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SUMMARY 

A method i s  described f o r  the topological loca l iza t ion  of ce l l  surface 
anionic s i t e s  using pos i t ive ly  charged co l lo ida l  iron hydroxide (Gasic e t  a l . ,  
Lab. Invest .  18, 63 [1968]). Pur i f ied  glutaraldehydc-fixed plasma ce l l  mem- 
branes o r  glutaraldehyde-fixed lysed c e l l s  a r e  mounted on th in  s u p p o r t  f i lms 
and d i r e c t l y  s ta ined  w i t h  co l lo ida l  iron a t  pH 1.8, washed, d r i ed ,  and  then 
examined by transmission e lec t ron  microscopy. Using this method the surface 
anionic residues on rabbi t  erythrocytes and murine MOPC-7OA myeloma c e l l s  a r e  
presently i n  randomly spaced c l u s t e r s .  The d i s t r ibu t ion  o f  anionic residues 
on r abb i t  spermatozoa i s  discontinuous: the  sperm t a i l s  almost exclusively 
bind the  co l lo ida l  iron i n  a dense random d i s t r i b u t i o n ,  while the heads show 
l i t t l e  o r  no labe l ing .  

The d i s t r ibu t ions  of c e l l  surface anionic residues a r e  thought t o  play an 

important ro l e  i n  the in t e rac t ions  o f  c e l l s  with t h e i r  environment and  w i t h  

other c e l l s  ( 1 ) .  

method f o r  determining topological d i s t r ibu t ions  o f  anionic surface charges 

without resor t ing  t o  conventional p l a s t i c  embedding techniques and s t a t i s t i c a l  

reconstruction of the  data obtained from u l t r a th in  sec t ions  (2-4) .  The method 

i s  based on the surface binding o f  pos i t ive ly  charged co l lo ida l  iron hydroxide 

(CIH) developed by Gasic, Berwick and Sorrention ( 5 ) .  

The purpose o f  this communication i s  t o  introduce a r e l i a b l e  

METHODS 

Cell s 

Rabbit erythrocytes were obtained from blood drawn by hear t  puncture in to  

a 20 ml syringe containing 800 units of heparin. After washing several times 
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i n  c o l d  sodium phosphate b u f f e r e d  (pH 7.2) s a l i n e  (PBS), t h e  c e l l s  were d i v i d -  

ed and h a l f  were t r e a t e d  w i t h  V i b r i o  cho le rae  neuramin idase (10 u n i t s / l O  

c e l l s ;  Calbiochem) f o r  30 min a t  37°C. 

t r e a t e d  e r y t h r o c y t e s  were washed again i n  PBS and l y s e d  acco rd ing  t o  t h e  method 

o f  Dodge _ _  e t  a l . ,  ( 6 ) .  

nosmoles) and then  i n  PBS, t h e  c e l l  membrane ghosts  were f i x e d  i n  1.5% b u f f e r -  

ed g l u t a r a l d e h y d e  f o r  20 min a t  room temperature.  

washed t w i c e  i n  PBS and s t o r e d  a t  0°C. 

6 

Both u n t r e a t e d  and neuraminidase- 

A f t e r  l y s i s  and washing i n  low i o n i c  s t r e n g t h  PBS (20 

The ghosts were f i n a l l y  

Flurine MOPC-70A myeloma c e l l s  were o b t a i n e d  f rom D r .  R. Hyman ( o r i g i n a l  

l i n e  f rom D r .  14. P o t t e r )  and were grown i n  BALB/c mice. Plasma membranes o f  

MOPC-70A were i s o l a t e d  acco rd ing  t o  the  method o f  Dods, Essner and B a r c l a y  ( 7 ) .  

The washed plasma ghosts were f i x e d  i n  1 . 5 %  b u f f e r e d  g l u t a r a l d e h y d e  and washed 

t w i c e  i n  PBS and s t o r e d  a t  0°C. 

Rabb i t  spermatozoa (cauda epid idymus)  were washed seve ra l  t imes i n  PBS 

and f i x e d  i n  1.5% b u f f e r e d  g l u t a r a l d e h y d e  as desc r ibed  above. 

C o l l o i d a l  I r o n  Hydrox ide L a b e l i n g  

C o l l o i d a l  i r o n  hyd rox ide  was made by a v a r i a t i o n  o f  t h e  techn ique  o f  

Gasic e t  a l .  ( 5 ) .  

d i s t i l l e d  wa te r .  A f t e r  c o o l i n g ,  10 m l  o f  g l a c i a l  a c e t i c  a c i d  was added t o  t h e  

C I f i  s o l  and t h e  pH was a d j u s t e d  t o  1.8. 

5 n i l  o f  0.5 - M FeC13 was added r a p i d l y  t o  60 m l  o f  b o i l i n g  

I n t a c t  c e l l s  o r  plasma membrane ghosts  were spread f l a t  a t  an a i r - w a t e r  

i n t e r f a c e  and mounted on c o l  l od ion -coa ted  (carbon-st rengthened)  e l e c t r o n  

microscope g r i d s  as p r e v i o u s l y  desc r ibed  (8, 9 ) .  

t r e a t e d  f o r  3 min w i t h  a 5% s o l u t i o n  o f  bov ine serum albumin ( i n  d i s t i l l e d  

w a t e r ) .  The excess albumin was removed by touch ing  t h e  g r i d s  t o  a s u r f a c e  o f  

d i s t i l l e d  wa te r .  W i thou t  d r y i n g ,  a l a r g e  drop o f  t h e  f r e s h l y  prepared C I H  s o l  

was added t o  each o f  t h e  g r i d s  a t  room temperature,  and the  s t a i n i n g  was t e r -  

minated a f t e r  2-3 min. by q u i c k l y  f l o a t i n g  t h e  C IH- t rea ted  g r i d s  on seve ra l  

l a r g e  drops ( 5 - 6 )  o f  12% a c e t i c  a c i d  f o l l o w e d  by d i s t i l l e d  wa te r  ( 2 ) .  

t o t a l  wash t ime  never  exceeded 1 min, i n c l u d i n g  t h e  two d i s t i l l e d  w a t e r  

The mounted membranes were 

The 
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r inses .  After removal of excess water w i t h  a f i l t e r  paper  the gr ids  were a i r  

d r ied  p r io r  t o  examination by transmission e lec t ron  microscopy. 

RESULTS ____ 

Mounted glutaraldehyde-fixed plasma membranes can be spec i f i ca l ly  s ta ined  

w i t h  CIH a t  pH 1.8 to  obtain the topological d i s t r ibu t ion  of surface anionic 

residues.  Rabbit erythrocyte membranes bind the C I H  i n  d i sc re t e  c l u s t e r s  t h a t  

a r e  more o r  l e s s  randomly spaced on the membrane surface (Fig.  1 ) .  Neuramini- 

dase-treated r a b b i t  erythrocyte membranes show very sparse  CIH labe l ing  a n d  no 

c lus t e r s  of CIH ( F i g .  2 ) .  blurine MOPC-70A myeloma plasma membranes a l so  bind 

CIH in d i s c r e t e  c l u s t e r s  ( F i g .  3 ) ,  b u t  these tend to  be more variable in s i ze  

than the c l u s t e r s  found on rabbi t  erythrocyte membranes. 

Cell membranes may have var iab le  d i s t r ibu t ions  of CIH s i t e s ;  t h i s  va r i -  

a b i l i t y  i s  probably dependent on local concentrations of anionic residues.  

For example, r abb i t  spermatozoa a re  complex haploid c e l l s  with localized con- 

cent ra t ions  of antigens (10) and saccharides ( 1 1 ) .  Spermatozoon c e l l s  iso- 

la ted  from the  cauda epididymas have h i g h  dens i t i e s  of bound CIH on t h e i r  t a i l  

surfaces ( F i g .  4 ) ,  b u t  l i t t l e  o r  no bound CIH on the head regions ( n o w  shown). 

DISCUSSION 

Weiss a n d  h i s  colleagues (1-4) have concluded from CIH labe l ing  of 

glutaraldehyde-fixed c e l l s  and mathematical topographic reconstruction of the 

CIH d i s t r i b u t i o n s  obtained from ul t r a t h i n  sec t ions  tha t  anionic residues a re  

d i s t r ibu ted  in c l u s t e r s  on ce r t a in  ce l l  sur faces .  Direct evidence f o r  t h e i r  

hypothesis i s  provided here. From the d i s t r ibu t ions  of the C I H  c lu s t e r s  on 

e r throcyte  membranes i t  appears t h a t  the anionic c lus t e r s  a re  randomly d is -  

persed on the membrane s t ruc tu re .  Anionic c lus t e r s  a r e  a l so  present on g l u t a r -  

aldehyde-fixed MOPC-70A myeloma plasma membranes, b u t  these appear t o  be l e s s  

uniform in s i z e .  

c lus te red  d i s t r i b u t i o n  will  be discussed i n  another publication; however, the 

surface topological d i s t r ibu t ions  of anionic c lus t e r s  on human erythrocyte 

The poss ib i l i t y  t h a t  glutaraldehyde f ixa t ion  causes the  
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F i g .  1 .  Topological d i s t r ibu t ion  of co l lo ida l  iron hydroxide on a g lu ta ra lde-  
hyde-fixed r abb i t  erythrocyte membrane. The c e l l  membrane edge is  indicated 
by arrows. Marker bars equal 0.1 pm f o r  Figs. 1-4. 

Fig. 2 .  The legend i s  the  same as i n  F i g .  1 except t h a t  r abb i t  erythrocytes 
were t r ea t ed  w i t h  v. cholerae neuraminidase before l y s i s  and f ixa t ion .  

Fig. 3. Distribution of co l lo ida l  iron hydroxide 
loma plasma membrane. 

Fig. 4 .  Colloidal iron hydroxide bound t o  the t a  
mal)  spermatozoon. 

on a murine 

1 of a rabb 

MOPC-70A mye- 

t (cauda epid dY- 

162 



VOL. 1 ,  NO. 2 JOURNAL OF SUPRAMOLECULAR STRUCTURE 

membranes ( p r i o r  t o  f i x a t i o n )  have been shown t o  be s e n s i t i v e  t o  pro te inases ,  

phospholipases and pH treatment ( G .  L .  Nicolson, i n  preparation) in a s imi l a r  

manner t o  the d i s t r ibu t ions  of fe r r i t in -conjugated  p lan t  agglu t in in  si tes on 

unfixed membranes ( 1 2 ) .  

Human erythrocytes have a surface glycoprotein which contains a .  l a rge  

f r ac t ion  of the  t o t a l  membrane s i a l i c  ac id  (13) .  The s a i l i c  anions a re  postu- 

l a t ed  t o  be present on the glycoprotein a s  terminal residues on several  oligo- 

saccharide chains connected t o  a peptide region t h a t  extends out from the 

membrane surface (14) .  

o r  other ac id i c  residues connected t o  glycopeptide chains could e a s i l y  explain 

the b i n d i n g  of CIH in d i s c r e t e  c l u s t e r s  on the surfaces of r abb i t  erythrocyte 

or  MOPC-70A myeloma c e l l  membranes. 

Similar membrane components containing s i a l i c  acid 

This CIH s ta in ing  technique f o r  surface anionic groups has been tes ted  

on several o ther  membrane systems (bac te r i a l  , microsomal , mitochondria1 , and 

v i r a l  membranes) and has proven t o  be a simple a n d  r e l i a b l e  method. 
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