e l l u l e s ,  il f a u t  é v i t e r  t o u t  t r a i t emen t  q u i  

p o u r r a i t  f a i r e  d i s p a r a î t r e  ou modi f ie r  c e t t e  a c t i v i t é .  Il f a u t  donc exc lu re  

t o u t e s  l e s  c e l l i i l e s  qui s o n t  c u l t i v é e s  e n  monocouche su r  un support  de verri .  

ou de p l a s t i q u e  e t  q u ' i l  f a u t  dé tacher  à l ' a i d e  de l a  t r y ~ s i n e  ou de l l E D T A .  

De p lus ,  ces  trait:ements f r a g i l i s e n t  l e s  c e l l u l e s  e t  p e m é a b i l i s e n t  l a  r.!e.-l- 

bra-ne aux p récu r seu r s  ce qui  rend d i f f i c i l e  l a  d i s t i n c t i o n  e n t r e  l e  traris- 

f e r t  d.û aux ectoenzymes e t  c e l u i  dû aux enzymes i r i t r a c e l l i i l a i r e s  (3EPPEBT 

e t  K U T E R  : [+O2 ) . 



Cellule C Substrat radioactif Transfert sur les accepteurs endogènes 

-+ Nucléotide-SU 

f Substrat radioactif 
Cellule Transfert sur les accepteurs endcggnes + Accepteur exogène et exogènes 

Figure 14 : 

Pr inc ipe  géné ra i  de  l a  méthode de d é t e c t i o n  des ec tcglycosyl t ransférases  
en  u t i l i s a n t  des c e l l u l e s  e n t i è r e s  A )  s ans  accepteur  exogène 

B )  avec accepteur  exogène 

Une c e l l u l e  nous a paru répondre à ces  deux cond i t i ons  : l e  

lymphocyte. Dans c e t t e  c e l l u l e  des a c t i v i t é s  ectogalactosyltransfirasiques 

avaien t  é t é  t rouvées  par  LATlONT e t  a l .  (403).  L ' isolement  de  lymphocytes 

sy lén iques  de Rat n s  n é c e s s i t e  aucun agent  chimjque ou enzynat ique e t  con- 

s i s t e  en  une d i s s o c i a t i o n  mécanique s u i v i e  par  une hémolyse e t  par  des  

lavages dans l e  tampon cacodyla te  de sodium 0 , l  ri, Nacl 0,154 M qu i  e s t  

également l e  tampon d ' incubat ion .  Il f a u t  remarquer cependant que l a  popu- 

l a t i o n  c e l l u l a i r e  n ' e s t  pas homogène e t  c o n t i e n t  à l a  f o i s  des  lymphocytes 

T e t  B q u i  peuvent ê t r e  d i f f é r e n t s  du p o i n t  de vue de l e u r s  ec toglycosyl -  

t r a n s f é r a s e s .  C e t t e  hé t é rogéné i t é ,  b i e n  q u ' e l l e  d o i t  ê t r e  no tée ,  ne change 

en r i e n  l e  problème de  l a  d é t e c t i o n .  

B - PROELEME DU CHOIX DES ECTOGLYCOSY1,TRANSFEWSES 

Il a p p a r z î t  que ce  s o n t  l e s  suc re s  terminaux (ga l ac tose ,  mannose, 

ac ide  N-acétylneuraninique, fucose)  des  glycannes des  glycoconjugués mem- 

brana-ires qui  jouent  1.e r ô l e  de s i g n a l  de reconnaissance,  ce  sont  eux 



également qui sont transférés en dernier sur la molécule en voie de 

synthèse. Nous avons choisi d'étudier l'ectogalactosyl, l'ectosialyl et 

l ' ec tofucosyl t ransférase  à la surface du lymphocyte. 

Le choix de ces trois enzymes pour co~nmencer cette étude 

simplifie le problème du choix des accepteurs exogènes. En effet les N- 

aêétylglucosaminyl- et mannosyl-transférases agissent principalement au 

niveau du cycle des dolichols et nécessitent donc corne accepteurs exogènes 

éventuels des dérivés isopréniques de type dolichol,solubles dans les mi.- 

lieux d'incubations classiques uniquement à l'aide de détergents, ce qui 

n'est pas réalisable avec des cellules entières. 



II - ETUDE DE L'ECTOGALACTOSYLTPAYSFEMSE 
- 

A - ARTICLE I : Nouvelle preuve de l ' e x i s t e n c e  d 'une ga l ac tosy l -  

t r a n s f é r a s e  à l a  su r f ace  c e l l u l a i r e  

La première é tude  c o n s i s t e  à r e t rouve r  l ' a c t i v i t é  ec toga lac to-  

s y l t r a n s f é r a s i q u e  dans l e s  cond i t i ons  d é c r i t e s  p a r  d ' a u t r e s  au t eu r s  c e  

q u i  permet de s e  rendre  compte de  l a  v a l i d i t é  du modèle c h o i s i .  C e t t e  

première s é r i e  d 'expér iences  nous a  permis de d é f i n i r  l e s  paramètres c iné-  

t i q u e s ,  e t  l e s  condi t ions  de concen t r a t ions  en  c e l l u l e s  e t  en  accepteur  

( d a m  ce c a s  l 'ovomuco~de) .  Cependant comme l ' o n t  montré KEENAN e t  MOnRE 

(404) l a  mesure de l ' i n c o r p o r a t i o n  d'un suc re  r a d i o a c t i f  s u r  des c e l l u l e s  

incubées avec un sucre  nuc léo t id ique ,  sans  ou en présence  d 'accepteur  

exogène peu t  conduire à des interprétations e r ronées ,  en e f f e t  : 

Object ion 1 : nous ve r rons  que l'UDF-Ga1 u t i l i s é  e s t  rapidement 

dégradé en  Gal-1-P p u i s  en Galac tose  l i b r e  q u i  peu t  e n t r e r  dans l a  c e l l u l e .  

La r a d i o a c t i v i t é  a s soc i ée  aux c e l l u l e s  peut  ne pas  ê t r e  uniquement dûe à 

l a  r é a c t i o n  de t r a n s f e r t  c a t a l y s é e  par  l ' ec togalactosyl t ransférase .  

Object ion 2 : dans l e  ca s  de l ' a c c e p t e u r  exogène où l a  première 

o b j e c t i o n  ne peut pas s ' a p p l i q u e r ,  il peut  néanmoins s e  produi re  une pha- 

gocytose ou une pinocytose de  l ' a c c e p t e u r  e t  du p recu r seu r  e t  l a  glycoçy- 

l a t i o n  peut  a l o r s  ê t r e  c a t a l y s é e  pa r  l e s  g a l a c t o s y l t r a n s f é r a s e s  i n t r n c e l -  

l u l a i r e s .  Un processus d 'exocytose p o u r r a i t  reridrr l ' a c c e p t e u r  "ga l ac tosy lé '  

au m i l i e u  d '  incubat ion.  

Object ion 3 : a u s s i  b i e n  pour l e s  accep teu r s  endogènes que pour 

l e s  accep teu r s  exogènes il peu t  y  a v o i r  d 'une p a r t ,  s e c r é t i o n  de g lycosyl -  

t r a n s f é r a s e s  pendant l ' i n c u b a t i o n  (ce  phénomène a  d ' a i l l e u r s  é t é  d é c r i t  

pa r  LANONT e t  a l .  (405) pour l e s  f i b r o b l a s t e s  NIL e t  NILpy), d ' a u t r e  p a r t  

il e x i s t e  inévi tablement  dans une suspension c e l l u l a i r e  un f a i b l e  pourcen- 

tage  de c e l l u l e s  ca s sées ,  c e s c e l l u l e s  peuvent r e l a c h e r  dans l e  mi l i eu  des 

membranes i n t r a c e l l u l a i r e s  contenant  des  g l y c o s y l t r a n s f é r a s e s  e t  égaiement 

c e s  enzymes sous forme so lub le .  C e t t e  l i b é r a t i o n  d'enzymes dûe à l a  secré-  

t i o n  ou à l a  l y s e  p o u r r a i t  à e l l e  s e u l e  exp l ique r  l ' i n c o r p o r a t i o n  t rouvée.  

On s ' a p e r ç o i t  a l o r s  que l e s  i nco rpora t ions  obtenues a u s s i  b i e n  

SUE. l ' a c c e p t e u r  exogène que s u r  l e s  c e l l u l e s l n e  permet ten t  pas de conclure  

à l ' e x i s t e n c e  d'ectoga7actosylcransférases s i  c e r t a i n e s  précaut ions  ne 

s o n t  pas  p r i s e s .  

Pour pouvoir t i - r s r  d e s  conclusions quant  à l a  présence de ces  

enzymes nous avons répondu dans ce  ? r e n i e r  a r t i c l e  à deux de ces  t r o i s  

ob jec t ions  de l a  maniSre su ivan te  : 



1 - L'utilisation d'un accepteur lié de façon covalente à des 

billes de Sépharose au moins 10 fois plus grandes que les lymphocytes 

permet de répondre 2 l'objection no 2 et de résoudre le problème posé par 

les accepteurs exogènes. 

2 - L'étude de la répartition de l'activité après l'incubation, 
entre d'une part le milieu (secrétion) et d'autre part les cellules permet 

de répondre à l'objection no 3. 
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NEW EVIDENCE FOR CELL SURFACE GALACTOSYLTRANSFEI<rISE 
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Since Rosernail [ 1 ] lias prol>oscd iiiiplications of 
ectoglycosyltraiisferaçe systeiils in intercclliilar 
adhesion and ceIl recognition, iriany works tend t o  
demonstrate the occiirrcrice of  ce11 surface glycosyl- 
transferase (I2.71 and for review, sec ref. [SI). Except 
for ectosialyltrai~sferase for whicii u!trastriictural ' 

evidence lias been obtaincd 191 tlie biocliemical 
demonst~at ion for  ectoglycosyltransferasc is iiot 
withoiit certain faiiiire. Receiitly, Kcenan and Aforre 
[ IO]  reviewed tlie differcrit reasûiis whicli caii be 
misleading t o  coiiclusive dernonstration for the 
occurrence of this ei~zyiiiatic syster-ii on the cuter  
surface of the plasnia nienibrarie. Orie way t o  
cliaracterize tliese enzyiiies is t o  isolate plasma meni- 
brancs, however, this zpproacli n a y  be faulty by tlie 
contairiination witli intracellular menibrane associateci 
enzymes. Moreover it clces iiot provc tlie external 
orientation of the active sites. T!.iese are tiie mairr 
reasons why niost autliors deal with iritacr ce11 
systenis. As it has been poirited out  by Keei~an and 
Morre [ I O ] .  incubation of cells with riucleotide 
sugars wiili c)r without exogenous acceptors leads t o  
the foilowiiig causes of errors: (i) preciirsor hydrolysis 
and entry of tlie free carbohydrate iiito the cells: (ii) 
release or secretion of iniracellular ~lycosyltransferases, 
(iii) exogenous acceptors giyco~ylation i:iay be duc 
t o  phagocytcsis o r  pinocytosis arid later excrction in 
the iricubatioti iiirdiurri. 

Reiiig aware of  these iacts, wc 1:ave developed a 
new methodology t o  denionstrate c!eail>( th? occurrence 
of ectogalactos)~ltransSei-;ise. Tlie ilse of acceptors 
coupled a n  SepIlrirose beslls far larger il? size tlian riie 

cells allows us t o  eliiniwte ille tliird reziiark. Meai:iie- 
nierit of  t l ~ e  galactosyl tiaiisfernse activity ;II the post 
incubatioii siipcrnatniit niedi~iix allows us t o  answeï 
tlie second point. Firially, separalion of cclls frniii the 
insoluble acceptors afler incuhatioir enables us t o  
discrimiriate between the giycosylation of ti?e :icccyitor 
and the iiicorpo!-afiori by tiie cell. 

2. Materiais and inetliods 

1.1 . Prepaintiotl of ce!/s 
To test ilie validity of oiir rnctliod ure used ccllr 

for wliich ectogalactosyl ti.vi~sfei.ase actjvities liaïc 
beeii menrioneci [S] i.e. 1yrnjiliocy:i.s. Sp!ecii iyniplio- 
cytes v~ere  p r e p a r ~ d  froir! tiiree ~iioiitlis old Spv,lcr. L +,de -- 

Ilawley rats accori!ing t o  Lrimont et e!. [SI .  Ery:!irci- 
cytcs lysis was aciiieved tliiougli a 15 niin iiicuhation 
iii 0. 154 hi aii:inoniiirn cliloride iii t!ie prcscnce of 
iOX fctai c:iif seiu:n (:u'orcigroiisky, persoi!al 
coinrnuiiicatioii). 

3.2. ficpnratioil  if' tlle accepter 
Accordirig to  Spik et  al. (iiiipublislied results) 

ovoniucoid is a good galactose acceptor as each of its 
glycan inoieties possesses 5 GlcN,!i\c residues in 
:ion-rcdilcing tcri-riinal posiiioii [ 1 1 ] . Ovonilicoi~d 
prepared accordiiig t o  Fredcricq :itid Deiitscli [ 1 I] 
was coupli*c.l t o  Sephsrose 4B by tlie C'KHr nietlicxi 
described by hlarcii c t  31. [ i  31 . Fifiy rniiiprai:is of 
glycoproteiii wei-e i'ised 1;" ni1 of Sepliarose beadn. 

1.3. C;nf(~~io~>,l tratrrjelzrs~ a s s o ~ ~ s  
Tlie iiicubatioii i i~ i s tu re  coiiraiilcd 0.1 hl sodiuiii 
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cacodylate pki 7.4,0.154 hl NaCl, 10 niM M1lCI2, 
1 0  pM ~ ~ ~ - [ ' ~ ~ ] ~ a l a c t o s e  (Aniershain, brouglit to  
tlie specific activity of 100  mCi/inM witli u~ilabeled 
UDP-Gal froni Sigma). For a firial voluine of  5 0  pl,  
standard assays contained 6 X 106 cells and, either 
20 1-11 of  insolubilized acceptor or 300 pg of native 
ovornucoicl. lncubatioi; was ricliieved at  3 7 " ~ ,  with a 
constant slow rotation of the tiibe to  be sure of a 
good coiitact Oetweeix cells and beads. 

2.4. Separation of cells fro~tr ucccptols 
\Viiei-i native ovonilicoid was iised, cells were 

sediriiented by low speed cent;.ifugatioii. Accepior 
contaiiiiiig supernatant was precipitated by tlie 
addition of  3 ml of cold 5 5  :;~Ilosp!iotungstic acid in 
2 M Hel. ?lie precipitate was collected c)ii a glass 
fiber filter (Whatiiiai~ GF/83) aiici extensivcly waslied 
with tlie above phospliotungstic solution aiid theri with 
cold absolute ethanol. Cells viere \vaslied in 0.1 54 hl 
NaCl. tl.ieii precipitated and collected as above. 

Wien Sepliarose-bourid ovori-iucoid was used, tlie 
separation wiis achieved tliiougli adding 200 pl  of  405% 
metrizamide (Nyegaard aiid Co.) and a furtlier 5 min 
5 0 0 0 g  ceiitrifugatioii. 111 tlie fiiiai 32% rnetrizaiiiide 
medii~rn, tlie floatiiig cells were pipetted, washed in 
0.1 54  M NaCl. precipitated and collected as above. 
Tlie pelleted Geads were waslied with ! .5 Prl NaCl to  
avoid aiiy radioactive precuisor adsorption and 
collected on  glass fiber. Tlrey are exterisively riiised 
with 1.5 M NaC1 and then with etlianol. Kadioactivity 
of the collected materials was deter~iiiiied by countiiig 
in scintillation Iiquid. 

2.5. A~talj~si.~ of ~riicleotidc sLrgur tlegrarlutiorz 
Several autliors [14,1 51 Iiave siiggested that ce11 

surface nliclcotide pyrophospliatase ciegradiiig tlic 
siigar nucleotides woultl Sreverit the detection of ecto- 
glycosyltransfe:3se activiries. Coiiseclueritly prccursor 
degradatioii lias bcen nioiiitored duriiig the incubation 
period by ~ s i i i g  papes ciiruniatograpliy deveioped 
for 1 8  h, in the iollowing solveiit: ethyl acetate--pyri- 

3. Resulis aiid discussion 

3.1. Conditior~s for galucrosj~ltmris~fe~'use activic~! ivitii 
rlativc oi~o~nucoiil. 
Preliniinary stiidics and deterniinarion of  various 

parameters of the glycosylation process Iiave becn 
realized witll native ovoniucoid. Fig.! reports a t i i l i~ .  
dependent iiicorporatio!~ of galactose botli on exose- 
nous ovoriiucoid aiid by  cells, slio\ving tliat ovoniii- 
coid caii be useci as an acceptor for tlic lyriipliocy te 
galactosyltrsnslèrase system. As sliown iri fig.23, op- 
tiriial galaciose transfer on ovoiiiucoid is otttained witlj 
a final coiicentratiori of 1 cells/ml, wllicli iç iiot tlic 
case for tlie galactose incoiporatetl Ciy the cells. Tliesc 
results niay be accvunted for hy tlic fig.2b: the 
plateau cbserved for transfei activitjr is duc to  ari 
exteiisive degradation of UDP-Ga1 when ceIl coriceri- 
tratiori exceeds 1 G' cells/n~l. hforeovcr, siinilarity is 
Aserÿed bct~reei i  tlic increrising cell i11co;porated 
radioactivity and free galactose foriiiatioii f i o i ~ i  
UDP-Ga1 via Gal-1-1'. These facts siiggest that ii-icorpo- 
ratioii by tlie cells is due,  to  a certiiiii extent,  t o  
galactose eiitry an3  its iilcorporatioii h y  tlie celis. 
T'lie cffecî of ovon~ucoid conceritratiori on llie ti-ans- 
fer reacti«il is sliown in fig.3: wfiilc a plciteau is ob- 
served froni the concentrritioii of 8 113- of ovorniicoid 
per ilil, t!ie galactose iricorpocated by tlic cclls reiiidii~: 

dine--dacial acetic acid- water (5 : s :  1 :3) as recoriiiiien- Incubation tirne (min) 

ded by Spik arid Six (u~ipubiis!ied results). A strip 
1:ig.l. Einetic stiidy of :lie incorporation oi rtdioactiic along tlte cliro~natograpliic pa th is eut into 1 X 5 ciri 
galactose on nati\.c ovo!riiicoid i*-o!: 1))' 1yi;ipliocytes (̂ -') 

bands, radioactivity of \:.hic11 was determined by and for tctal incorpora:iori, celis plu., acccptors (.--',), Tlie 
counlirig in toluol hased sciritil!atiori niedium. final ccll roncetirration \vas 6 x 10' cell~i'nil. 
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ovomucoid  concerit iat ion (rng/ml) 

Fig.4. Radioactive ~;i lactose traiisfci- iesction I? :~ . JSL: IC~  \\ i t l i  

increasirig aniountr, of inso!ubi!ized ovoniucoid. 15 pl  of 
ovomucoid coujlletl beads represcn t acceptor coii,xiiiratio!i 
of 4 rn?/n:l. n i e  cc11 concentration \\as 10%çlis!ni! in 3 i'i:13i 
voliiinc of 75 111. 200 cpiri correspond to the trarizrèr of 
1 p?vf of gslactosc. 

Fig.2(a) l i fkc t  of cell concentratiori on the iiicorporation of 
radioactive galactcise on native ovoiiiiicoid (O--*) by tlie 
lyinpliocy!cs (,M) and for total incorporation, celis plus 
acceptors (li---A). (bl Effcct of ccll coricciitiatiori on tiie 
UUP-Clal degradation (*-a), ficc galactose appcaraiice 
(M) and Ga!-1-P evolutioii (&..-A). Assâys \vc.re iiiiide in the 
staiidard conditions for a 60 iriin inciibaiion tiiiie. 

incubat ion  t i m e  ( m i n )  

ovomucoid concentration (rng/mi) 

ITig.3. Ilffect of rlie native ovoniucoid coiiccniration on tlie 
iricorporalion of radioactive palsctose on  native ovornticoid 
(-), aiid by tiie 1)-rnphocytcs (ni'). 

I:ig.S(a) Kinctic stu~lics of the ii~corporation of r3di 3sc: i~c 
('dactose on tlie irisolubi!ized ovcrriiicoid ( *%-A) ,  i j -  tl!? 
lyiiipliocytes (<-cl. ( h )  Linetic stiiilies CIC tlic L'CP-(.;aI 
cierradation ( L - O ) ,  n f  îlis free eal;ictose appcrirance (---r) 

and of :!le Gal-1-1' evo!iition (u). ?lie  ceii coilcer?!r:;tiiir~ 
a a s  10' ceIlsinil. 20 pl of ovoiiiiicoid co~iplcù besdç o-c.rc 
iised in a fina! voiunic of 50 iil. 
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tlie possibi!ity of tlie reiease of iritracellular enzyine 
beforc the iiiciihation (ce11 lysis) or diiring tiie inc~i -  
batiori (secretion or ceIl breakagej. In addition t o  this, 
when radioactive precilrsor is added after various 
preincubation tirne, the transfer activiiy is iiot 
iricrcased in a noticeable proportion (table 1 c) 
showing that rio additional galactosyltransferase 
activity has appeared during tlie incubation. 

This research was supportcd by gra~t ts  froiri tlie 
C.N.R.S. (L.A. no 2 i 7: Biologie Physico-Cliiiiiique r t  
Moléculaire des Glucic!es Libres et  Conjugués iiiid 

A.T.P. Pliarniacod~.riaii~ie e t  Cliiiniotliérripie) 2nd by 
",'SIC- the Cominiçsxri;lt à 1'Energie Atorr:iq!ie. We are , 

ful t o  Nyega:ird and Co for tlieir gcneroiis gik? ( i f  

inetrizamide. 

4. Conclusions 
Refereiices 

The iiiethodology dëscribed abovc enables us t o  
prove unambiguoiisly tlie occurrence of galactosyl- [1 1 Roscriinii, S. (1970) Cheiii. I'liys. Lipids, 5. 270-29;.  

121 .larcieson, G. A., Urban, C. L.. siid Rarl~er, .4. J .  (1971 j 
transferase on tlie lynipliocyte ce11 suri'ace. Tliis Nature New Uiol. 234, 5-7.  
enzyme is able t o  transier galactose from UD1'-Gal t o  [ 3 ]  Kotli, S., hl: Giiire, 1:. J. and Rosenian, S. (1951) .i. Ti.l!. 
ai1 exogenous accepter. The proofs for the cxterrlal Riol. 51, 536&547. 

positioii of the active site are as follo~vs: (il a non- 
phagocytosable cxogenous acccptor can be glycosy- 
lated, (ii) the separatioii of cells fronl t l ~ c  acceptor 
after the inciibatiori eliininates errors due t o  incorpo- 
ration of  free carboliyclïate by cells, (iii) tlie glycosyl- 
ation is not due t o  a release of iiitraceilular enzymes 
duriiig iiiciibatiuii. Howevei, it is difficult to  associate 
this ectog~lactosyltraiisfesase witii ~iieiiibrziîe protein 
or lipid glycosylatioii becausc we have observed tlie 

[ 4 ]  Boaniann, Ji. il. (1974) Hiocliirn. Biophyb. A c r a  339, 
438--441. 

(51 Laiiioiit, J. T., Pciroto, J .  L., Weiser, ?1. 'il. aiici 
Isselbaclic:, K.  J. (1974) Piuc. Nat. AcaJ. Sii. i-3 71, 
3726-3730. 

[ 6 ]  Podolsky, D. K. :iiid IVeiser, X I .  hl. (1975) 13inclici1:. J. 
146, 213-221. 

[7]  Patt, L. hl. and Grinies, \il. J. (1975) Binclic~i. Uiup!,:~. 
Res. Coriini. 67. 4S3-490. 

[ 8 ]  Shür, B. D. ai?d Jloth, S. (1975) Diochini. Eio~li>.s .  
Acta. 415, 473.- 512. 

presence of a very active rneinbranous systeni [ 9 ]  Porter, C. Ml. and I!ernacki, R. J. (1975) Nzt~ire 156. 
d e ~ r a d i n e  UDP-Gal. Nevertheless. oui resülts uoint 648-650. 

w " 

out the existelice of  sites on the ce11 surface able t o  [IO] Kecnan, 1'. \V. and hIorr6, !>. J. (1 975) Ff:FS Lctt. 
5 5 ,  8-43. 

recognize terminal GlcNAc residiies of the glycan [ I l ]  R~iyard, B. and ?Ioctri.iiil, .l. ( t? ' i4)  Aztcï du  C',:!ioqii- 
moiety of a dycoproteiri. iiiternatioiial 1:" 221 dii Celitre Katioriül de 1:) R.t.ciis:i;ie 

Scicntifiqiic sur les C;lyco~onjugues. Ville!iruvc d'.A.scq 
20-27 june 1973, CNRS, Paris 1,  209--218. 

[12]  Fredericq, 1 .  and Deutscli, t1. 1'. (1 949) J .  Bi,.!. Chcrn. 
1 81, 499. 

1131 hlarcli, S. C., Parikh? 1. and Cuatrecxts ,  1'. (1914) .4n;l 
Biocliciii. 60, 149--152. 

1141 Webb, G. C. aiid Rotfi, S. (1974) J. CeII. i3ioi. 63, 
796-804. 

1151 Dcppc:t, \ir., \Ve:cliaii, 11. aiid \\'alte!-. G. (1975) Proc. 
Nat. Acad. Sci. US 71, 3068--3072. 



B - ARTICLE -- II : Ectogalactos~ltransf6rase : p r é s e n c e  - d'enzyFF- e t  

d ' a c c e p t e u r s  2 l a  s u r f a c e  du lymphocyte de  R a t  

L 'emploi  d 'un a c c e p t e u r  exogène i n s o l u b i l i s é  nous permet dcnc 

d e  m o n t r e r  s a n s  ambigu i té  l ' e x i s t e n c e  d 'une  ec togalactosyl t ransférase  à 

l a  s u r f a c e  du lymphocyte. Ce t  enzyme e s t  c a p a b l e  de  t r a n s f é r e r  l e  g a l a c -  

t o s e  de 1'UnP-Ga1 à un a c c e p t e u r  exogène ( t r a n s - g l y c o s y l a t i o n ) .  L e s  preuves  

s o n t  i e s  s u i v a n t e s  : 

1 - un a c c e p t e u r  exogène non phagocy tab le  p e u t  ê t r e  "ga lac tosy lC '  

2 - l a  s é p a r a t i o n  d e s  c e l l u l e s  e t  d e  l ' a c c e p t e u r  permet de con- 

n a î t r e  indépendamment l e  t r e n s f e r t  s u r  l ' a c c e p t e u r  e t  l a  r a d i o a c t i v i t é  l i é e  

aux c e l ? u l e s ;  

3 - l a  g l y c o s y l a t i o n  n ' e s t  pas  due à l a  l i b é r a t i o n  d'enzymes in -  

t r a c e l l u l a i r e s  p a r  l y s e  ou  s e c r é t i o n .  

Ce p rocessus  de  t r a n s - d y c o s y l a t i o n  e s t  t r è s  Lnportant ,  e n  e f f e t  

l a  p l u p a r t  d e s  é t u d e s  c o n c e r n a n t  l a  r e c o n n a i s s a n c e  c e l l u l a i r e  montre  l ' i m -  

p o r t a n c e  d e s  r é s i d u s  g a l a c t o s y l  , v o i r  p a r  exemple ROTE e t  22. s u r  dos  

c e l l u l e s  de n e u r o r é t i n e  enibsyonnaire d e  P o u l e t  (406) e t  CHLPOWÇ!<Y, !,FE e t  

ROSEMAN s u r  d e s  f i b r o b l a s t e s  SV3T3 (407). Ce p r o c e s s u s  d e  t r ans - -g lycasy la -  

t i o n  n ' e s t  p o s s i b l e  que s i  l a  c e l l u l e  possède s u r  s a  membrane d e s  accep-  

t e u r s  pour  l e s  ec toga lac tosy l t r ans fé ra ses .  11 i m p o z t a i t  donc de s a v c i r  s i  

l a  r a d i o a c t i v i t é  que nous a v i o n s  d é t e c t g e  s u r  l e s  c e l l u l e s  cor respor :da i t  

seulement  à une e n t r é e  de  g a l a c t o s e  r a d i o a c t i f ,  ou  s i  d a n s  c e t t e  i n c o r -  

p o r a t i o n  une p a r t i e  r é s u l t a i t  d 'un  t r m s f e r t  de  r é s i d u s  g a l a c t o s y l  s u r  d e s  

a c c e p t e u r s  membranaires. 

Dans l ' a r t i c l e  II nous démontrons qu ' en  c o r r i g e a n t  l es  c a x s e s  

d ' e r r e u r s  dues  à l ' h y d r o l y s e  de  1'UL)P-Ga1 e t  2 l ' e n t r é e  du g a l a c t o s e  dans  

l e s  c e l l u l e s ,  il e s t  p o s s i b l e  d e  n i e t t r e  e n  évide.nce à 'La s u r f a c e  du lj=pho-- 

c y t e ,  une ec togalactosyl t ransférase  d o n t  l e  s i t e  a c t i f  e s t  capab1.e d e  trzns- 

f é r e r  du g a l a c t o s e  s u r  l e s  a c c e p t e u r s  membranaires. Ces c.onclusions peuvent 

p a r a ? t r e  eri c o n t r a d i c t i o n  avec  c e l l e s  de PATT e t  a l .  ( 4 0 8 )  q u i  n e  d é t e c t e n t  

pas  d ' a c t i v i t é  ec togalac . tosyl t ransférase  s u r  d e s  lymphocytes de S o u r i s .  En 

f a i t  c e s  a u t e u r s  u t i l i s e n t  pour  c e t t e  é t u d e  d e s  lymphocytes st irnri ïéç p a r  

l a  c o n c a n a v a l i n e  A ,  dans l e s q u e l s  l a  p e n e t r a t l o n  e t  l ' u t i l i s a t i o z ~  du ga lac -  

t o s e  l i b r e  s o n t  s u p é r i e u r e s  à c e l l e s  d e s  c e l . l u l e s  au r e p o s .  D ' a u t r e  p a r t  

on s a i t  q u ' i l  se produit :  l o r s  de l a  t r a n s f o r m a t i o n  b l a s t i q n e  di1 l ~ ~ f h o ~ y ë e  

d e s  remaniements me~ribranaires i m p o r t a n t s  en  p a r t i c u l i e r  a u  niveati  d e s  e c t c -  

g l y c o s y l  t r a n s f  ë r a s e s  comme 1'01-li7 montré  PAINTER e t  'ii'HITE (409) pou, 1' FC- 

t o s i a l y l t r a n s f é r a s e .  

D 'a i i t re  p a r t  les  e x p 6 r i e n c . e ~  utj . l . isant:  I . ' agg lu t in i r i c  tiir S o j a  



(SBA) comne sonde pour mesürer l e s  modi f ica t ions  de l a  membrane, montrent 

que l e s  r é s i d u s  g a l a c t o s y l  branchSs par  c e t  enzyme l e  s o n t  dans uce 

p o s i t i o n  ex te rne  e t  q u ' i l s  peuvent s e  comporter comme des signaux de  r e -  

connaissance v i s  à v i s  d'une macromoléciile ex terne .  
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Experiments are described to demonstrate the existence of ectogalactosyitransferase activity on 
the lyinphocyte surface. The procedures described enable us to exclude the possibility of n-iisieading 
results due to  precursor hydrolysis and intracellular iitilization of the free galactose. This depicted 
transferase is able to catalyse the traiisfer of a galactosyl residue from UDP-galactose to a non- 
phagocytosable exogenous acceptor and to endogenous mernbrarie acceptors. The cells galac:tosyiateti 
in this way acqiiired new agglutinating properties with soybean agglutini~i, \:/hich proves ~ h e  
external position of the galactosyl residues incorporated oi-i the ce11 surface. 

Ectoglycosyltraiisferases aie def ned as  membraile- 
bound enzymes whose active sites are  accessible 
from the outside of the celi [?]. Their preseriçe is 
important from several points of view: first, for their 
possible implication iri biosyrithesis or  repair of tlie 
carbohydrate iiioiety of meinbraile glycoîonjugates 
[2], secondly, for their assumed sole in in~crcclltilnr 
adhesion [3] and in glycoprotein [4] or ceIl recognition 
15,61. 

During the past few years, biocheniical evidence 
for the surface localization of glycosyllransferases 
has accumiilated (for review see [7]). However, as 
poiiited oiit by Keenan and ?.4orré [SI, this evidence 
is not necessarily cofic1:isive. Ir, fact, i~cubat ion  of 
cells with nucleotide sugars and siihsequent incorpora- 
tion of sugars by cells or onto exogcnous acceptor 
may not iiidicate the involveinent of ectoenzymes: 
it may be due, or1 the one hand. to an  iiitracellular 
utilizatiori of the free sugar after hydrolysis of the 
precursor or, on the other, to the action of intracellular 
enzymes either because they have been 1-eleased into 
the incubation mediuin or  because tlie acceptor has 
been glycosyiated within tlie cell after ph:igocytosis. 

In a previous work [9]. we developcd a metliod 
to eliminate the last Iwo causes of errors by using a 
non-pl-iagocytosable acceptor and a coricoinitant meas- 
urement of the activity of the post-iiicubatioil super- 
natant nie di un^. This methodology allowed us to 
bring additional evidence abolit the presence of 
galactosylcransfrrase on the outer- cell siirface of rat 
lymphocytes. This paper prcsents a c ~ ~ i t i i i ~ ~ i t i o i ~  of 

this work. WC show lio\v to minirnize intracelluias 
iitilization of free galactose and discriininate it from 
enzymatic incorporation on t!ie ceil surface. WÎ prove 
the real external position of th:: nev~ly incorporated 
galactosyl residucs by using the pi-operiy gaincd bq 
the lymphocyte men~braile to bind soybean agglu- 
tiniii. 

MATERIALS AND METIIODS 

Clzenlicul.~ 

All reagents were ofanalytical grade and al1 sugars 
ore of the D,-config:iration. UDP-['*ClCa1 (2% Ci, 
mol) was obtained Ii-oin the Rüdiochemic;il Center 
Amershain, England) and [3H]po~assiui~~ borohydride 
(17.8 Ci/mMo!) froiii the C.E.A. (Saclay. Fraiicej. 
Unlabelled 'IlDP-Gal, galactose, UMP and phloridzin 
were purchased from Sigma (St Louis, E.S.A.). 
Metrizamide was a gif't of Xyegmrd and Co. (Oslo, 
Norviray). Vihrio cllolc~rrre neutaminidase wcis obtaiiied 
froin Koch-Liglit Laboratorics (Bucks, Eng!and). 

Yrclpuratiori of C~c.11~ aizd A ccc>j)fors 

Spleen ljn-iphocytes wcre prepared from thi-ee- 
month-old S ~ r a g u e  Dawley rats accordir.~g to Lanioc t 
cf al. [IO]. Soiuble and Sephai ose-coupied c\om~~co:d 
\tese uscd as exogeiious acceptor as pi-eviouslj de- 
scribed [9]. 

Ahhi-c.i.ia!iot~. UDP-Cal. ~iridiiie diphosptiogalactosc. The incubation mixtiire contained 0.1 ?*f sodium 
E~rz),iiie. Neiirarniriidase (EC 3.2.1.18). cacodylaie pt! 7.4. 0.154 M NaCl, 10 mh:l MnCi2. 
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10 pM UDP-[14C]Gal (brought to the specific activity CellStr,;face Treafmrnt B ~ f o r e  Soybean Aggl~ltiniil 
of 100 mCi/mM with unlabel!ed UDP-Gal, i.e. an Aggluti~?ati~~tz or Binding St~idies 
average value of 200 counts x min-' x pmol-'). For a 
final volume of 50 pl, standard assay contained 
6 x 106 cells and either 20 pl of insolubilized acceptor 
containing 50 mg of fixed ovomucoid per ml of Sepha- 
rose beads or 300 pg of native ovomucoid. Incubation 
time and temperature are defined for each set of 
experiments in the legends to figures. As previously 
described [9], after incubation cells are separated 
from exogenous acceptor eitlier by low-speed centri- 
fugation when ilaiive ovomucoid was used or in 32 
metrizamide medium centrifugation when Sepharose- 
bound ovomucoid was the acceptor. Acid-precipitable 
and insoluble materials are collected and washed on 
glass fiber filter (Whatman G F  83), then radioactivity 
was dcterrnined by counting in scintillation liquid. 

Ar~alysis of Nucleo f ide Sugar Degraclot ion 

Precursor degradation was monitored during the 
incubation period by paper chrornatography as al- 
ready mentioned [Ç]. 

Preparation of Labelled Soq~bean Aggpglutinin 

Soybean agglutinin was prepared from soybean 
meal by affinity chromatography accosding to the 
procedure described by Gordon et al. [I l ] .  Lzbelling 
of soybean agglutinin has been achieved by short 
periodic acid oxidation of the mannose residues and 
further reduction with tritiated potassiu~ii boro- 
hydride [12]. This niethod afforded a ~adioactive 
product (specific radioactivity was around 600 counts 
x min-' x pmol- ') which retained full hemagglutiiiat- 

ing activity. 

Aggluriliafior~ arzd Ce11 RinClii~g 
of Labellecl Soybean Agglzitinin 

Ce11 aggliitination assays were perfornied in plastic 
trays with 6-mm wells. Cells (2 x IO7 cells/inl) and serial 
dilutions of soybean agglutinin (fi-om 2 - 250 pg/ml) 
in cacodylate/NaCl buffer were added to each well 
in a final volume of 100 111. ;"igglutinrition was alloï.\red 
to  develop for 1 h at room temperature and was 
scored by counîing residual non-agglutinated cells 
under light microscope. 

For quantitative labelling, ce!ls (2 x IO7 cells/ml) 
were iricubaied in plastic tiibes for 15 niin at 20 'C 
with various concentrations of tritiated soybean ag- 
glutiiiin in â final volume of 500 pl per assay. After 
incubation, ccils were washed twice bq' ceiitrifi~gatiori. 
The final gellet \vas resuspecded and rinsed once more 
on glass fiber filter. After drying, the radioactivity of 
tlie retained niaterial rvas ccunted i ~ i  scintillation 
liquid. 

Incorporation of galactosyl residues on the ce11 
surface acceptors was performed at 30 "C, during 1 h 
in the standard assay buffer, but UDP-Ga1 was used 
at the final concen~ration of 200 pM and UDP- 
[14C]Gal w:is omitted. 1 mM UMP was added to th:. 
medium to prevent UDP-Ga1 degradation (see Re- 
sults). Control cells were incubated in the same condi- 
tion except for the presence of UDP-Gal. 

For neuraminidase treatment. cells were suspended 
at a final concentration of 1 OP cells/ml in 0.1 M sodiun~ 
cacodylate pH 7.4, 0.154 M NaCl, 0.1 "/,aClz with 
5 unitsiml of 1'. cholrrae neiiraminidase and incubated 
during 1 h at 37 'C .  After enzyme treattnents, ceIls 
were washed twice by centrifugation and resiispended 
in the cacodylate,'NaCl buffer. 

RESULTS AND DISCUSSION 

In Our previous work 191, we demonstrated the 
occurrence of galaclosyltransferase activity on thr 
lymphocyte outer ce11 membrane. The enzyoe is 
able to transfer galactose to a non-phagocytosr;bir 
exogenous acceptor. However, owing to thc presence 
of very active membranous nucleotide pyrophospha- 
tase(s) and phospliîtase(s) hydrolyzing UDP-Ga1 to 
galactose 1-phosphate then to galactose [13], we were 
not able to distingaisli wheihcr the radioactivity in- 
corporated by the cells \\as, in fact, due ?O enrry 
of free galactose iiito the cells or to a real enqr,:atic 
galactosylation of the plasma membrane acceptors. 
To discriminate between these tsvo possibilities \ te 
developed a set of cxperiments to inhibit the action 
of pyropliosphatases. 

It ha. been reported that nucleoside 5'-nionophos- 
phates are po!ent inhibitor of the nucleotide suga; 
hydrolysis [14]. Fig. 1 B sllows that 5'-UMP is an  
effective inhibitor of tlie lyrr~pliocyte plasma mernbra~ie 
nucleotide pyrophosphatase : UDP-Gal is already pro- 
tected in the presence of 0.5 niM UMP but protectiori 
is complete with concentration above 2.5 mSf. HOT:<- 
ever, UMP concentrations higher than 2 rnM inhibi: 
the transferase activity as shown on Fig. 1 A by the 
measurenie~it of the galactose incorporated ox; the 
insolubilized exogenous acceptor. In addition. Fig. 1 B 
reveals tha: the cells still incorporatecl radioacti\-e 
galactose even wlien no free galactose was relraser!. 
These resuiîs let us presume that entry of raciioaviiie 
galaci~se could no1 fiilly esplain the r:,dioaciivit> 
recovei-ed. kvith the cells in the s t a ~ d a ~ l i  assrils. 
1 rnM LiMP appe?,rs to be the optiiiiai concenrr;iiion 
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Fig. 1. Effect of i.cirioris concentratioils c?f' U M P  on tlle lrunsfer 
octiiitl; ( A )  and on tlie UDP-Ga1 ciegriirlurioiz ( B j .  Incubations 
were perforined in the standard conditions a l  37 'C for 45 min 
with a final concentration of cells of 1.2 x 10' cells/ml, 20 pl of 
immobilized ovoiriiicoid was used as acceptor in a final volu~nc of 
50 pl in tlic cacodylateiNaC1!MnC1~ buffer, pFI 7.4.(A) LKect of 
U M P  oti tlie incorporation of radioactive galactose on  insolubilized 
ovomucoid and by the cells (0---O). (a) Ef ic t  of U M P  
on  the UDP-Ga! integri:y (0--@). frcc galactose (0-0) and 
galactose 1-phosphate (A---A) appearance 

for sufficient protection of UDP-Ga1 without inhibi- 
tion of tlie transferase activity. Kiiletic studies without 
UMP (Fig.2A) or with 1 inbI UMP (Fig.2B) show 
that the transfer activity on the iminobilized exogcnous 
acceptor is increased in tlie presence of 1 mM IJMP, 
because the precursor concentration is kept at a Iiigher 
levcl during the incubation. Moieover, radioactivity 
of cells decreases to a certain extent in the presence of 
UMP, showing that part of the latter is due to entïy 
of free galactose. This fact has been i-ecently pointed 
out by Patt et al. [15j with Inouse lynîpl-ioc~tes 
stiinulated with concanavalin .4. 

Tet~~perature Effict 
0 1 2  the Ectogalnc~osyltrn~~sferase A c t i i ~ i ~ ~  

Fig. 1 B sho\vs that 1 rnM UMP is nnt sufficient 
to  inhibit completely free galactose formation: siib- 
sequently we checked the teiiiperature dependeiicy 
of this phenorneilon in relatioii to the transfci-ase 
activity. Fig.?B sho\s\ tkiat \JDP-Cial degradation 
during the 1 h incubation period iilcreased nit11 teni- 
perature but free galac~ose only appear9 a b o ~ e  20 C 
because the first sttp of its formation 1s the appeni-ancc 
of galactose 1-pliosphate On the orie haoci, above 

"O 30 60 90 i20 
Iricubation time (min) 

Fig. 2. Kitiefic studies of the incoipoi~u~iori o f  ~.crcliorrctive gularr~~se. 
Incubations weie performed in the stïiridard conditions at 37 C 
with a final concentration of cells of 1.5 x 108 cells,ml, 20 pl of 
imiiiohilized ovoiilucoid was used as acceptor in a filial volu~;le of 
50 pl in the cacodylwte/NaCI, MnCIz buffer, pH 7.4. (A) Incorpora- 
tion of radioactivc galactose on insolubilized ovomucoid (@----@) 

and by tlie cells (0---O) was nleasureci in thc abseilce of UMP. 
(B) Incorporation of radioactive galec~ose or; inso:ubilizcd o\o-  
mucoid (a-----@) and by tiie cells (O-C) wcrs measured in the 
presence of 1 mM U M P  

400 
a 
L - 
U .E .c E 300 . 
y : "  
2 5 m0 
5 2 
S - y 100 - 

0 

O 3 O 20 30 40 
Temperatlire (OC)  

Fig. 3. Tr~~~perat t f~-e  clrpi,r!o'<~r~c.c of tlrr ir:rot.por.ri:ioti of' !.<rcliooctii.e 
g(r/ucic;.s:~ nr?d o f  fit? C-BP-Gu! r/~.pru(~utiorr. Incub~t ions  were pcr- 
îormeit in the starid,ird conditions for 1 11 \i.ith a fiilal concentration 
of celii of 2 x  10"ni uitii 10 ing~:iil of insoliibiii/r<i <>i.(>iii'dc~iCi 
in a final volurne cf 1CC pl. in the caçudyieic NLIC!, .lln('lz butrzr. 
pI-l 7.3. (.'.) Incoï~:oi.,iiioi~ of ;adio:+ctive galactose s n  u ~ i i n i u c ~ i d  
(e - - -  @) ~ i n d  by tlic cclls (0 - --*3). (B) GL?l'-Ga1 inte~:riiy 
(op-@), galrictosc i-phosplia~e (A----A) and frce gal~ic:üse 
(2 - - 0) appcsrancs 
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20 OC free galactose formation increases with tempera- 
ture while radioactivity incorporated by the cells shows 
a maximum at 30 "C ; this induces us to  suppose two 
separate plieriomena. On the other, the incorporation 
of galactosyl residues into ovomucoid and by the 
cells exhibits the same optimal ternperature due to 
an extensive degradation of UDP-Ga1 at temperatures 
higher than 30 "C. This fact niay be accounted 
for by a direct transfer of galactose from UDP-Ga1 
to ce11 membrane acceptors. 

Inhibition of the Entry of Free Galactose 

The above given data determiiie new coiidilions 
(1 mM UMP, 25 "C) to minimize galactose appearance 
in the incubation medium. Addition of phloridzin 
together with an excess of unlabelled galactose allows 
us to abolish any entry of the residual radioactive 
galactose [13]. A final concentration of 5 mM phlorid- 
zin and 1 mM galactose has been sliown to reduce 
tlie entry of galactose to less than 0.1 "/, of the extra- 
cellular radioactive galactose in our incubation con- 
ditions, without affecting the galactosylrransferase 
activity. We thus defined new incubation conditions 
(1 mM UMP, 25 " C ,  5 mM phloridzin, 1 nîM ga!ac- 
tose) to be used when one waiits to decide whether 
the radioactivity recovered with the cells froin UDP- 
[ ' 4 ~ ] ~ a l  is in fact incorporiited into the ce11 froin free 
galactose or  whether it is incorporated on the outer 
ce11 surface as a result of galacto$yltransferase activity. 
Using these conditions, we measured the incorporation 
of galactosyl residues on the ce11 surface with increasing 
conceritrations of cells. Fig.4 shows that the plieno- 
menon is dependent on the presence of UDP-Ga1 
as indicated by the fact that higher incorporatioll 
cannot be obtained when cell concentration exceeds 
5 x 108 celllml because of the total degradation of 
the precursor during the incubation period, and as 
revealed by its indepeiîdence of galactose formation. 

Denzonstratior~ of the 0utt.r. Position 
of the CeIl Aicnzbr-irne Itzcoipor.crted Gulucto~e 

The first series of experirnents demonstrated that 
transfer of radioactive galactose on tlie ce11 surface 
acceptors was effectively pcrfornied by ectogalactosyl- 
traiisferase. As the specific radioactivity of the UDP- 
[14C]Gal was 200 counts x niiiî-' x pmol-l we eva- 
luated the nurnber of newly appeared extermal galac- 
tosyl residues as being at least 3 x IO4 per cell. It has 
been shown that the iniiiimal number of receptors 
required for ~iggl~itination to take place \viih anti- 
bodies 1161 or lectins (Sharon, personal communica- 
tion) is asciund 7 x 10' per. celi. Therefose. splcen 
lymphocytes shoul~i acquire ilew uggliiiinating proper- 
ties with soylilean agglatinin after eiiciogsnous galac- 
tosylation of their outer ceIl surface. 

Celi conceritra:ion (nurnber 1 mi! 

Fig.4. Eflrci ofceIl cotrceticrrr;iori 011 tlrc iilcor.jlorrrriori qf'r.cr;lb~n~.rir.r. 
galuctose on tfre crlls c r ~ r c f  curicoi?iitntit n~ln%,sis o f  C'BP-C;rri ile:;.!i- 
d(1tiot1. I~iciibations were performed ai  25 C durine 1 1: ir. the cacc- 
dylate/NaC1:MnClz buflèr, pH 7.4, containing 1 n M  C'hlP. 5 1111: 

phloridzin alid 1 inX4 galactose. Logaritl-iniic s a l e  is used to  re- 
preaent the cell concentration. (A) Incorporation of rad;oac.ii\i 
galactose on the cells (0--0). (B) UDP-Gal integiity (@---O:. 
galactose 1-pliosphate (A----A) and free galactose (O--- - - 0) 
appearance 

Soybean a*glutinirt { ~ l m ! ;  

Fig. 5. Agglirtitirrrioti (!f b.t)~plroq.res ni diffireri: .\o~,brarr (rqLqi;rr;~iiti 
co~rcct~trntion.~. Agglutination asaals were perfornicd n-ith Z x 10- 
cells per ml in a final \oliime of 100 pl of cacodylrite NaCl bufkr.  
pH 7.4. I'ercent of normal l>~nipliocyiei (0-----a). galactos>l.i!~~d 
cells ( ( P  @) and neuraminid;ise-trcaied cells (@-a) t i n p p d  
in agglutinates were scored by couriting residual lion-agg!utin:itrci 
cells 

Fig. 5 represents thedifirentiai lectin agglutination 
of non-treated, neurainiriidase-treated, and grilactosy- 
lated lymphocytes. As already déscribed [17] nor!ni:l 
lyi~iphocyies s!ightly agglutinate with soybean a?- 
glutinin but when terminal ga1actoo;:;l resicilres are 
uninaskeu by the action of neurarninidase the!. CY- 

l~ibit enhanced agk;liitinating propcrties ~ . i t l i  SC)! h.=:in 
agglutiniii [18]. In our experirnents, ~ . h e n  nei<;i' 2);- 

posed gai;ictosyl ïesidiies arc. hr0~1g:ii by thc ::clioii 





A - ARTICLE III : P r o p r i é t é s  p a r t i c u l i è r e s  de l ' e c t o s i a l y l t r a n s f é r a s z  

envers  l e s  a c c e ~ t e u r s  exogènes 

Tout comme dans l e  c a s  de l'ectogalactosyltransférase, l a  pre- 

mière p a r t i e  de ce  t r a v a i l  c o n s i s t e r a  à é t u d i e r  l ' a c t i v i t é  ectoenzymatiyue 

en présence  d'un accepteur  exogène. Après avo i r  d é f i n i  l e s  parametres  ciné- 

t i q u e s  e t  l ' e f f e t  de l a  concen t r a t ion  en  c e l l u l e s ,  nous avons montré l ' e x i s -  

tence  d'une p r o p r i é t é  p a r t i c u l i è r e  de l ' ec tos ia ly l t ransfé rase .  En e f f e i  

c e t  enzyme e s t  a c t i f  s u r  l e s  accepteurs  exogènes de faib1.e masse moléculaire  

mais i n a c t i f  s u r  l e s  accepteurs  exogènes macromol~éculaires.  L ' a c t i v i t é  de 

c e t t e  e c t o s i a l y l t r a n s f é r a s e  semble donc ê t r e  r e s t r e i n t e  à l a  s i a l y l a t i o n  
- 

des accep teu r s  nembranaires puisque t o u t e  l ' i n c o r p o r a t i o n  s e  s i t u e  à ce  

niveau.  C e t t e  p r o p r i é t é  p a r t i c u l i s r e  p l u s  récepment rappor tée  par  BEESIACKI 

e t  PORTER (410)  montre que c e t  ectoenzyme profondément enfonce darls l a  meril- 

b rane  s e r a i t  e f f i c a c e  dans l e s  processus de c i s -g lycosyla t ion  mais ,cont ra i -  

rement à 1 ' ec toga lac  to sy l  t r a n s f é r a s e ,  ne pourraLe pas ê t r e  impliqtig 6ens 

l e s  processus de t rans-g lycosyla t ion ,  La f i g u r e  15 montre l ' i n t e r p r é t e t i o n  

c Accrplour r n a c r o n i o ~ ~ c u l ~ ~ t e  

Figure  15 : 

I n t e r p r é t a t i o n  de l ' i n t é g r a t i o n  ds l a  galactosyl-  e t  de l a  s i a l y l t r a n s -  
f é r a s e  a )  au niveail des mcnlbraneç i n ~ r a c e l . l u l a i r e s  

b )  au niveau de 1  a nie~cb-ca~e pl asmique 
Dans tous l e s  cas  l a  g lycosy la t jon  cies accepteurs  encicgèxies e s t  p o s s i b l e ,  
mais pour l ' e c t o s i a l y l t r a a s i ê r a ç c  l a  s i a l y l a t i o n  des acceyteurs  enoçGccs 
e s t  l i m i t é e  a m  accepteurs  d e  f a i b l e  masse mclécirlaire.  



que l ' o n  peut  donner du phénomène. Les enzymes des membranes intracellulaire 

e t  ceux des membranes plasmiques s e  d i s t i n g u e n t  à l a  f o i s  par  l e u r  In té -  

g r a t i o n  dans l a  couche l i p i d i q u e  e t  l e u r  microenvironnement. Dans l e  cas  

des  membranes plasmiques, l ' i m p o s s i b i l i t é  de l ' e c t o s i a l y l t r a n s f é r a s e  à 

s i a l y l e r  des  macromolécules exogènes peut  ê t r e  l e  r e f l e t  de son profond 

enfouissement dans l a  couche l i p i d i q u e  e t  de l ' a c c e s s i b i l i t é  d i f f i c i l e  de 

son s i t e  a c t i f  à cause de l a  présencc des g lycopro te ines  membranaires. F a r  

c o n t r e  l ' ec toga lac tosy l t rans fé rase  peut  p r o f i t e r  de s a  p o s i t i o n  e x t e r n e  pour 

g lycosy le r  l e s  accep teu r s  macromoléculaires ou d ' a u t r e s  c e l l u l e s .  Au con- 

t r a i r e ,  dans l e s  cytomembranes, même s i  l ' i n t é g r a t i o n  des deux enzymes esC 

l a  même, l ' a c c e s s i b i l i t é  de  l a  s i a l y l t r a n s f é r a s e  s e r a i t  p lus  f a c i l e  à cause 

du repl iement  des  cha2nesglycoprotéiques non complètement g lycosylées .  Coim~c 

l a  g a l a c t o s y l t r a n s f é r a s e ,  l a  s i a l y l t r a n s f é r a s e  peut  a l o r s  g lycosy le r  Ces 

macromolécules exogènes. 

Ce type  dlhypothese a  é t é  également formulé pour exp l ique r  l ' u g -  

g l u t i n a t i o n  de g lobu le s  rouges avec des polymères de SEA employés à d e s  

concent ra t ions  t e l l e s  que l e  monomère n ' e s t  pas  a c t i f .  D'après  i?. SHIIRO>i 

(411) l e s  s i t e s  de l i a i s o n  de l a  l e c t i n e  s o n t  s i t u é s  au niveau de l a  conche 

l i p i d i q u e  (glycanne des g lyco l ip ides )  e t  l a  l o ~ g u e u r  d 'une s e u l e  molécule 

de l e c t i n e  ne  permet pas  l a  l i a i s o n  avec une c e l l u l e  ad jacente  a l o r s  que 

c e t t e  l i a i s o n  e s t  p o s s i b l e  grâce à l a  longueur a t t e i n t e  pa r  l e  polyni2r:e. 
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1. Introduction 

The presence of sialic acid in the cell surface 
glycoconjugates lias a crucial importaiice in a variety 
of  biological ceIl properties. It  has been involved in 
the electïokirletic potential of the  ce11 [ I l  and in the 
pernieability of the meriîbraiie [2] .  More receiltly, it 
has been related îo  the social life of the cell: cell-ce11 
recognition [3] ,  contact inhibition [4] and crypticiry 
of immunogenic loci [SI . Moreover, changes in 
membrane-bound sialic acid have been reported t o  
occur upon oncogenic transforinatioii [6] . Further- 
more, the sialic acid level at the cell surface seems t o  
be correlated t o  the life-time of  tlie ce11 [7] and t o  
regulate the activity of son-ie ecto-erizynics [XI. 

These facts raise the qiiestioii as t o  how the surface 
sialic acid level is maintained or inodulated: does it 
need an intracellular biosynthesis of  tlie coniplete 
glycoconjugates and their furtiier integration iri the 
membrane or may it be due t o  the activity of nn 
ectosialyltransferase as a repais phenornenon? In fact, 
ectosialyltrailsfcrase activity iias been widely reported 
[9-121 and ultrastructural evidence has becn obtained 
[13]. In this paper, we demonstrate tliat rat spleen 
lymphocyte possesses an ec tos ia ly l t ran~f~rase  which 
is able t o  transfer IV-acetylneurarninic acid t o  its own 
membrane but  is not able t o  transfer it t o  a niacro- 
molccular exogenous acceptor. IJowever, wlien the 
size of the same exogenous acceptor is reduced by 
proteolytic cleavage, it can reach the active site of the 
ecto-enzyme and is efficienily glycosylated. 

2. Materials aiid ixetliods 

2.1 . fitt,t)aratior? ofce!!s, CJZ/( /C hon2ogenal e a~ld  
microso~?lul fracti~ns 

Spleen lyliiplic>cytes werc prepared from t1ii.i.e 
month  old Sprague-Dawley rats ns previously describxi 
114.1 . Lyinphocyte suspvnsioii was hornogenizei: in r: 
Potter-Elvejlieiri apparatus (3 X 10 strokcs at 1253 
rev./miri). Thr 110n10g~ii;ite was ce!!rrift~ped a i  
1 5  0 0 0  X g for 20 riiiii and thc rcsulting superrlrtsnt 
was used f ~ r  p!cpnratioil of i~iicroson-ial fractions by 
centrifugation (1 5 0  0 0 0  X g f o r  9 0  ininj. The acceptor 
capacity c f  the varioiis asialog!ycoproieins was a!ço 
tested witli rat liver microsoma! f ras ions  prepared 
according t o  the same procedure. 

2.2. Preparafiorî of nzlzrronzolec:tlar acceptors 
Orosomucnid (al -acid glycoprctein) was isolvteti 

from pooled Iiiiman seruiii by the procedure of  
Schrnid e t  al. [ 1 5 ] .  Clycopliorin \vas extracted fr»i i~ 
0%' huri-ian crytlirocytc ghosts as clescribed by 
Marcliesi and Aiidrews [ I b ]  . Orosom~icoid and glyio- 
pliorin were desialylated by ~iii!d li;.drolyçis (0.0: K 
H2S04,  10o°C, 30 rnic). l~ffective desialylatiori was 
checked by  gas-liqiiid cfirori~atography nnalysis. 
Coupling of acceptors to  Sepliarose 4 i3 beàds was 
achieved as previous!y described [ I4 ] .  

2.3. Prepn~ation e f rnirronzoieculai. ncccptor 
Asialoglycophorin kvas subjected to  extensiv? 

proriase (Calbiocheni) digestion ( 1  mg for 5 0  nig of 
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asialoglycoprotein, during 72 h at 37OC). A low 
molecular weight glycopeptide has been purified by 
chroniatography on Biogel P-6 colunin [ 1 7 ] .  Its 
i~iolecular weight lias been estiinated t o  around 1500 
accordirig t o  its distribution coefficient, its carbo- 
hydrate niolar con~position is CalfiAc : Ga1 (1 : 1) as 
deterrnined by gas-liquid cliromatograpliy. 

2.4. Sialyltransferase assays 
The incubation inixture coiitained 0.1 hl sodilum 

cacodylate pH 7.4, 0.154 XI NaCI, 5 mM MnCI2 and 
0.2 pCi/nil of [ i 4 ~ ] ~ A N ~ - ~ h l ~  (Amersliaiii, spec. 
act. 214  niCi/mM). Standard assays (100 pl) contained 
2 X 107 cells and 1 mg of acceptors. Ii-icubation was 
achieved ai  30°C, uiider a constant slow rotation, for 
1 h.  

2.5. Separarion of ce11 fr-onz acceptors arzd deiewnina- 
tion of rcdioactivity 

Macroinolecular or Sepharose-bouiid acceptors 
were separated froni cells as described previoiisly [14] .  
Wien niicroniolecular acceptor was used, the super- 
natarit after tlîe ce11 sedimentation was spotted on 
Whatniaii 3 paper and subniitted t o  cliroinatography 
in the following solvent: ethyl acetate/pyridine/glacial 
acztic acidlwater ( 5  : 5  : 1 : 3). The accepter-bouiîd 
radioactive sialic acid remained near the origin fi-ce of 
precursor ([ l4C]N~NA-CMP) aiid of degradation 
products ( [ 1 4 C ] N ~ N ~ )  wliich had migrated. The 
radioactivity of the material was deterinincd by 
countiiig in scintillation liqtiid. 

3. Results aiid discussion 

3.1. Kiiretic studies of ecrosinlylrrnnsfernse activity 
wirh niacronzolccular acccptors 

As we previously den-ionstrated, the use of ail 
insoltibilized acceptor is a good approacli t o  detect 
ectogalactosyltransferase on intact lymphocytes 
[14] ,  we devised the saine experimeiits for ectosialyl- 
traiisferase. Iiicubatioii of lyriipliocytes with asialc- 
orosoriiucoid coupled beads and [14C] NANA-CMP 
reveals that incorporation of radioactivity is restricted 
t o  the cells. Tlie non-incorporation oii an insolubilized 
acceptor coiild be due to  an alteration of accepior 
sites bp  the chernical treatment for couplirig. Ili fact, 
fig.la shows a kinetic study usiiig soluble asialo- 

I n c u b a t i o n  tlrne (m in )  

Fig.1 .(a) Kinetic study of Ille incorporation of radioactive 
sialic acid on lympliocytes (0---O) and on soluble aîialo- 
orosoniucoid (0-0). (b) Kinetic stiidy of tiie NANA-CSIP 
integrity (O--0) and frce NANA appearance ( 0  --a). 

orosornucoid. Again, n o  significant rzdioactivity is 
bound t o  the acceptor coniparcd ~o the radioactivity 
recovered with the cells. This fact has been noticed 
by Patt and Grimes with fibroblasts [ I S ]  . As 
described for rat livcr plasma n-ieinbrane [ 1 9 ] ,  whole 
lymphocyte exhibits a NANA-CMP hydrolase 
activity, which contributes to the formation of free 
sialic acid iri the niediuiii (fig. 1 b). As sialic acid inay 
enter tlie cell [20]  we ctiecked that a 1000-feld 
excess of  uriiabelled sialic acid does not reduîe signifi- 
caiitly (less tliaii 10%) the radioactivity of the ceils. 
This indicates that entry of [14C]NANA cannot 
explain tlie labelling of the cells. 

3.2. Itifluetzce of the ce11 cot1cct7trntin11 
As the standard assa;, contained 3 X 108 celis/nil 

it was worth exaiiiining if Iiiglier coiiceiitrntiori of cells. 
i.e., of  enzyme, could lead tci a sialylation at a higlier 
level of the exogenous acceptol. Figiire 2 reveals that. 
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ceIl cohcentration (cells/rnl x l b O )  
I'if.3. Relative incorporation of varioüs macromolei.iil:ir and 

Fig.2.(a) Fffect of cc11 concefitration on tlie incorporation of 
radioactive sialic acid on  the cells (0-0) aiid o n  soluble 
asialo-orosomucoid (a-ci). (b) Effect of ceIl concentration 
on NANA-CMP integrity (0-0) and free N.4NA appearance 
(a-.). Logarithrnic scale is ilsed ta represent tiie ceIl 
concentration. 

a t  any concentration, the cells are not able t o  catalyze 
the transfer on a inacroniolecuiar acceptor riltliougli a 
ceIl concentration-dependency is notcd for  the ccil 
surface sialylation. In addition this shows that,  if 
significant, [ l 4 ~ ] ~ . 4 P J ~  incoipoiation on the exo- 
genous acceptor does not  behave as the endogenous 
membrane acceptors. 

3.3. Co~nparisorz betit3ertî siolj~lr~tion of rrzacro- arld 
rnicronloleclr lar acceptors 

Non-incorporation of sialyl residues on  asialo- 
orosornucoid could be due to tlie inability of tliis 
acceptor t o  form the enzyme-substrate complex with 
the ly~i iphocyte ectosialyltransferase. T o  test this 
possibility \ve iised two other acceptors: 

(i) Native ovoiniicoid whicli is a poor sialyl acceptor 
(one terniinal galactosyl residue per glpcan moiety 

ri?icroi~iolccular acceptors with (a) \\fiole cclls and  (b i  r i i i~ïo-  
soma1 fraction. The various acceptors are as fo!ion s: ( 1  i 
asialo-orosoiiiiicoid, (2) ovoniticnid. (3) asiaiogi!~coi)liuri!i. 
(4) glycopeptidic acccptor. Acccptors Iiave been u5ed ur :! fias] 
concentration of 10 mg/rnl cxcept for the microniciscii!rr 
(glycopeptidic) acceptor for \!hic11 thc clilution (8 ir:g!ir;) 
has been donc to  obtaiii tlie 1 : 1 ratio cf i n r o r p 3 r ~ t i ~ ; 1  as 
compared to asialoglycoplioriii wlieri ussaycd \vit11 i:;ii.io~ori,sl 
fraction. 

[ 2 l ] )  but  whicli lias becn a suitable acccptor in the 
lymphocyte system [14]. 

(ii) Asialoglycophorin wliose very good acc:pror 
capacity is dile t o  its high content of sialyl rt.siciïts 
in the native forni, moreover is a inernbrane g.iyco- 
protein. 

As asialo-orosoniiicoid, thesc two asialogl!:c- 
l!lt~Cî proteins catiiiot be significantly sia!ylated by ' 

lymphocytes (fig.3a) however, they appeareL as  s ~ o d  
acceptors of sialyl residiies when assayed wiîii r:;iîro- 
sonial sialyltransferase (fig.3bj. 

Thus it raises tiie qiiestiori as t o  wheilier ti!i:, 
peculiar property rnay be related to the fact !!-a: 3 
inacromolecular exogenous acceptor c;1!11ioi i e : ~ ~ l i  il:? 

active site of the ecto-enzyme. To  answer tl;is q~ieirioii .  
ectosialyltransferase has been tested wiih a s:iia;l 
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glycopeptide obtaiiied after extensive pronase diges- 
tion of  tlie asialoglycophorin. Figiire 3a shows tliat 
this niicronioleciilar acceptoi may be higiily sialylated 
by tlie ectosialyltrarisferase if compared to tlie sialyla- 
tion of  the originating n~acromolecule. Wheii the 
acceptor capacity is equal for iilacromolecular and 
niicromolecular acceptor in a inicroscrnal systeni, the 
sialylation of  tlie rnacronioleciilar scceptor decreases 
in a large extent (more tlian 5-times) with intact cell 
systeni (9.5% viability). 

3.4. Additiotlal proof o f  this peclrliar ectosinlyl- 
transferase actiility 

Tlîe peculiar properties of the e n ~ y i n i c  activity 
detected with wliole cells favoied the existence o f  an 
ectosialyltransfcrase. JIo\vever, on the one hand, 
phagocytosis of acceptors and further intracellular 
glycosylation may not be excluded. On the otlier 
hand, whole cel! preparations contain froin 1-1070 
broken cells wliich could be responsible for the 
detected sialyltransferase activity. To  dernonstrate 
clearly tlie involveinent of  an e c t o - e n ~ y n ~ e  we devised 
the experiments recomniended by Lcnt-iarz 1221. 
Figure 4 shows that as the pioportion of  broken celis 
is iiicreased, iiicorporation of si:,lyl rcsidiies on  
asialo-oiosomucoici and ~iiicromoleculai acceptor 

C 
percent of broken  cel ls  

Fig.4. Sialic acid incorporation as a fiinctjoii of the percentage 
of broken cells presciit in ;in incubation, on  tlie solublt. ;tsialo- 
orosoiiiiicoid (*-O) aiid os, the glycopeptidic niicroinolec~ilnr 
acccptor (A-A). hlisture of kno\vn proportion of intact and 
broken cells wcre added to tlie iiicubation nicdium. In  this 
experinieiit 90% of tlie stock suspension of cells excludcd 
Trypan Blue (arrow). 

increases. More important is the fact tltat extrapola- 
tion t o  100% intact cells indicates significant incorpo- 
ration or1 the microinolecular acceptor but n o  iiicor- 
poratioii on the macromolecular acceptor. Thus, the 
intracelliilar enLyn1e niay be niûnitorecl by the sialylri- 
tion of asialo-orosoii-iucoid and the iow level of [14C] 
NANA transfer on iiiacroniolccular acceptors, 
observed with wliole cell incubations, is due to  the 
low proportion of broken cells. i+lacrorriolecular 
acceptoi sialylation inability appears t o  be a peculiar 
property o f  the Iyniphocyce ectosialyltransîerase. 

4. Coiiclusioii 

Demonstration ectoglycosyltransferase occurreiice 
requises tliree main criteria [23] : 

(i) No eritry of  fsee carbohydrate into the ceIl if 
preiursor hydrolysis occurs 

(ii) No release or secretion of intracelliilar enzynies, 
(iii) No phagocytosis of acceptors. 
Cell-labeling obtained witi-I [14c] KANA--CLIP iri 

the presence of  excess unlabellcd NANA allows us ro 
exclude the first cause of  essor. Secorid!y, as trançfer 
on  inacroino!rcular acceptor is not observcd with 
intact cells it is rather difficult t o  corisider that 
phagocytosis and furtlier reiease of the siaiylatcd 
product inay occur. Finally, cxperinients with incrcas- 
ing proportion of brokeii cells allow us t o  dcterti:ine 
that the depicted transferasc activity is really dile tc, 
an cctosia1ylti.ansferase. This peculiar property of the 
ecto-cnzynie t o  traiisfer sialic acid on iriicronioleci!lar 
acceptor or on. the nearhy niernbrsnous acceptors, 
strongly suggests that it  is a ratlier buried 'infrinsic' 
nienibrane enzyn:e. This enzyme would be inare 
concerned with the sialylatiori of  surroiinding meni- 
branous acceptors in a 'cis-glycosylation' process. 
This sole in rcpairing the ce!! surface ~lycoconjugates 
is in a good accordance wi t !~  observations of Harnis 
and Reuttcr [34] showing ttiat menibrane sialic ocid 
has a higlier turnover ïate than the inerilbra~ie proteins. 
This sialic acid renewal appears t o  be criicial for man:, 
biological properties of  the ccll. 
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B - ARTICLE I V  : Mise en Gvidence d'uii i n h i b i t e u r  i n t r a c e i l u l n i r e  - 
de l ' e c t o s i a l y l t r a n s f é r a s e  du lymphocyte 

Nous avons vu ( a r t i c l e  I I I )  que l a  r a d i o a c t i v i t é  incorporée  

su r  l e s  c e l l u l e s  l o r s  de l ' i n c u b a t i o n  avec du CYî-&GJ - ~ e u N h ç  n ' e s t  pas 

due à l ' e n t r é e  de sucre  l i b r e .  Pour pouvoir conclure à l a  présence d'une 

a c t i v i t é  ectosialyltransférasique c ' e s t - à -d i r e  à l a  présence  de l 'enzyme 

e t  des  accepteurs  endogènes, il f a u t  é l imine r  l ' o b j e c t i o n  des c e l l u l e s  

cassées  : l a  r a d i o a c t i v i t é  l i é e  aux c e l l u l e s  e s t - e l l e  due à l a  présence  

d'un f a i b l e  pourcentage de c e l l u l e s  cassées  dans l a  suspension c e l l u l a i r e ?  

Pour répondre à c e t t e  ques t ion ,  nous avons u t i l i s é  ur, a r t i f i c e  ~ ~ ~ é t h o d o l o -  

gique p récon i sé  pa r  STRUCK e t  LENNAW, ( 4  12) q u i  c o n s i s t e  à déterminer  l ' i n -  

co rpo ra t ion  d 'une suspension de c e l l u l e s  (dont  l e  pourcentage de c e l l u l e s  

cassées  e s t  mesuré p a r  l a  méthode du Bleu Trypan par  exemple) e t  de  ~::élanges 

contenant  des  propor t ions  connues de c e l l u l e s  e n t i è r e s  e t  de c e l l u l e s  casrCt 

( l e  p o i n ~  100 % de c e l l u l e s  ca s sces  é t a n t  un homogénat réa l i sé  avec  l a  ir.Ccs 

concen t r a t ion  en c e l l u l e s  que l a  suspension u t i l i s é e  arr dép.îrt .  Tjne e x t r t p o -  

l a t i o n  à O % de c e l l u l e s  cassées  doline l a  v a l e u r  de l ' a c t i v i t é  ectoefizgmri- 

t i q u e  ( v o i r  f i g u r e  16) .  

F igure  16 : 
% de celiriles cassées - .  

Schémû i l l u s t r a n t  l ' e x t r a p o l a t i o n  de ST3UCK e'i I ,YLJARZ ( ~ 1 2 )  q u i  
c o n s i s t e  à mesurer l a  r ad ioac t iv i t -6  incorporée par  une suspension 
s tock  d e  c e l l u l e s  (fl:lch?) dont Ic poarcentzge de c e l l u l e s  casséeç  
e s t  connü, e t  de mélanges contenant  des  oropor t ions  connues de  
c e l l u l ~ s  e n t i è r e s  e t  de c e l l i L l e s  c a s s é e s .  T, 'extrapolat ion 5 O Z d e  
c e l l u l e s  ca s sées  perrnat de  concli::-e à l'al,.;ence (courbe 1)  fi 2 1;! 
présence (courbe 3 j d ' ec  toerizgmes. 



Après avoir  v é r i f i é  l a  v a l i d i t é  de c e t t e  m6thodologie su r  

l a  galac tosyl  t ransf  érase  pour l aque l le  l ' ex t rapo la t ion  à O % de 

ce l l u l e s  cassées donne une valeur s i g n i f i c a t i v e  pour l ' a c t i v i t é  ectogalac- 

tosyl t ransféras ique,  l a  technique a  é t é  appliquée à l a  détermination de 

l ' a c t i v i t é  ectosi-aly1transférasique.Dans ce cas nous avons é té  s u r p r i s  de 

consta ter  que l ' ex t r apo l a t i on  à O % de c e l l u l e s  cassées donne une a c t i v i t é  

s i a ly l t rans fé ras ique  plus élevée que c e l l e  de l'homogénat. De t e l l e s  ob- 

servat ions  avaient  é t é  f a i t e s  par PATT e t  GL1IFfES avec des c e l l u l e s  SVT 
2 

( 4 1 4 )  e t  plus récemment par CERVEN ( 4  15) tnais ces auteurs n 'ont  trouvé 

aucune expl ica t ion au phénomène. 

L ' a r t i c l e  I V  d é c r i t  l a  mise en évidence d'un inh ib i t eur  cyto- 

soluble  e t  thermolabile de l ' a c t i v i t é  ectos ia lyl t ransféras ique.  La l ibé ra -  

t ion  de ce t  i nh ib i t eu r  l o r s  de l'homogénéisation des lymphocytes, conduit 

à une baisse de l ' a c t i v i t é  s i a ly l t rans fé ras ique .  
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1. Introdiiction 

One of the final steps in sialoglycoconjiigate bio- 
syntliesis iiivolves tlie transfer of  sialic acid to  glycaiî 
nioieties by ineaiis of ~ialyltiansferases. It has been 
derrionstrated that the prcsence of  sialic acid at tlie 
non-rcducing end of glycocoiijugates lias a biological 
significance eitlier at a inoleculsi levef or a t  a cellular 
level: sialyl residues appear t o  be signal for the Iife time 
of serum glycoproteiris [ l ]  or cells [2,3] and have 
related to  cellular adhcsion [4] and crypticity of  
iniiiiuriogenic loci [5]. 

As far as tlie biogenesis o f  the rnembrane is con- 
cerned, the question is to  know wliether the stepwise 
biosyntliesis of  glycans follows the pathway of the 
niembrane flow. If such 1s the case, the final sialyla- 
tion could occur at the ce!i surface, tlius irivolving an 
ectosialyltraiisferase whose activity lias been widcly 
reported [6- 91 . Iii tliis n o r k  we deriionstrate the 
preseiice of a3 intrucc!li!!ar i:iliibitor of  the !y~r?plio- 
cyte ectosialyltransferasz. This fiiiding lcads t o  the 
hypotliesis that  sialyltransferases miglit be 'sliut o f f  
inside the cell and ~vould hccome active, as an ecto- 
eiizyrne, wlieri it reaclies rlie oriter ce11 sui face wliere 
the inliibitor is rio niore present. 

2. hlaterials aiid niethods 

2.1. Prcparation o f  ceils, crude liomogerzate and 
postrilicrosor~iai suprrlziitarlt 

Spleen lyinpliocytes were prepared froin two 
111011th old Sprague-Dnwley rats as previously describcd 
[le] . Lyiiiphocy te suspension (5.1 O8 cells/rnl) was 

hornogenized in a cooled Potter-Elvejheni tippriratus 
(3 X 1 0  strokes at 1250 rzv/miii). The hon!o~enate 
(also callcd broken cells) was centritligcd at 
i 5 0  0 0 0  X g for i 11. The r~siiltii-ig supernitturit was 
used as source of iriliibitor. 

2.2. Prepar~tion o f  acceptors 
Orosornucoid (a,-acid glycoproteiri) u a s  isolated 

from pooled hunian seriim by the procediir e of  
Scliniid ct  al. [ I l ]  and fiirtl~er desialylatcd by niild 
hydrolysis (0.01 N H2SG4, 100~C.  3 0  min). Effective 
desialylation was cliecked by gasliq~iid ~liroinato-tapliy 
analysis. 

Ovornucoid was prepaied as previously described 

P o l .  

2.3. Glj~cosj~ltransferase assajls 
For the sialyltransferase assays the incubation 

mixture contains 0.1 M sodiiiiii cacodylate, pH 7.4. 
0.154 hl NaCl, 5 mM MiiC12 and 0.3 yCi/ilil of 
[l4C]hTAN~-ChfP (Aiiiersliain, specific activity 
214 niCi/inhl, i.e., an average val~ie of  400 cpiii/p\lj. 
Standard assays (100 111) contained 2.107 cells arid 
1 1179 acceptor. Incubation was acliievcd at 30°C, 
under a slow rolatioii, diiring 1 !i. 

Tlic galactosyltransfcrase assays were pcrforriied as 
previo~isly described [ 121 . 

2.4. Detemzination o f  radioactiifity c)f cells and 
nccep fors 

Radioactivity iiicorporated on the acceptor was 
rneasiired by diffe~ence between two assays, orle 
witlioiit exogenous acccptoi. 

Recovery of acid-precipitable niaterisls. alialysiî, of 
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precursor (legradation and counting were achicved as 
previously described [IO] . 

3. Results and discussion 

3.1. Gn/actosj~l utid siaij~ltransferase activities as a 
fiozction of the percetirage o f  broken cclls 

Assigriiiiciit of sialyl- or galactosyltransferase 
actjvity t o  ecto-enzymes b y  using wliole cells incuba- 
tions niay be faulty by tlie presence of  a certain 
percentage of broken cells. To  deterinine whetlier 
tlie nieasured activities are duc t o  broken cells, 
rnixtiires contairiing definite propertions o f  iiiiact 
and brokeii cells were iiîciibated with eitlier 
[i4C]Gal-UIlI' or [ I 4 C ] N ~ N A - C ~ P  as recomrnended 
by Struck and Lennarz [13] . Figure 1 a shows tliat, in 
the case of galactosyltransferase. extrapolation to zero 
percent of broken cells leads t o  a lower bu t  sigiiificant 
incorporation in both endogenous and exogenous 
(ovonîiicoid) acceptors. This result is in total agree- 
ment witli the ectogalactosyltransferase activity we 
previously depicted on lyiiipliocyte cell surface [IO] . 
Furtliermore, as espected, an increasing incorporation 
is observed witli an increasing release of  iiitracellular 
enzymes. Ili tlie case o f  tiie sialyltransferase (fig.1 H), 
altlioiigh ail increasing ainount of intracelIiilar eiizyine 
is liberated by breakage o f  tlie cells as revealed by tlie 
sialylatio~i of tlie asialo-orosoinucoid [9] , surprisiilgly, 
the radioactivity bound t o  endogenous acceptors 
decreases wliile t!ie proportions of broken cells 
increases. 

On one hand the lattcr plienomenon could bc 
accouiited for by ari increasing degradatioii of tiie 
precursor by tlic hoinogcnate. Iri fact. analysis of 
tlie precursor iiitcgrity ;ifter inc~ibation revcals tliat 
NANA--CMI' dcgradatioii is iiot meaningfully different 
betweeii wliole cells and brokeii cells (froni 30V to 
10% of  the input NANA--CblP liydrolysed iiito free 
NANA). 'Tlie availability of  NANA--CLIP is rnoiiitored 
otherwise by tlic sialylatiori of tlie exogenous acccptor. 
(311 tlie otlierlia~id, eritry of  this iiewly formed radioactive 
free NANA intu cells [14] coiild bc responsible for 
tlie higher labcllii~g of  wlioie cells if coiriparcd with 
broken cells. I i i  fact, a 1000-fold excess of tiiilabrlled 
sialic acid does iiot rcduce tlic phe i~onie~ion .  

Coiiscqueritly, the rctl~iced incoi-poration oi'si:ilyl 
reridiies by bïokeii cells does not retlect an artelàctual 

Fi2.l. (a) G a l ~ c t o s e  incorporation as a fiiriction üf  t!ie p?rCt.n?- 
age of broken ce119 preseiit in an iric~ibnrion, on tiie rrido;r.noui 
acceptors (';--O) and on ovoiriiicoici (s---a). ( b )  Xislic ;icid 
incorporation as a function of the pcrcentnpc oi broL:ri cclls 
prcscnt in :in incubation, on thc eiid<)perio~rs ri~'ccpt;.rr (:--.') 
and on asialourosoniitcoid (*---O). Arro\vs iiiciicstr ihi. 
percent of bioken cells i t i  the stock siispeiision a î  ji:ilgid by 
trypan bliie exclusicn test. 

everit but lias t o  be correlated with eitlier ari irihibi~ed 
transfer reaction or a post reactioiial rcrii~va! of  
sialyl residues sucli as tlie actioii of a neuraii1inid;tse 
[ l S l .  

3.2. P~CSCI~C:?  of the cctosi~lyltrrrr~sfcrnse 1rzliibirl1r il1 
tlie postn~icrosol~lnl :rlpel?iatatzt 

[Viien iiicreasirig a!nounts of  pdst iiiiciosoinal 
superiiatant tare iricubaied witli whole cells iti s t ~ i i J ~ r d  
cctosialyltransferase ass:iys, tlie ~iuinber  uf r~dici-  
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added postmicrosomal supernatant 

Fip.2. Effect of postiiiicrosoriial supernatant or1 ectosialyl- 
transferase activity. Increzsing aiiiouiits of supernatarit are 
added to cqual airiounts of wliolc Iympliocytes iii a standard 
inciibatioii iiiist~ire. 

active sialyl rcsidues bourid t o  t h e  cells is decrcasing 
as  shown ii: fig.2. Thus ,  t h ?  effect  previously observed 
witl i  broken cells niay be  reproduced b y  iisiiig on ly  

Table 1 

Assay Radioactivity bciind 
to cells (cprii) 

(a) Standard assay 

Coniplcte 1108 
Coinpletc plus 50  fi1 

postniicrosoriial siipernatant 591 
Coniplete pl~is Iieat-treateda 

posiiriicrosoriial siipernatant 1048 

(b) Standard assayb 

Coinplete 1062 
Coiiiplcte pliis 1 h postinc~ibatioii 

with cacodyl,~te buffci, 30°C 986 
Coinplete plu\ 1 ii postiiici!batioii 

aZitli 50  pl postniicrosoriial 
supernatant, 30°C 993 

- 

a Ilcat-trcatiiient ilas been achieved by ninintainin; the 
siipcriiataiit at 100°C for 3 riiin 
In tliis set of c:iperiniciits tlie cells \\.ex !:ialy!ated i n  stnn- 
dard assays and tlien tlic preciirsor \v,is ttaïiicd cff by 
low-spccd c-rntril'iigiiticn bcfore eitlier acid-preci~itatiori 
or postincubatioii 

pos t  iiiicrosonial supernatant .  This indicates tliat tlie 
ef fec tor  is prcseiit iii a s~ ibce l l~ i l a r  fractioii whicli coriceritration increases, t h e  specific activity s h o ~ i l d  

otlierwisc does  iiot exliibit any sialyltransferase faIl don~r i .  This Fdct is clearly illustrated b y  fig.3 fo r  
whicll  ~ ia iy l t ransferase  specific activil y ir p lo t ted  activity: It was then  possible t o  test whetlier tliis 

e f fec tor  was ari iiiliibitor o r  a pos t  reactioiial destroy- versus wliole cell aiid brokeii  ce11 coricentrations.  

ing factor.  
Table 1 slinws tliat tlie pos t  iiiicrosomal superiiatant 

is n o t  able t o  cleave off  tlie ricwly bouiid sialyl residues 
i n  a post  rcactional process (table l b )  but  i ts  actioit is 
recovercd only wlieii it is added  duriiig tlie iiicubation 
(table 1 a). This làc t  provcs tlie presence o f  a n  iiiliibi- 
t o r  o f  tlie ectosialyltrailsferase in tlie pos t  inicrosoriial 
superiiataiit. 111 addit ion.  tliis ililiibitor is a tlieriiio- 
labile factor,  wliicli suggests i t s  iiiacroiiiolecular 
na ture .  

3.3. Additio~iul proofs for un ir~trilcellul~r iizl~ibitor o f  
ectosiu~~~lfra~~sfc~~u~e 

If we assuiiie tliat ec t~s i a l>~ l t r ans fe rnse  is active only 
a t  t h e  ou te r  crll siiïfiice, wliere n o  inliibitor occurs, 
tliis activity measuseci iri who le  ce11 incubations niust 
be  strictly proportioiinl t o  t l ie nuinber  o f  enzyïiie. i.e., 
o f  cells, leading t u  a constant  specific activity. 

On  tlie cont rary .  in assnys witll iiicreasing concen- 
t ra t ion  o f  Srokeri cells ~ l i c r e  concoiiiriiitaiit iriliibilor 

cei l  concentrat ion (ce l l s /m l  x IO-') 

Fig.3. Variations of sialyltransfera5e specific activit) \vlicii 
assriys are prrforriicd uith iiicrcasin; concentratioil ol'nii~1l- 
cclls (3-3) aiid \vit11 incrcasing concentration of brokrii 
cells (a.---*). She riieasiired actititie\ cc;iicerned tlte tra~iifer 
of sial! 1 rrsidueî on cridogciious acccptors. 
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4. Conclusion 

The startiiig point of  tliis work has been the 
01)servation that tlie sialyltraiisferase activity is higher 
in wliole ceIl incubations thari in horriogenates. A 
similar datuni Ilas been ûbtained by Patt and Griii~es 
witli SV T2 cclls [16]. We demonstrate that tliis 
plienoinenon is not an artifactual event but  is due t o  
release o f  a n  iiitracelliilar sialyltransièrase inliibitor 
by breakage o f  the cells. 

On one liand, we reportcd previously [9] that the  
ectosialyltraiisferase is ascribcd t o  the sialylation of  
endogeiious nieinl~rarie acceptors and cannot sialylate 
inacromolecular exogenous acceptors. On tlie other 
hand, wc denionstrate in tliis papcr tliat an in trac el lu la^ 
inliibitor affects tlie sialylation of the endogeiious 
acceptors witliout rneanir~gfully inhibiting tlie sialyla- 
tion o f  exogenous accepter. Tliese two facts srrongly 
suggest thai  tlijs iriilibitor is specific t o  ectosialyl- 
trarisferase. 

Tlie finding of such an inhibitor allows us t o  
propose that the final sialylation of  the siiri-oiindiiig 
membrane glycoconjupates coiild occur only wlien 
the ectosialyltraiisferase reaches the outer ce11 surface 
a t  the end of the t i ~ c i n b r a ~ ~ e  flow process. 

dynamie et Cliiiniothérapie) and by  the  Comrriissariat 
à 1'Energie Atoniique. Bernard Hoflack received a 
fellowsliip frorn tlie Ligue Natiotiale Francaise contre 
le Cancer. 
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C - ARTICLE V : Détec t ion  de l ' a c t i v i t é  ectosialvltransférasi4ue 

en u t i l i s a n t  des  c e l l u l e s  e n t i è r e s  : correc t i -on  de 

l ' e r r e u r  due à l a  l i b é r a t i o n  de CCPNeuNAc i n t r a -  

c e l l u l a i r e  

Après l a  mise en évidence d'un i n h i b i t e u r  de l ' a c t i v i t é  ec to-  

s i a l y l t r a n s f é r a s i q u e  ( a r t i c l e  I V )  nous nous sommes a t t a c h é s  à p u r i f i e r  e t  

à c a r a c t é r i s e r  l a  molécule responsable  de c e t  e f f e t .  Après homogénéisation 

des lymphocytes l e  surnageant  150 000 g e s t  p u r i f i é  p a r  g e l  - f i l t r a t i o n ,  

e t  l e s  f r a c t i o n s  contenant  l ' i n h i b i t e u r  son t  ana lysées  pa r  chro:natograpIiie 

s u r  pap ie r  e t  é lec t rophorèse .  

Après p u r i f i c a t i o n ,  quelques p r o p r i é t é s  de l ' i n h i b i t e u r  o n t  

é t é  é tud iées  e t  comparzes à c e l l e  du CbP-NeuNAc. C e t t e  é tude  peut  ê t r e  

résumée comme s u i t  : 

1 : l e  cIQ-['c -NeuNhc s e  comporte s u r  colonne conme l ' i n h i b i -  

t e u r  ( é l u t i o n  au  Vo + Vi) ; 

2 : il e s t  en t iè rement  dégradé en NeLaAc l i b r e  ap rè s  chau5fage 

à 1 0 0 ~  C pendant 3 min. ; 

3 : il e s t  i n s e n s i b l e  comme l ' i n h i b i t e u r  à l a  papaïne e t  à l a  

pronase ; 

4 : son comportement chromatographique e t  é l ec t rophoré t ique  

e s t  i den t ique  à c e l u i  de l ' i n h i b i t e u r  ; 

5 : l a  preuve de l ' i d e n t i t é  de l ' i n h i b i t e u r  a  é t é  appor tée  par  

s a  s e n s i b i l i t é  à l a  CMP-Neu NAc hydrolase p u r i f i é e  du sérum de Xat qui nous 

a  é t é  généreusement donnée pa r  Stéphane BOUQUELET que nous remercions vivë- 

ment. 

A i n s i  i a  b a i s s e  d ' i nco rpora t ion  observée ap rès  incubat ion de 

c e l l u l e s  cassées  avec du C K P - ~ ~ C ] N ~ U X A C  par  r cppor t  à l ' i n î o r p a r a t i n n  do 

c e l l u l e s  e n t i è r e s  e s t  due à l a  l i b é r a t i o n  de GYP-N~LINAc i - n t r a c e l l u l a i r e  

conduisant  à une b a i s s e  de l ' a c t i v i t é  spéc i f ique  du précurseur .  La courbe 

d ' i n h i b i t i o n  e s t  en f a i t  une courbe de d i l u t i o n  i so top ique .  

C e t t e  é tude s u r  l ' e c t o s i a l y i t r a n s f é r a s e  nous a permis de déce l e r  

üne cause d ' e r r e u r  non encore suspec tee  dans l a  d é t e c t i o n  des a c t i v i t é s  

ec toglycosyl  t r a n s f é r a s i q u e s  : l a  l i b é r a t i o n  dc pr i ,curseui  I r i t racel l -ul  a i r e  

par  l e s  c e l l u l e s  cassées.  Ce l l e - c i  e s t  particulj.è.rement importarite : e l l e  

remet en ques t ion  l e  dosage des  a c t i v i t é s  g lycosy l t r ans fé ra s iques  mcné s u r  

des c e l l ü l e s  e n t i è f e s  ou des homogénats e t  par  conséquent e l l e  j e t t e  un 

douce s u r  l e s  t ravaux qrii c o n s i s c c r ~ t  en l a  coixparatson d ' n c t i v i t e s  t>c,u- 

g lycosyl  t r ans f  5insiqiisv ( e n t r e  ce11 u l e s  e t  hor:ogfnat ;)sr exemple ou :ors ,'z ' 



t ransformat ion  c e l l u l a i r e ,  ou encore au cours du cyc le  c e l l u l a i r e ) .  En 

e f f e t  1 ' incorpora t ion  ob tenue dans l e s  condi t ions  c l a s s i q u e s  dépend de l a  

q u a n t i t é  de c e l l u l e s  ca s sées  qu i  s e  t rouve dans l e  m i l i e u  d ' i ncuba t ion ,  

une f a i b l e  v a r i a t i o n  de c e t t e  va l eu r  provoque des v a r i a t i o n s  importantes  

dans l ' a c t i v i t é  mesurée. 

Pour t e n i r  compte de c e t t e  nouvel le  cause d ' e r r e u r ,  nous avons 

m i s  au  p o i n t  une nouvel le  méthode de dé t ec t ion  des a c t i v i t é s  ec toglycosyl -  

t r ans fé ra s iques .  E l l e  cons i s  t e  dans un premier temps à mesurer 1 ' acc rû i  s- 

sement d i a c t i v i t é  g lycosy l t r ans fé ra s ique  appor té  par  des c e l l u l e s  e n t i è r e s ,  

l o r sque  c e l l e - c i  e s t  mesurée en présence de q u a n t i t é  quasi-constante  d'ho- 

mogénat, c ' es t -à -d i re  à même d i l u t i o n  isotopEque du précurseur .  Dans un 

second temps, e l l e  permet de déterminer  s i  c e t  accroissement  d t a c t i v j t é  

appor té  par  l e s  c e l l u l e s  e n t i è r e s  n ' e s t  dû qu 'à  l a  présence  d ' ec toaccep teu r s  

ou s i  e l l e  r é s u l t e  de l ' a c t i v i t é  d' ectoenzyr~es.  

C e t t e  méthode e s t  l a  s e u l e  q u i  permet de t e n i r  compte de l a  

l i b é r a t i o n  à l a  f o i s  de précurseur  i n ~ r a c e l l u l a i r e  e t  de l ' a c t i v i t é  cnzy- 

niatique par  l e s  c e l l u l e s  cassées .  L ' app l i ca t ion  de c e t t e  technique 11oüç a  

permis de confirmer l a  présence d'une e c t o s i a l y l t r a n s f é r a s e  e t  dTaccep tPa r s  

d' a c i d e  K-acétylneuraminique s u r  l a  nlenbrane 1ympIiocytaire. 
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Assignment of s i a l y l t r a n s f e r a s e  a c t i v i t y  t o  ecto-enzyme 

by u s i n g  whole ce11  i n c u b a t i o n s  may be f a u l t y  d u e  t o  t h e  p re sence  of 

a c e r t a i n  p c r c e n t a g e  of brokcn c e l l s .  To de t e rmine  whether  t h e  measured 

a c t i v i t i e s  a r e  due  t o  broken c e l l s ,  m ix tu re s  c o n t a j n i n g  d e f i n i t e  

p r o p o r t i o n s  of i n t a c t  and brolcen c e l l s  v c r e  i ncuba ted  w i t h  exogenous 

14'  
CMP-N-acetyl{ 14c} Neurarninir a c i d  (CXP-{ C)NcuNAc), e x t r a p o l a t i o n  t o  

z e r o  p e r c e n t  of broken  c e l l s  g i v e s  t h e  e c t o s i a l y l t r a n s f e r a s e  a c t i v i t y .  

S u r p r i s i n g l y ,  we. observed  t h a t  t he  r e s u l t i n g  i n c o r p o r a t i o n  o n t o  

endogcnous a c c e p t o r s  i s  h igker  f o r  whole c e l l  s  t h a n  f o r  hoinogenate, 

T h i s  i t i h i b i t o r y  e f f e c t  due t o  brolten c c l l ç  i s  recovcred  w i t h  a Ilcar-- 

l a b i l e ,  c y t o s o l u b l e ,  low molecular  weight  coriipound. Th i s  coriipour-xi has  

been p u r i E i e d , c h a r ~ c t c r i s e d  a s  CM?-NeuWAc by i t s  behnvior  i n  v a r i c ~ s  

chromatographic and e l e c t r o p l ~ o r e t i c  systems dnd it:s s u s c e p t i b i l i t y  t c j  

ChSP-NcuNAc h y d r o l a s e .  This  cndogenous CMP-NeuNAc l ends  t o  an  isotop.i.e 

d i l u t i o n  of t h e  exogenous l a b e l l e d  CMP-NeuNAc and e x p l a i n s  t h e  a p p z r c n t  

lowes t  a c t i v i t y  obsei-ved f o r  honiogenate by v a r i o u s  a u t h o r s .  A s  t h i s  

i s o t o p i c  d i l u t i o n  v a r i e s  wi th  t h e  p r o p o r t i o n  of broken c e l l s ,  t-he 

r a d i o a c t i v i t y  bound t o  endogenous a c c e p t o r s  cannot  be  r c l a t e d  t o  n 

knoml number of s i a l y l  r e s i d u c s  t r a n s f e r r e d ,  c a l l i n g  int.0 q u e s t j o n  t h e  

v a l i d i t y  of p l o t t i n g  t h e  amount of i nco rpora  t e d  14C}~eu14~c  ve rcuç  v a r i o u s  

p e r c c n t a g e s  of brokcn  c e l l s  t h a t  we p r e c i o u s l y  d e s c r i b e d .  Takjug tliis 

f a c t  i n t o  a c c o u n t ,  a  ncw approach has  bcen developed t o  d e t e c t  ectogJyco--  

s y l t r a n s f c r a s e s ~ ~ h e n  u s i n g  whole c e l l s .  Th i s  method al lowed us  t o  p r o v e  

t h a t  r a t  s p l e e n  lymphocytes posscs s  e c t o s i a l y l t r a n s f ê r a s e s  whose a c t i v i t y  

towarcl cxogenous a c c e p t o r s  i s  r e s t r i c t c d  t o  low molecular  wcight 

cornpoundç and whosê cridogenous acti-$it .y s t r i c t l y  corîcel-ns the p!zs;.~a 



XNTRODUCT ION : 

E c t o g l y c o s y l t r a n s f e r a s e s  a r c  d e f i n e d  a s  membrane-bound 

enzymes whose a c t i v e  s i t e s  a r e  a c c e s s i b l e  frnm t h e  o u t s i d e  of t h e  

c c 1 1  ( 1 1 ,  During  t h e  p a s t  few y e a r s ,  u l t r a s t r u c t u r a l  ( 2 )  and b ioche -  

m i c a l  evi-dence ( 3 - 7 )  For e c t o s i a l y l t r a n s f e r a s e  a c t i v i t y  has  accumula ted  

f o r  rev iew s e c  (8 ,  9 ) .  In  most exper inwnts  t h e  biochemical  p r o o f s  

f o r  t h e  s u r f a c e  l o c a l i s a t i o n  of such ectoenzymes a re  o b t a i n e d  by 

i n c u b a t i n g  whole c e l l s  w i t h  l a b e l l e d  nuc leo t ide - suga r ,  assuming t h a t  

t he  r c s u l t i n g  i n c o r p o r a t i o n  i n t o  a c i d  p r e c i p i t a b l c  a c c e p t o r  molec,ules 

is due t o  e c C o g l y c o s y l t r a n s f e r a s e  a c t i v i t y .  A s  poinced o u t  by Keenan 

and Morr6 ( 10) t h i s  iiiethodology i s  ilot wi   ho ut f a u l t s  and i n  p r e v i o u s  

s t u d i e s  ( 1 1 ,  12) we developed procedures  t o  avo id  t h e  niain c a u s e s  

o f  e f r o r s .  P a r t i c u l a r l y ,  a t t e n t i o n  has  been focused  on ùe t e rmin ing  

whetller o r  n o t  t h e  detectcid s i a l y l t r a n s f e r a s e  a c t i v i t y  i s  due t o  

t h e  smal l  p e r c e n t a g e  of brokcn c é 1 . l ~  i n  t h e  a s s a y .  For t h i s ,  we u s e d  

t h e  method r ecomended  by St ruck  and Lcnnarz (13 )  : s i a l y l t r a n s f e r a s e  

a c t i v i t y  of rn ix tures  c o n t a i n i n g  d e f i n i t e  p r o p o r t i o n s  of i n t a c t  and 

brolcen c e l l s  a r e  nieasured and e x t r a p o l a t i o r i  t o  zero  pei-cent brokci l  c e l l s  

g i v e s  t h e  measurement of t h e  ectoenzyme a c t i v i t y  a l o n e .  I n  ou r  hanclç, 

u s i n g  lymphocytes ,  we were  s u r p r i s e d  t o  o b s e r v e  t h a t  t h e  r a d i o a c t i v i t y  

bound t o  endogenous a c c e p t o r s  d e c r e a s e s  w h i l e  t h e  p r o p o r ~ i o n  of bro1:en 

ccl ls  i n c r e a s e s .  F u r t h e r  i n v e s t i g a t i o n s  (12)  l e a d  u s  t o  p o s t u l a t e  t h e  

p r e s e n c e  of a  h e a t - l a b i l e ,  c y t o s o l u b l e  i n h i b i t o r  of e ç t o s i a l y l t r a n s I c r a s e  

a c t i v i t y .  



I n  t h i s  paper ,  we demonst ra te  t h a t  t h e  i n h i b i t o r y  e f f e c t  

is due  t o  t h e  r e l e a s e  of i n t r a c e l l u l a r  CMP-N-Acetylneuran~i~~ic  a c i d  

(CPlP--NeiiNAc) by broken ce11 s l e a d i n g  t o  a  d e c r e a s e  of t h e  t r a r i s f e r r e d  

r a d i o a c t i v e  s i a l y l  r e s i d u c s  caused by i s o t o p i c  d i l u t i o n  of  the 

f abe l l ec l  p r e c u r s o r .  Th i s  r e s u l t  b r i n g s  the  expe r in i e i~ t a l  p rocedure  

proposed  by S t r u c k  and Lennarz (13 )  i n t o  q u e s t i o n  a g a i n  : t h e  

r a ù i o a c t  ; v i t y  bound t o  endogenous a c c e p t o r s  does  n o t  r e f l c c t  t h e  

r e a l  arnoiint of i n c o r p o r a t e d  NeiiNAc r e s i d c e s  and conseqi ien t ly  e x t r a -  

p o l a t i o n  t o  100 p e r c e n t  i n t a c t  c e l l s  i s  no longe r  va l ic i .  Thus w e  

deve lopcd  an  o r i g i n a l  procedure  t o  d e t c c t  c c t o s i a l y l t r a n s f e r a s e  

a c t i v i t y  a t  t h e  o i i t e r  s u r f a c e  of c e l l s  t ak ing  i n t o  account  t h e  

f a c  t t h a t  ho t h  i i i t r a c e l l i i l a r  s i a l y l t r a n s f e r a s c s  aiid enciogenoii s 

CMP-NeliNilc may b e  in t roduced  by t h e  sinall  percei l tage of bro1;cn ce11 c, 

i n  t h e  a s say .  Us ing  t h i s  methoclolog.j, wc. conf i rm the p r e s e n c c  of 

s i a l y l t r a n s f e r a s e  a t  t h e  o u t e r  s u r f a c e  of lymphocytes which i s  a b l e  

t o  t r a n s f c r  s i a l y l  r e s i d u e s  t o  i t s  own membranes a n d  t o  l o w i n o l c c u l n r  

weight- cxogenous a c c c p t o r s ,  b u t  i s  n o t  a b l e  t o  t r a n s f c r  them t o  

h i g h  molecu la r  weiglit  exogenous a c c e p t o r s .  

EXPEK IIIENTAL 

. . 1 4 >fa t c i r i a l s  . A l 1  r e a g e n t s  werc of ana ly t i . ca1  g rade .  CML'-( C}Ncil:i~c --- 

was purchased  f roiii Kadiochemical Cen t r e  Ainersham, Ezigland ( spec i f  i c  

a c t i v i  t y  2 14  mCi/mxl i.. e ,  a n  average  v a l u e  of 400 cpn/pM) . Fet  u h  w a s  

purclinsed fi-on1 Sicina C'rie~riical Co,,  S t  1,ouis ( U . S . A . )  and usccl a s  

accepLor a i t e r  d r s i a l y l a t i o i i  hy iaild a c i d  hydrol  y s i s  ( 0  .O 1 N 1I2So4, ~ O O ' C ,  



30 min ) .  E f f e c t i v e  d e s i a l y l a t i o n  was checkcd by gas-1.iqui.d chromatogsaphy 

a n a l y s i s .  L a c t o s e  (Sigma Chernical Co) was used a s  low molecu la r  w e i g h t  

a c c e p t o r .  P r o n a s e  (4 Ulinp,) and i n s o l u b i l i z e d  papa in  (E .C .  3 . 4 .22 .2 ,  

80 U/g c a r r i e r - f i x c d  enzyme) was ob t a ined  from Sigrria Cheniical Co, 

St Lou i s ,  U .  S. A. and froiii Boehringer  GmbH, Manilhein;, Gerrnany, 

r e s p e c t i v e l y .  Cm-NeuNAc hydrol.ase was p u r i f i e d  from r a t  s e r u n  and 

was a g i f t  f rom D r .  S .  Eouquele t .  Authent ic  a -2 ,3  and a-2,6 s i a l y l l a c t o ç c  

were  g e n c r o u s l y  provided  by D r .  G .  S t r e c k e r .  

Y r e p a r a t j o n  of  c e l l s  ----- and honiogcnate, Sp leen  lyr,iphocytes were 

p repa red  from six-week o l d  Wis ta r  r a t s  a s  p r e v i o u ç l y  d e s c r i b e d  ( 14  1 .  

Microscopie examina t ion  was r o u t i n e l y  used t o  c o n t r o l  t h e  v i a b i l i - t y  

of ce l l s  by t h e  Trypan Blue e x c l u s i o n  t e s t .  Homogcnztcs were p r e p ~ r c d  

frorn lymphocyte su.;pençioi;s (10' cel l .s /ni l )  i n  a  cooled  P o t i e r -  

Olvejhem a p p a r a t u s  ( 3  x 10 s t r o k e s  a t  1,250 r p n ) .  

S t anda rd  s i a l y l t l - a n s f e r a s e  - as say .  Xhe i n c u b a t i o n  m i x t u r e  c o n t n i n e d  

0.1 M sodiurii c a c o d y l a t e ,  pH 7 . 4 ,  .O .  154 XaL1 and 5  rd1 P h C l  Unlcsc, 
2 ' 

o t h e r w i s e  s L a i e d ,  s t a n d a r d  a s s a y s  (120 ~ 1 )  c o n t a i n e d  0 , 0 2  u C i  of 

14 7 
cl>fl'-{ ~)i\reiiNAc, 2 x 10 c e l L s  and 1 mg of a c c c p t o r s .  I n c u b a t i o n  !r;s 

acl-iieved a t  3 0 ' ~  under  a  slow r o t a t i o n  f o r  one hou r .  A t  t h e  end of enct i  

i -ncuba t ion ,  t i ie  i n t e g i - i t y  of CP?P-{ ' " ~ ) - ~ e u l ! h c  was c o n t r o l l e d  by çiibxit ti;i 

an a l i q u o t  f r a c t i o n  t o  descending  paper  chroinatography i n  t h e  follor:i!rg 

so lve i i t  (A) : p y r i d i n c ,  e t h y l  a c e t a t e ,  g l a c i a l  a c e t i c  a c i d ,  w a t c r  

(5 : 5 : 1 : 3) { ] S I .  

e x o ~ c r i o u s  accep t  o r s .  R a d i o ô c t i v i  t y  bouricl :O cudogeno:~s a c c ~ p t o r s  l,ias - C l  - . - . - 

measiirccl aEi:er phosphotur igt ic  a c i d  p r c c i p j ~ i ; a ~ i o i ~  a s  prevloiis1.y dc ;sc~- i ' c>cd  



( 1 4 ) .  When t h e  h i g h  mo lecu la r  weight  a c c c p t o r  was uscd r a d i o a c t i v i t y  

i nco rpo ra t cc l  on t h e  a c c e p t o r  was measured by t l i c  d i f f e r e i i c c  betweeri 

' t w o  asSays  one wi- thout  exogenous a c c e p t o r .  When l a c t o s e  was used a s  

t h e  low ino lecu la r  weight  a c c e p t o r ,  low-espeed supcl-na t a n t  of t h e  

i n c u b a t i o n  medium was s p o t t e d  on ma tman  3  Mbl papcr  and l a b e l l e d  

s i a l y l l a c t . o s e  was s e p a r a t e d  Erorn CMP-( 1 4 c ) N e u ~ ~ c  and ( "C)N~UNAC 

b-: prrper chromatography i n  t h e  s o l v e n t  system A a s  above ,~ ; rh ich  alloi2:s 

s e p a r a t i o n  of t h e  a -2 ,3  and a-2,6 isomers  of s i a l y l l . a c t o s e  ( I G j .  

A c o i i r r o l  expcrinient  was c a r s i e d  o u t  si iraultaneously by on i i t t i ng  l a c t o s e .  

S i a l y l l . a c t o s e  was f u r t h e r  e1ut;ed f r e e  of p r e c u r s o r  and p r c c u r s o s  

degrada t ic in  p r o d u c t s  and chrohatographed t:ogcther w i t h  a u t h e n t l c  . 

a-2,3 and a -2 ,6  s i a l y l l a c t o s e .  

P u r i f i c a t i o n  of  t h e  i n h i b i t o r .  A f t c r  homogenizat ioi i  of t h e  ce7 1 ç ,  

t h e  150.000 x g s u p e r n a t a n t  (12 )  was s u c c e s s i v e l y  passed  tfirough 

Sepliadcx G-50, G-25 and G-10 columns e q u i l i b r a t e c l  wi-th 0.154 Pl N a C l  

i n  0,1 1.1 sodium c a c o d y l a t e  pH 7 . 4 .  An a l i q u o t  volume (60 p l )  of eac l i  

f r a c t i o n  was t c s t e d  f o r  i t s  i n l i i b i t o r y  e f f e c t  i n  t h e  s t a n d a r d  s i a l y l -  

t r a n s f e r a s e  a s s a y .  F u r t h e r  i d e n t i f i c a t i o n  o l  t l ie  in 'r i ibitui-  v a s  ac i~ ievec :  

by pape r  chrornatogrûphy u s i n g  two d i f f e r e n t  s o l v e n t  sys tems  : sysfemci 

(A). (15 )  and systern (B) : i sobutyr i . c  a c i d ,  co r i ccn t r a t ed  anmoriia, watie-r 

(66 : 1 : 33) ( 1 7 )  and by higli  v o l t a g e  paper  e l e c t r ~ ~ h o r e s i s  i n  t h e  

f o l l o w i n g  b u f f e r  : p y r i d i n e ,  g l a c i a l  a c e t i c  a c i d ,  wa te r  ( 3  : 1 : 3 G 7 )  

pH 5.4 .  A f t e r  chroniatography o r  e l e c t r o p h o r c ç i s ,  papcr  s t r i p s  tlrere e u t  

a l o n g  t h e  migrn t iof i  p a t h  and p roduc t s  were e l u t c d  w i t h  0 ,154  M N a C l ,  

0,1 M sodiurn cacoc ly la te  pH,7.f+ aiid a g a i n  used t o  check t I l e i r  i i n h i b i t o r y  

ef f e c t  iii t l ic  s i a l y l t r a ~ ~ s f  ci-use Lest-.. 



Prote03 y t i - c  t ren tn ien t  of t h e  i n h i b i t o r  : The s u s c e p t i b i l i t y  t o  

r' 

p r o t e o l y t i c  enzymes was t e s t e d  i n  two ways on a l i q u o t  f r a c t i o n s  o f  t h e  

i n h i b i t o r  a f t e r  t h e  Sephadex G-10 p u r i f i c a t i o n  s t e p .  I n  one  p rocedure  

digestion was performed w i t h  1 u n i t  of i n s o l u b i l i z e d  p a p a i n  a t  3 7 O ~  

f o r  1 ,  4 ,  8 and 18 h. I n s o l u b i l i z e d  enzyme was discarclcd by lov-speed 

c e n t r i f u g a t i o n  and s u p e r n a t a n t  was t e s t e d  f o r  i t s  i n h i b i t o r y  e f f e c t .  

I n  t h e  second p rocedure ,  2 u n i t s  of pronase  were uscd arid i r ~ c u l ~ a t i o n  

was performed a t  3 7 O ~ ,  i n  0,02 M c a l c i i i n  a c e t a t e .  A f t c r  24 h and 4 8  h 

d i g e s t i o n ,  t h e  i n c u b a t e  was passed througli a  Sephadex G-25  coluinn 

and each  f r a c t i o n  was t e s t e d  f o r  t h e  i n h i b i t o r y  e f f ec t . .  In  e.ach case,  

c o n t r o l  experimcil ts  oni i t t i i ig  e i t h e r  p ro t eo ly t i c .  enzyme c r  i n h i b i t o r  

f r a c t i o n  were r u n  s imul tnucous ly .  

CMP-NeuNAc h y d r o l a s e  t ren tment  of t h e  i r i h j b i t n r  : the. i n b i b i t o r y  -- --- 

f r a c t i o n  o b t a i n e d  a f t c r  the Sephadex G--10 p u r i f i c a t i o n  s t e p  was t r e 3 t e ù  

w i t h  CMP-NeuNAc h y d r o l a s e  pul- i f ied From rat: scruiii, i n  t h e  socliiini cricoclqrl.:: 

b u f f e r .  The i n c u b a t j o n  was achieved a t  3 7 ' ~  f o r  16 iioiirs t o  o b t a i n  n co;11- 

p l e t e  degrac la t ion  of t h e  Cl..IP-NeuNAc a s  rnonitored by t h e  d e g r a d a t i c n  O Z  

14 
CMP-( CINeuNAc added t o  t l ie medium a s  i n t e r n a 1  marlter i n  a n  al. iqucl.  

f r a c t i o n .  TIie enzyme was f u r t h e r  renioved f rom tlie inediuni by p a s s i n g  thrc:i 

a Sephadex G-25  column. F r a c t i o n s  wcre t e s t e d  f o r  t h e i r  i n h i S i t o r y  e f r ec t  

descuibcd  above u s i n g  a s  c o n t r o l  a  s i m i l a r  Sepiiadex G 7 2 5  chromatograpl~y  

of t h e  i n h i - b i t o r  . -Aich has  been incuba~ec l  i n  t h e  same c o n d i t i o n s  b u t  

w i t h o u t  CPI1'-!\'cuNAc hydrol  a sc .  



RESULTS AND D I S C U S S I O N  

A) P u r i f i c a t i o n  - and i d e n t i f i c a t i o n  -- of t h e  i n h i b i t o r  - 

I n  s i a l y l t r z n ç f e r a s e  a s says  u s i n g  v a r y i n g  p r o p o r t i o n s  o f  

i n t a c t  and b roken  c e l l s ,  t h e  q u a n t i t y  of r a d i o a c t i v e  ç i a l y l  r e s i d u e s  

t r a n s f e r r e d  toendogcnous  a c c e p t o r s  d è c r e a s e s  a s  t h e  p r o p o r t i o n  of 

broken ce1I.s i n c r e a s e ç  (F ig .  1 A ) .  Conparcd t o  whole c e l l s ,  t h e  

lower s i a l y l t r a n ç f c r a s e  a c t i v i t y  observed with broken  c c l l s  haù also 

b e e n  nieiitiorined by o t h e r  au t l io rs  ( 7 ,  i8)  b u t  iio explanat i ion was g i v c n .  

F l g .  1 : S i n c l t a n e o x s  s t c d i e s  o f  t:?? i:icorpor::tion of  <i'.c):;c.ÿ::.:.L i,ti -- 
. - ei;dog,-nocs ccic.l:iors :,;;- o r  :hz C?:?-:" - - - - -- - - - --- , C::i?u?:Ac C ? r r ~ d s t i c ~ n  a s  .: =..-,--'-.- -- - - - -----A- . u.,,.. &..,a 

of  the û e r c e n t a p o  cf  brcl<*c c ? l ? s  : ?!ixtcre c f  knon~i, p r o ~ o r r i s n s  cf ir.z;cr 

and b:oken c e l l s  ,;?ra i c c u b s t e d  ait!: c:+z-{"c;):~~s,I~ :TA :ks s t j ~ d 2 r z  531.i- 

. . .  . .  . d i t l o r i s .  . i r r j ~  ~ T ~ C I C J T ~ S  :::e ~irc-:::hz~ c f  j:~>.~:, Cc:IS .-. -.. - b -  .... s, t rck 

s ~ : s p , ~ c s i o n  of w>.oli- c ' l ls  o s  ji:::g2d by :he Tyypsn I , lce  e:;clLisios c f c t .  

A )  I c c o r p o r n t i c n  of  1 " C ] N ~ . > S . \ ~  11.20 ei.Ccg6:.aus ucce2 :c r i  ( Cr--+ ) . 
3) C > : ? - ~ ' " C ; S ~ Ü S ~ C  int,-gri.:y (04.) 201 frce { ' ' ~ : : < ~ ~ l i ~  ÿ i ~ ~ ~ i z r . c , ~  

(G----S). 



T h i s  i n l i i b i t o r y  e f f e t  i s  recovered  i n  t h e  150 000 x g s u p e r n a t a n t  of 

l p p h o c y t e  homogcnate and appea r s  t o  be h e a t  l a b i l e  ( 1 2 ) .  T h i s  c s u d c  

i n h i b i t o r y  f r a c t i o n  was p u r i f i c d  iiy t h e  g e l  f i l t r a t i o n  t echn ique .  F i g .  2 

shows a t y p i c a l  p a t t e r n  observed on p a s s i n g  t h e  s u p e r n a t a n t  througl i  a 

Sephadex G-50 column. The a c t i v e  f r a c t i o n  was recovered  a t  t h e  V O + V .  3- 

Fig.  2 : Gel filtration 'C.?:?;l\~cor Oi S i j ? y l f ~ , 3 f i ~ f f ~ ; l j ~  i - '> ' " ; ' . r -  -- ...,*"+-.,& --- 

extracted f r x  ly;n?iocyr? hsr.:;:enntc : IO ;i.i of - t h ~  !50,C53 g so~e?;;sccr.t 

..,--. ,,.L süt on a  5 c z  x 110 CI.] Se?F,accx G-50 colü-n ; f!sw ?ôta : i9 i..:/:h ; 

volurne of each frzction : 20 mL ; .zbsorb~znce x:s c c e s ü r e d  a r  LUC xz: 

(M). T h e  i.z.hibi::oty effect wîs assayzd for cach frzctiun ar.2 

espresscd a s  a percent of t;ie a c t i v i t y  ;-;.earcred witi..aüc inhijicsr (-: 

volurne. T h i s  was  a l s o  t h e  c a s e  f o r  t h e  f u r c h e r  Sephadex G-25 ai16 G--10 

chromatographies  al lowi-ng u s  t o  conclude t h a t  t h e  i n h i b l t o r y  e f f e c t  i ç  

d u e  Co a  smal l  mo!.ecul.ni- weight  compound. Tllis l a t t e r  p u r i f i c d  Lrec t io r?  

k7as t c s t e d  fox  i t s  s i l s c c p t i b i l i t y  t o  p r o t e o l y t i c  eazyixes u s i n g  e i ~ l i e r  

p a p a i n  o r  p r o n a s e  a s  describec! i i i  ttie expcrimenta? s e c t i o n .  No di: Zcrenclc: 

was ohservcd a f t e r  e i t -? lcr  proLeo1yti.c i:reat~nent. A t  t h i s  stage the 

r e s u i t s  jilay be s u m ~ a r i z e d  a s  fol . lows : t h e  ir?ti ibitor-y c f f e c t  i s  di!^ co 

a p r o t e a s e  r e s i s t a n t ,  : m a l 1  riinlcr~j1.r T I s L ~ ! : L ,  heat- la l j i lc l  C Û ; T ~ ~ ~ O U S : C ~ .  AS 

:'> 
.d 

t.yc ciiecked t:Eiai- C?*iIJ--l\'t>uNI,i.it: r ~ a s  ii-iisistant t o  Che conimcr î i .n l izcd  i~rot-r.:*slîn 



used ,  was complete1.y degraded by h e a t  t reatment:  (I~o'c, 3 niin) and lias 

the  same bc1:aviour on Scphadex column chrom,îtography a s  t h e  "so-callecl" 

i n h i b i t o r ,  we p o s t u l a t c d  t h a t  t h e  lower t r a n s f e r  a c t i v i t y  observcd  i n  

t h e  p re sence  o f  brokcn  c e l l s  could b e  d u e  t o  i s o t o p i c  d i l u t i - o n  of 

1 ft tlic CFIP-( CINeuNAc iised a s  prec:ursor i n  t h e  s i ô l y l  t r a n s f e r a s e  ass:i)7. 

Y u r t h c r  i d e n t i f  i c a t i o i i  was achicved by subrn i t t ing  t h e  p u r i f  i e d  a c t i v e  

f r a c  tio1-i (af t e r  tl-ic Seplindex G- I C  p u r i f i c a t i o n  s t e p )  t c  paper  chro~iia to-  

graphy i n  two d i f f e r e n t  s o l v e n t  systcms (A and B) and t o  hkgh v o l t a g e  

pape r  c lec t rop1iores i . s .  F i e .  3 shows t h z t  iri cnch c a s e ,  t h e  inhi .bi  toïy 

. . . . Fig. 3 : C?!Z~~C:~:I;!~:IG~. d f  c ? ?  ;3?: :3 ! :2? cf :?? S ~ J ~ Y ~ C ~ : ? S ~ ~ ~ : . : $ .  .-.:L:l.::-- 
-i_- __ 

fom? in l > ~ ~ r i : ? : ) i ~ : i 2  '23xû?d~.:it  e. A; i:il:rn:i~~ c:. p L p s r  ch:3~:.~t~::;;ii:~ i i z i i : ~  ---- 

CI:~ solvcii: sye:ez A. 5) ?:igrziiîn cr. p r p e r  ctrv-.:azo~z.?.;.:1v:v ~<:p.- - - . .4  L ' ->  -..L 

solvert: spsïex B. Cj Z!ec:ro;i:;orc:bc bci.zvlor L a -  .'.- ..- - ' fi<*h \-#>i : z ~ c  e:z.::.;.:- 

?>arcsis ir. pH 5.:. 5i;:Trr. ;a erch c;sc :te i . ~ ~ - { ' ' ~ > S ~ ~ : ; ! . , c   CS,^ - 5  

iii~erna? nr'her (+-2 ) . '2,e i:-.:?bb:zarp effezt ch? si~iy~:r~r.s- 

f e r a s o  s s a a y  L?L.'CS C*S:CZ af:ef e:~iioil O :  2.5 ci2 x 5 c z  pz??r  z:rF? id: 

a1oï.g t h a  zigraziûn 2 a t h .  R f s ï l i  â r *  e x p r ~ ~ s s e r l  2s i >arc*-,: cf tb.2 



eCf e c t  i s  r ccove red  i n  t l ie f r a c t i o n  CO-migrat ion wi th  t h e  CMP-{ l h C ;  

NeuNAc used a s  a marker .  I n  a d d i t i o n ,  t r ea tmen t  wi th  p u r i f i e d  C&Q-:tci:YAc 

l iydro lase  l c n d s  t o  t h e  coniplete l o s s  of t h e  i n h i b i t o r y  e f f e c t .  Tlius, 

the p r e v i o u s l y  obse rved  i n h i b i t i o n  a p p e a r s  t o  be due t o  endogcfious 

CMP-NcuNAc r e l e n s c d  by broken c e l l s .  Cons idcr ing  Fig .  1 a g z i n ,  t h i s  

unexpected i . s o t o p i c  d i l u t i o n  of r a d i o a c t i v e  p recu r so r  e x p l a i n s  b o t h  

t h e  ohserved a p p a r e n t  inl i i  b i t i o n  of t l ic s i a i y l t r a n s L ' e r a s e  ( F i g .  1.4) 

and of t h e  Clip-NeuNAc hydro la se  ( F i s .  1B). I n  a d d i t i o n ,  more i n p o r t a n t  

iç t h i  f a c t  t h a t  t h e  r e a l  s i a l y l t r a n s f e r a s e  a c t i v i t y  ( exp res sed  i n  pH 

of s i a l y l  r e ç i d u e  t r a n s f e r r e d )  i s  d i f  f  e r e n t  £rom the  amouiir of { 14c} 

NeuNAc i n c o r p o r a t e d  a s  each  p o i n t  should  be c o r r e c t e d  a c c o r d i n g  t o  

tlie l e v e l  of u n l a b e l l e d  CMP-NeuNAc r e l e a s e d .  As t h i s  c o r r e c t i a g  

f a c t o r  i n c r e a s e s  a s  t h e  p r o p o r t i o n  of broken c e l l s  i n c r e a s e s ,  the 

c o r r e c t e d  p o i n t s  cou ld  l e a d  to' a  cu rve  which c x t r a p o l a t c s  t o  z e r o ,  

c a l l i n g  i n t o  q u e s t i o n  t h e  presence of ectoênzyme a c t i v i t y .  

A s  c u r r e n t  inethods f o r  CM'-NeuNAc de ter ;n ina t ion  { 19) a r e  

n o t  s e i i s i t i v c  enough t o  a l l ow p r e c i s e  c v a l u a t i o n  of t h e  ChlP-PY'euNAc 

c o n t e n t  i n  such  a s s a y s ,  wc devcloped a d i i ' f e r e n t  approach t o  d e t e c t  

e c t o s i a l y l t r a n s f e r a s e  a c t i v i t y  u s ing  whole ce11 a s says  b u t  t a k i n g  

i n t o  accourit t h a t  b roken  c e l l ç  add botil  j n t r a c e l l u l a r  s i r i l y l  t r a n s f c r a s e  

and endog2nous p r e c u r s o r .  
l 

B) New ev idence  f o r  c c t o s i a l y l  --- t r a n ç f e r a s e  a c t i v i ~ y  iisinp, wholc t e l l s  - 

To a v o i d  a  s i g n i f i c a n t -  v a r i a t i o n  of t h e  s p e c i f i c  r a d i o a c t  i v l t y  

of  t h e  p r e c u r s o r  i n  t he  s i a l y l t r a n s f e r a s c  a s s a y ,  t he  t r a n s f e r  act;i .vicy 

w a s  meaçul-cd i n  t h e  p re sence  of a  quas i - cons t an t  and knovn amount of 

14 
broken c e l l s .  F i g .  4 repi-esents  t h e  { CINeuNAc inco rpora t ed  by mis : -ures  

9 of  incrcas in l ;  ainûunts O F  whole c c l l s  (O t o  45 ~1 of a 10 c e l l s j r : ~ ?  o i  

s t o c k  ço! i i t  i o n  c o n t a i n i n g  10 pe rcen t  of Orükt!ll ce11s) i n  the pi:cscnci: 

9 of 20, 35, 50 o r  65 111 cf h r ~ k e t ,  C C ! . ? S  (stoc1; s o I . ~ t i n ! ~  : 10 b r t c ~ k ~ ~ ~ !  



' c e l l s / m l ,  F i g .  4 A ,  4B, 4C, and 4 D  r e s p e c t i v e l y ) .  The pscsence  of incrcûs l i  

amounts of wllole c e l l s  l e a d s  t o  an inc reased  t r a n s f e r  of r a d i o a c t i v e  

s i a l y l  r c s i d u c s  on endogcnous a c c e p t o r s ,  as i l l u s t r a t c d  by t h e  d i f f c r e n c e  

betweco t o t a l  i n c o r p o r a t i o n  and i n c o r p o r a t i o n  uniquely  duc t o  b soken  

c e l l s  (Fig.  4 ,  d o t t c d  l i n e s ) .  S ince  f o r  each  s e t  o f  cxper iments ,  t h e  
- - 

add i t i onna1  bound {" 'C)N~UNAC w n s  measured f o r  d i f f e r e n t  amounts o z  

broken c e l l s  i . e .  f o r  d i f f e r e n t  s p c c i f i c  r a d i o a c t i v i t i e s  of t h e  

~ i g .  $ : I c c c r 3 ~ r z r i 3 n  of  { ! L ~ > ! : ~ ~ ? ; ~ c  i~:t en?oqenogç a c c z ? t s r s  u s i .  

r i x t u r s  cf  Srokc-n c c ? : ~  I - i th  :ccreasirl:: aro1:r.t of v h o l e  c;.lls. Tke U T ? ~ :  - -Pa- - 
. - 

a b s c i s s a  s c a l e s  i n $ i c ; t e  t b e  a-cucc of u h ? a  ~ ~ 1 1 s  ( ; r o i  O ,o 45 ~1 

of a sto:k s u s p s n s i o n  of i c9 cc:ls/:,l) uhicC were i n c u b r r e 2  v i t h  :he 

v i r r o a s  û2o3nt vf  5rcXen î e l l s  (7.0 ul, 35 91, 50 2nd 65 ~1 of a 

çcocl: sus;ension û f  log b r ~ : i a n  c e l ? s / u . l  f o r  f i g z r c  4.4, 4 3 ,  LC zod 49 

c c s ? e c c i v e l y j .  1- r h i s  e s ? ? r i e e n ~  10 ? e r c e ~ f  of t h e  '{haLe c e l l s  i n  



1 ft 
CMP-{ C }  ReuNAc, v a l i d  comparison of t h e  i n c r e a s e d  t r a n s f e r  due t o  

40.5 ~1 of whole c e l l s  (va lues  a ,  b,c,d on  f i g .  f t )  r e q u i r e s  c o r r e c t i o i i s  

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

i s  t h e  sarile f o r  hoinogenate a lone  and f o r  mix tu re s  of whole c e l l s  and 

a n  i d c n t i c a l  amount of  hoinogenate, t h i s  c o r r e c t i o n  i s  i l l u s t r a t e d  i n  

t a b l e  1. It g i v e s  compara t ive  va lues  of  t h e  enhancement of t h e  t r a u s f c r  

of s iaJ .y l  r c s i d u e s  due t o  t h e  presence  of whole c e l l s  f o r  v a r i o u s  

amourlts of hoinogenate. T h i s  enhnncement may b e  due O ectoeilzyme 

a c t i v i t i e s  exh i .b i t ed  by wliole c e l . 1 ~  and /o r  t o  t h e  p re sence  of a d d i ~ i o r i a l  

cc11  s u r f a c e  a c c e p t o r s  f o r  the  i n t r a c e l l u l a r  s i a l y l t r a n s f e r a s e s .  T c  

d i s t i n g u i s h  be tween t h e s e  two p o s s i b i l i t i c s ,  i t  i s  neces sa ry  t o  p l o t  

the enlianceiilent c f  i n c o r p o r a t i o n  g iven  by whole c e l l s  versus '  t h e  

v a r i o u ç  amounts o f  homogenate : e i t h e r  t h e r e  i s  no e c t o e n x p a t i c  

a c t i v i t y ,  and t h u s  t h e  t r a n s f e r  a c t i v i t y  i s  s t r i c t l y  p r o p o r t i o n a l  

t o  t h c  ho!nogenate enzyme con ten t  ( i .  e .  e x t r a p o l a t i o n  of t h e  c u r v c  

t 0 ' 0 r i ~ i . n )  o r  t h e r c  i s  ectoenzyme a c t i v i t y  and e x t r a p o l a t i o n  t o  

no brolccn c e l l s  r e v e a l  s a  s i g n i f i c a n t  t r a n s f e r  a c t  i v i t y .  T h i s  f i n n l  

e x t r a p o l n ~ i o n  i s  i l l u s t r a t e d  i n  F ig .  5 A  wbich shows t h a t  i n t a c t  

1ynphocy~:cs a l o n e  e x h i b i t  a  s i a l - y l t r a c s f  c r a s e  a c t i v i t y .  That  i s  t o  

Say t h a t  t h e  o u t c r  s u r f a c e s  of t h e s e  c e l l s  posses s  e c t o s i a l y l t r a n s f e r a = e s .  

Further-inai-c, a s  t h e  a d d i t i o n a l  t r a n s f e r  of s i a l y l .  r e s i d u e s  g iven 

b y . i n t a c t  c e l l s  i s  c o n s t a n t  whatever t h e  amount of broken c e l l s  i n  

t h e  i n c u b a t i o n  medium, t h i s  sugges t s  t h a t  t h e  plasma membrane g lyco-  

con juga tc s  a r e  n o t  a c c e p t o r s  f o r  i n t r a c e l l u l a r  s i a l y l t r a n s f e r a s e s .  

C) ---- A d d i t i o n a l  p r o o f s  f o r  e c t ~ s i a l ~ l t r a n s f  p ra se  a c t  i v i t y  t o ~ i ~ ~ r c l  
----A ---- - - 

cxogcnous acccp  t o r s  --- -- ----A 

A s  we p r r v i o u s l  y  observpd ( 1 1 )  Chat ec tos i a ly l t r ansCe i - r , s e  

a c t i v j t y  toward èxogerious ai-ceptors  was r e r t r i c t e d  t c t  l n w  rno le ru l r i -  



TABLE 1 

14 C o r r e c t  i on  f o r  i d e n t i c a l  i s o t o p i c  d i  l u t  i on  of t h e  { ~}NeiitJAc t r n n s f  ~ r r c d  - -- - 

on whole ce1 1s : t h e  s i a l y l t r a n s f e r a s e  a c t i v i - t y  was assayed  f o r  m i x t u r e  

of i n t a c t  c e l l s  (40 .5  111) wi th  v a r i o u s  amount of homogênate ( 2 4 . 5  ~ 1 1 ,  

39 .5  pl, 54.5  p l  and 6 9 . 5  ~ 1 )  a s  i n d i c ü l e d  i n  t h e  lcgend of F i g .  4 .  

The c o r r e c t i v e  f a c t o r  f o r  i d e n t i c a l  i s o t o p i c  d i l u t i o n  i s  o b t ? '  rued 

by assuniirig t h a t  a l i n e a r  r c l a t i o n s l i i p  should De observed b c t l ~ e e n  

14 amount of homogenate and amount of { CINeuNAc t r a n s f e r r e d .  

AniouiiL of  A : { l " ~ ) ~ c i i ~ . k c  B : C o r r r c t c d  v a l u e s  C o r r e c t i v e  Enhancenient of t h e  C o r r e c t e d  v n l c c s  for 
I ~ o m o g e i i a ~ < ~  i n  tlic incorpora tcd  on f o r  i d e u t i c a l  f a c t o r  t r a n s f e r  of { ' ' ~ } ~ c u ~ ~ c  i d e n t i c a l  i s o t  o p i c  c ! i ! i , c  

inciihritiori (111) endogeiious ncceptors  i s o t o p i c  d i l u t i o i i  B /A r c s i d u e s  by crhole c d l s  u s i n g  f a c to r  6 i A  

by tiomogeiinLe .II one (40.5 p l )  i n  t h e  p i e s e n c c  (cP-~)  
( C P I ~ )  ( c P ~ )  of hornogcnnte * 

i c l d  

% These v a l u e s  are ob ta ined  from F i e .  4  a s  i n d j c a t c d  by a ,  b ,  c ,  d .  



weîght  a c c c p t o r s ,  we i n v e s t i g a t e d  t h i s  p c c u l i a r  p roper ty  u s i n g  t h i s  

new approac!~. F i s .  SB shows the  f i n a l  e x t r a p o l a t i o n  s t e p  obtained r ~ i t h  

l a c t o s e  as low molccular  weight acceptor  and a s i a l o f c t u i n  a s  high 

~ n o l e c u l a r  weight a c c e p t o r .  It c l e a r l y  appears t h a t  the  presence  of  

i n t a c t  ce1l.s does no t  euhance t h e  t r a n s f e r t  of s i a l y l  r c s i d u e s  t o  

a s ? a l o - f c t u i n  b u t  l e a d s  t o  a s i g n i f i c a n t  t r a n s f e r  t o  l a c t o s e .  X t  nust 5e 

. . ? .  - .  of w:lo?* ci . l?s vbe;l ossr.yac 1:: t;ie i:r,:j.ii.c,- or yur:v:.i nr.iscr.: 2:  ar.-'.c? 

tells. The ur;onnc 3f C'~C}X~USLC ir.corporz:cC Sy w>.o?c ce? l s  +*-  -- ,., corrccted 

fol- iAcnricî? isstc?ic dilution as indicrrec! in Table 1 acd p l o t t a d  

vzrsüs the ;::vur.c of brüiccn c e l i s .  Estrt?';r;atlon to zero g ivz  ï h e  

i~:ri?s~c.âcr<vity Lue CD i-tact cclls 2 1 ~ 2 2 .  A) ir.cor?ar~r.Lon 02 



- noeed t h a t ,  i n o u r e x p e r i m c n t a l  condi t i .ons,  t h e  saine p roduc t  (a-2,3 

s i a l y l l a c t o s e  o n l y )  i s  ob ta ined  by us ing  whole c e l l s  a s  w e l l  a s  

homogenate. Thus, t h i s  d i f f e r e n t  expcr imenta l  approach confii-n;s t h a t  

the: s i a l y l t r a i l s f e r a s e  l o c a t e d  a t  t he  o u t e r  s u r f a c e  of ly~i iphocytes  

i s  n o t  a b l e  t o  s i a l y l a t e  h igh  molecular  weight  a c c e p t o r  biit i s  a b l e  

t o  t r a n s f e r  s i a l y l  r e s i d u e s t o  low inolecular  weight  a c c e p t o r s  ( 1 1 ) .  

CONCLUSIONS 

Among t h e  v a r i o u s  causes  of e r r o r s  t o  d e t e c t  ectoenzyirie 

a c t i v i t y  u s ing  i n c u b a t i o n s  w i t h  whole c e l l s ,  one of t h e  n o s t  d i f f i c u l t  

t o  avo id  i s  t h e  p r e s e n c e  of a  srnall percentnge  o f -  broken c e l l s  which 

cou1.d be  r e spo i s s ib l e  f o r  a l .1 .  t h e  t r a n s f e r  a c t i v i t y  d e t e c t e d .  To t a k e  

;nt0 account  t h e  i n e v i t a b l e  presence  of  broken c c l l s ,  t h e  e a s i e s t  

way i.s t o  use  t h e  method descri.bed by S t r u c k  and Lennarz p l o t t i n g  t h e  

t r a n s f e r  a c t i v i t y  v e r s u s  v a r i o u s  mixtures  of who1.e and broken tel-1s 

and u s i n g  e x t r a p o l a t i o n  t o  ze ro  pe rcen t  broken c e l l s  f o r  a s s i g n i n g  

t r a n s f e r  a c t i v i t y  t o  ectocnzymes. However t h i s  method may be f a u l t y  

i f  broken c e l l s  r c l e a s e  cndogcnous p recu r so r  caus ing  an  i s o t o y j c  d i l ~ ~ t i o c  

of t h e  l a b c l l e d  p r e c u r s o r  used i n  t h e  a s s a y .  I n  t h i s  c a s e ,  t h e  r a d i o a c ~ i v i  

bound ko a c c e p t o r s  does  n o t  r e f l e c t  t h e  r e a l  amount of t r a n s f  e r r e 3  

s i a l y l  r e s i d u e s  and fur thern iorc  t h e  p r o f i l e  of t h e  c u r v e  may b e  s o  

modi f ied  t h a t  e x t r a p o l a t i o n  t o  ze ro  p e r c e n t  broken c e l l s  i s  no l o n g e r  

si .gnifj .cûnt.  We made t h i  s o b s e r v a t i o n  t.rlien t e s t i ~ i g  e c t o s i a l y l t r a ~ i s i c i - a s e  

(12 )  and c c t o f u c o s y l t r a n s f e r a s e  (201 a c t i v i t i e s  w i th  whole r a t  s p l c c n  

lyniphocytes. The decreas i -ng  s a d i o a c t i v i t y  bound t o  crrdogcnous acccp:cr  

w i t h  an  i n c r e n s i n g  pe rcen tnge  of brolcen c e l l s  l c a d  u s  t o  111e d e t c c t i o : ~  

of a h e a t - l a b i l  e c y t o s o l i i t l e  i a c t o r  producinfi  an  i n h i h i t o r y  cFfecL i i i  



t h e  s i a l y l t r a n s f e r a s e  a s say .  I n  t h i s  paper ,  we a s s i g n  t h e  i n h i b i t i o n  

t o  t h e  r e l e a s e  of i n t r a c e l l u l a r  CPP-NeuNAc by brol:en c e l l s  c a u s i n g  an 

i s o t o p i c  d i l u t i o n  of t h e  l a b e l l e d  p recu r so r .  Thus, t o  have a  v a l i d  t e s t  

f o r  e c t o s i a l y l t r a n s f e r a s e ,  we developed a  new procedure  based on t h e  

measurcnient of wliole ce11  s i a l y l t r a n s f e r a s e  a c t i v i t y  i n  t h e  p r e s e n c e  

o f  c o n s t a n t  amount of broken c e l l s  i . e .  a c o n s t a n t ,  t h u s  compara t ive  i s c -  

t o p i c  d i lu t i . on .  T h i s  t echn ique  permi t ted  u s  t o  a s c e r t a i n  whether  t h e  

s i a l y l t r a n s f c r a s e  a c t i v i t y  nieasured w i t h  whole c e l l s  was r e a l l y  due  t o  

ec toenzyn~e .  Moreover,  s i n c e  f i r s t , a  c o n s t a n t  l e v e l  of s i a l y l a t i o n  o f  

t h e  wliole c e l l s  i s  observed  whatever t h e  amount of homogenate p r e s e n t  

i n  t h e  i n c u b a t e  and second t h a t  e c t o s i a l y l t r a n s f e r a s e  i s  n o t  a b l e  t o  

s i a l y l a t e  h igh  m o l c c u l a r  weight exogcnous a c c e p t o r s ,  i t  i s  sugges t ed  

t h a t  i n  t h e s e  -- i r l  v i t r o  a s s a y s ,  t h e r e  i s  a conipartmeniation of s i a l y i - -  

t r a n s f  c r a s e  a c t  i v i  t y  : t h e  ectoenzyriie and t h e  i n t r a c c l l u l a r  enzyme. 

enciogcnous a c t i v i .  t i e s  bei-tig r c s t r i c t c d  t o  t h e i r  own membrane a c c e p t o r s .  

It i s  n o t  p o s s i b l e  t o  obse rve  s t r a n s - s i a l y l a t i o n  p roces s  betweea 

i n t r a c c l l u l a r  1-ilembranes and t h e  plasma menbranc. T h i s  a p p e a r s  t o  be  

of importance t o  f u r t i i c r  e l u c i d a t e  d i f f e r e n c e s  i n  t h e  fuzict ion of 

e c t o s i . a l y l t r a n s f e r a s e s  and i n t r a c e l l u l a r  s i a l y l t r a n s f e r a s c s .  

Th i s  r e s e a r c h  was suyported i n  p a r t  by g r a n t s  from t h e  

C e n t r e  Nati-onal d e  l a  Recherche S c i e n t i f i q u e  (Labora to i r e  Assoc ié  

no 2 17 : Re1 a t i o n s  s t r u c t u r e  - f o n c t i o n  des  c o n s t i t u a n t s  nieniblrannires) 

and froni t h e  I n s t i t u t  National.  de l a  San té  e t  d e  l a  Recherche 

Médica le  ( c o n t r a t  de  Kechcrchc l i b r e  no 78-1-1942).  We a r e  g r a t e f u l  

t o  D r .  Stcphanc. Eoi iquelet  f o r  h i s  g i f t  of CMP--XeuKY'iic hyclrolase and 

t o  D r .  GerarQ S t r c c k e r  f o r  h i s  g j f t  of neurnniinyl l n c t o s e s .  13crna-d 

I iof lack  r cce jved  ;1 f e l l o w s h i p  f rom tiie Ligue Nat ioricil c: ' r rança i  s e  

c o n t r e  l e  Cancer.  
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I V  - ETUDE DE L'ECTOFUCOSYLTKANSFEFdSE - 

ARTICLE V I  : Mise en Évidence de deux a c t i v i t é s  fucosy l  t r ans f  Sras iaue  --- 
à l a  s u r f a c e  du l v m ~ h o c v t e  de Rat 

Appliquant l e s  c r i t e r e s  q u i  nous ava i en t  s e r v i s  à d é t e c t e r  l e s  

a c t i v i t é s  ec togalac tosyl t ransféras iques  e t  ec tos ia ly l t r ans fé ras iques  nous 

avons recherché l a  présence d'ectofucosyltransf6rases à l a  s u r f a c e  du 

lymphocyte sp lén ique  de Rat. L ' a r t i c l e  V I  montre q u ' i l  e x i s t e  une grande aila 

l o g i e  avec l e s  a c t i v i t é s  ectoslalyltracsférasiques. Les enzymes semblent 

en e f f e t  t r è s  a c t i f s  dans l a  g l y c o s y l a ~ i o n  des accepteurs  endogènes dazs un 

processus de c i s -g lycosyla t ion .  Lorsque l ' i n c u b a t i o n  e s t  e f f e c t u é e  en pré- 

sence d ' accep teu r s  exogènes, s e u l s  l e s  accepteurs  de f a i b l e  masse molécu- 

l a i r e  ( g a l a c t o s e , d i  Y-acétylchitobkose) a r r i v e n t  jusqu'au s i t e  a c t i f  des  

enzymes ce  qu i  suggère q u ' i l s  s o n t  en fou i s  profondément dans l a  nernkrane. 

Ces enzymes s o n t  i nh ibés  par  de t r è s  f a i b l e s  concent ra t ions  de GDF, p r o d ~ ~ i t  

de l a  r é a c t i o n ,  e t  montrent vraisemblablement pour c e t t e  r a i s o n  une c i n s t l -  

que t r è s  cour te .  Enf in  on r e t rouve  s u r  l a  su r f ace  c e l l u l a i r e  à l a  f o i s  l e s  

deux enzymes t rouvés  s u r  l e s  membranes i n t r a c e l l u l a i r e s  c ' e s t - à -d i r e  l a  

GDP-fucose : g a l a c t o s i d e  f u c o s y l t r a n s f é r a s e  (çélect ivernsnt  inh ibée  p a r  l a  

N-éthylmaléimide) e t  l a  GDP-fucose : N-acétyl glucosaminide fucosy l t r ans -  

f é r a s e  ; a i n s i  que l e  type d ' accep teu r  correspond an^ à charun de ces  enzj7-- 

mes. Ces deux types d'enzymes p o u r r a i e n t  Gtre  i np l iqués ,  comme l ' c c  t o s i a lg l - -  

t r a n s f é r a s e ,  dans l a  r é p a r a t i o n  des gl ycoconjugués membranaires, 
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To demonstrate the existence of ectofiicosyltransferase âctivities on tlie outer surface of rat 
lymphocytes, we measured fucosyltransferase activities on wliole cells usiiig procediires eiiabling us 
to exclude the possibility of inisleadirig results dile to precursor hydrolysis and intracellular utiliza- 
tion of tlie free fiicose, aiid to take iiito account the containination by ititracellular eii7yiiîes frced 
by the small percentage of broken cells. The described ectofucosyltraiisferases are able to catalyze 
the transfer of f~icosyl residues from GDP-fucose to the endogenoils membrane acceptors but the 
transfer activity towards exogenous acceptors is restricted to low iiiolecular weiglit compouiids. 
Use of galactose and di-N-acetylcliitobiose as exogenous acceptors and concon:i~aiit study of the 
specific inhibition by N-etliyliîîalein~ide enabled us to detect both types of ectof~cosyitrilnsfcrases: 
a GDP-fiicose : galactoside ectofucosyltransferase and a GDP-îiicose : N-acetylglucosaniinjde ecto- 
fucosyltransferase. 

Tlie presence of f~~cosyl  residues has been de~iion- 
strated in various types of membrane glycocoiijugates 
of biological iinportaiice. For example, fucose has 
been found as a terminal residiie nttached to /I-galac- 
tosyl residues of glycocoi~jugates confering blood- 
group H-specificity [ l ] ,  and as a brancl?ed residue 
attached to the asparagine-liiiked iV-:-acetylg!ucosai~i~~e 
residue of asparagine- !\r-acety!glucosaiiiine-type gly- 
coproteiils as in the inouse histocoinpatibility-3 allo- 
antigen [2] and inin~unoglobulins [3] .  Recently, it has 
been proved that two different fucosyltransferases 
were involved in the transfer of fucose froni GDP- 
fucose to e~icli type of accepter. either to a /I-IV-acetyl- 
glucosaiiiiiiyl residue or to a terininal gal~lctosyl resi- 
due [4]. Although during the past fe\v years bioc1ieii1- 
ical evidence foi- ectoglycosyltransferascs has been 
accuii-iiilating (for review see [ 5 ] ) ,  few reports con- 
cerned ectofi~cosyltransferases and tlieir possible in- 
volveinent il1 the fucosyl;ltioti of tlie inembraiie coni- 
poneiits [6,7]. 

Themethodology \ve developcd to prove the presence 
of ectoglycosyltraiisferases [8 - 1 O ]  has bccii applied. 
in tliis work. to detect ectofiicos~l~sansfcrases on ~vhoie 
lyinpliocytes avoidiiig the causes of errors pointed out 
by Keenan and Morré [ I l ] .  Tlie:;e ectofiicosy!transfer- 
ases are able to trn~isfes fucose to low moleculrtr \veiglit 
acceptors and to their nrarby inembraiious acceptors. 

However, this transfer reactioi; is iiot possible with 
rnacroinolecular acceptors contrary to observations 
~ i t l i  intraceliular enzymes. In addition, usiiig differeiit 
types of low molecular neight acceptors and the 
selective inhibiticn of the galactoside f~icosylttaiis- 
ferasc by N-ethylinaleiiiiide [ I I ]  we den~onstrated the 
presence of t ~ v o  ectofucosyltransferase activities: a 
GDP-f~~cose  : galactoside fucosj ltransfer:isc and a 
GDP-fucose : L\r-acetylglucosan~inide fzcosyltraris- 
ferase. 

MATERIALS AND METHOUS 

A11 reagents were of aiialytical grade. All sugars 
ivere of the 1, configuration except the I~-fiicose. GDP- 
["'C]fiicose (s1:ecific activity 89 Ci;inol) \\,as oblaincd 
froin the Radiochenîical Centre (Amcrsham, England). 
L-Fucose, 1)-galactose, GMP, GL>f, UhlP. hr-eihyl- 
inaleimide and fetuin bvere piirclirised fioiiî Sign~:: 
(,St L.ouis. U.S.A.). P-Galactosidase from Jack bean 
\vas a gift froni Dr G. Spik. Ili-?<-acetylcliitohiose rias 

obtaii-ied from I'I~idustrie Biologique Frailçaisc: (Cliciib 
France). 

Ahb;t~i.intioi~. GDP-Fuc. guanosir;e diphosplio-1.-fucose. Spleen Iy~~~phocj- les  Ivese prepared from sis-\$ eek- 
Et~;j~irre. P-Galn~tosidase (EC 3.2.1.23). o!d \'v'istar rats as vrex;iously described [SI. Iiolno- 



genates were prepared froin a lymphocyte suspension 
(6 x IO8 cells/ml) in a cooled Potter-Elvejhem appara- 
tus (3 x 10 strokes at 1250 rev./min). 

Preparntion of Macrornolecular Acceprors 

Fetuin was desialylated by ~ni ld  acid hydrolysis 
(0.005 M H2S04, 100eC, 30 min). The asialofetuin 
was further treated with P-galactosidase purified from 
Jack bean and the eiizqnie was renioved by passing 
through a coluinn of Ultrogel AcA-34. Effectiie de- 
sialylation (complete) and degalactosylation (about 
50 % galactosyl sesidue, removed) were checked by 
gas-liquid chromatograpliy. 

The incubation mixture contained 0.1 M sodium 
cacodylate pE-I 7.4, 0.154 M NaCl, 2 mM MgC12, 
1 mM fiicose, 5 mhf UMP, and 5 pM GDP-[14C]- 
fucose i.e. an average value of 200 counts x min-' 
x pmol-'. For a final voliinie of 100 111, a standard 
assay solution containec! 3 x 10' cells and 1 mg of 
acceptors. Iiicubation was at 30 "C for 10 inin. 

After incubation, cells were separated from exo- 
genous macrotnolec~ilar acceptors by low-speed cen- 
trifugation before acid precipitation. As we had ob- 
served adsorption of labelled GDP-fucose on cells and 
n~acroinolecular acceptors (about one-tliird of the en- 
zyrnatically incorporated radioactivity) ~vheii direct ad- 
dition of trichloroacetic acid or pliosphotungstic acid 
had becil used. we developed a proceduse to eliniinate 
this background radioactivity. After separation, cells or 
iiiacromolecular acceptors vjere first diliited 25 tinies 
with cold 0.154 M NaCl, precipitated ngith tricliloro- 
acetic acid (10 0; final) and desorpti.on .Aras cornpleted 
by iiicreasing the ioriic strengrh iising NaCl to give 
a final coi~centration of 2 M.  The acid-precipitable 
materia! was collecîed on a glass fibre filter (Whatman 
G F  83) and extensively washed with 5 O . d  trichloro- 
acetic acid and then xith cold ethanol. The radio- 
activity was detei-mined by coüniing in scinti1l;ition 
liquid. In tliese conditions. adsorption \vas reduced 
to less tlian 1 of the enzyinatically incorpcrated 
label as illustrated in Fi:. 1. 

.. ti1~,colipids Lvere extracted from the cicid-precipi- 
table nialerial by soiiibilizatioii in chlol-olrm nierha- 
no1 mixturc as described by P~tt t  alid Grinles 1131 fcr 
çell siirface giycolipids and glycopsotziris. Folloning 
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Fig. 1. Kirzciic sfir<iies of the trarr$er ~ f [ ' ~ C ] / i t c o s e  io tlre cclfs f i i i ! , ~  

GDP-['4C],firco.sr oncl c~oncotnifnrlt arrrr/:.si~ of ~iircl~ofitle srrgi2,. de- 
gindr2riori. Inciibatioris \vere pe!-rormtd in the standard conüi:icns 
at 3 0 C  nsith 3 x I O 7  cells in a final volume of 1G3 111, in the caco- 
dylate/NaC1,MgC12 buffcr pl1 7.4 containirig 5 1114 CDP-[''Cj- 
fucose, 5 mhl  U M P  and 1 ilihf fucose. (A) Tora1 rdciioacii\ir) 
bound to  the cells after trichloioacetic acid prccipit:ition (@-----a). 
(B) Radioactivity bound to the cclls after desorpiion of ra?iodc;i;e 
precursors by h i rh  silline trcatment arid washings as indicatcd irnd-r 
Materials and Methods (0--0). (B) GDP-Fuc iiitçgrit) i@---@ I. 
fucose 1-phosphate (A--A) and appearance of fret fcicosc (C--01 

incubations, cells were precipitated as described ribo\.e. 
The precipitated material was collectcd Dy centriiLi- 
gation and the pellet was washed r\vice with 5 " ,  tri- 
cliloroacetic acid and then by successive additivti of 
water uiitil [lie siipernatant contailied !eîs tlian iO§ 
counts x min-'. The washed pellet was extracted tllree 
times with 2 ilil of cliloroforiti~~nethrinol (3,': j ancl the 
extr:ictions ivere pooled 2nd dried in sciiitillatior. \-ial5 
for counting. The extracted pellet \vas suspcii~ieè. in 
1 ml of 1 M NH401-I and heated to 707C 07;~r~iighi. 
Proteins sclubilized by tliis procedure were traiisfc.rred 
to scintillation vials and cou1:ted. 

\C'lien Ion. moleciilrir weight acceptors \vei-e i~sed. 
fucosylated products \vue separated iioni precursnr 
and precLtrx)r degradation prodiicts (GDP-["C'j,ri!- 

cose. ['4C]fiicose 1-phospliate and ['"l]t"iicose) by pii[-)sr 
c1irorii:itngray)hy in the follo\vi~!g solvei-ii [ t i ]  : eili>-l 
acetatc pyridine ?lacial acetlc x i d  \va!er ( 5  5 ! 7).  
F~~cosylaied zicceptors \vere Siir:her cluîed fi-cc i~i '  d-.- 
gradation proditcts aiid chromatogr;~:?hed togcrIic:. 
nith ~irilabclled siigars. 
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Fig. 2. Efl<,ct of the ~(211 c.oricer~tr.ci!iori or2 :he ir.trrrsfer. of / '4C/f ircosf~ 
to [lie cells fiorii GBP-/14C/jïrcose aiid coric~or~~itnrit nriirl~.sis of' 
riirclcoride sugnr degrurlrztior;. Iiicubatioiis were performed at 30 C 
for 10 mi11 ir, the cacodyl3te;NaCi,MpClz bu!Ter p H  7.4, con- 
taining 5 ph4 GDP-[L'C]f~icose, 5 inM U M P  :ilid 1 m M  f~icose in 
a final voliiine of 100 111. (A)  Transfer of radioactive fucose to the 
cells (O---oj. (B) GUP-fucose integrity j@-- 6), fucose l-plios- 
phate (A--A) and appearance of free fucose (-0) 

RESULTS AND DISCUSSION 

Deter~ni~intion of the Corzditions fol. ~Vleus~rïe~~îerit 
of Ectofircosj~ltïu~i~ferase Activirics 

In our previous studies on ectoglycosyltransferases 
[8- 101, we pointed oui that precursor degradation 
by plasma membrane riucleotide-pyrophospliataçe(s) 
and phosphatase(s) leads to the formatioii of labelled 
free siigar whicli inay enter the cells and contribute 
to  a non-enzyiiiatic label of these cells. To nieasure a 
real eilzymatic glycosyiation of the plasma nieinbrane 
acceptors frorn nucleotide sugars, the formation and 
entry of free radioacti\le sugar liave to be reduced to 
a negligiblc level. For incubation \vit11 whole cells this 
cal1 be achieved by addition of nucleoside inonophos- 
pliates [15], phloridzin and an excess of unlabelled 
siigar. In tlie case of fiicosyltrai;sferase, we determined 
that tlie Uhll' coriccntration liad to be raised to 5 inM 
to inhibit the degradation of GDP-Siicose without 
affecting the transfer activity. Furiliermore, the ad- 
dition of UMI' lo\vered the anjount of free flicose 
generated tiuring tlie incubation to less than 10 ",, of 
the input radioacti\~ity in standard conditio~is. In 
addition, a 1000-fotd excess of unlabelled fiicose 
(1 mM) \vas sufiicicnt, withoiit any rieed for phloridzi~i, 
to reduce the cntry of Iabelled fiicoçe into the ïells to 
less thail 0.1 O,, of ihe extracellular radioacti\.e fiicose. 

Taking these coiiditionç iilio account, we studied 
the optimal ce!l co~~cei~trat ion for the ineasureirient 
of the ectofucos~itr:insfer;isc aciivity \vitIl siispeilsions 
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Fig. 3. Kir~eric stirdi;.~ o f  the tr.ar1.-fiir ~j ' / '~C]jircose to //te cel/s.fr.or?? 
G B ~ - [ ~ ~ C ] f i r c o s r .  Iiicuhations were perforixed in the standard 
conditions at 30'C with a final concentratioii of 3 x 10' cellb ni1 
in the cacodylate~NaCI!MgC!2 buffer pH 7.4 with 5 IXM UhlP  and 
1 mM fucose. in a filial voluine of 100 111 coiitaining 0.5 nhl  of 
Gl>P-["C]fucose. -Arrows iiidicate new additions of 0.5 :ih,l of 
G D P - [ ' 4 C ] F ~ i  afteï 5 and 10 min 

of intact ly~nphocytes. Fig.2 shows that, up to 3.108 
cells/nil, the radioactivity bound to tlie cells \vas 
proportional to  the tiumber of cel!s i.e. the enzyme 
concentration. As, in this concentration range, no 
signifiant aniount of Ssee radioactive fucose \\:as form- 
ed during tlie 10-ii.iiii reaction, tlie GDP-['"C]f~icose 
was the only doiior of fiicose indicatiiig a fiicospltrans- 
ferase activity exhibited by whole cells. At cell coi?- 
centratioils higlier tlian 3.IO%elli,jinl, the transfer 
reactioii was still observed but the degradation of 
GDP-['4C]fucose led to a decrease of the slope. In tlie 
furtl-ier assays, cell concentratioii was rtdjusted to 
3.10"ellsinil. 

Fig. 1 A slio\\;s the t i~ne  dependence of the ecto- 
fucosyliransferase uctivity. The ti-aiisfer reactioii 
reacheci a plateau after 5 iiiin of iiiciibation a!thoiith 
tlie preciirsor inte_ority \vas preserved far over t!iis time 
(Fig. 1 B). This result coitld be explclincd if eitliei the 
enzyiiie \vas no longer active or if there \vere no more 
rneiiibraiious acceptors available afier this reaction 
period. Ho.iveves. experiinents describëd in Fig. 3 
indicate that wlien further precursor w;is added after 
5 niin, the reaction started again \vit11 the sanie initizl 
velocity to reach a plateau which could be again o\.er- 
corne by a nen- addition of preciirçor. Coiisequeiî~ly. 
neither the inacti~citioil of the enzyine noi- the Iach of 
acceptors ciln explain t l~e  plaieau of tl:e reaction afier 
5 rriiii of incubation. I'lic kinetics of the reaction rathei- 
indicate thst an inhibitor nras produced during the 
reactioiî and tliat it coald be ciisplaced by tlie siib- 
strate. l'ig. il shi~v,.s that CiDP. a pro:l~ct oftile transfei- 
reacrion, eshibitcd an inl.iibitor; eiTect and is lGO(i- 
îiines more eKective tl1:iil GhIP. Tiiis fiict is in a good 
agrr.emint iviih studics of Beil~i and i<iiii [i6] \?.ho 
provrd tliai G D P  is ;.I co:iipc:iii\.e inIlibitor o î  solu- 
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Fig. 4. tyfect qf vciriou.sconce~i~r~ntio~i.s ofGBPor G~MPori the tronsfer 
cic,tivicy. Incubations werc performed in the staiidard conditions rit 
30°C for 10 min witli a final concentration of cclls of 3 x 10' cells mi 
in a final volume of 100 111 iri  :he cacodylate~NaC'I~R.lgCI~ b u f i r  
pI1 7.4 with 10 pM GDP-[l"C]fucose. 5 mM U M P  and 1 inbl 
fucose. A 1og:irithinic scale is used for the G D P  ( O @ )  and GMI' 
(0-----O) concentriitions 

4 i\!urnber of broken ce l l s  (%) 

Fig. 6. R r c o . s ~ ~ l t ~ ~ i r i . ~ ~ / c ~ ~ ' ~ ~ . s ~ ~  nc.tivitj. trs c i  ji~ricliori 1::' thc pr'i c 'f i i l t r :~ t?f 
hrokcri ce1l.s pt.t,.scPi~r iri a/; iiicuh<rtiorr. 1nci;baiio:is \vere pcrforn7sd 
at  30-C for 10 i i l i i i  in tlie cacody1ate:NaCl h4gC12 b~iKer pt4 l.: 
containing 10 1tM GDP-["C]Lucuse. 5 inhl LIMP and 1 mbl fiicose. 
Mixtures of kno\vn proportion of intact and brohen ce!!.; \\e!e 
cidded to the iiic~ibation incdiiini. 111 the experinicnt 91 ", of the 
stock suspension of cells excluded tïypan bliie (arron).  (A) 11:- 
corporatioii ofradio:ictive fiicose on endogenous acccpiors (O----(>). 
(B) Incoporatioii of raciionctive f~icose o:i a.;iulofet~iin (87 - B i  
and asinlo-ag,i!nc~ofctiiiii (8 - - - -@).  Each assay coiit,iirie<l i mg of 
exogenous niaci-ciriiolecular açceptor 

~ @ ~ - [ ' ~ ~ ] f u c o s e  concen t  r a t i o n  (PM) 

Fig. 5 .  &ffe2(,t ogil7c GBP-!L"(']fir<~o.se coricc~i;trtrtic,ri oit th!, rrtrirvfi,r 
of ["C'~/iic~o~c to tlir cclls. Incubatioiis tvere pcrforriied :it 30 C 
for I O  niiii with 3 x  10' cells i i i  a filial vol~iiiic of 100 pl. in the 
cacodylnte. NnCI hZsCl2 b ~ i l k r  pH 7.4 contniiiiiig 5 nihl CLIP. 
1 niM fucose and iricrcaaing coriccntratioris of GDI'-[L'C]Fucosc 

bilized iiltestinal f~icosyltransferase. Conseqiieritly, 
the plateau ive obtained i11 kirietic stiidie; of ecto- 
fucosyltransfc:.ase could be esplaincd by a retro- 
inhibition by tlie GDI' produced diiring tlie reaction. 

Masiinal incorporatic-111 (around 1000 counts 
xniin- ')  of f~icosyl iesiciues in [lie ineinbranous 
acceptors co\ild be obt:!incd foi an input of 1.5 1114 
of GDP-I'4C]fiicose pcr 3 x l u 7  ce!ls (Fig. 5 ) .  Thcse 
conditions led to an estiin:ite of 100000 neivly bo~ii i~i  
fiicosyl residiics per czll. Tliese fucosyl résid~ies n w e  
bouiid io _clq.co!ipitis and flycoprotcins in a11 n\.era_ne 
proportion of 40 O , ,  anci 60 ",; respcctii-ely lis tnensiired 
after cliloroforin metlîai~oi estractinil of the iota1 
acid-preïipituble ii1ateri:il. 

By avciding essors due to precurscr hy!ro!;.çis. 
the above elperiments define the oprinial conditions 
for measuring fiicosyltr:iiisf~rase activities iii incri- 
bations \ \ l i t I l  \vliole cells. I-Io~vever. the assigniiient :>f 
tlie fiicosyltransferase activity to cctoenzyme is con:- 
plicated by the presence of :i certniii pei-centage of' 
broken cells. To deteriiline ivlicthcr thc mcas~lreci 
actiiities \\.ere diie to hrokcn cells. ~nistiires containi::; 
deîini:e proportions of intact and broken ce!l: ivc1.i. 
incubated nith GDI-['JC]f~icose as iccoriimsnded b ~ .  
Struck und Lennarz [ l 7 ] .  Fig.6A sho\\.s that [lie 
radionctivit! bound to endogenous acccp!ors c!e- 
crcased ivliiie tiic priiportion of bi-oken ceIl> iricre;iscd. 
'Tliis phe~~oi i ie i i~ i i  caniiot he accoiinted Soi hy ,in 
increased dcg-ad:ition of precursor by bi-okcn 
:is \vas re\,ealcd by the GI3I'-fucose iiitt:grit:,, cliècked 
aster iric~ibation. Ï l i i i ;  reduceci incoi-poi;iiioii of ilicns>-l 
i-csidurs by bi,oE;èr, ccl!s is under in\êstig:iiic~r; a n J  
;ippc:ii-S. iip IO no\\-. to be a hi~~iiiar p1ienc)mcnon io 
îlie one n.c obser:.ecl in tlie case of ec:osi;\l> hi-ails!'txrri-r: 
[18j. \I'iintc\~er the case inay be, i r  is importan: tii'i: 
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Fig. 7. C'lii.ornrrrogi.(~~)Ii~ (~f'tlr<~protli!<~t.c. cf'(; I ~ L I I I J ~ C ~ .  i .~~ . t io ! l  qf'r(;(lio- 
netive $rcose fiorfi GDP-( '"C ffirccisc /O /o~i~ . /~ro / (~<~~c/c~~ '  ir,cix/r~ rrcccp- . tors. Wholc cells iricubritions \vert pcrformed at  30 C h r  10 min 
in tlie cacodylate'XaC'1 MgCl? biitl'er pt-i 7.4 containiiig 10 1iM 
CiDP-['"Cjf'i~cose and 5 nihl IIMI). .After inciibatioii. ceils aiid 
acceptors were separateci by lo\\.-qmxi ccntrifugrition aiid the 
siiperriataiit ua s  siibiiiitted to paper cliroin;itograpii!, in tlic col- 
lowiiig solvent: pyridiiie eihyl acetatc acetic ncid' \$-citer ( 5  5 1,3). 
( A )  1 ing of g:tlactose was acldt-d to tlie iriciibiitiori incdiuiii \\.irliout 
( 0 - 0 )  or  with 5 iiibl .Y-ethyl~iiaicirnide ( @  - - @). ( H )  1 iiig O! 

di-N-acetylchitobime !vas ;iddeci to the iiiciibatioii niediiiiii \\ ithc~iit 
(O--- - O) or  nitIl 5 iiiM .\'-eth~liii;ilciinide (@I - O). Gal. galac- 
tose: Flic. fticose: Ftic-1-P. fucose 1-phospl~iite: Itic-<;;il. fiicosy! 
galactose 

extrapolation to 100n,, intact cells reveals a sigiiificant 
ectofiicosyltraiisferase activity. 

To distingiiisli bet~vecri CiDP-fiicose : galnctosicie 
fiicosyltransleriise and GDF-flicose : ;Y-acetylglucos- 
aininide fiicosyltriiiîsfer~~se ricti\.ities. the lase of exo- 
gerioiis acceptors is rec]i!ired. i'isialofetiiin aiid wsialo- 
ag:ilactofetiiiii are iisefiii to demonstrate these tn.o 
activities us \\-erc shou.11 by J ~ b b a l  and Schachtcr [ !y]. 
These tivo inacromolecuies are good acceptors for 
intracellul~ii- enzyme5 as shon.n by the transfer of 
['"C]î~icos~,l i.e.;idues cntolyzec? hy ce11 hon;ogen:ite 
(Flig. O D :  1 O 0  ",> bi-okeil ~ ~ 1 1 s ) .  I~io~vever-. e~tr:ipol:iiion 
to zci-c: perccn: broken cc]!\ indicrites no cietcc.t:ih!e 
eczcFucos~Iti~.ii~sfci.ase actiiitics iile:isiircd i\;iili t!-iejc 
niacromo1ct:ulai- accepiors. A s  iiiis been poxtuii.ited 
for ectosial:,!trnnsferitie [10j. cctof~icos>!tr;ins!;:r:isc 
coiild bc ratllcr burieti in ths i~îcinbi-anc ancl ils aci.esçi- 

Fig. 8. t;~~cus~ltr.trri.~fir~~.~c~ octivirj ri~i~o\itr.ctl \i.itli 1oii-i~ioI~c~~ti~11'- 
iveigt'ir nccrJ1~1or.~ n.s (1 ,/ru:ctiotr of' ?Ire p~,i.ce/rt(/::<' of' / ) l u i c i !  LY//J 
prc,.sc.iir bi nn iiii~ihrriion. Iiic~ibcttioiis were pcrformed at 30 C for 
10 min in the cacot!ylate~NaC'I'MgCI: buirer pH 7.4 coi:taiiiin_r 
10 1iM GDP-['"C]fiicose a n 3  5 i11M L'MI'. Mist~ires of hno\ \n  
propoitioiis of intact and broken cells ibere atldc(l to tlie inciiba;inn 
medium. Tii this e~periinciit 94"" of tlie stock \uspe i i s i~~i  of c e l ! ~  
excliided trypan bliie (nrrow). Each ass:iy contained 1 riig of 
galuctoss (m---- H) or di-.Y-acetylchitohiose (0-- 0 )  

bility !O exogenous acccptors restricted to tliose of 
low molecular weiglît. 

A comparative study of the incorpor;:tion of ['"Cl- 
fiicosj~l residues in low-molecular-~veight acccptnrs 
required a simple separatior-i proccdure to avoid nny 
loss of iiiaterial. Galactose and di-iV-acetylcliirobiose 
were choseil as ;icccptor-s since tlieir fiicosyi;itcd Ue~i;-e- 
tives separate \\,el1 froin precursor degradation pro~l-  
ucts in the one-dil-iiensional payer ctiroriiaiopritpl~ 
sysiem described above (see Fip. ?). By tl-:is procedure. 
such a compai-ati1.e study of ihc transfer activiiy i l1  

iilcubation inixtures containing \;;trious prolîoriioiîs 
of intact and brokcii cells (Fis.  8) iiîclicates t i iui  \\:ici: 

cells (extrapolation to zero percent hrokei~ cells; esIlibit 
ectofiicosy!ti-aiisfer~ise activitizs toivard !O\?. iiiolecul~ir 
i\:eiylit acceptors. 111 addition. this diita çlioivs thüt 
lyiîip1ioc)Tes posscss both fi:cosyltransfer~isc actii i1.ii.s 
on ~lieir outcr surface: talaetciside ïiisos~~ltransfer:ise 
and S-acet~~lg1~icosaniinicie l:Licosylti-aiisferaçe :ictij.i- 
tics. I t  lias bèen iecently shown. in tlie case O!' plCisn~;i 
f~icos).!traïisferases [13] that inhibition by S-e:lï:\l- 
nialeiinide col-ild bc uscd to distinguis!i bcii\'een t h e  
t;vo actii.ities since t!1t gat;ictosidc Ciicosyltinnsi'e~~;~~e 
ii; tlie onl!- one :itTicted b!~ .\:-e~hg!iiinli.ii~iicie. IJ i .~\ in~i-  
nnry stuciies iiidicate :liat. il: our case. c~p:iili:il iiihi- 
t)itio:l !v:~s oh ta i~ed  in tiic pre5~11ce of 5 I I I ? ~ ~  A'\:-cth5 i- 
ni:ileimidc iii tiie inc~ibaiioii tnediiiii~. Fi? 7 s l ~ n !  s :;:e 
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chromatogrüphic pattern of ['4C]fucose-labelled prod- 
ucts obtained after whole cell incubation with GDP- 
['4C]fucose in standard coiiditions with eitlier galac- 
tose (Fig. 7.4) or di-Ar-acetylchitobiose (Fig.7B) as 
acceptors and measiired uith or  without 5 mM N- 
ethylmaleimide. It reveal~ that N-ethylinaleirnide com- 
pletely abolishes the transfer of fucosyl residues to 
galactose but it oiily partially affccts the ?sansfer on 
N-acetylgliicosa~i~inyl residues (20 O< inhibition). These 
resiilts confirm for ectofucosyltransferases the ob- 
servations of Chou et al. [12] witli plasma fucosyl- 
transferases, and, moreover. enable us to conclude 
that the rat spleen lymphocytes possess tlie two fuco- 
syltra~lsferase activities on their outer surface. 

CONCLUSION 

Taking iilto account the misleading effects of 
precursor hydrolysis, of free sugar eiitry inio the ce11 
and of contamination by broke~i cells, Our resulis 
clearly prove that ectofucosyltraiisferase activities are 
present on intact lymphocytes. These ectofucosyitrans- 
ferases are able to traiisfer fucose fronl GDP-fucose 
to endogenous ineinbrailous glycolipid arid glyco- 
pi-oteii~ acceptors to the extent of 100000 fucosyl 
residues per ce11 as estiinated by the specilic radio- 
activity of ['4C]fucose. This number is il: the raiige 
that has been observed for ectog:ilactosyltrai~sferriçe [9] 
and for ectosialyltransferase [18]. However. these ecto- 
fucosyltransferases are not able to  transfer f~~cosyl  
residiies to macromolecular exogenous acceptors al- 
thoiigh the lyinphocyte possesses intracellitlar en- 
zymes \vhicli are capable of doing so. This property 
rnay indicate tliat enzymes of the ce11 surface and of 
the intracellular nieinbrailes are diffeïenl, b ~ i t  i t  rnay 
alsn be the case t!la! !he sane e!izyme is in different 
environmeiits oii cytoiucn~branes and on plasma 
mcinbranes. This peculiar property has already been 
observed for cctosial!rltra~isferase [IO] but not for 
ectogalactosyltra11sferi1se [SI. 

As the occurrence of two fi~cosyltransferases in 
rnicrosoinal ineiilbranes has been \\el1 definecl [4.19], 
it was worth~vhilz exnrniniiig ~ l ~ c t h e r  tliese tuo  activi- 
ties could be reco\ercd on the plasiiia me~nbrrine. 
As the ilse of diiresent inacromolecular acceptors nJas 
not possible in oiir case, oui. investigation \vas re- 
stricted to lo\v inolecular n~eight acceptors. We chose 
galactose and di-Pi-acetylchitobiose to dernonstrate 
the GDP-fucose : çulactoside fitcosy1trarisfer:ise and 

GPD-fiicose : N-acetylglucosaminide fucosyltrans- 
ferase activities respectively. To distinguish tliese tu-O 
activities we used the selective inhibition of the 
galaetoside fucosyltransferas? observed with IV-eth~l- 
nialeimide. The results prove the presei:ce of tlie tno 
ectofiicosyltransferase activities on the oiiter ~ u i - ~ i c e  
of rat lymphocytes. 
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V - CONCLUSIONS GENERALES 

Nos recherches  s u r  l e s  ec toglycosyl t ransférases  nous on t  p e m i s  

de me t t r e  en évidence,  sans ambiguité,  des  a c t i v i t é s  e c t o g a l a c t ~ s y ~ ,  ec to-  

s i a l y l - e t  ec tofucosyl t ransféras iques  à l a  s u r f a c e  des lymphocytes sp16niques 

de Rat. C e t t e  é tude  a  S t é  r é a l i s é e  avec des c e l l u l e s  e n t i è r e s  e t  en  t e n a n t  

compte des  causes d ' e r r e u r s  su ivan te s  : 

1 : phagocytose de l ' a c c e p t e u r  exogène qui  condui t  à une glyco- 

s y l a t i o n  de l ' a c c e p t e u r  par  l e s  g l y c o s y l t r a n s f é r a s e s  i n t r a c e l l u l a i r e s ;  

2 : hydrolyse  du précurseur  p a r  l e s  ectopyrophosghatases  q u i  

a b o u t i t  à l a  l i b é r a t i o n  de sucre  l i b r e  r a d i o a c t i f  e n t r a n t  dans l a  c e l l u l e .  

La r a d i o a c t i v i t é  l i é e  aux c e l l u l e s  e s t  dans ce  ca s  sans r appor t  avec une 

a c t i v i t é  d e  t r a n s f e r t  ; 

3 : présence  dans l a  suspens ion  c e l l u l a i r e  d 'un  f a i b i e  pourcen- 

tage de c e l l u l e s  c a s s é e s  q u i  l i b è r e n t  dans l e  mi l i eu  d ' i ncuba t ion  des  enzjTir.es 

so lubles  ou a s s o c i é s  à des membranes i n t i - c c e l l u l a i r e s  pouvant ê t r e  respon- 

sab les  d e  t ou te  l ' a c t i v i t é  mesurée. 

La réponse  à ces  t r o i s  o b j e c t i o n s  a  n é c e s s i t é  l a  mise au poine  

d'une méthodologie fondée s u r  : 

1 : l ' u t i l i s a t i o n  d 'acceptei i rs  exogènes branchés s u r  des b i  l i e s  

de Sépharose p l c s  g ros ses  que l e s  c e l l u l e s  elles-mêmes. A ins i ,  e s t  éliminCe 

l a  première cause d '  e r r e u r  ; 

2 : l e  blocage de l ' e n t r é e  de  suc re  l i b r e  r a d i o a c t i f  dans l a  

c e l l u l e  p a r  l a  présence  de ph lo r idz ine  e t  d 'un excès du monosz.cciiaride inon 

r a d i o a c t i f  d'une p a r t ,  e t  par  1 ' i n h i b i t i o n  de ( s )  ectopyrophosphatase Cs) e t  

ectophosphatase ( s )  dégradant l e s  glycosyl-nuclGotides par  l e s  nucleor~.des 

5'-monophosphates d ' a u t r e  p a r t .  Ces p récau t ions  é l iminent  l a  seconde cause 

d ' e r r e u r  ; 

3 : l a  dé te rmina t ion  de l ' i n c o r p o r a t i o n  d'une suspens ioc  de ce l iu -  

l e s  e n t i è r e s  (dont l e  pourcentage de c e l l u l e s  ca s sées  e s t  mesuré par  l a  

méthode du Bleu Trypan) e t  de mélanges contenant  des p ropor t ions  c9nEueç de 

c e l l u l e s  e n t i è r e s  e t  de c e l l u l e s  cassées .  L ' ex t r apo la t ion  de c e s  v a l e u r s  à 

O % de c e l l u l e s  cûssées  permet de c o n n a î t r e  l ' a c t i v i t é  ectoeazynat ique ?.n 

répondant à l a  t ro i s i zme  ob jec t ion .  

Ce t t e  m6tIiodologie appl iquée  aux lymphocytes sp l én iques  de  Rat a  

donné l e s  r é s u l t a t s  qu i  peuvent ê t r e  résumes de l a  manière su ivan te  : 

7 - L1e~togalactosyZtransf6rase e s t  capable de t r a c s f é r e r  des  ----..---.--- 

résidils de ga l ac tose  2 p a r t i r  de l'UDP-Ga!. s u r  des  Eiccepteürs exogijries 



i n s o l u b i l i s é s ,  dans un processus de t r ansg lycosy la t ion  c e  q u i  suggère une 

p o s i t i o n  e x t e r n e  de l'enzyme à l a  s i i r face  de l a  c e l l u l e .  Cet  enzyme e s t  éga- 

leinent capable de t r a n s f é r e r  3 x  104 r é s i d u s  ga l ac tosy l  p a r  c e l l u l e  s u r  

l e s  accep teu r s  membranaires en p o s i t i o n  s u f f i s a m e n t  e x t e r n e  pour q u ' l l s  

s o i e n t  reconnus par  une l e c t i n e  spéc i f ique .  Ce f a i t  e s t  b i e n  démonts5 par  

l ' a g g l u t i n a t i o n  des lymphocytes "ga lac tosy lés"  par  l ' a g g l u t i n i n e  du Soja  

a l o r s  que l e s  lymphocytes normaux ne l e  son t  pas.  C e t t e  a g g l u t i n a t i o n  snggère 

également que l e s  r é s idus  g a l a c t o s y l  s o n t  branchés en  p o s i t i o n / ~ s u r  l e s  

accepteurs  rnembranaires . 
2 - L ' e c t o s i a l y l t r a n s f é r a s e  e s t  capable de t r a n s f é r e r  des  r é s ldus  

d ' a c i d e  s i a l i q u e  à p a r t i r  de CFP-KeciiUAc s u r  des  accepteiirs exogènes (gly-  

copept id ique  ou o l igosacchar id ique)  de f a i b l e  masse molécula i re  a l o r s  q u ' e l l e  

e s t  incapable  de l e  f a i r e  s u r  des accep teu r s  macromoléci~laires .  C e t t e  pro- 

p r i é t é  p a r t i c u l i è r e  de l ' e c t o s i a l y l t r a n s f 6 r a s e  pennet de  ].a d i s t i n g u e r  des  

s i a l y l t r a n s f é r a s e s  i n t r a c e l l u l a i r e s  q u i  s o n t  capables  de s i a l y l e r  avec une 

même e f f i c a c i t é  un accepteur  macïomoléciilaire e t  un accep teu r  de f a i b l e  casse  

molécula i re .  Le f a i t  que l e  t r a n s f e r t  de r é s i d u s  s i a l y l  s e  produise 6gal.e- 

ment s u r  l e s  accepteurs  endogènes semble ind ique r  que l'enzyme e s t  profon- 

dément enfoui  dans l a  membrane e t  n ' e s t  capable de t r â n s f é r e r  des r é s i d u s  

d ' ac ide  s i a l i q u e  aux accepteurs  merhrana i res  que dans un processus  de c i s -  

g lycosy la t ion ,  t and i s  que l e  processus de t r ansg lycosy la t ion  n ' e s t  p o s s i l ! ~  

que quand l a  t a i l l e  de l ' a c c e p t e u r  e s t  a s sez  r é d u i t e  pour a t t e i n d r e  l e  s i t e  

a c t i f  de l'enzyme. 

3 - Pour l'ectofucosyltransférase l 'eniploi  de g a l a c t o s e  e t  de d i  

N-acétylchi tobiose comme accepteurs  exogènes a  permis de d é t e c t e r  deus a r t i -  

v i t é s  ect~fucosyltransférasiques : une a c t i v i t é  GDF-fucose : g a l a c t o s i d e  

f u t o s y l t r a n s f é r a s i q u c  spécif iquement  inh ibée  par  l a  N-éthylnaléimide e t  une 

a c t i v i t é  GDP fucose : N-acétylglucosaminide f u c o s y l t ~ a n s f é r a s i q u e .  Ces deux 

e c t o f u c o s y l t r a n s f é r a s e s  son t  capables  de brancher  des  r é s i d u s  fucosyl  s u r  

des accepteurs  de f a i b l e  masse molécula i re  a l o r s  q u ' e l l e s  s o n t  i n é f f i c a c e s  

su r  des  accepteurs  rnacromolécula i r~s .  Lc t r a n s f e r t  de r é s i d u s  fucosyl  s u r  

l e s  accep teu r s  membranaires suggère que ces  enzymes s o n t  comme 1' ec tos  ia3y1-. 

t r a n s f s r a s e  profondément enfouis  dans l a  membrane e t  son t  c a p A l e s  de catu-  

l y s e r  des r é a c t i o n s  de c i s -g lycosy la t ion  t a n d i s  que l e  processüs de t r ans -  

g lycosy la t ion  n ' e s t  p o s s i b l e  que quand l a  t a i l l e  de l ' a c c e p t e u r  e s t  faL31ê. 

De p l u s  ces  deux a c t i v i t é s  son t  i nh ibées  pa r  de f a i b l e s  concen t r a t ion r  en  

GDP. 



4 - Lors de l'étude de l'ectosialyltransférase nous avons rernar- 
qué que contrairement aux observations faites avec la galactosyltransférass, 

les cellules entières ont une activité plus élevée que celle mesurée avec 

l'homogénat. Ce phénomène étant d'ailleurs retrouvé avec la fucosyltransfé- 

rase. L'isolement et la caractérisation du facteur inhibiteur de l'ectosia- 

lyltransférase nous a conduit à montrer l'existence d'une cause d'erreur 

très importante et non encore suspectée dans la détection des ectoglycosyl- 

transférases. Il s'agit de la libération de CMP-NeuNAc intracellulaire par 

les cellules cassées qui conduisant à une baisse de la radioâctivité s~écj- 

fique du precurseur, provoque la chute de la radioactivité liée aux accepteur: 

endogènes. 

Si l'on revient maintenant à l'expérience de la mesure des acti- 

vités glycosyltransférasiques en foi-~ction du pourceritage de cellules cassées, 

il est important de noter que la radioactivité spécifique du précurs2ur varie 

à chaque point de lz courbe, c'est-à-dire que l'activité glycosyltransféra- 

sique exprimée en nombre de résidus de monosaccharide râdioactif incozpor.Sç 

(cpm) ne reflète pas la véritable activité qui doit Stre exprjmee en ~~ico::o!eç 

de monosaccharide incorporé. Dcnc chaque point de la courbe doit être c ~ r r l g G  

en tenant compte du précurseur endogène relaché par les ce?lules. Conlr3e ce 

facteur correctif augmente en même temps que le pourcentage de cellules 

cassées, les points corrigés pourraient donner naissance à m e  courbe q u i  

s'extrapole à zéro. Ceci remet en question l'existence nême des ectoglyco- 

syltransférases. Nous avons donc mis au point un nouveau procédé de 6étec- 

tion des activités ec toglycosyl transférasiques qui tient compte à la f c t i s  d e  

cette cause d'erreur supplCmentaire c'est-à-dire la liberation de précu~-sci~r 

endogène et de la liberation d'activité enzyxatique intracellulaiïe. C2t.t~ 

méthode est fondée sur la rnesure de l'accroissement d'activité glycosyitrûiiç- 

férasique apportée par des cellules entières, lorsque celle-ci est mesurée 

en présence d'une quanti té quasi-cons tante d'homogénnt c'est-à-dire à iriêre 

dilution isotopique du précurseur ; dans un deuxième tem~s on clétermiiie si 

cet accroissement d'activité apporté par les cellules entières n'est dû q;1'2 

la présence d'ectoaccepteurs ou si elle rSsulte de l'activité ectoenzy~atique, 

L'application de cette technique nous a permis de confirmer la 

présence d'une ectosialyltransférase et d'accepteurs dP acide 21-acéty!ni?x~ra-- 

minique sur la membrane lymphocytaire. Cette cause d'erre~r n'étdnt pas soup- 

çonnée lors de nos é tudes de l'ectogalac tirsyl- et l'ectofiuccrsyl transf Grcises 

nous incluons maintenant l'application de cette nouvel le nethode à 1 a 6Ztt:r- 

tion des activités ectogalactosyl transfsrasique et e c . t o f u c o s y l t r a i ~ s f ~ r ; i s ~  cl,12 

i-espectiversent. (figuces 17 et 18) "  Usris les deux cas i'exrsrapol atic17 t {nzl  c 
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Figure  17 : 

Détec t ion  de l ' a c t i v i t é  ectogalactosyltransÏérasiqrle mesurée s u r  l e s  
accepteurs  endogènes en t enan t  compte d'une éven tue l l e  l i b é r a t i o n  
dfUDp-Ga1 in t r ace l ly l a i - r e .  
A Ir lcorporat ion d e  { ' 4 c > ~ a l  s u r  1 es  accep teu r s  e n d o g è ~ e s  en  u t i l i s a n t  
un mélange de c e l l ü l e s  è a s s é e s  avec des q u a n t i t é s  c r o i s s a n t e s  de ce l -  
l u l e s  e n t i é r e s .  En abscisse 1' gchel 1 e  suiiérieiire i n d i  que l e  vol iine de 
l a  suspension c e l l u l a i r e  (510 c e l l u l e s / m l  ) u t i l i s é e  (O 4 5 ~ 1 ) .  
Ces c e l l u l e s  s o n t  incubfes  En présence de 2 0 p  l f a ,  35 ,dl: b .  50," 1: c 
e t  6 5 , ~ r l  d  d'homogénat (510 c e l l u l e s  / m l  . 'Dans c e t t e  expérience 10 7 
de l a  suspension c e l l u l a i r e  s e  co lore  p a r  l e  Bleu Trypan. L 'éc t ie l le  
i n f e r i e u r e  de l ' a b s c i s s e  indique l a  q u a n t i t é  t o t a l e  de c e l l u l e s  cassges 
dans l ' i n c i i b ~ t  de 120,,u 1. Les valei i rs  a ,  b ,  c  e t  d  ind iquent  i a  quan- 
t i t é  d e  {14c ]  Ga1 incorporé  quand 4C),5/u 1 de ce1 I u l e s  e n t i e r e s  sont 
incubés r17~2~-?4,5 ; 39,s ; 54,5 oii 69,5,b1 L d'homogénat. fj@T>\, 
13 Correc t ion  poiir des d i l u t i o n s  i so tup iques  ident iques  du {l't~)(,'al ( 
i n c o r p ~ r t 5  s u r  l c s  cz l?ü?cs  an t lCres .  
C Extrapola t i a n  f i n a l e .  
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Figure  18 : 

Détec t ion  de l ' a c t i v i t é  ec to fucosy l t r ans fé ra s ique  mesurée s u r  l e s  
accepteurs  endogènes en  tenant  compte de l a  i i b é r a t i o n  de GDF-fucose 
i n t r a c e l l u l a i r e .  
A Inco rpora t ion  de {14c) Fuc s u r  l e s  accepteurs  endogènes e n  u t i l i s m t  
un mélange de c e l l u l e s  cassées  avec des q u a n t i t é s  c r o i s s a n t e s  de ce i -  
l u l e s  e n t i è r e s .  En absc i s se  l ' é c h e l l e  supé r i eu re  indique l e  vo1t:me de 
l a  suspens ion  c e l l u l a i r e  ( 3 1 0 ~  c e l l o ? e s / s l )  u t i l i  s f e  (O à 4 5 p  1). Ses 
c e l l u l e s  s o n t  incubées e% présence de 20p 1: a ,  35jJ 1: b ,  50,g 1: c e t  
6 5 y 1  d  d'homogénat (3 i0  c e l l u l e s / m l ) . ' ~ a n s  c e t t e  expér ience  10 /: de 
l a  suspension c e l l u l a i r e  s e  co lore  au Rleu Trypan. L ' é c h e l l e  i n fé -  
r i e u r e  de l ' a b s c i s s e  indique l a  q u a n t i t é  t o t a l e d e  c e l l i i l e s  cassées  
dans 1 ' i ncuba t ion  de 120)' 1. Les v a l e u r s  a ,  b ,  c ,  d i nd iquen t  l a  quan- 
t i t é  de { 1 4 ~ } v u c  incorporé quand 40,5/(i'1 de c e l l i i l e s  e n t i è r e s  s o ~ t  

op172 c. incubées avec 2 4 , 5  ; 39,5  ; 34 ,5  ou 6'9,5p11 d'ho~~o,Y 
B Cor rec t ion  pour  des d i l u t i o r s  ' ,sc~opic,i*es i d e n t i q u ~ r ,  dü ( ' 4 ~ ) r ~ c  . . 
incorporé dans l es  C S ~ ? U ? C S  e n t l e r e ç .  
C Ex t r apo la t ion  f jrtale,  



nous confirme l a  présence  d'ectoenzymes e t  d ' accepteurs  membranaires. I l  

f a u t  cependant remarquer que contrairement  à l a  s i a l y l - e t  à l a  fucosy l t r ans -  

f é r a s e ,  l e s  f a c t e u r s  de c o r r e c t i o n  i so top ique  pour l a  g a l a c t o s y i t r a n s f ~ r a ç e  

on t  une va leur  c o n s t a n t e  (proche de 1 )  ce  q u i  s i g n i f i e  que dans c e  c a s ,  l a  

l i b é r a t i o n  dlUDPGal p a r  l e s  c e l l u l e s  ca s sées  e s t  nég l igeab le  par  r a p p o r t  

à l a  concen t r a t ion  en  précurseur  u t i l i s é e  pour l a  mesure. 

Dans l a  f i g u r e  19,  nous avons t e n t é  de résumer e t  d ' e x p l i q u e r  

l e  comportement des  a c t i v i t é s  s i a l y l - e t  f u c o s y l t r a n s f é r a s i q u e s  s u r  l e s  ac- 

cep teu r s  endogènes ( f i g u r e  19A), s u r  l e s  accepteurs  exogènes macromolécu- 

l a i r e s  ( f i gu re  19B e t  s u r  l e s  accepteurs  exogènes de f a i b l e  masse molécu la i r e  

( f i g u r e  19C) en  f o n c t i o n  du pourcentage de c e l l u l e s  cassées  p ré sen t  daris l e  

mi l i eu  d ' incubat ion .  L 'é tude de ce comportement suggère que pour chacun d e s  

deux enzymes l a  l o c a l i s a t i o n  de l ' a c t i v i t é  s e  f a i t  dans deux compartiments 

c e l l u l a i r e s  s é p a r é s ,  c ' es t -à -d i re  que l 'enzyme d'un compartiment e s t  inca-  

pable  de  g lycosy le r  l e s  accepteurs  de l ' a u t r e  compartiment. Ces cornpzrtinleri ts 

qu i  s o n t  d'une p a r t  l a  membrane plasmique e t  d ' a u t r e  p a r t  l e s  membralcs in- 

t r a c e l l u l a i r e s  peuvent ê t r e  di: t ingués  pa r  l e s  c a r a c t é r i s t i q u e s  enzyniatiquâs 

su ivan te s  : 

1 : l a  s e n s i b i l i t é  à l a  d i l u t i o n  i so top ique  lorsque  l ' o n  h o ~ o g é -  

n é i s e  l e s  c e l l u l e s  ; 

2 : l a  capac; t é  de gl ycosyler  l e s  accep teu ï s  macron~olécula i res  

e t  ceux de f a i b l e  masse molécula i re  ; 

3 : l a  r i c h e s s e  en  accepteurs  endogènes. 

Les a c t i v i t é s  g lycosyl t ransféras iq i ies  dii compartiment correspon-- 

dant  à l a  membrane plasmique s o n t  d 'une p a r t  t r è s  sensibles à l a  d i l n t i o n  

i so top ique  e t  l 'environnement  de l'enzyme ne l u i  permet que l e  t r a n s f e r t  su r  

des accepteurs  exogènes de f a i b l e  masse molécula i re  à l ' e x c l u s i o n  des accep- 

t e u r s  exogènes macromoléculaires ,  d ' a u t r e  p a r t  c e s  membranes son t  r i c h e s  en 

accepteurs  endogènes. 

Le second compartiment q u i  correspond aux membranes i n t r a c e l l u -  

l a i r e s  e s t  pauvre en  accepteurs  endogènes, l e s  a c t i v i t é s  enzymatiques s o n t  

peu s e n s i b l e s  à l a  d i l u t i o n  i so topique  ( l e s  concent ru t ions  l o c a l e s  e n  C'ifu 

NeuNAc e t  GDP-Fuc r e s t e  cons tan te)  e t  l 'environnement  des enzymes l e u r  per-. 

me t l e  t r a n s f e r t  s u r  l e s  accepteurs  exogènes nacromolécülaii-es a u s s i  b i e n  

que s u r  ceux de  f a i b l e  masse nioléculaire .  

Pour l'ectogalactosyltrançférase l ' e x t r a p o l a t i o n  fii-iale d e  La 

f i g u r e  1 7  montre que l a  r a d i o a c t i v i t é  incorporée  par  l e s  c e l l u l e s  e c c i 2 r e s  
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F i g u r e  19 : - 
Schéma r é c a p i t u l a t i f  du comportement d e s  a c t i v i t é s  s i a l y l  e t  f u c o s y l -  5 1 1 ~  
t r a n s f é r a s i q u e s e c  f o n c t i o n  du pourcen tage  de  c e l l u l e s  c a s s é e s  s u r  ~!i:i 
l e s  a c c e p t e u r s  endogènes ( A ) ,  s u r  l e s  a c c e p t e u r s  exogènes macrovolé- 

( C ) .  Les deux c o m p a r t i r e n t s  s o n t  d 'une p a r t  l a  membrane plasmique q u i  

o 
c u l a i r e s  ( E )  e t  s u r  l e s  a c c e p t e u r s  exogèces  de f a i b l e  masse volGculaire  

a g i t  p a r  s e s  ectoenzymcs ( - j  e t  d ' a u t r e  p a r t  l e s  mc~i'braneç i n t r a c e l  lu-  
l a i r e s  q u i  a g i s s e n t  p a r  leur- g l y c o s y l t r a n ç f é r a ç e s  (-,-). L,a sc>lriiie d e s  
clevr. a c t i v i t é s  rlcrtze l a  c ~ u r b e  cbeervge ( E T * ,  ) . 



e s t  indépendante de l a  q u a n t i t é  d'homogénat en présence de l a q u e l l e  l ' i n c u -  

b a t i o n  e s t  r é a l i s é e .  Ceci. suggère également pour c e t  enzyme deiix comparti- 

ments s épa ré s  : c e l u i  q u i  correspond à l a  membrane plasmique e t  c e l u i  qiii 

correspond aux cytomembranes. 

Il a p p a r a î t  donc que pour l e s  t r o i s  enzymes é t u d i é s  on observe 

une l o c a l i s a t i o n  de l e u r  a c t i v i t é  dans deux compartiments c e l l u l a i r e s ,  deux 

r ô l e s  d i f f é r e n t s  peuvent donc l e u r  ê t r e  a t t r i b u é s  : l e  compartiment i n t r a -  

c e l l u l a i r e  s e r a i t  responsable  de l a  b iosynthèse  du glycanne, e t  l a  membrane 

p lasn ique  s e r a i t  responsable  grâce à s e s  ec toglycosyl t ransférases  de  l a  

r é p a r a t i o n  de ces  s t r u c t u r e s  ap rè s  l e u r  i n t é g r a t i o n  dans l a  membrane de 

manière à ce que l e  "dialogue" de l a  c e l l u l e  avec son environnement ne s o i t  

pas interrompu pa r  l a  d i s p a r i t i o n  des  sucres  terminaux des  glycoconjugués 

membranaires. E n  o u t r e  l a  g a l a c t o s y l t r a ~ z s f é r a s e  s ' c s t  r é v é l é e  l e  s e u l  enzyxe 

capable  de t r ansg lycosy la t ion .  A c e t  égard il f a u t  rioter que c ' e s t  so.civezic 

c e t  enzyme q u i  e s t  impliqué p lus  ou moins c la i rement  dans l e s  phénonÈnes 

de reconnaissance c e l l u l a i r e .  



APPENDI CE TECHNI9UE 



Nous d é c r i r o n s  i c i  l e s  techniques que nous avons mises au  p o i n t  

e t  q u i  ne sont  pas  d é t a i l l é e s  dans l e s  d i f f é r e n t s  a r t i c l e s .  

1 - LE MATERIEL BIOLOGIOUE : LES LYMPHOCYTES SPL'ENIOUES DE RAT 

A - PREPARATION - 
Les lymphocytes spl.éniques on t  é t é  préparés  à p a r t i r  de  R a t s  

Wistar  âgés de 6 semaines su ivan t  l a  méthode d e  LAMONT e t  al. ( 4 16). Torrtes 

l e s  opéra t ions  s ' e f f e c t u e n t  à 4' C .  La r a t e  e s t  d i l a c é r é e  dans un tampon 

de pH 7 , 4  (cacodyla te  de sodium 0 , l  bI, Nacl 0,154 M ) .  Après f i l t r a t i o n  s u r  

gaze l a  suspension e s t  cen t r i fugée  à 500 g pendant 7 min. Le c u l o t  e s t  dé- 

b a r r a s s e  des hémat ies  par  une hémolyse de  3 min. dans l a  s o l u t i o n  su ivan te  

a j u s t é e  à pH 7 ,4  : NH4cl 0,154 $1, EDTA 0,lPf, KHCO 0,01 M en  présence  de  3 
10 % de  sérum de  veau f o e t a l  (NOVOGRODSKY : corilmunication pe r sonne l l e ) .  

Après une nouvel le  f i l t r a t i o n  su r  gaze,  l a  suspension e s t  c e n t r i f u g e e  à 

500 g pendant 7 inin. e t  l e  c u l o t  e s t  r e l a v é  avec l e  tampon cacodyla te  de 

sodium ci-dessus.  Les lymphocytes son t  e n s u i t e  remis en  suspension à l a  

concent ra t ion  u t i l i s é e  dans ce même tampon. 

B - COPQ'TAGE ET 1BSURE DE LA VIABILITE CELLULAIRE 

Les lymphocytes s o n t  comptés ap rè s  d i l u t i o n  au 1/100ème d e  l a  

so lu t ion-s tock  g r â c e  à une c e l l u l e  à numération de 1,Ialassez. Pour l a  mesure 

de l a  v i a b i l i t é ,  l e  comptage e s t  e f f e c t u é  en  présefice d'une s o l c t i o n  de B I P L  

Trypan (0,5 g  % m l  d 'une s o l u t i o n  de NaCl 0,85 %) d i l u é e  au 1 / 2 0 h e  dans l e  

suspension c e l l u l a i r e .  Le pourcentage de c e l l u l e s  coloré-s ind ique  l e  p o i ~ r -  . . 

centage de c e l l u l e s  non v i a b l e s .  Ce t t e  mesure e s t  e f f e c t u é e  avant e t  ap rè s  

l ' i ncuba t ion .  Les suspensi.ons contenant p l u s  de 15 O de c e l l u l e s  co lo rées  

ne s o n t  pas u t i l i s é e s  pour l e s  expériences d ' i nco rpora t ion .  

* 
C - MICROSCOPIE ELECTRONIQE - 

De manière à v é r i f i e r  l 'homogénéi té  de  l a  prépara t ion  c e l l u l a i r e  

des con t rô l e s  o n t  é t é  e f f e c t u é s  en microscopie  électroniqi ie  à d i f f é r e r i t e s  

é t apes  de l a  p r é p a r a t i o n .  

Lés c u l o t s  de lymphocytes s o n t  a l o r s  f i x é s  pendsnt une heu re  

* 
Kous remercions Bernard Li4SSi'<LT,E du s e r v i c e  d u  I'r BOILLY d '  al-O; r hie? 
voulu e f f e c t u e r  pour nous l e s  con t rô l e s  en  f i ieroscopic é l ec i ron iqce .  



p a r  l a  g l u t a r a l d é h y d e  à 2 ,5  % dans  un tampon c a c o d y l a t e  d e  s o d i - m  0 ,06  -1 

pH 7 , 4 .  Après  l a v a g e  dans  l e  tampon p r é c é d e n t ,  l e s  p i è c e s  s o n t  p o s t - f i x é e s  

pendant  1 , 5  h  à 4" C p a r  l e  t é t r o x y d e  d 'osmium(so1ution à 1 % dans  l e  

même tampon). Après l a v a g e  dans l e  tampon c a c o d y l a t e  0 , l  Y, NaCl 0 ,154  X 

pH 7 , 4 ,  l e s  c u l o t s  s o n t  imprégnés dans  d e s  s o l u t i o n s  aqueuses  d ' a c é t o n e  : 

50 % (v/v) 2  f o i s  5 min. ; 70 % (VIV) 2 f o i s  8 min. ; 90 % (V/V) 2  f o i s  

15 min. ; p u i s  a c é t o n e  p u r  2  f o i s  30 min. Après imprégna t ion  pendant  1.,5 h 

dans  une s o l u t i o n  d ' a r a l d i t e  dans  l ' a c é t o n e ,  l e s  c u l o t s  s o n t  i n c l u s  d a n s  

l ' a r a l d i t e  pure ,coupés ,  e t  c o n t r a s t é s  p a r  l ' a c é t a t e  d ' u r a n y l  e n  s o l ü t i o n  

a l c o o l i q u e  e t  p a r  l e s  sels  d e  plomb. 

La f i g u r e  20 montre  l e s  images o b t e n u e s  dans  c e s  c o n d i t i o i i s .  Avant 

l ' é t a p e  d 'hémolyse ,  l a  p o p u l n t i o n  e s t  t r S s  h é t é r a g è n e ,  o n  d i s t i n g u e  o u t r e  

d e s  g l o b u l e s  rouges ,  d e s  p l a q u e t t e s ,  d e s  2acrophages  e t  d e s  3eucocy tes  

( F i g .  2 0 a ) .  Après liémolyse 95 % d e  l a  popula t io r i  c e l l u l a i r e  est  const i ru5; .  

de  lymphocytes ( F i g .  20 b  j . La morphologie  e s t  b i e n  ccnservée  (F ig .  20 c )  

e n  p a r t i ' c u l i e r  l a  membrane c e l l u l a i r e  n ' e s t  pas  l é s é e  (F ig .  2 0  c i ) .  

II - PREPARATION DE TJA GLYCOPHOKlhJ ET DE SES GLYCOPEPTIDES 
ix 

A - PREPAK4TION ET CONTROLE DE LA PUPZTE 
f 

La g l y c o p h o r i n e  a  é t é  e x t r a i t e  d 'hémat ies  humaines 0~11 e n  deux 

é t a p e s .  Après  l a  p r é p a r a t i o n  des  membranes r é a l i s é e  pür  l a  méthode de  903GL 

e t  a l .  (fr17), l e s  membranes s o n t  d i s s o u t e s  dans  une s o l u t i o n  d e  d i i o a o s a -  

l i c y l a t e  d e  l i t h i u m  (LIS) e t  l a  g l y c o p h o r i n e  e s t  e x t r a i t e  p a r  l e  mélange 

phénol-eau s u i v a n t  l a  méthode de  MARCHESI e t  ANDREWS ( 4  1 3 ) .  La p u r i f i  c2 t io rL  

s ' e f f e c t u e  s u r  co lonne  d e  p h o s p h o c e l l u l o s e  P 11 (Wl~atman). 

La  p u r e t é  d e  l a  p r é p a r a t i o n  q u i  c o n t i e n t  14,7  % de s u c r e s  n e u t r e s  

e t  24 ,3  % d ' a c i d e  s i a l i q u e  a  é t é  c o n t r ô l é e  p a r  é l e c t r o p h o r è s e  e n  g e l  i e  

po lyacry lamide  e n  m i l i e u  d é n a t u r a n t  (SDS) s e l o n  l a  méthode d e  WEVILLF ( 4 1 9 ) .  

La r é v é l a t i o n  2 l ' a i d e  d e  l a  t echn ique  du PAS p a r  l a  niéthode d e  FAIIiRlSRS 

e t  al. (420) ( v o i r  f i g u r e  21) l a i s s e  a p p a r a j t t r e  2  bandes p r i n c i p a l e s  PAS-1 

e t  PAS*? c o r r e s p o n d a n t  à l a  g lycophor ine  (dimère  e t  monomère) cl' a p r è s  :.L%3.TUS 

e t  GARVIN ( 4 2  1 )  e t  2  bandes  mineures  PAS-3 e t  PAS-4 cor respondan t  d '  apri ;s  

f 
C e c h a p i t r e  a  é t é  r é a l i s é  e n  c o l l a b o r a t i o n  avec  P h i l i p p e  DE,BEIP.E e t  ? e s  
r é s u l t a t s  o n t  f a i t  l ' o b j e t  de son D.E.A. sou tenu  e n  o c t o b r e  1975. 

Noi~s  remercioris  Mo~is ieur  l e  P r o f e s s e u r  GOüDEFIkJD D i r e c t e u r  du C . R .  T. S.  de  
L i l l e  poar  les  hématies q u ' i l  nous a  a i r ~ a b l e n e n t  f o u r n i e s .  



Figure  20 : 

Observation au microscope é l ec t ron ique  de l a    réparation de lymphocytes : 
a )  avant  hémolyse (x 5000) ,  b )  après  hémolyse (x 6000),  c) lymphocyte 
(x 12000), d )  aspect  de l a  membrane lymphocytaire (x 32000). 



Figure  2 1  : 

Elec t rophorèse  en  g e l  de polyacrylamide en p résence  de SDS de l a  
g lycophorine .  Le dépô t  e s t  de  50Y g e t  l a  r é v é l a t i o n  e s t  e f f e c t u é e  
p a r  l a  méthode à l ' a c i d e  per iodique-Schif f  (PAS). 

FURTHMAYR e t  al. ( 4221 à d e s  g l y c o p r o t é i n e s  mineures de même composit ion 

g l u c i d i q u e  que l a  g lycophor ine .  Le Tableau V I 1  montre que n o t r e  p r é p a r a t i o n  

e s t  peu d i f f é r e n t e  de c e l l e  obtenue p a r  d ' a u t r e s  a u t e u r s  en  p a r t i c u l i e r  pour 

s a  r i c h e s s e  en a c i d e  s i a l i q u e .  C e t t e  p r o p r i é t é  a i n s i  que l ' o r i g i n e  membra- 

n a i r e  d e  c e t t e  g l y c o p r o t é i n e ,  en  f a i t  un a c c e p t e u r  de  choix  pour é t u d i e r  

l e s  s i a l y l t r a n s f é r a s e s  impl iquées  dans l a  b i o s y n t h è s e  de g l y c o p r o t é i n e s  mem- 

b r a n a i r e s .  

B - PREPARATION DE L'ASIALOGLYCOPHORINE 

La d é s i a l y l a t i o n  s ' e f f e c t u e  comme dans l e  c a s  des a u t r e s  g lyco-  

p r o t é i n e s  pa r  hydro lyse  a c i d e  ménagée p a r  H2S04 0,Ol N,100 O C d u r a n t  30 min. 

Dans c e s  c o n d i t i o n s  l a  d é s i a l y l a t i o n  complète e s t  v é r i f i é e  a p r è s  méthano- 

l y s e  p a r  chromatographie e n  phase gazeuse.  



D ' a p r è s  WINZLER :D' a p r è s  FLlKUDA e t  :E' a p r è s  PURTHMYR; 
( 4 2 3 )  : OSAWA ( 4 2 4 )  : :Notre  p r é p a r a t i o n :  e t  al. 

( 425  j 

Composi t ion en g luc ides  expriinée en g pour  1 0 0  
:pour 3 Man: 

------ ---------_ -------------_---__----------------------------------------*- 

: Fuc : 2 : 0 , 9 6 :  1,2 1 3 3  1 



C - PREPARATION DES GLYCOPEPTIDES 
La glycophorine désialylée est soumise à une hydrolyse pronasique 

dans une solution d'acétate de calcium 0,01 ?1 selon le procédé de YA?.Z\SHINA 

et > M I N 0  (426). Pour 100 mg de glycophorine désialylée, on ajoute 2 zg 

de pronase dans 10 ml de la solution d'acétate de calcium. L'hydrolyse 

s'effectue durant 48 heures et le pH est maintenu à 8 par addition de XaOH 

0,l N. La figure 22 montre une chromatographie sur Biogel P de l'hydroiysat 
6 

FRACTIONS 

Figure 22 : 

Chromatographie sur Biogel E' de l'hydroiysat pronasique de la glyco- 
phorine désialylée (colonne $e 2 x 50 cni, débit de 10 ml/h,fractions 
de 1,5 ml). La présence de glucides dans chaque fraction est repfrée 
par la méthode au phénol sulfurique. 

pronasique. Après repérage des fractions par la mèthode au phénol sulfurique 

de DUBOIS et a l . :  427) 7 pics sont visibles. Le pic no 7 contient un glycopcptide dont la 

masse moléculaire est d'environ 1000 daltons et contient un résidu d c  ga lac -  

tose pour un résidu de N-acétylgalact~samine. La présence Je sérine p à i ~ i i  

les minoacides suggère qu'il peut s'agir du glycopeptlde dont la sti-ucti:re 

a été déaontrée par A ? l L l ~ l ! ~ X  et- KATHAX ( 428 ) :  

Ga1 Cal?YIAc--+Ser 



C e  g l y c o p e p t i d e  e s t  u t i l i s é  comme a c c e p t e u r  de  f a i b l e  masse 

m o l é c u l a i r e  de  l ' a c i d e  N-acétylneuraminique.  

III - DETEWIINATION DE LA RAnIOACTIVITE LIEE AUX ACCEPTEURS EXOGENES 

INSOLUBILISES 

Quand d e s  a c c e p t e u r s  exogènes i n s o l u b i l i s é s  s o n t  u t i l i s é s ,  l a  

s é p a r a t i o n  e n t r e  c e l l u l e s  e t  a c c e p t e u r s  es t  r é a l i s é e  e n  m i l i e u  métr izamide 

(Nyegaard and Co) ( F i g .  2 3 ) .  

Addition d e  4 

volumes de 

Métrizonri~ea 4OC 

Bille d e  
C / 
sepharose 46 

Gentrifugat ion 

50009 5rnin. 

Lymphocytes 

Accepteur 
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F i g u r e  2 3  : 

P r i n c i p e  d e  l a  s é p a r a t i - o n  des  c e l l u l e s  e t  des  a c c e p t e u r s  exogènes  
. i n s o l u b i l i s é s  e n  u t i l i s a n t  l a  c e n t r i f u g a t i o n  en  m i l i e u  Métr izamide.  

L ' a r r ê t  d e  l a  r é a c t i o n  e s t  r é a l i s é  en  a j o u t a n t  4 volumes de métr izamide 

à 40 %. Le m i l i e u  possède  a l o r s  une c o n c e n t r a t i o n  f i n a l e  de  32 % en  m é t r i -  

zamide. C e t t e  s o l u t i o n  i s o t o n i q u e  a  une d e n s i t é  de  1 ,17  q u i  e s t  s u p é r i e u r e  

à c e l l e  d e s  c e l l u l e s .  Apr& c e n t r i f u g a t i o n  à 5000 g pendan t  5 min., l e s  

c e l l u l e s  dont  l a  v i a b i l i t é  e s t  v 6 r i f i C e  p a r  l ' e x c l u s i o n  du Bleu  Trypan s o n t  

rassemblGes en s u r f a c e  e t  l e s  b i l l e s  de  Sépharose fo rment  un c a l o t .  L'cs 



c e l l u l e s  s o n t  récupérées g râce  à une p i p e t t e  Pas t eu r , l avées  par  c e n t r i f u -  

g a t i o n  avec du Nacl 0,154 M puis  p r é c i p i t é e s  e t  c o l l e c t é e s  s u r  f i l t r e  e n  f i -  

Sr- de v e r r e  @hatman 83).Les b i l l e s  de Sépharose son t  lavées  avec du 

Nacl 1,54 M pour é v i t e r  l ' a d s o r p t i o n  du p récu r seu r ,  t r a n s f é r é e s  s u r  des  

f i l t r e s  en f i b r e  de v e r r e  (Whatman GF 83) ,  l avées  abondamment avec du Nacl 

1 , 5 4  M puis  avec de l ' é t h a n o l  absolu.  Le comptage s ' e f f e c t u e  par  s c i n t i l l a -  

t i o n  l i q u i d e .  



A - ARTICLE VI1 : Marquage de l ' a g g l u t i n i n e  du S o j a  p a r  o x y d a t i o n  

a u  ~ e r i o d a t e  d e  s o d i u x  s u i v i e  Dar une r é d u c t i o n  

g r â c e  au r3H] borohydrure  de sodium 

La d é m o n s t r a t i o n  de l a  p o s i t i o n  e x t e r n e  des  r é s i d u s  g a l a c t o s y l  

i n c o r p o r é s  p a r  l ' ec toga lac tosy l t rans fé rase  n é c e s s i t e  l ' e m p l o i  d ' u n e  sonde 

q u i  d o i t  a v o i r  les p r o p r i é t é s  s u i v a n t e s  : 

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

p o s i t i o n  t e r m i n a l e  non r é d u c t r i c e  ; 

- n e  p a s  e n t r e r  dans  l a  c e l l u l e ,  c ' e s t - à - d i r e  n e  s e  f i x e r  qu 'aux 

r é s i d u s  g a l a c t o s y l  de l a  membrane plasmique ; 

- p o u v o i r  d é c e l e r  une d i f f é r e n c e  t r è s  f a i b l e  du t a u x  de  r é s i d u s  

g a l a c t o s y l  membranaires ( a u  moins 30 000) (Nathan SHARON : communication 

p e r s o n n e l l e  ) .  

La l e c t i n e  du S o j a  (SBA) répond à c e s  t r o i s  c o n d i t i o n s  ( v o i r  L I S  

e t  SHARON : 429 ) .  Le r e p é r a g e  de  l a  l e c t i n e  p e u t  a l o r s  se f a i r e  d e  deux 

maniè res  : s o i t  p a r  d i f f é r e n c e  e n t r e  I ' a g g l u t i n a b i l i t é  d e s  c e l l u l e s  témoins 

e t  des  c e l l u l e s  incubées  avec  de 1'UDP-Ga1 s o i t  p a r  mesure de  l a  d i f f é r e n c e  

dans  l a  f i x a t i o n  d 'une  SBA f o r t e m e n t  r a d i o a c t i v e  s u r  des  lymphocytes témoins 

e t  d e s  lymphocytes i n c u b é s  avec  de 1'UDP-GaL. L ' a r t i c l e  V1I d é c r i t  l a  mé- 

thode de marquage u t i l i s é e  pour o b t e n i r  une t e l l e  l e c t i n e .  

La SBA e s t  une glycopro t é i n e  d e  masse molGculai re  de 120 000 da1 - 

t o n s  (LOTm e t  al. : 430) e l l e  e s t  Iormée dc 4 sous -un i tés  possédant- chacurc 

un glycanne c o n t e n a n t  9 r é s i d u s  de  mannose e t  2 r é s i d u s  d e  N-acétylglucosa-  

mide (SHARûN e t  a l .  : 4 3 1 ) .  Comme c e t t e  molEcule e s t  t o t a l e m e n t  dépoi;rvue 

de  pon ts  d i s u l f u r e s  e t  de  groupements SH pouvant ê t r e  a f f e c t é s  p a r  l ' o m i a - .  

t i o n  e t  l a  r é d u c t i o n ,  l a  méthode l a  p l u s  s imple  de marquage c o n s i s t e  en une 

oxyda t ion  p e r i o d i q u e  s u i v i e  p a r  une r é d u c t i o n  des  f o n c t i o n s  a l d é h y d i q u e s  

formées p a r  l e  borohydrure  de sodium t r i t i é  3 Pt$+ Na. 

* 
C e t t e  p a r t i e  d c  t r a v a i l  a  é t é  r é a l i s é e  au Département de Biophysique du  
WeizmannIns t i t u t e  o f  S c i e n c e  (Rehovo t) I s r a ë l ,  sous  l a  d i r e c t i o n  du 
P r o f e s s e u r  N a t h m  SHARON e n  c o l l a b o r a t i o n  avec  Reuben LOTAN e t  H e n r i  9E3RrTY. 
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SUMMARY 
Periodate  oxidatioxi of soybean agglutinin, a glycoprotein 

lectin, resulted in destruction of up to 5 out of t h e  9 mannose 
residues present  in each of i ts  subunits (MW 30,003) without 
any loss of hemagglutiriating activity. T h e  oxidation did, 
however, abolish the  interactiori of soybean agglutinin with 
concanavalin A, a s  measured by quantitative precipitation. 
Reduction with sodium [311jborohydride of soybean agglu- 
tinin i n  which 4 out of 9 marinose residues per  subunit  were 
oxidized, afforded a radioactive product which retained full 
hemagglintinating activity and was îndistinguishable from 
t'he native lectin by gel filtration, gel electrophoresis, and  
affinity chromatography. These results establish that  t h e  
integrity of t h e  carbohydrate side chain of soybean agglutinin 
is  not essential for the  biologicai activity of t'ne lectin, and  
suggest a general rnethod for the preparsition of radioactive 
glycoprotein lectins. 

Radioactively labelet1 lectiris are bcing used t o  ari iiicreasing 
extent for the stucly of tlie n~olecular arciiitcctiirc of surfaces of 
both normal aiid riialigiiaiit cells (1, 2). Tlic labeliiig procedures 
used tlius far have iisually bccii bascd ori cheniical inodificatioii 
of arnirio acitl side chaiiis, e.8. by iocliiiation IT-itli '2" or acetyla- 
t,ion n-ith [ 'T l -  or i3JI]acctic aiihylriclc. 

Soybcaii agglutiiiiii is a glycoprotciii lectiii, compriscd of 4 
apparciiitly iùciitical subuiiits of nloicciilar neiglit, 30,000 (3), 
eacfi of ~rliicli carrie.? a carboliytlratc .side chaiii coiisistiiiq of 9 
marinose aiid Y ,Y-acetyl-D-glucosariiiiie residues (4). Studies on 
a glycopeptitle i>olatetl froni a proriase digest of soybeaii :igglu- 
tiriiii have slio\vri tliat about lialf of tlie mariilose and of the 
N-aectyl-D-gliico~aii-iiiie rchiclues are susceptible t o  lieriodate 
ositlatioii ( 5 ) .  '\Ioreorer, soybcaii asglutiiiiri is dc:void of S-S 
and -SI-{ groups iviiich rriiglit be afi'ectecl I)y o~iclizirig and re- 
tluciiig reageiits. Po>-benri aggliltiiii!i seernetl eiiiirieritly suitnble, 
therefore, for labclitig by periotlatc osidatiori follon-cd by retliic- 
tioii n i t h  sodium [~i!]borohydridc, pro\-ided that the  iiitcgrity 
of the carbohy~iratc side cliaiii is iiot csscritial for the biological 
activity of tlie Icctiri. As s1ion.n iii the present coinmuiiicatioii, 

* This  stucly ~x-:is supported by Grant 379 fron; the United States-Israe! 
Binntional àcjeiice Fuurid::iion, :lie Ce1iri.e S:itjoii:il de 1:i Ilecl~erclie Sc;- 
e~itifi(iue aii(i the 1'ond::tiori uolii. i:i I(cc1ierche S!ïtfic:i!h l's:in~:!isc. 
: I'e:.rii:iiieri~  dili lies;. L:\t~ur:rcoiïe tie Ci2irl;ie li:u!o.;iqüe. Cni~ers i t6  

des Scierices e t  Sech~iiques ùe IJil!e 1, E.P. 36, 5'3 Yi:lerieuve d'dscq, 
France. 

$ Est3blislietl Investig3tor of the Cliief Scieiitist's Bureau,  lliiiistry 
of I-Ien!ch. ïsrnel. 
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soybean agglutinin rnodified by the above sequence of reactions 
affords a radioactive derivative that  retaim its full biological 
activity. 

Altliough periodate osidation follomed by sodium [3H]horo- 
hydride rediiction has been used iii tlie past for the labelin«: of 
glycoprotcins coritaiiiiiig sialic acid (6), t o  our knon-ledge this is 
the first dcmoristratiori of the use of the same teclinique foi. the 
labeling of glycoproteins, such as  plant lectiiis, \vliicli are devoid 
of sialic acid (7, 8). 

For pcriodate osidaiiori stuclies, soybeari agglutirlin purificd by 
affinity c1ironiatogral)hy (9) (26 nlg) mas dissolvcd iri O 2 l r  
sodiiim acctate buffer, pH 4.5 (1.3 ml). Sodium metaperiodate 
(0.01 nr, 1.3 1111) n a s  tlicn added arid the solutiori lvas htirrcd iri 
the dark a t  0". At  various tiiiie iiiterl-als, 50-1.11 aliqucrts ~ r e r e  

212 riiii was nieasurcd to determiiic pcriodate coi:euni~,tioii (10). 
Ili parallel, 250-pl aliqiiots of the osidatioii mistiire I\-cre ntliir,cl 
to 100 1.11 of ethyleiie glycol to tlestroy escess pcriodatc, anci ti:i.n 
clialyzed agairist 0.9:; SaC'1. Tlic latter samy~les ce rc  uced for 
the detcrriiiiiatioii of uiiosidizrtl, residual iiianiioze Ly tiie 
plieiiol-~ulfuric acid procedure (11) and for tlie photoiiietrie 
deterriiiiiatioii of heinagglutinatirig activity n i th  trypsiii-tre~ted 
rnhhrt erytlirocytes (12). Fig. 1.4 shows that the r ü t ~  of oxitln- 
ticri of soybcaii aggliitiriiri by periodatc is fairly cori>;taiit up to 1 
liour, a t  rvliich tinic 4 marinose rcsitliies arc osidized per cabciiit 
('\Ill' 30,000) ~vifli c011con1itaiit C O I I Y I I I I I ~ ~ ~ ~ I ~  of 9 ni01 of !,cric- 
date. The rate tlicn drcrca,scs so tliat after 4 hours only 1 rddi- 
tiorial nianriose resitlue is osidized. The rernaiiiirig -1 niaiinoie 
residiies s e e x  t o  be resistant to  pcriodate osidatioii, >ince cven 
after 24 bours rio further change in thcir iiurnbcr occurrecl This 
has also been previously observed iri perio<late osidation stiidies 
of the isolated soybeari agglutiiiiii glycopeptide (5). The  hcii;:iq- 
glutiiiatiiig activity is not iinpairetl ereri after 24 hours of asiila- 
tioii (Fig. IU). B q  cspected, holvever, the osidatiori of tlie n:aii- 
no:je rcsidueu decrrased the interaction of soybean as-liitiiiin 
witli coricariavaliii A, as  ineasiircd by the cjuaiititative !irecipita- 
tiori reactioii (13). Xficr destruction of 5 mol of niaiirio.sc. per 
stit)uriit, co~icz~ia ra l i~ i  no longer precipitated soyl~can a q l i i -  
tiniii (Fig. 2). This fiiitling siiggcsts that osidized soj-l~ean ti.nolu- 
tiriiii caii bc uced in studies of tlie compctitiori b e t ~ ~ r e i i  coi:- 
canavaliii A and ~oybeari  agglutinin for biiitling or1 ce11 zurfaces 
(2). S~lcli esperinicilts, ~vliicli provide iiiforinntiori on :lie rclative 
di,q:osition of lectiiis on celis, could ~ i o t  bc carrieti out prcviously 
becnuse of tlie interaction betrrecii coiicannvaliii X and cc,>-beau 
aggiutiiiin (13). 

For the preparatioii of tlie tritium-labeled lectin, soyt-ipai~ 
agglutiiiiii (20 irig in 2.6 ni1 of 0.1 sr sodium acetate, pIi 4.5, 
coiitaiiii~ig 0.003 11 sotliurn nietaperiodate) n-a? ositlizecl for 1 
liour uiitlcr tlic coiitlitioris describcd ahole. Tl12 reactio:i n-35 
stoppetl by the adtlitioii of 1 rnl of cthyleiie glycol, fol!oned b?- 
incubation for 30 ii î i i i  a t  O". After esterisive tlialysis agaiii-t 9.1 
~r .otiiurii ~ilioy)liatc buffcr, 1111 8.0, tlie soliitioii u n i  conccn- 
trzLted to 1 1ii1 by iiitrafiltratioii RIICI added t o  a11 ~. i i i l>~~i!e  ccin- 

taiiiiiig 2.6 iiig of sntiiuiii [3iX]boroliydricle (1ÏÏ.S niCi, n:ii~o!). 
Reduct i~i i  1!roceetled overnight al O" iii tlie tfark nrid esce-, 
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FIG. 1. Osidntion of soybenn agglutiniii by periodate. A ,  periodnte 
eonsumption and m:iririose destruction diiririg osidation: 0--0, 
moles of perioclate consiiriied per siibuiiit ; C3 - - - @ , resic1u:il niannose 
(moles per subunit). 11, eRect of. osidatiori on tlie herii:rgglutinating 
activity of soybenn agglutiiiiii; A--A, liemnggluti~iating uiiits per 
m g  (12). 

FIG. 2. Frecipitntion of oxidized soyl>enii aggliitinin (SRA)  by con- 
canavalin A (Con -4) (13). Soj-küii  ;;gg!utir,iii (330 pg) , iintive or oxidized 
for vnrious periods of tiriie, wns ~ii iscd witli coric:~i~:ivnliri A (90 pg) i ~ i  n 
final voluirie of 360 pl of 0.23 J I  X:iCl-0.05 11 sodium phosplinte bulTer. 
p I I  7.2, in I<p~eridorf niicrotubes. After 24 fiours a t  roorii terriperature 
t h e  tubes weie centrifuged n t  12,000 X Q for 10 iiiin. Sfie su1)ern:itniit 
wns used for sr~ectrophotoiiietric deterrni;i:ition of protein using A:; = 13 
for b0t.h soybe:iri agglutini~i (3) niid coiic:iiinv:iliri A (14) and tlie pre- 
eipitnte (after w:ishiiig with 0.25 11 'Z:ICI) n-:is used for tlic deterriiiri:t- 
tioii of Iiinnnose by the ])lieiiol-srilfuric acid 1,ïocedure (11). 0--0, 
protein precipitated es~>rei.scd a s  I>et.ceiit:ige of total 1)roteiri; @ -  - - @ ,  
inannose iii precipitate espressed as perceiitage of total u~iosidized 
maiinose. Insct ,  re1:itioii bet~\-eeii the iiiiiiiter of ni:iniiose residues in 
soybe:in aggluti~iiii :~rid its preci;>it:itioii hy coiienn:ivnliii A:  A--A, 
soq-beaii ngglutiiiiri ~>recipit:ited by coiirniiovaiin A espresaed as per- 
centnge of total soj-benii agglutiiii~i in re:iction niisture. 

acetic acid. The  soliition \vas fractioiiâtecl 011 a coliinin (1.9 x 45 
cm) of Sepliades G-150 superfiric (Fig. 3:l). 

Ttvo radioactive protein peaks, botli labeled to  tlie saline es- 
tent,  eniergccl (countiiig \vas iii 15ra'-'s sciiitillatioii liquid iisiiig 
a I'nckartl 'I'ri-C'arl) sciiitillatioii sprc2troiiietcr n-itli an ctficicricy 
of 535;). Tlic first pcak, a i:iiilor ont, !vas cliitcc! at a ~oliiii ie 
corres~)oiicliiig to rlint of liigli !iiolec:ilnr xeiglrt agqregntcs of 
scbybean aggliitiiiiii (15). Ii;ctr~rcl, tiir licniaggliitiiintiilg aetivity 
of tlic inaterial iii tlict first 1)eiik was liiglicr iliaii tlint of iiative 
soybraii agglritiiiiii (Fin. SB),  as hatl beeii earlicr obcc~veci t)y 11s 
witli the sogbeaii agglutiiriii 11o!griier.s obtaii;etl by crocs-liiikirig 

Elution i4lume (ml) 

FTG. 3. Gel filtration of tritinted soybenn ngglutinin. Soyheaii ngglu- 
tinin, siihseclue!it to  periodate osidntiori :irid sodium [311jtborùtiydride 
reduction (20 mg), was applied to  n coluinii (1.9 X 45 erri) of 9ephzdes 
G-150 superfiiie, kept nt 4'. 3i;liitioii was mith 0.957; NnCI. F;:ictions of 
1.3 in1 were ccllected nt a flow rate of 5 ml per hour. 8, O- -9, nb- 
sorb:ince nt 280 nni; 63- - - C i ,  radioactivity. B, A- - - A ,  hernngglü- 
t i~n t i r ig  activity; O--0, specific radioactivity (cpni per nig). HU,  
hemagglutinnting units. 

of the iiative lectin with glutaraldeliyde (15). I n  tlie presriit 
stucly, ho~vcver, the apgregntioii is probably the rcsult of tlie 
formatioii of iiitcrnic~lecu1:ir Iic!iiff bases bet~vreii tlie :ilJcliyde 
groupi on oxidized hoyl~caii agglutiiiiii ailcl free a i i i i ~ ~ o  griiups 011 

the proteiii inolecules. The second peak, whicli coiilaiiied tlie 
bulk of tlie protein, emerged from tlie columri nit11 exactly tlie 
same clutioii volume as riative soyheân xggliitiiiiii 1:- qxcific 
radioactivity (5 x 10%pin/rng) and 1ieinagglutiiia:iiig ::cti:.ity 
were constant througliout the pcak (Fig. 3B), the ia t t r r  hein- 
close t o  that  fouiid for iiative soybeari nggli~tiriiii (7000 io S000 
heiiiaggliltiiiatir~g uriits/nlg). Tlie total ariiouiit of tlie tritiatcti 
proteiii I)reseiit in  tlie secoiitl peak was 16 111:: (80% of t!;e ~ t a r t -  
ing iilaterial). 

0ii polyacrylan-iitle gel clectro~>lioresiç a t  p H  4.3 (16) i i i  'Y.5cC 
gcls, [311]~Oib~ai i  aggliitiiiiri (20 pg, IO5 cpiii) iiiigrntcc! esactly 
like iiative soybraii aggliitiiiiii, al1 of tlie radioacti\-ity beiiig 
prcseiit in tlic protci~i barid. 011 afiiiity clirornatograp!iy of ['Hl 
soybeari agglutiiiiii (5 x IO6 cpni) on a coluinii of Se;~linro.c- 
1~~-~-aiiiirio:~aproyl-~-1~-~a1acto~~yrniios~-laiiiiiic (9) al1 of tlie ra- 
dioactivity \vas adsorl,cd on tlie coliiiiin aiicl could oiily b~ eliited 
witli 0.05 11 11-galactose, a t  the sarnc volurne a t  ~vliich uiiiilocli- 
fiecl soybrii:i agglritiirin is clittetl. 

Aiialysis of ail acitl hytiroiysate (5 x IO6 cpin, G s 1-ICI, 22 
hours a t  110" iii sealcd ci-acuated tiil~es) oii ail aniitio ~ c i t l  
analyzer to  wliich a rndiozctive fion- aaii:tlyzcr (I'ackarJ rnoc!cl 
3022) \$-as attaclied, diil iiot rcveal any radiûactivc an~iiio ncid 
~>eal:s. dl1 of the ractioactivity was elutcd froni botii tlie long 
ariti sliort nrniiio acitl aiialyzer rolriinris witli the 1-oid vo1rin:e. 

Tlie evidonce l~reseiited abovc iiidicates that  t l i ~  oxicI~Zi~it :iil(i 

rcc!uctioii <{id iiot aflect the size or clinrgc: of so)-bcaii ag~!iiiii!iii, 
rior iis lieiiiwggliitiiiating zictivity, siipgeitiiig t1i:it tlic e ~ r i ~ o l i y -  
dratc sidr cliaiii is iiot essciitial for tiiii activity. Iii th+ rc-+cet 
soybcaii :tgglritiiiiii tiificr:: frorii {lie receritly ciescribec1 iii:?~iiiii~lis~l 
licpatic 1ccti:i ( I ï ) ,  n-herc aggliitiiiaticji: of rctl ccllù rcquir:?~ the 
preceiice of intact sialic acicl residiles oii the lectiri. 

S.iice mariy lectiiis reseiiible soybeori agglutiiiiri i r r  tlint tlit>- 



arc glycoprotciiis tlevoid of S-S arid --SI? groups (ï), tlie pro- 
cedure described riiay alho be ubed for tlieir labeling. 
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B - ARTICLE V I 1 1  : Présence de deux types de sous-unités dans - 
l ' a g g l u t i n i n e  du Soja  

Pour v é r i f i e r  l a  p u r e t é  de l a  SBA u t i l i s é e  d'une p a r t  e t  pour 

é t u d i e r  s i  l e s  t r a i t emen t s  chimiques e n  vue du marquage n ' a l t é r a i e n t  pas  

l a  s t r u c t u r e  de l a  l e c t i n e  d ' a u t r e  p a r t ,  une ana lyse  de l a  SBA a  é t é  f a i t e  

p a r  d i sc-é lec t rophorèse  en m i l i e u  dénaturant .  C e t t e  é tude  r é a l i s é e  à pH 

a l c a l i n  e t  e n  présence de SDS a  r é v é l é  que l ' a g g l u t i n i n e  du So ja  e s t  formee 

de  deux types d i f f é r e n t s  de sous-uni tés ,  e t  que c e t t e  l e c t i n e  té tramérique 

e s t  formée p a r  l ' a s s o c i a t i o n  de  d-eux d imèps  de type 1 II2. Quand l a  

SBA marquée e s t  é tud iée  de l a  même façon ,  90 % de l a  r a d i o a c t i v i t é  v.igre 

dans ces  deux p i c s  1 e t  II ce q u i  montre que l e s  sous-uni tés  I c t  II sont  

des  g lycopro té ines .  La v é r i f i c a t i o n  que l a  SBA u t i l i s é e  c o n t i e n t  une f a i b l e  

p ropor t ion  de l e c t i n e  d imér isée  e t  de fragments (voi-r l a  f i g u r e  2 de l ' a r -  

t i c l e  VI I I )  e s t  néces sa i r e  avant  t o u t e  u t i l i s a t i o n .  En p a r t i c u l i e r ,  l e  

c a l c u l  du nombre de s i t e s  membranaires capables  de f i x e r  l a  l e c t i n e ,  néces- 

s i t e  l a  conn.aissance de s a  va lence .  Dans n o t r e  cas  l a  SRA u t i l i s é e  pour c e  

genre  de mesure e s t  marquée 2e manière ident ique  s u r  ce s  deux sous-uni tés  

t o u t  e n  conservant  s a  b iva lence .  
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1. Introduction 

Soybean Agglutinin (SBA), a giycoprotein lectiri 
(inol. wt. 170 000) is coiiiprised of four subiinits of 
3 0  0 0 0  daltons each [ l  j . Tiie lectin interacts specifi- 
cally with 11'-acetyl-D~g:ilactosa~iiir~e and D-galactose 
[ 2 ]  aiid possesses two saccharide bindii~g sites per 
120 0 0 0  daltoiis [ I l .  Althoiigli the nuniber of binding 
sites is Iialf tlie nuriiber of  subuiiits, rio differences 
could be previously detected betwecn the subunits [ I l .  

Kecently it lias beeri dernonstrated thrit discontiri- 
uous polyacrylaiiiide gel electrophoresis at alkaline pH, 
in the presence of urea or  sodiuni ciodecyl siilfate 
(SDS), lias a tiigh resolving power in separating sinii- 
jar polypeptide chains. ?Vit11 tliis tecliriique, differences 
have becn found betweeri the subunits of  tubülin 
[3.4] and of tlie lectin frorn Dolicllos biflunrs 15.61, 
pi-oteiiis tliat were believed to be coiiiprised of identi- 
cal subunits. 

We have now reiiivestigated the siibciriit structure 
of SBA using tlie above technique and found tliat the 
lecti!i is co!nposed of t w o  !ypes of suhu~ii t .  These were 
separated by ion exchange clirornalograpl~y in tlie 
presence of urea and were found t o  differ in their charge. 

2. Materials arid rnethods 

Soybean aggliitinin \vas purified by affinity clirnma- 
togr:iphy ori S e p ~ i a r o s e - . ~ - € - a ~ i i i ~ i o c a ~ ~ r o y ~ ~ $ ~ - g d ~ a c t o -  
pyranosylamine [ 7 ] .  The  Iectiii n'as radic\actively 

* Periiiiinent addrccs: Lirboraroi~e de Cliirnii: Bioloi.iqiie. 
I.inivt.r\ite dcs Scicnces er ?'ecl;rii<~iie~ dc Lille 1, 11.1'. 36, 59 
Villeneci\.e d'Accq. I'raiice. 

labeled by oxidation of its carbohydrate side chain 
with sodiurn periodate? fol'lowed by reduction with 
sodium [ 3 ~ ]  boroliydride [ 8 ] .  

Polyzcrylamide gel eiectroplioresis was performed 
in the following systems: (a) In sodium phospliate 
buffer, pH 7.0. containing 0.1i'c SDS (BDH, special!y 
piire) (91 .  (b) In a discontinuous anioriic, pH 9.7 gly- 
cine system in the presence of 8 M cyanate free urea 
(SchwdrrzlMann, Ii1trapur.e) and 0.1 Y. SDS [5,10] . 
(c) i n  an alkaline discoritinuous boratesulfate system 
in the presence of O. 1% SDS [ l  I l .  The gels were 
stained for protein witli Coomassie brilliant blue 
R-250 [Ci] and for glycoprotein witli fuclisin-sulfite 
[12]. Fcr  tlie determiiiation of radioactivity in gels. 
they were frozen on dry ice, immediately after electro- 
phoresis, and sliced irito sections 'linin thick. Each 
slice was inciibaied in 1 in1 of 70% (v/v) H 2 0 2  at 90°C 
for 1 hr prior to  addition of  1 0  ni1 of Bray's liquid 
and coiinting in a 't'ackard Tri-Carb sciritillation s p e c t r e  
inetei. 

Ion exchange cliromatographÿ was performed at 
rooni teniperature on a coliinin (1 X 4 0  cm) of DEAE- 
cellulose (Wliatmari DE-57. niicrograriular, preswolleri)' 
in the presence of 8 M cyanate-free iirea buffered v;iti? 
0.04 hl Tris-HC1 pl-1 7.3 [61. Proteiii in the eluted 
fractioiis was estiniated spectrophotometricaily at 
280 nm. 

Arnino acid analysis was perforined 3s previously 
described [ l ] .  K H z  -Terrilinal amino acid dezernination 
was according to tlie darisyl chloride metiiod of-Gray 
[13] il: 0.1 M sodium bicar-bonate -8 hl  iirea, pH 8.5 

[ i l .  
For sequcnce analysis, SBA (6 mg, 5 0  nnioles) was 

dissolved in 1V,N-din7tthylbenzylamiiie and the 
seyuencer (Beckman rnodel89OC) was operated accor- 



ding t o  programnie Dh1UA. The pheiiylthiolrydantoin I i -T--~-- --- 
derivatives were identified by gas-liqiiid cliroiriatograpliy D I M E R  SIIBUNITS i 

l I 
after silylatioii as well as on the arnino :icid analyzer ! 

after Iiydi-olysis with hydroiodic acitl (48'; v/v iri 
i 

wüter) for  ?O Iir at 1 3 0 ' ~ .  oi 10001  
I ..i 

- 1 ! 
l 

3. Kesults aiid disciissiori 

Iilectrophoresis of soybeân agglutiniii :tt p H  7 O in the FRAGMENT: E P ~  , I 
presence of  0. 1% SDS [O]  afforcis. as previously fouiid 
[ I l ,  a sirigle protein barlcl (fig 1 .  gel 1) \ ~ i t l i  a migra- 
tion corresponding tu a iiio! wt of 3 0  0 0 0  Howevei. 
discont~niious gel electrolihoresis at .ilhaline pH SLICE NUMBER 

1:ig.l. Polpacrplamiàe gel elrctrophorcsis of soyhcnri aegluti- 
iiin on: 1, continiious pl1 7.(J gel containing 0.1"; SDS [ 9 ]  ; 2, 
discontinucxi~, al kali:^^, h o r ; ~ t ~ - ~ u l 1 3 t c  -cl c<~ntaiiiin;i 0.1 '; 
SDS [ 1 1 1 ; 3. s:iii~c as 2 but \tdiried fur gIyc»protciii [ 1 21 : 4. 
discontiniious ptI 9.7 slycine - i l  containiris X \1 iirc3 and 
0.1'; S I X  [ 5 . 1 0 ] ;  5. wrnr coridrtioiic a\ 4 orily tlic' lectin l'rom 
Boliclros hillorits (51 \va; applicd 0 i i  tlic ?cl. I'ruieirr \iinil~lcs 
in the rJngc 20-40 pe \\cre us-d. a: Iiiphcr I«;iiis the .;cpciratiori 
iiito distinct baiitls ( y l s  2--4) \ \ as  not efficient. \li>:ration 
direction ~ 3 s  froin the top. 

I'ig.2. 1)iscontitiilous polyacryl;iinidc :.cl electrt)~ilioresis of' 

[ ' f I I  soybcan a~:rlutiriiri (15 pk!, 15 000  cpin) on aikaline 
borate s u i f ~ t e  gcl in thc prcïericc of 0.1:; SL)<;. I3I'l~-Hroinc~ 
pheiiol blue. The riiigration \vas froni lcft (ciithodc) to riylit 
(anode). 

(> 9.0) in the prcsence of 0. 1 '/: SIX [ I 1 ] or in tlie 
presence o f  8 M urea and 0.1% SDS [ a ] .  separates 
two protein haiids (fig. 1, gels 2 and 4. respectivelj.). 
iri the latter gels tlie upper band was desigiiated sub- 
unit 1 and the lo\verçiiburiit II. For coiilplirison tlir: 
electrophoretic pattern ol' the lectiii froni L)olic.l~os 
biflonrs, where a siniilar phenorrieriun was obsenled 
[5,6] is also given (fig. 1 .  gel 5). 

Tlie two types of SBA siibunit stained for giyco- 
protein (fig. 1, gel 3 )  whicli iridicates that both con- 
tain carboliydi-atc. This was f'ur-tlier deriionslrated by 
electrophoresis of radioactivcly labelcd SJ3A on tiie 
disconiiniious alkaline borate-siilfate gcls. As can be 
seen in fig.2, the dissuciated lectin giïes two nicijüi . 
radioactive baiids wliicli seem t o  be labeled tu the 
sanie exterit. siiggestiiig tliat tlie ratio between the 
suburiits is 1 : 1 .  

The location of  tlie slow i~ioving band (slices 24 
7 8 )  alid of tlie fast riioviiig bands (slices 59--62 anci 
6 3 - - 6 6 j .  correspond t o  those of tlic subtinit dinie: 
(mol. wt. 6 0  000) and of  t!ie subunit fragiiients. pre- 
viously described by us [14] .  Tlie presenLe of ori!y 
one band of subunit diiller suggests tliat tlie tetra!iii~ic 
Icctir! is cornpriscd of t\vo types of siibilriit tiist assi)- 
ciate i i i  the forrn, I 2  I I ,  ratlier tlian bcirig li iiiist~ii-e 
of two types of tztiariier I, arid I I ,  wliicli wuulti yield 
two typcs of sub~iiiit cliiner upori par-tiai dissocilition. 
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Eiui ion volume (ml) 

l'ig.3. (A)  Ion excliange cliromatography of  soybcan agglutinin on DEAI'-cellulose in 8 hl iire;: pH 7.3. Soybean agglutinin (20 mg) 
was dissolvcd iri 1 ml of 8 54 urea in 0.04 hl Tris-llCI pf1 7.3 and applied on a caliimn ( 1  X 40  cni) of DEAE-cellulose equilibrated 
in the saint urca solution \vliicIi \va< 31so U S C ~  for eluticri of 2 iii1 frcictions at a rate of 5 rii l  per hi. Ail operatiori< wcre at 23'C. 
(13) l)iscoritiiiiroiis poly;icryl;iiiiidc gel electroplioresis on alkaline borate-siilfntc sels in iIic prcscnce of 0.1'; SDS [ 11 ] o f  soybean 
;igglutinin fractiori.; scparati:d on D1:AI-st~liulose (fig.3.A). Saiiiples ai' 30 pg protein were applied oii encli gel. In orcier to furtiier 
deiiionstr:itç tlic scparatiori ot' subunits by 1)lii'iE-cellulose, the recombined fractions b and d as fvell as c and d were also anîlyxed 
by electroliliorcsis. Iicre slirriplcs of 2 0  pg of clic13 fraction wcrc applied on i!ie gels. 

The two siibiinits stain witli tlie sanie intensity for ' 

protein and for glycoproteiri whicli also indicates that 
they are prescrit in a 1 :  1 stoichionietry in the undis- 
sociated SBA. 

Tl-iree protein peaks were eluted upoii chromato- 
graphy of SBi\ on DEAE-cellulose in  the presei-ice of 
8 M urea (fig.3,A). Tlie recovery o f  protein was 80- 
90% of that applied a n  the colur-nn and n o  additional 
proteiri could be cluted frorn the coliiiiin by washing 
it witli 1 hi NaC1 iri 8 hl iirca. 

Analysis of the pi-oteiri fractions by  discontiiiuous 
alkaline boratesiilfate gel electrophoresis in the pre- 
sence of  O. 1?h SDS ( 1  11 revealed that tlie first peak 
(fig.3,A peak a )  containcd the two subunits, the 
secorid peak (fig.3.A peak c) contairied protein that 
CO-electropliorcsed ui t l i  subiinits I I  (coiripare with fig. 
1, gels 2-aiid 4) and the third peak (fig.3.A pcak d)  
contairied profciri wliicli co-electroplioresed witli sub- 
unit 1. L'poli rcc1ironi;itographyy of  peaks c or d under 
the saine conditions 3s above. they errierged at the 
same positiori as before. 

Atteiiipts t o  renaiure tlie soybean aggliitiiiiii froni 
the peaks separated by ioti excliange ciiroriiatograpliy 
were not siiccessful, sincc upon di:iIysis of either pcak 
or conibii-ilitions of differerit pcaks. tlie protcin pre- 

cipitated aiid could not be redissolved in buffers that  
did not  contain either SDS or urea. 

Atteinpts t a  fractionate SBA by ion exchange 
cliroinûtograpliy on DEAE-cellulose in the presence of 
8 M urea at  pH 9.5 were unsuccessful, since al1 the  
proteiii was adsorbed t o  the coluirin and could be 
eluted, as a single peak, with a linear NaCl gradient 
( 0  t o  I O  niM) in 8 M urea. 

Amirio acid analysis of peak c (subunit II) (fig.3..4) 
and peak d (subunit 1) revealed a great siniilarity. 'The 
only significant differeiices were an excess of  one 
lysine resiiue in subunit 1 and an excess o f  two aspar- 
tic acid (or asparagine) and one glutarnic acid ( o r  
glutamine) in subunit II. 

NI-12-Terininal amino acid analysis of the isolated 
subuiiits revcalcd that alanirie was the NH2-terrniiiai 
a:iiino acid in botli suùunits. Ten cycles in the sequen- 
ces gave a si~igle alnino acid at each step and ttie 
sequence fouiid was: Ala-C;lii-.Plis-Val -Ser --Phe-- 
Asp--- T r p ~ -  Plie -Glii. 

Tlie differeiit migration of the subunits on  discori- 
tinuous alkaline pl4 gel electrophoresis in the prescnce 
of 0.1% SIX alone or witli 8 hl urea and tlie fdilure 
of contiiiuoris pH 7.0 gel electroplioresis in the pre- 
sence of O. 1% SDS  t o  separate tlie subiiiiits. suggests 
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tliat ttiev difl'er in tticir ratio o f c h a r c c  10 frictioiial 121 1.k. 11.. Scl;i. H. A., Siiclis. L. ;ind S11;~roii. N. (1970) - . . 

cuet'ficiciit 1 1  11. Tliis is il? accorcl witl i  :lie resiiits o f  1Iioc.liiiii. I3i01ihy~. Acta 2 1 1 ,  582 - 585. 

our  previoiis stiidics on SBA subiiiiits [ i  ] i:i wliicli 
[31 O!riistcd. J .  B.. \Vitiii;in. (;. K., ('orlsoii. K.  and 

Roscnbariiii. S. L... (197 1 )  l'roc. N;itl. Ac.;iti. Sei. U.S.A. 
nu differencc i n  tlieii- i!iolecul:ii weighi  c a ~ i l d  be  68, 2273--2277. 
observed. 
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