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lava bean is present in certain local diets leading to very 
high fitness of the G-6-PD homozygote.  Carefui sur- 
veillance of local diets for such a possibility would be of 
interest. 

Summary. A l t h o u g h  g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  
d e f i c i e n t  i n d i v i d u a l s  m a y  su f fe r  ( s o m e t i m e s  f a t a l l y )  f r o m  
f a v i s m ,  a h i g h  i n c i d e n c e  of t h i s  t r a i t  o c c u r s  i n  m a n y  
M e d i t e r r a n e a n  p o p u l a t i o n s .  T h i s  a p p a r e n t  p a r a d o x  is 
e x p l a i n e d  on  t h e  b a s i s  of a s y n e r g i s t i c  i n t e r a c t i o n  b e t w e e n  
f a v i s m  a n d  G - 6 - P D  d e f i c i e n c y  t h a t  p r o v i d e s  i n c r e a s e d  

protection against malaria compared to that of the G-6- 
PD deficiency alone. This relationship is analogous to 
that between various hemoglobins and malaria in  that 
there is selection for a more severe trait if it provides more 
protection against malaria. 
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C o l l o i d a l  G o l d  G r a n u l e s  a s  M a r k e r s  for  C e l l  S u r f a c e  R e c e p t o r s  in  the  S c a n n i n g  E l e c t r o n  M i c r o s c o p e  

Several techniques have been developed recently in 
order to visualize cell surface receptor sites by high reso- 
lution scanning electron microscopy (SEM). The peroxi- 
dase-diaminobenzidine reaction product (easily detected 
by TEM) is quite difficult to distinguish from surface 
differentationsL whereas immunolatex spheres ~,a and 
h a e m o c y a n i n  molecu le s  4 a p p e a r  to be b e t t e r  su i t ed  as  
m a r k e r s  for  SGM o b s e r v a t i o n s .  H o w e v e r ,  t h e  p r e p a r a t i o n  
of t h e s e  i m m u n o s p e c i f i c  l a b e l s  is l a b o r i o u s .  W e  r e p o r t  h e r e  
a s i m p l e  m e t h o d  c o l l o i d a l  g o l d  g r a n u l e s  as  v i s i b l e  m a r k e r s ,  
a t e c h n i q u e  w h i c h  h a s  a l r e a d y  g i v e n  s a t i s f a c t o r y  r e s u l t s  
i n  T E M 5  s. 

Experimental. H o m o g e n e o u s  p o p u l a t i o n s  of c o l l o i d a l  
g o l d  g r a n u l e s  of d i f f e r e n t  p a r t i c l e  s izes  c a n  be  e a s i l y  
p r e p a r e d  9. T h e  g r a n u l e s  c a r r y  a n e t  n e g a t i v e  c h a r g e  a n d  
c a n  be  c o a t e d  b y  a d d i t i o n  of p r o t e i n s  s u c h  as  C o n c a n a v a l i n  
A or  a n t i b o d i e s ,  t h e  b i n d i n g  b e i n g  p r o b a b l y  of n o n -  
c o v a l e n t  n a t u r e .  H o w e v e r ,  p r o t e i n - c o a t e d  g o l d  g r a n u l e s  
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Fig. 1. Stabilization of colloidal gold by polyethylene glycoI. A series 
of monodisperse gold sols of increasing particle diameter (16 97.5 nm 
as determined by TEM) was prepared g and neutralized to pH 7.0 by 
addition of 0.2 M K2CO a (pH-paper, not pH-meter as the electrode is 
readily contaminated with the colloid). Colloidal gold (5 ml) was 
mixed with 1 ml water containing increasing amount of Carbowax 
20-3/[ (Union Carbide Chemicals Co.}. After 1 rain, a 10% NaC1 solu- 
tion (1 ml) was added. The absorbance was measured after 5 rain at 
525 to 540 nm (maximum of the uncoated colloid). A S-shaped curve 
was constructed from which the minimum amount of Carbowax 
necessary to fully stabilize the colloid against flocculation was 
determined. 
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Fig. 2. A group of C. utilis cells marked with the total anti-C, utilis 
antiserum adsorbed to 60 nm colloidal gold particles. The antiserum 
was dialyzed overifight at  5~ against 5 mM NaC1 (pH 7.0). The 
optimal amount of protein to stabilize the colloid agai~st fIoeeulation 
by NaC1 was determined as described in the legend of Figure 1, using 
the antiserum instead of Carbowax 20-M. The antiserum (1.8 nag) 
was added, with stirring, to colloidal gold (200 ml, sol B of ref."). 
After 1 min, a I% Carbowax sohltion in water (2 ml) was added and 
the colloid neutralized to pH 7.0 with 0.2 M K~CO a. The colloid was 
centrifuged at 10'000 rpm for 30 min at 5 ~ The supernatant was 
sucked off and the pellet redispersed in 20 ml Tris-buffered saline 
(pH 7.5), containing 0.2 mg/ml Carbowax 20-M. The yeast cell 
suspension was incubated in the same buffer at 25 ~ for 1 h with an 
excess of the colloid. The suspension was centrifuged at  low speed 
and washed with the buffer. The yeast ceils were rapidly dehydrated 
in increasing concentrations of ethanol (2 3 inin} and finely dispersed 
on a conductive copper adhesive, mounted for SEM aluminium 
stubs. The preparations were examined without metal coating in a 
Cambridge $4-10 Stereoscan, at an accelerating voltage of 30 kV at 
a tilt  angle of 45 ~ 
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Fig. 3. S. cerevisiae cells incubated with the total anti-C, ulilis 
antiserum. Pratieally no label is observed. 

of su i t ab le  d i a m e t e r  for  SEM f loccula ted  s lowly in pres-  
ence of an  excess of p ro t e in  or in  var ious  buffers .  W e  
f o u n d  t h a t  t he  f loccu la t ion  of e i the r  u n c o a t e d  or coa ted  
gold granules  could be  comple t e ly  p r e v e n t e d  w h e n  a 
smal l  a m o u n t  of p o l y e t h y l e n e  glycol was  p r e s e n t  (Fig- 
ure  1). A p p r o p r i a t e  con t ro l  e x p e r i m e n t s  showed  t h a t  non-  
specific a d s o r p t i o n  could t h u s  be  comple t e ly  e l i m i n a t e d  b y  
us ing  e i t h e r  a specific i n h i b i t o r  or  colloidal  gold s tab i l i zed  
w i th  p o l y e t h y l e n e  glycol.  

Candida utilis cells g rown  to  t he  l oga r i t hmic  g r o w t h  
phase  in a yeas t  ex t rac t -g lucose  m e d i u m  (1.5% glucose, 
0.5 % yeas t  ex t r ac t )  were h a r v e s t e d  b y  c e n t r i f u g a t i o n  an d  
f ixed in Tris-buffered sal ine (pH 7.0) c o n t a i n i n g  3% 
g lu t a ra ldehyde .  Af t e r  severa l  wash ings  in t i le  a b o v e  
buffer ,  t h e y  were m a r k e d  w i t h  colloidal  gold par t ic les  
(40, 60 a n d  80 n m  ill d i a m e t e r  as d e t e r m i n e d  b y  SEM) 
coa ted  w i t h  e i t he r  a t o t a l  ant i -C,  utilis an t i s e rum,  pur i f ied  
a n t i - m a n n a n  an t ibodies ,  a n t i - n o n m a n n a n  an t ibod ie s  7 or 
C o n c a n a v a l i n  A as descr ibed  in t he  legend of F igure  2. 
Cont ro l  e x p e r i m e n t s  were car r ied  ou t  w i t h  t he  t o t a l  
ant i -C,  utilis a n t i s e r u m  d i rec ted  aga ins  S. cerevisiae cells 
(grown a n d  p r e p a r e d  iden t i ca l ly  to  C. utilis) or w i t h  
m e t h y l  e -D-mannopyranos ide ,  a p o t e n t  i n h i b i t o r  of 
C o n c a n a v a l i n  A. 

Results. A group  of C. utilis cells m a r k e d  w i t h  t h e  t o t a l  
ant i -C,  utilis a n t i s e r u m  adso rbed  to 60 n m  gold par t ic les  
is shown  in F igure  2. No te  t h a t  t he  m a r k i n g  is r a n d o m  
b u t  qu i te  h o m o g e n e o u s  over  t h e  whole  cell wal l  surface.  
A b o u t  70% of t he  r ecep to r  s i tes  can  be  a t t r i b u t e d  to  t h e  
cell wal l  m a n n a n .  T h i s  is deduced  f rom labe l l ing  exper i -  
m e n t s  w i t h  C o n c a n a v a l i n  A a n d  pur i f ied  a n t i - m a n n a n  
an t ibodies ,  I t  also co r responds  w i t h  T E M  o b s e r v a t i o n s  
p rev ious ly  r epo r t ed  7. The  bud  cell shows a s l igh t ly  dense r  
l abe l  t h a n  t h e  m o t h e r  cell w h i c h  is a t t r i b u t e d  to  a n  ac t ive  
syn thes i s  a n d  i n c o r p o r a t i o n  of m a n n a n  in to  t h e  newly  

Fig. 4. Double labelling experiment of C. utilis cells. First nmrker: 
Concanavalin A adsorbed to 40 nm gold particles (arrows); the col- 
loid was in Tris-buffered saline (pH 7.0) containing 2 ~xmole MnCie/ml 
and 0.5 mg]ml Carbowax 20-M. Pratically no label was observed 
when the cells were incubated in the buffer containing also 5 mg/ml 
methyl c~-D-mannopyranoside. Second marker : Anti-nonmannan anti- 
bodies adsorbed to 80 nm gold particles (double arrows). The colloids 
were prepared as described in the Iegend of Figure 2. 

fo rming  b u d  cell wall  6,7. P rac t i ca l l y  no m a r k i n g  can  be 
de t ec t ed  w h e n  the  t o t a l  ant i -C,  utilis a n t i s e r u m  is d i rec ted  
ag a i n s t  S. cerevisiae cells (Figure  3). As colloidal  gold 
par t ic les  of d i f fe ren t  sizes can  be  p repared ,  a cy tochemi -  
cal double  m a r k i n g  can  be  achieved .  I n  F igure  4, C. utilis 
cells were f i rs t  m a r k e d  w i t h  C o n c a n a v a l i n  A (specifically 
i nd i ca t i ng  m a n n a n )  abso rbed  to  40 n m  gold granules .  
A n t i - n o n m a n n a n  a n t i b o d i e s  b o u n d  to 80 n m  par t ic les  
were t h e n  app l ied  as a second mark e r .  T h e  C o n c a n a v a i i n  
A showed aga in  a r a n d o m  b u t  h o mo g en eo u s  d i s t r i b u t i o n  
of t h e  m a n n a n ,  whereas  t h e  a n t i - n o n m a n n a n  c o m p o n e n t s  
a p p e a r e d  to be  a r r a n g e d  in pa tches .  

Discussion. Colloidal  gold par t ic les  are the re fo re  qu i te  
su i t ab le  for d i rec t  SEM v i sua l i za t ion  of cell surface  re- 
cep to r  si tes b y  m e a n s  of adso rbed  p h y t o h a e m a g g l u t i n i n s  
or i m m u n o p r o t e i n s .  W e  h a v e  shown  t h a t  col loidal  gold 
par t ic les  can  be  label led  w i t h  enzymes  such  as ca ta lase  
a n d  w i t h  po lysacchar ides  such  as yeas t  m a n n a n .  E r y t h r o -  
cytes  a n d  the i r  ghos ts  h a v e  also been  successful ly label led 
w i th  colloidal gold par t ic les  coa ted  w i t h  Co n can av a l i n  A. 
These  resuls will be  p u b l i s h e d  e lsewhere  an d  ind ica te  
t h a t  th i s  labe l l ing  t e c h n i q u e  ap p ea r s  to  be general .  The  
a d v a n t a g e  of a h e a v y  m e t a l  label ,  c o m p a r e d  to  organic  
m a r k e r s  is m a i n l y  i ts  s t rong  emiss ion  of s econda ry  elec- 
t rons ,  an d  the re fore  i t  can  easi ly  be  d i s t ingu i shed  f rom 
cell surface  d i f f e ren t i a t ions  (lower emiss ion  of s econda ry  
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electrons)  w h e n  u n c o a t e d  p r e p a r a t i o n s  are e x a m i n e d .  I n  
add i t i on  t he  meta l l i c  m a r k e r  pe r m i t s  good spa t i a l  resolu-  
t ion  to  be  ach ieved  in SEM ~0. 

a t  t he  surface  of Candida utilis cells was  local ized b y  
s tabi l ized  col loidal  gold granules  coa ted  w i t h  e i t he r  an t i -  
m a n n a n  an t ibod ie s  or Con A. 

Summary. A rap id  m e t h o d  ha s  been  deve loped  to  
visual ize  cell surface recep tors  in  the  SEM. T h u s  m a n n a n  

10 Acknowledgment. We thank Mrs M. WEBER for the photographic 
work. 
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Morphology of Colloidal Gold, Ferritin and Anti-Ferritin Antibody Complexes  

Elec t ron  microscopica l  s tud ies  on t he  f o r m a t i o n  of 
fe r r i t in  - an t i - f e r r i t i n  complexes  h a v e  been  p u b l i s h e d  
p rev ious ly  1-a. Colloidal gold - fer r i t in  m i x t u r e s  h a v e  
also been  used to d e m o n s t r a t e  m e m b r a n e  holes in  osmot ic  
and  sapon in  hemolyses  a n d  m e m b r a n e  lesions in i m m u n e  
lysis 4, 5. However ,  t he  s t r u c t u r e  of t he  complexes  fo rmed  
be tween  colloidal  gold par t ic les ,  t e r r i t in  and  an t i - f e r r i t in  
an t ibod ie s  ha s  n o t  been  s tud ied  in detai l .  I t  was the re fore  
i n t e r e s t i ng  to i nves t i ga t e  t he  m o r p h o l o g y  of these  com- 
plexes  in o rder  to  eva lua t e  t h e i r  p o t e n t i a l  use as m a r k e r s  
for t r a n s m i s s i o n  - and  scann ing-e lec t ron  microscope 
cy tochemica l  s tudies .  

Experimental. The  anti-ferr i t i i1 an t ibod ie s  were isola ted 
b y  i m m u n o a d s o r p t i o n  f rom a colos t ra l  l a c t o s e r u m  of a 
cow i m m u n i z e d  w i t h  horse  spleen fe r r i t in  ( c a d m i u m  free, 
2 • c rys ta l l i zed ;  P e n t e x  Biochemicals) .  The  presence  of 
p r e c i p i t a t i n g  an t i - f e r r i t i n  an t ibod ies  was shown  b y  a 
pos i t ive  r ing  t e s t  6 aga ins t  a fe r r i t in  so lu t ion  (1 mg/ml) .  

Fe r r i t i n  and  an t i - f e r r i t i n  an t ibod ie s  were adso rbed  
on to  colloidal  gold accord ing  to  t he  p rocedure  of FAULK 
and  TAYLOR 7, modif ied  b y  GERBER et  al. s. The  colloids 
were suspended  in p h o s p h a t e - b u f f e r e d  saline,  p H  7.2 to  a 
f inal  a b s o r b a n c e  of 3.6 a t  520 nm.  

The  d i f fe ren t  p r e p a r a t i o n s  were e x a m i n e d  in a Phi l ips  
EM 300 e lec t ron  microscope a f te r  nega t ive  s t a in ing  w i th  
5% aqueous  u rany l - ace t a t e .  

Results. I n  Figures  1-3 t he  i nd iv idua l  ma te r i a l s  used 
in our  e x p e r i m e n t s  are represen ted .  T he  non-s t ab i l i zed  
colloidal  gold par t ic les  t e n d  to aggrega te  (Figure  1). 
T h e y  h a v e  a po lyhedr ica l  fo rm (inset) a n d  are uns t ab l e  
u n d e r  the  e lec t ron  beam.  W i t h  progress ive  b e a m  radia-  
t ion,  t h e y  become  e lec t ron  t r a n s p a r e n t  (mass loss). The  
horse  sp leen  ferr i t in  (Figure 2) is qu i t e  hom ogeneous ;  
however ,  some d e t a c h e d  apofe r r i t in  (pro te in  shell  of t he  
fer r i t in  molecule) can  be obse rved  occas ional ly  (arrow). 
The  pur i f ied  an t i - f e r r i t i n  an t ibod ie s  (Figure 3) form smal l  
c lus ters  of fa i r ly  c o n s t a n t  d i a m e t e r  (30-40 nm).  Aggre-  
gates  of va r i ab l e  sizes of fe r r i t in  m a r k e d  w i t h  colloidal  
gold granules  (average d i a m e t e r  5.2 nm)  are v isua l ized  in 
F igure  4. Over  95% of t he  fe r r i t in  molecules  are label led 
w i t h  a t  leas t  one gold par t ic le .  A d s o r p t i o n  of t he  gold 
colloid t akes  place on to  t he  p ro t e in  p a r t  of t he  fe r r i t in  
molecules.  Free  apofe r r i t in  is t he re fo re  label led as well. 
F igure  5 i l lus t ra tes  t h e  pur i f ied  an t i - f e r r i t i n  an t ibod ie s  
m a r k e d  w i th  colloidal  gold. Most  i m p o r t a n t  is t he  observa-  
t ion  t h a t  all colloid par t ic les  are covered  b y  an t ibodies ,  
i.e. a f t e r  nega t i ve  s t a in ing  a clear,  e l e c t r o n - t r a n s p a r e n t  
zone is vis ible  a r o u n d  al l  colloidal  gold granules .  I n  
f avourab l e  pro jec t ions ,  t he  Y-shape  of t h e  an t i - f e r r i t i n  
an t ibod ie s  adso rbed  on to  t he  colloid par t ic les  can  be  
revea led  (Figure  5 s imple  a r row and  inset) .  I t  is e v i d e n t  
t h a t  t h i s  a r r a n g e m e n t  w i t h  t he  colloid granules  in t he  
center ,  s u r r o u n d e d  by  adso rbed  i m m u n p r o t e i n ,  is mos t  
f avourab l e  for i m m u n o c y t o c h e m i c a l  reac t ions .  Smal l  

c lus ters  of free an t ibod ie s  (compare  w i t h  F igure  3) are 
recognized occas iona l ly  (double arrows).  Complexes  
be tween  fe r r i t in  a n d  col loidal  gold, coa t ed  w i t h  an t i -  
f e r r i t in  an t ibod ies ,  are  seen in F igure  6. T h e y  appear ,  due  
to t he  presence  of an t ibod ies ,  less dense ly  p a c k e d  t h a n  
those  fo rmed  b y  fe r r i t in  a n d  u n c o a t e d  col loidal  gold. I n  
th i s  p r e p a r a t i o n ,  r a t h e r  i m p o r t a n t  f l uc tua t ions  in  t h e  
size of t he  colloid granules  occurred.  F ina l ly ,  t he  r a t h e r  
he te rogeneous  complexes  fo rmed  b e t w e e n  fe r r i t in  m a r k e d  
w i th  colloidal  gold a n d  colloidal  gold covered  w i t h  an t i -  
fe r r i t in  an t ibod ie s  are d e m o n s t r a t e d  in F igures  7 a n d  8. 
W i t h  a d e q u a t e  c o n c e n t r a t i o n s  of fe r r i t in  a n d  an t i -  
fe r r i t in  an t ibod ies ,  complexes  of the  t y p e  seen in F igu re  7 
are ob ta ined .  All f e r r i t in  molecules  are s u r r o u n d e d  b y  
colloid par t ic les ,  b u t  i t  is imposs ib le  to  d i s t i ngu i sh  be-  
tween  the  gold g ranu les  d i rec t ly  adso rbed  to t he  t e r r i t i n  
a n d  those  l inked  to  t he  fe r r i t in  v ia  t he  an t i - f e r r i t i n  an t i -  
bodies.  In  F igure  7, t he  fe r r i t in  a n d  an t i - f e r r i t i n  a n t i b o d i e s  
are no t  revea led  because  no  nega t ive  s t a in ing  was appl ied .  
Never the less ,  t he  f e r r i t in  nuc leus  (simple arrow) is easi ly  
d i s t i ngu i shed  f rom the  gold par t ic les  (double  arrow) b y  
i ts  cons ide rab ly  lower dens i ty .  The  same  complexes  a f t e r  
nega t i ve  s t a in ing  w i t h  u r a n y l  ace t a t e  are shown  in F igu re  
8. Again  all t h e  fe r r i t in  molecules  are  s u r r o u n d e d  b y  
colloid granules .  The  t yp i ca l  fe r r i t in  s t r u c t u r e  is m a s k e d  
(arrow) due  to  a d s o r p t i o n  of an t ibodies .  Th i s  is in agree-  
m e n t  w i t h  o b s e r v a t i o n s  on  fe r r i t in  - an t i - f e r r i t i n  com- 
plexes  2. 

Discussion. F r o m  the  e lec t ron  mic rog raphs  p r e s e n t e d  
i t  is ev iden t  t h a t  m ixed  complexes  are  v e r y  he t e rogeneous  
in size a n d  the re fo re  n o t  su i t ab le  as cy tochemica l  marke r s .  
Two o b s e r v a t i o n s  are, however ,  of impor t ance .  F i r s t l y  
p ro t e in  molecules  are adso rbed  a r o u n d  col loidal  gold 
granules  in  a s te r ica l ly  f avourab l e  pos i t ion  necessa ry  for 
cy tochemica l  coupl ing  or for t h e  a n t i b o d y - a n t i g e n  reac-  
t ion .  Th i s  p r o p e r t y  ha s  a l r eady  been  successful ly  exp lo i t ed  
in label l ing  e x p e r i m e n t s  in t h e  t r a n s m i s s i o n  -7-1~ a n d  
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