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The process for preparing biological samples for ultrathin microtomed sections for electron microscopy, 

and especially TEM can be tedious and time consuming.  The issues that arise when an incomplete or 

inaccurate fixation are done have been well worked out throughout the years.  Compromised steps in the 

chemical fixation can lead to a poor image.  Crang and Klomparens (1988) cover the history of and 

provide information of the pros and cons of many different types of biological sample fixations 

including chemical and physical methods.  Provided in this presented study is a comparison of not only 

purposeful errors in the process of chemical fixations but also some enhancements to a typical protocol.  

Physical methods including freezing and heating for fixation will not be discussed.  The need for current 

examples in a multi-user facility with often non-biological and/or inexperienced biology researchers 

learning these techniques for the first time has led to a comparison of “what-ifs” when proper fixation 

methods are not followed.   

 

For years the fixative agents for various biological samples have been well worked out.  Protocols must 

be adjusted according to the type of tissue and any special imaging goals of the project.  All too often 

reproducibility can be hard to accomplish if a standard protocol is not worked out for the specific sample 

being studied.  Influences for a good overall fixation and therefore usable image include: the primary 

and post fixatives including the type, freshness, concentration of, and duration of the fix; the buffer and 

pH of the fixation can determine the overall effectiveness of stabilization during the fixation; the 

dehydration concentrations and number of graded steps will affect how well the tissue is rid of water 

therefore influencing the infiltration of the resin for TEM samples or critical point drying step for SEM 

samples.  In this study the fixative agents and some selected enhancements only are shown and 

compared for embedded and ultra-microtomed samples for TEM and STEM imaging.    

 

In the following comparison study healthy new-growth leaves from the common ornamental perennial 

columbine plant, Aguilegia sp. were used.  Five different fixations were done: a typical 4% 

glutaraldehyde (GTA), post fixed with 1% OsO4; 4% GTA with added H2O2, post fixed with 1% 

OsO4;1% GTA, post fixed with 1% OsO4;4% GTA fix, post fixed with 1% OsO4 with an additional step 

of en-bloc staining of 5% uranyl acetate; and a fixation of 4% glutaraldehyde with a skipped OsO4 post 

fixative.  All fixations were done with 0.1 M buffering from sodium cacodylate buffer and dehydrated in 

a typical graded series of 50%, 70%, 90%, 100% EtOH and 100% acetone prior to infiltration and later 

embedding with Mollenhauer II resin.  STEM images were taken with an FEI (Thermo Fisher Scientific) 

TF20 Supertwin at 200 kV and TEM BF images were taken with an FEI TF20 Twin at 200 kV.   

 

Figure 1 shows the fixation with a dilute GTA fixative of only 1% and the membranous structure is 

clearly less fixed evident by the “mushy” appearance.  Without a proper concentration the structure of 

all membranes will not be stabilized via the cross linking of the aldehyde with the proteins. As seen in 

figure 2, the control fix, the sample with 4% GTA and 1% OsO4 post fix show excellent clear membrane 

structures as did the fix with added H2O2 (image not shown of the latter).  In figure 3 it can be observed 

the deep contrast of the membranes enhanced by the en-bloc staining with UA. Lastly, in figure 4, the 

4% fixation with no OsO4 post fix shows a total lack of thylakoid membrane structure in the chloroplasts 

due to the leached out lipids.  OsO4 is a vital step in order to stabilize lipids otherwise during the 

dehydration steps with organic solvents, they will leach out.  This was also evident during the 



dehydration steps by the visualization of green in the solvent waste.  The very basic important steps 

and/or chemical agents are covered here although many other added enhancements and exceptions are 

important to keep in mind when chemically fixing biological samples.  This project shows vital 

information to be passed down to new and inexperienced researchers in order to help explain why 

certain steps are important in processing biological samples.   
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Fig. 1: The fixation with a low concentration of 

GTA shows in the STEM image very “thick” and 

indistinct membrane structure most likely due 

not enough time for sufficient cross linking of the 

proteinaceous structure.   

Fig. 2: The control fixation of 4% GTA and 

1% OsO4 shows in the STEM image very 

distinct easy to recognize membranes all 

throughout the cell.  
 

Fig. 3: The added enhancement of 5% 

UA shows very deeply stained 

membranes including the 

endoplasmic reticulum.  
 

Fig. 4: The skipped step of OsO4 as a 

post-fix that stabilizes lipids shows very 

indistinct thylakoid membranes within 

the chloroplast.    


