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A Simple Statnin~ Technique for Electron Micro- 
scopy with Lead-Uranyl Acetate 

I n  e lec t ron  mic roscopy  t h e  image  is rea l ly  no  more  
t h a n  a magn i f i ed  p ro j ec t i on  of t h e  va r i ous  dens i t i es  
p rope r  to  t he  c o m p o n e n t s  of t he  sect ion.  I n  o rde r  to  
ach ieve  a d i f fe ren t i a l  increase  of t h e  dens i t i e s  p r o p e r  to  
biological  s t ruc tu res ,  w h i c h  a re  n o t  in  t h e m s e l v e s  v e r y  
o p a q u e  to  e lec t rons ,  t h e  f ixers  t h e m s e l v e s  genera l ly  im-  
p r e g n a t e  t h e  va r ious  s t r u c t u r e s  w i t h  h e a v y  a t o m s ,  b u t  
t h e  d i f fe ren t ia l  c o n t r a s t  t h u s  ach i eved  is n o t  genera l ly  
e n o u g h  to  give t h e  p i c tu re  s h a r p  def in i t ion .  A n u m b e r  of 
r e sea rche r s  x-4 h a v e  t r i ed  to  avo id  t h i s  d r a w b a c k  b y  i n t r o -  
duc ing  i m p r e g n a t i o n  w i t h  a t o m s  of h e a v y  m e t a l s  a f t e r  
f ixing,  before  e m b e d d i n g ,  a n d  t h i s  ha s  p r o v e d  successful ;  
w i t h  t h e  f u r t h e r  consequence  t h a t ,  t o  a v o i d  t h e  r i sk  of 
d i s t o r t i n g  de l ica te  b iological  s t r u c t u r e s  b y  such  impreg -  
na t ions ,  t h e  m a t e r i a l  was p r o t e c t e d  b y  s t a in ing ,  a f t e r  
inclusion,  app l ied  to  t he  u l t r a f ine  sec t ions  t h e m s e l v e s  ~-s. 

F o r  th is ,  REYNOLDS ~ sugges ted  a t e c h n i q u e  us ing  lead 
c i t r a t e  a t  h i g h  pH ,  w h i c h  gave  such  good resu l t s  t h a t  i t  
h a s  b e c o m e  one  of t h e  m o s t  c o m m o n l y  used  t e c h n i q u e s  
for  p r o d u c i n g  t h e  r equ i r ed  c o n t r a s t  effect .  B u t  i t  h a s  t h e  
same  d r a w b a c k  as al l  o t h e r  i m p r e g n a t i o n  t e c h n i q u e s  ap -  
plied to  sec t ions ,  a l t h o u g h  in a lesser degree,  n a m e l y  t h e  
f r e q u e n t  a p p e a r a n c e  of more  or  less i n t ense  c o n t a m i n a -  
t ion ,  w h i c h  is d i f f icul t  to  avo id  and ,  b y  a cur ious  coinci-  

dence ,  genera l ly  m o s t  i n t en s e  prec i se ly  in  t h e  a reas  of 
m a x i m u m  in te res t .  

I n  t h i s  paper ,  we give  de ta i l s  of a c o n t r a s t  t e c h n i q u e  
wh ich  we cons ider  to  possess m a n y  ol  t h e  a d v a n t a g e s  of 
t h e  a b o v e - m e n t i o n e d  t echn ique ,  whi le  i t  also h a s  t h e  
a d d i t i o n a l  a d v a n t a g e  of a v o i d i n g  c o n t a m i n a t i o n .  I t  is 
b a s e d  on  e n h a n c i n g  t h e  c o n t r a s t  p r e s e n t e d  b y  t h e  ob jec t  
b y  i m p r e g n a t i n g  it ,  a f t e r  f ixing,  d u r i n g  t h e  process  of 
d e h y d r a t i o n  in  a ce t o n e  w i t h  a s a t u r a t e d  so lu t i on  of lead-  
u r a u y l  a c e t a t e  in  a ce t o n e  a t  70%.  

M a t e r i a l .  2 s a t u r a t e d  so lu t ions  are  p r e p a r e d  w i t h  excess 
r eagen t ,  one c o n t a i n i n g  25 c m  ~ of ace tone  a t  70% a n d  5 g 
of n e u t r a l  lead ace ta te ,  t h e  o t h e r  25 c m  3 of ace tone  a t  
70% a n d  2 g of u r a n y l  ace ta t e .  T h e  2 so lu t ions  a re  m i x e d  
b y  be ing  s h a k e n  t o g e t h e r  severa l  t i m e s  t h r o u g h o u t  1 day ,  
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(a) Contrast with lead-uranyl acetate. Meristematic cell of Phalaris canariensis showing a similar contrast to that obtaincd by R~V" 
NOLD'S technique. (b) In the 2 plasmalemma of this cell plate, the unit membrane can be seen without distortion of the fine structure. 
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thus producing  an orange-coloured prec ip i ta te  which is 
p robably  a lead u rany l  complex  toge the r  w i th  a surplus  of 
lead acetate .  

Method. Germina t ing  seeds of Phalaris canariensis 
were used, the  root - t ips  being f ixed in pe rmangana t e  Of 
potash  a t  2% in disti l led wa te r  for 2 h a t  room tempera -  
ture. The  f ixed ma te r i a l  was then  dehydra t ed  in the  
acetone series up to t h a t  of 70%. A t  th is  s tage the  roots  
usual ly remain  all  n igh t  in a s a tu ra t ed  solut ion of  u rany l  
aceta te  in acetone a t  70%, bu t  we subs t i tu ted  lead 
uranyl  for this  solut ion and then  cont inued  the  prqcess of 
dehydra t ion  and  inclusion in D u r c u p a n  ACM by  the  usual  
method.  

Results and discussion. The  pic tures  thus  ob ta ined  
(Figure) are b o t h  q u a n t i t a t i v e l y  and qua l i t a t i ve ly  on a 
par  wi th  those ob ta ined  b y  the  use of REYNOLD'S s ta in  
in po in t  of con t ras t  and defini t ion.  Since the  impregna-  
t ion is done w i thou t  prolonging the  normal  process of 
dehydra t ion  and  inclusion, and the  sections can  be ob- 
served as soon as t h e y  have  been obta ined,  our  m e t h o d  
enables us to  avo id  a cer ta in  a m o u n t  of hand l ing  and 
saves t ime.  

One of  t he  drawbacks  of  all  lead solut ions is t h a t  t h e y  
age so quickly,  wi th  t he  consequen t  increased r isk of con- 
t amina t ion .  In  the  present  case we were able to observe  

t h a t  the  lead u rany l  solut ion presented  no signs of a l te ra-  
t ion  a f te r  3 months ,  and  e x a m i n a t i o n  of t he  sect ions f rom 
roots  cont ras ted  by  this  procedure  showed no con tamina-  
t ion  of a n y  kind. W e  t h i n k  the  absence of  con t amina t i on  
is due to  the  fac t  t h a t  the  piece itself acts  as an  ul traf i l ter ,  
re ta in ing  any  par t ic les  t he  solut ion m a y  conta in  on i ts  
surface, and  the  con t ras t  is effected by  u r a n i u m  and  lead 
a toms forming  a depos i t  upon the  s t ruc tures  under  s t udy  
and  avo id ing  such aggregat ions  as give rise to  t he  sort  of 
par t ic les  t h a t  cause con tamina t ion .  

Resumen. Mediante  el empleo  de una  soluci6n sa tu rada  
de ace ta to  de uran i lo-p lomo en ace tona  de 70%,  du ran te  
el proceso convencional  de deshidrataci6n,  se ha  conse- 
guido inc remen ta r  m a r c a d a m e n t e  el con t ras te  e lectr6nico 
en ~pices radicales de Phalaris canariensis, sin riesgo 
alguno de con taminac i6n  o deformaci6n  de las es t ruc-  
turas .  
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A S imple  Method for Reduct ion  of Non-Spec i f i c  
F luorescence  

The advan tages  afforded by  the  sens i t iv i ty  and rap id i ty  
of immunof luorescence  m a y  be null if ied by  non-specific 
dye deposi t ion  1'2. This  p rob lem is pa r t i cu la r ly  acute  w i t h  
exuda te  specimens of v i ra l  ant igens  where debris  tends  
to  in tens i fy  background  f luorescence ~. The  empir ica l ly  
der ived procedure  presented  here, ut i l izes me thods  s imilar  
to those  repor ted  f rom o the r  labora tor ies  bu t  combines  
t h e m  in a specific sequence~-L 

The fol lowing is a s u m m a r y  of 1 of 3 exper iments  
ut i l iz ing vacc in ia  infected chor ioal lantoic  membranes  
(CAM) and H e L a  monolayers  which demons t r a t ed  the  
necessary sequence of adsorp t ion  and gel f i l t ra t ion.  
Fluorescein  i so th iocyana te  labeled vacc in ia  an t i body  was 
dialyzed and 1.0 ml  a l iquots  s tored a t  - - 7 0 ° C  ~. Im-  
med ia t e ly  before use, 1.0 ml  of the  con juga te  was thawed ,  
adsorbed once wi th  100 m g  of buffered-sal ine sa tu ra ted  
rhesus m o n k e y  l iver  powder  and  cent r i fuged  a t  23,000 g 
for 30 rain a t  4 °C. The  supe rna t an t  was then  t ransferred 
to a Sephadex-25 (medium) co lumn which  measured  
abou t  0 . 6 , 1 0 . 0  cm. Collect ion of 1.5 ml  of e luate  was 
carr ied ou t  wi th  0 .02M phospha te  buffer,  p H  7.6. O the r  
a l iquots  were t r ea t ed  as follows: (1) 2 adsorpt ions,  (2) gel 
f i l t ra t ion  alone, and (3) gel f i l t ra t ion  followed b y  adsorp-  
t ion.  All  4 a l iquots  were ut i l ized s imul taneous ly  using 
s tandard  washing and moun t ing  procedures  ~. 

The  Tab le  presents  s ta in ing intensi t ies  ob ta ined  wi th  
conjuga tes  processed by  dif ferent  combina t ions  of l iver  
powder  adsorp t ion  and  gel f i l t ra t ion.  Adsorp t ion  fol lowed 
by  gel f i l t ra t ion  gave  m a x i m u m  s ta in ing  in tens i ty  wi th  
infected cells where con juga te -an t igen  reac t ion  was un-  
b locked b y  nega t ive  serum. In  add i t ion  t h e  e l imina t ion  
of background  s ta in ing resul ted in the  desired absence 
of f luorescence in un infec ted  ceils or  infected cell  p repara -  

tions pre- t rea ted  wi th  vacc in ia  serum. The  s t r iking dif- 
ferences in s ta in ing are demons t r a t ed  by  Figures  (a), (b), 
and  (c). All  3 pho tomic rog raphs  are  of vacc in ia  infected 
H e L a  cells. Cells in (b) and (c) rece ived  a vaccinia  serum 

Immunofluorescence intensity with vaccinia infected CAM and 
HeLa cells 

Conjugate 
treatment 

Infected cells Uninfected cells 

Vaccinia Negative Vaccinia Negative 
serum serum serum serum 

I Adsorption and 
gel filtration 0 ++++ 0 0 

1I Gel filtration 
and adsorption ++ ++++ ++ ++ 

III Gel filtration ++++ ++++ ++++ ++++ 

IV 2 adsorptions ++ +++ ++ ++ 

(1) Method: direct staining. (2) Pre-conjugate serums: 1 : 4 dilutions 
of vaccinia and negative rabbit serums. (3) Conjugate: vaccinia rab- 
bit globulin-isothiocyanate. 
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