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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  
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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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All electron micrographs, except Figure 7 (unstained), are from material  negatively stained with 5% UO~-acetate. The dimensions on the 
micrographs are given in ran. 

Figs. 1-3. Individual materials used in our experiments. 1. Non-stabilized gold colloid particles showing instabil i ty under the electron beam. 
The polyhedrical form of the individual granules is well revealed (arrow, inset), x 250,000; inset x 500,000. 2. The horse spleen ferritin pre- 
paration is quite homogeneous. Some free apoferritin is indicated by an arrow. • 250,000. 3. The anti-ferritin antibodies tend to form small 
clusters of fairly constant diameter (3040 nm). • 250,000. 

Figs. 4 + 5. Direct marking of ferritin and anti- ferri t in antibodies with colloidal gold. 4. The complexes formed between ferritin directly 
marked with colloidal gold are rather heterogeneous. Over 95% of the ferritin nmleeules are marked with at  least one gold particle. • 250,000. 

5. All colloid particles are coated with anti-ferritin antibodies. In favourable projections (arrow, inset), the Y-shape of the antibodies is 
revealed. The double arrow points to small cluster of free antibodies (eomp. Figure 3). x 250,000; inset • 500,000. 

Figs. 6-8. Marking of native and gold-labelled ferritin with anti-ferritin antibodies coated colloidal gold. 6. Complex formed between 
ferritin and colloidal gold coated with anti-ferritin antibodies. • 250,000. 7. Complexes formed between gold-labelled ferritin and 
colloidal gold coated with anti-ferritin antibodies. No negative staining was applied and therefore the protein part of the ferritin 
molecules and the anti-ferritin antibodies around the gold colloids is not revealed. Ferritin nucleus: 4; gold particles: ~ .  x 250,000. 
8. Complexes formed between gold-labelled ferritin and colloidal gold coated with anti-ferritin antibodies. This preparation contains 
an excess of free antibodies, and it appears that  free antibodies at tach preferentially to the ferritin molecules (arrow). • 250,000. 
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recen t ly  in the  scanning-  u e lectron microscope.  Secondly,  
even w i thou t  nega t ive  s taining,  the  gold colloid and  the  
ferr i t in  molecules (iron nucleus) can easily be de tec ted  
and  d is t inguished  in t he  t ransmiss ion  e lec t ron microscope.  
Double  labelling exper iments ,  using colloidal gold par t ic les  
coa ted  wi th  a p ro te in  (phytohemagglu t in in ,  ant ibodies ,  

11 M. HORISBERGER, J. Ross~r and H. BAUER, submitted for publica- 
tion. 
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etc.) and  fe r r i t in -pro te in  conjuga tes  can therefore  be 
pe r fo rmed  s imul taneously .  

Summary. The morpho logy  of model  complexes  be- 
tween  colloidal gold, ferr i t in  and  ant i - fer r i t in  ant ibodies  
has  been  s tudied  in order  to  eva lua te  t he  po ten t i a l  of 
colloidal gold as a cy tochemica l  marker .  
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H y b r i d i z a t i o n  of  M i t o c h o n d r i a l  a n d  C y t o p l a s m i c  
M i t o c h o n d r i a l  a n d  N u c l e a r  D N A  

The genet ic  origins of mi tochondr ia l  and  cytoplasmic  
r R N A s  from ra t  l iver were inves t iga ted  by  R N A - D N A  
hybr id iza t ion  exper iments .  I t  was shown in earlier 
s tudies  ~ t h a t  mi tochondr ia l  r R N A s  f rom ra t  or mouse  
l iver were di f ferent  f rom the i r  cy toplasmic  coun te rpa r t s  
in several  of the i r  phys ico-chemica l  proper t ies .  If  in 
add i t ion  mi tochondr ia l  r R N A s  hybr id ize  specifically wi th  
mi tochondr i a l  DNA and no t  wi th  nuclear  DNA, th is  
would  be an indicat ion of a d i f ferent  genetic origin f rom 
b o t h  types  of rRNAs.  

2V[aterial and methods. Mitochondr ia  and R N A  were 
p repa red  f rom adul t  r a t  l iver as descr ibed in earlier 
s tudies  1. Dur ing  subcellular  f rac t iona t ion  and R N A  
ext rac t ion ,  2 r ibonuclease inhibi tors  were used to aw)id 
R N A  degrada t ion :  a na tura l  one p repared  f rom ra t  liver 
the d a y  before, and d ie thy lpyrocarbona te .  Af ter  e thano l  
precipi ta t ion,  the  RNAs  were purified by  2 centr i fuga-  
t ions  t h rough  5 20% sucrose gradients  in order  to com- 
ple te ly  e l iminate  tRNAs .  

The cytoplasmic  r ibosomal  RNAs  were p repa red  
according to STEVENIN et  al. 2, excep t  t h a t  for the  ribo- 
nuclease t r ea tmen t ,  0.05 ~*g r ibonuclease per  ml for 20 
min at  0 ~ was used to remove  m R N A .  

Mitochondr ia l  DNA was prepared  according to lx'rEL 
et  al. a and the  nuclear  I )NA according to MARMUR 4, 
excep t  t h a t  DNA was prec ip i ta ted  by  cold e thanol  and 
no t  by  isopropanol .  B o t h  DNAs were f r agmen ted  by  
sonicat ion as descr ibed by  MORI et al. 5, in order  to ob ta in  
f r agmen t s  wi th  a l eng th  of abou t  500 base pairs, which 
corresponds  app rox ima t ive ly  to a gene size6, L The two 

"Fable I. Hybridization percentages of mitochondrial and cyto- 
plasmic rRNAs with mitochondrial and nuclear DNA 

Mitoehondrial DNA Nuclear DNA 
(% DNAhybridized) (% DNA hybridized) 

MitochondrialrRNA 1.74 (10) 0.01 (3) 
Cytoplasmic rRNA 0.02 (3) 0.42 (8) 

R i b o s o m a l  R N A  w i t h  

species of DNAs  were t r i t i a t ed  in v i t ro  wi th  sodium 
aH-borohydr ide  as descr ibed by  LEE and  GORDONS. The 
specific act ivi t ies  of DNAs ob ta ined  var ied  f rom 5-1500 
cpm/tzg DNA. 

The mel t ing t empe ra tu r e s  (Tms) of the  D N A  f ragment s  
and  hybr ids  were de t e rmined  b y  the rmic  elut ions a t  in- 
creasing t empe ra tu r e s  on h y d r o x y a p a t i t e  columns. This  
m e t h o d  of t e m p e r a t u r e  measu remen t s  5 is ve ry  rapid  
and several  de te rmina t ions  can be done  s imul taneously .  
H y d r o x y a p a t i t e  was p repa red  according to  TISELIUS 9 and 
modif ied by  LEVIN ~~ The elut ion was per fo rmed  wi th  
0.12 M sodium p h o s p h a t e  buffer.  

Nuclease $1 was p repa red  according to  SUTTON 11 in 
our l abora to ry  f rom takadias tase .  E n z y m a t i c  ac t iv i ty  
was de te rmined  according to SUTTON n except  t h a t  the  
incubat ion  was per fo rmed  a t  37 ~ and no t  a t  56 ~ This 
enzyme preferent ia l ly  a t t acks  s ingle-s t randed DNA. 

Hybr id iza t ion  condi t ions  were those of our labora tory .  
Tr i t ia ted  DNA (12,000-15,000 cpm) was incuba ted  wi th  
a large excess of R N A  (100 to 600 times) in order  to 
decrease s t rongly  I ) N A - D N A  reassociat ions,  in 0.75 M 
sodium phospha t e  buffer  for 48 h a t  65~ af ter  hea t  
dena tura t ion .  H y d r o x y a p a t i t e  (2 ml per  column) was 
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Table ii. Temperature values frolu nuclear and mitochoudrial DNA, and RNA-DNA hybrids 

Temperature (~ Temperature (~ 

Mitochondrial DNA 82 Nuclear DNA 86 
Mitoehondrial DNA-mitochondrial rRNA hybrids 74.8 Nuclear DNA-cytoplaslnic~ rRNA hybrids 78.5 


