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Locat ion of lectin receptors  on rat hepatocytes  by  t r a n s m i s s i o n  and scannin~  e lectron m i c r o s c o p y  ~ 

M. Hor isberger ,  J .  Rosse t  a n d  M. V o n l a n t h e n  

Research Department, Nestld Products Technical Assistance Co. Ltd., Case postale 88, 
CH-18J,I La Tour-de-Peilz (Switzerland) 

Summary. R e x e p t o r s  for  va r ious  lec t ins  h a v e  been  loca ted  on  i so la ted  h e p a t o c y t e s  b y  t r a n s m i s s i o n  a n d  s c a n n i n g  
e lec t ron  microscopy,  us ing  gold m ar ke r s  of va r i ab l e  sizes. Q u a n t i t a t i v e  d a t a  i nd i ca t ed  t h a t  b i n d i n g  of some lec t in  
m a r k e r s  d e p e n d e d  u p o n  t h e i r  sizes. 

R e c e n t l y  we r epo r t ed  a new t e c h n i q u e  for  t he  loca t ion  
of cell surface  g lycopro te ins  b y  s cann ing  e lec t ron  mi-  
c roscopy  (SEM) using,  as markers ,  gold g ranu les  labe l led  
w i t h  lec t ins  2, a. Th i s  m e t h o d  ha s  now  been  appl ied  to  t he  
loca t ion  b y  SEM of lec t in  recep tors  on  i so la ted  r a t  
h e p a t o c y t e s .  C o n c a n a v a l i n  A (ConA) a n d  w h e a t  ge rm 
agg lu t in in  (WGA) recep to r s  were also s i m u l t a n e o u s l y  
loca ted  b y  t r a n s m i s s i o n  e lec t ron  mic roscopy  (TEM) us ing  
gold m a r k e r s  of d i f fe ren t  sizes. Q u a n t i t a t i v e  d a t a  on  
these  b i n d i n g  s tud ies  are also repor ted .  
A few r e p o r t  h a v e  a l r e a d y  a p p e a r e d  on  t h e  b i n d i n g  of 
lect ins,  such  as ConA, W G A ,  a n d  Ricinus communis 
lec t ins  c o n j u g a t e d  or n o t  to  f luorescein or  fe r r i t in  us ing  
i so la ted  hepa tocy tes4 ,  5 or i so la ted  r a t  l iver  cell m e m -  
b r a n e s  4,~-s. However ,  t h i s  is t he  f i rs t  r e p o r t  on  t he  
loca t ion  a n d  t he  s i m u l t a n e o u s  loca t ion  of lec t in  r ecep to r s  
on  h e p a t o c y t e s  b y  SE M a n d  TEM,  respect ive ly .  
Experimental. Preparation and labelling o/ gold granules. 
Gold granu les  of d i f fe ren t  sizes were o b t a i n e d  as descr ibed  
p rev ious ly  2,3, e i t he r  b y  r e d u c t i o n  of gold chlor ide  w i t h  
wh i t e  p h o s p h o r u s  (Aus) or b y  r educ t i on  of 0 .01% HAuC14 
(100 ml) w i t h  1% sod ium c i t r a t e  (4 ml,  Au17; 2 ml,  Au~6; 
1.5 ml,  Au32; 1 ml,  Au~0; 0.75 ml,  Aue4; 0.6 ml,  Au75 ). 
The  code fol lowing each  A u - m a r k e r  refers  to  t he  ave rage  
d i a m e t e r  of t he  g ranu les  in  nm.  T he  granu les  were label led  
as r epo r t ed  before  2 w i t h  ConA (Miles Labora to r ies ) ,  soya  
b e a n  a g g l u t i n i n  (SBA) a n d  W G A  ( P h a r m a c i a  F ine  
Chemicals) ,  p e a n u t  agg lu t in in  (PNA) and  Ulex europaeus 
lec t in  (Ant i -H)  (P. L. Biochemica ls ,  Milwaukee,  USA)  

Binding of lectin-labelled gold markers to rat hepatocytes 

Marker Competitive Granules Lectin 
lectin bound/cen specificity 

PNA-Aus0 

SBA-Au17 
SBA-Au28-75 
ConA-Aus0 
ConA-Au6i 

Anti-H-Auso* 
Anti.H.Aus0 ** 

WGA-Ausz 
WGA-A%~ ConA ** 

No binding D-galactose 14 

Low binding N-acetyl-D- 
No binding galactosamine 15 

16,300 ce-D-glucose, 
No binding ~-D-mannose and 

related saceharide 
groups TM 

7400 L-fucose 17 
9000 N-acetyl- 

ehitobiose 17 

290,000 N- acetyl-D- 
260,000 glueosamine con- 

taining oligo- 
saccharideslS, 19 

WGA-Au~0 44,000 
WGA-Aus0 SBA*** 32,000 

RCAx-Au32 49,500 
RCAt-Au32 ConA*** 121,000 
RCAx-Aus0 Low binding 

D-galactose 20 

* The cells were marked in the presence of N-acetyl-chitopentaose. 
** The cells were marked in the presence of L-fucose. *** The 
cells were incubated with ConA or SBA (1 mg/ml), washed and 
marked with the gold markers. 

a n d  Ricinus communis l ec t in  (RCAI) (Sigma,  t y p e  II). 
Pr ior  to  labe l l ing  of gold granules ,  W G A  and  RCAI were 
cross- l inked to B S A  z. The  label led  g ranu les  were col- 
lec ted  b y  cen t r i f uga t i on  2 a n d  suspended  to  an  a b s o r b a n c e  
of 10 a t  2max in 0.05 M Tris  0.15 M NaC1, p H  7.2 con-  
t a i n i n g  0.5 m g ] m l  sod ium azide a n d  Ca rbowax  20-M 
(Union  Carb ide  Chemicals ,  Co. New York,  USA)  (buffer  
A). ConA gold m a r k e r s  were suspended  in buf fe r  A 
m a d e  0.001 M in MnC12 a n d  CaC12. 
Marking o/ hepatocytes. R a t  h e p a t o c y t e s  were i so la ted  
b y  t he  p rocedure  of SeglenL The i r  v iab i l i ty ,  e s t i m a t e d  
b y  t he  T r y p a n  b lue  m e t h o d  s, was  92%.  The  cells were 
i m m e d i a t e l y  f ixed for 15 h a t  4~ in 0.05 M Tris  0.15 M 
NaC1 c o n t a i n i n g  2.5% g lu t a r a ldehyde .  T h e y  were ex- 
t en s ive ly  washed  a n d  suspended  in buf fe r  A. 
R a t  h e p a t o c y t e s  (0.1 ml,  2 •  cells) were i n c u b a t e d  
for 6 h a t  22~ w i t h  a n  excess of lec t in- labe l led  god 
m a r k e r s  (0.1-0.2 ml).  Buf fe r  A was added  (1.2 ml) a n d  
t h e  cells were s e d i m e n t e d  a t  700 g for 15 sec.  The  ab-  
so rbance  was m e a s u r e d  in t he  s u p e r n a t a n t  and  t h e  
n u m b e r  of b o u n d  Au32_50 granu les  was  ca lcu la ted  as 
r epo r t ed  p rev ious ly  2. Contro ls  were pe r fo rmed  in t he  
p resence  of:  N-ace ty l  c h i t o p e n t a o s e  x0 (1.5 mg/ml)  for 
W G A ,  m e t h l y - ~ - D - m a n n o p y r a n o s i d e  (40 mg/ml)  for 
ConA, N-ace ty l -D-ga l ac to samine  (5 mg/ml)  for  SBA,  
D-ga lac tose  (5 mg/ml)  for RCAI,  N-ace ty l - ch i t open t aose  
(1.5 mg/ml)  a n d / o r  L-fucose (10 mg/ml)  for a n t i - H  lectin.  
S p e c t r o p h o t o m e t r i c  m e a s u r e m e n t s  or T E M  a n d  SEM 
o b s e r v a t i o n s  i nd i ca t ed  t h a t  non-specif ic  a b s o r p t i o n  was 
p r ac t i c a l l y  nil. The  m a r k e d  cells were w a s h e d  w i t h  
buf fe r  A a n d  e x a m i n e d  b y  T E M  a n d  SEM. 
Results. I n  th i s  s tudy ,  g l u t a r a l d e h y d e  f ixa t ion  was used 
to p r e v e n t  lec t in  r ecep to r  m o v e m e n t  on  t he  surface  
of t h e  cell  m e m b r a n e .  Th i s  f ixa t ive  h a s  been  r epo r t ed  
to h a v e  l i t t le  or  no  effect  on  t he  b ind ing  of ConA 
a n d  W G A  to cell m e m b r a n e s  n ,  12. The  d a t a  of t he  
t a b l e  i nd i ca t ed  t h a t  t he  b ind ing  of some lec t in  m a r k e r s  
on ly  occur red  w h e n  t he  m a r k e r  size was below a ce r t a in  
l imit .  W h i l e  RCAI-AU32 was b o u n d  b y  the  h e p a t o c y t e  
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Fig. 2. Hepatocytes  marked  with WGA-Auvs. • 4500. 

Fig. 3. Hepatocytes marked with WGA-Aus0. At this magnification, clusters of granules can be clearly distinguished. • 8500. 

Fig. 4. Hepatocytes marked with Con-A%0. The marker is also distributed in clusters but the density is smaler than that of V~TGA-Aus0. • 8800. 
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cell surface,  RCAI-AUs0 reac ted  ve ry  poorly.  Similar  
resul ts  were ob ta ined  wi th  h u m a n  e ry th rocy te s  using 
RCAI and  SBA gold markers .  However ,  the  large size 
ConA-Aus0 was bound  by  h e p a t o c y t e s  (but  no t  ConA-Aue4 ) 
con t r a ry  to  e ry th rocy t e s  where  the  ConA marker  size 
had  to  be below 13 n m  in size to  ob ta in  a b inding  react ion 
(unpubl ished observat ions) .  These differences are a t t r i -  
b u t e d  to  the  more  or less na r row  spacing be tween  the  
brushes  of ek topro te in  or g lycopro te in  of the  cell surface 13 
which does  n o t  allow the  marke r  to  reach  i ts  receptor .  
A l though  W G A  and  an t i -H  lect ins  in the  presence  of 
L-fucose have  s imi la r  specificities, the  cells bound  5 
t imes  less ant i-H-Aus0 t h a n  WGA-Aus0. This  could 
indica te  t h a t  these  lect ins do no t  share  a common  receptor .  
SBA c o m p e t e d  very  l i t t le  w i t h  WGA-Aus0 which  sug- 
ges ted t h a t  the i r  receptors  are no t  close to  each other .  
Since RCAI is a g lycoprote in  ~~ and  is p rec ip i t a t ed  b y  
ConA, b ind ing  of RCAI-Au3~ increased when  the  cells 
were pre label led  wi th  ConA. I t  has  been c la imed t h a t  
ConA and  W G A  b ind  to  sepa ra te  si tes on l iver cell 
m e m b r a n e s  7. This  was conf i rmed b y  compe t i t ive  ex- 
p e r i m e n t  wi th  WGA-Au3v whose  b ind ing  was  inhib i ted  
only  by  10% when  the  ceils were s a tu r a t ed  wi th  ConA 
(table). 
R a t  h e p a t o c y t e s  were  successively m a r k e d  w i t h  W G A -  
Au17 and  ConA-Au 5 (figure 1). As repor ted  by  Vi r t anen  
and  W a r t i o v a a r a  using ConA con juga ted  wi th  ferr i t in  4, 
the  cells had  a microvil lous surface con t inuous ly  marked  
wi th  ConA-Au 5. However ,  t he  cells were marked  wi th  
WGA-Aul~ preferent ia l ly  where  t h e y  were  in co n t ac t  
w i th  each other .  No s ignif icant  difference was  found  
when  the  cells were labelled in the  reverse  order.  
H e p a t o c y t e s  m a rked  wi th  WGA-Au75, WGA-Aus0 and  
ConA-Aus0 were examined  by  SEM (figures 2-4). The 
marke r s  were  d i s t r i bu t ed  in clusters,  t h e  dens i ty  of 

WGA-Au~0 being grea te r  t h a n  t h a t  of ConA-Au50 (figures 
3 and  4) in ag reemen t  w i th  t he  d a t a  of the  table .  Calcula- 
t ions  on micrographs  indica ted  t h a t  35,000 WGA-Aus0 
granules  were bound  per  cell. This  figure, lower t h a n  
t h a t  e s t ima ted  b y  spec t ropho tome t r i c  m e a s u r e m e n t s  
(44,000), is expla ined  by  a small  loss of par t icules  dur ing  
the  p r epa ra t i on  of t he  spec imen for SEM. A s imilar  
d i s t r ibu t ion  of the  markers-Aus0 was  found wi th  t he  
o the r  lect ins  by  SEM examina t ion ,  t he  dens i ty  of ma rk ing  
cor responding  to t he  d a t a  of t he  table.  
In  conclusion,  lect in- label led gold markers  hav ing  dif-  
fe ren t  sizes are useful  for de t e rmin ing  s imul taneous ly  
the  d i s t r ibu t ion  of 2 lect in recep tors  b u t  also for esti-  
m a t i n g  the  spacing be tween  the  g lycoprote in  brushes .  
Whi le  spac ing  m u s t  be below 32, 50 and  64 n m  before  
the  recep tors  can b ind  SBA-, RCA-I and  ConA-Au 
markers ,  respect ively ,  all sizes of WGA-Au marker s  
b ind  to  t he  cell surface.  This  indica tes  t h a t  W G A -  
receptors  e x t e n d  f rom the  cell surface and  are n o t  masked  
by  o the r  g lycoprote ins .  
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