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Negative stain of small molecules and protein complexes has useful applications to a range of biological 

studies.  Negative stains are heavy metal solutions that significantly increase the contrast of the sample in 

the electron microscope and allow detail of the molecules to be visualized with a resolution limit of around 

18Å.  Samples must be biochemically pure and conformationally homogeneous, preferably involving gel 

filtration as the final purification step.  Each continuous carbon grid requires only 2.5μl of sample at a low 

concentration of ~10 μg/ml.  A variety of stains can be used, with uranyl formate and uranyl acetate being 

best suited to small complexes.  Most biological buffers are well tolerated with these stains, however it is 

preferable to avoid glycerol, phosphate (such as PBS) and high salt concentrations.  There are also a 

variety of methods for applying stain and sample to the grids than can have an effect on the thickness and 

quality of the stain.  Every sample is unique, and these methods are widely adaptable.  Negative stain is a 

relatively quick way to assess the condition of the sample and ideal for troubleshooting purification and 

buffer conditions before continuing on with cryo-EM work.  2D class averages from negative stain images 

can reveal a lot about the homogeneity, composition, and flexibility of a complex, guiding the best 

conditions to be used when preparing vitrified grids for cryo-EM.  In general, 2500-5000 individual 

particles are enough to yield informative results from negative stain 2D class averages, with less 

homogeneous samples requiring more particles to properly classify all conformations.  In addition to being 

used for preliminary studies for cryo-EM, negative stain can be used to analyze homogeneity for 

crystallization trials and is well used in many non-structural applications.  Class averages can be used to 

ensure full saturation of a complex with binding partners, paired with labeling techniques for domain 

identification, and as an extra step in verifying complex purification.  Even single images can be 

informative for confirming proper reconstruction of virus-like particles and studying the effect of 

treatment on microtubule growth and catastrophe. 
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