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Summary. A fixation procedure for electron microscopy is described which includes a 
simultaneous glutarMdehyde-OsO4 fixation followed by postosmication. This procedure was 
found to have considerable advantages in preserving structures of plant and animal cells. 

Introduction 

A great amount of the present knowledge on cellular ultrastructure is based on 
electron microscopic studies which employ a sequential fixation first with aldehy- 
des, such as formaldehyde, glutaraldehyde or acrolein, followed by washing and a 
second fixation step with osmium tetroxide. This sequential "double fixation" 
has become the classical fixation scheme in EM laboratories since the pioneering 
work of SA]~ATI~I, BE~SCH and BARNETT (1963). During the course of fixation 
experiments designed to avoid some of the disadvantages of this sequential fix- 
ation, for example, the disappearance or rearrangement of microtubules when 
fixed in the cold, frequent myelinization of lipid material, a more dispersed pattern 
of ribosomes, and a frequently occurring finely granular precipitation, we found a 
fixation procedure which had some remarkable advantages. This method now 
serves as our standard fixation for all kind of biological material. 

The early attempts of DANNEEL and WEISSENFELS (1965) who used a mixture 
of OsO4/glutaraldehyde/phosphotungstic acid, adjusted to pH 7.0, were obviously 
unsuccessful as can be seen from the mierographs published. Our procedure was 
developed as a modification of their work and that of TRUMP and BULGER (1966 
and also from remarks made by HIRSCH and FEDORKO (1968) who increased the 
contrast, especially that  of membranes, by using a "postfixation" with an aqueous 
uranyl acetate solution. While DANNEEL and WEISSENFELS as well as TRUMr and 
BULGER used a relatively high concentration of aldehyde (6.25%) which acceler- 
ates the discoloring interaction of both the fixing redox reagents we employed lower 
concentrations as suggested by HmscH and FEDORKO. 
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Materials and Methods 

Equal parts of ice cold stock solutions of glutaraldehyde (2 or 4 %) and OsO~ (2 % ), both 
buffered with 0.1 M cacodylate to a pH of 7.0, were mixed and immediately used for fixing. 
Fixation times were varied from 30 rain to 1 hr. Particular care was taken with teruperature 
conditions so that all fixation and washing steps were carried out by either keeping the fixation 
vessels in an ice bath or by working in a 5~ cool-room. At these conditions no observable 
colorization or precipitation caused by reduced osmium compounds takes place. Then after 
washing the material several times with chilled 0.I M eacodylate buffer (pH 7.0) a postos- 
mication was performed using 2% OsOa, also buffered with 0.1 M cacodylate, for 3 hrs at 5~ 
Further washing steps, dehydration, embedding in epoxy resins and poststaining of the sections 
were as conventional. 

Results 

This fixation method reveals an ultrastructural appearance generally compa- 
rable to that obtained after the sequential double fixation; however, the simultan- 
eous fixation with postosmication proved to be superior with respect to: (i) con- 
trast distinctiveness of membranes and other lipid-containing structures; (2) pre- 
servation of nueleoprotein-containing structures as polyribosomes and chromatin 
strands; (3) preservation of cytoplasmic mierotubules even after fixing at low tem- 
peratures; and (4)the high staining of any polysaccharide-containing structures. 
Micrographs which document the quality of preservation achieved with this pro- 
cedure have recently been published in other contexts (e. g. FI~ANKE and SCHINKO, 
1969 ; FALK, 1969a, b ; F~ANK~, KRIEN and SAMEK, 1969). 

Of considerable importance seems to be the preservation of polyribosomal 
structure by the method described. Thus, in a great many plant materials, e.g. 
bean  leaves, cells of the  a lgae  Tetracystis and  Botrydium, in which af te r  sequent ia l  
f ixa t ion  the  cy top lasmic  a n d  p las t ida l  r ibosomes appea red  p r e d o m i n a n t l y  " f r e e " ,  
i .e .  unassocia ted ,  th is  procedure ,  in fact ,  showed them to exis t  in the  polyr ibo-  
somal  s ta te  (FALK, 1969a). 

The rout ine  appea rance  of cy top lasmic  micro tubules  a f te r  s imul taneous  fixa- 
t ion in the  cold was ano the r  unexpec ted  f ind which s t rong ly  suggests  t h a t  f ixa-  
t ion t e m p e r a t u r e  alone might  no t  he responsible  for the i r  p rese rva t ion  b u t  r a the r  
the  k ind  of f ixa t ion  employed  (F~ANKE, KRIEN and  SAMEK, 1969). 

No p rec ip i t a t ion  con taminan t s  have  been encounte red  wi th  the  s imul taneous  
f ixat ion,  whereas  t hey  are  f requen t ly  observed  in ma te r i a l  sequent ia l ly  f ixed  a t  
room tempera tu re .  

Al though  m a n y  more mate r ia l s  will need to  be tes ted  to u l t ima t e ly  prove  the  
universa l  effectiveness of this  method ,  the  resul ts  so far  ob ta ined  were excel lent  
wi th  cyanophycean  algae, f reshwater  ch lorophycean  and  x a n t h o p h y c e a n  algae, 
ch rysophycean  algae, fungi, lichens, roots,  s tems, and  leaves of higher  p lants ,  
m a m m a l i a n  l iver,  skele ta l  muscles,  ad rena l  cortex,  a m p h i b i a n  ovaries,  and  a di- 
vers i ty  of i sola ted  subcel lu lar  fract ions.  An  example  of the  value  of th is  f ixa t ion  
me thod  was the  excel lent  f ixa t ion  in Tetrahymena pyri]ormis (WvNDERLICH and  
F~A~XE, 1969), an  organism long-known to exh ib i t  pecul ia r  f ixa t ion  and  preser-  
va t ion  problems  (see e.g. WILLIAMS and  LUFT, 1968). 

Note added in proo/. Other laboratories which were informed by us on this method yielded 
equally good results [e.g.B.S.C. LEADBEATER and I. MANTON, Arch. Mikrobiol. 66, 105--120 
(1969)]. 
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