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CRYO-ELECTRON MICROSCOPY AND IMAGE ANALYSIS OF SV40
T. S. Baker, J. Drak® and M. Bina*

Departments of Biological Sciences and Chemistry,* Purdue University,
West Lafayette, Indiana 47907

The discovery that the T=7 icosahedral capsid of polyoma virus is composed of
72 pentameric capsomers! rather than 12 pentamers and 60 hexamers as pre-
dicted by constraints of quasi-equivalence? has prompted an examination of
SV40 virus by electron microscopy to determine whether the capsids of other
members of the papovavirus family are similarly constructed.

Thin layers_of buffered aqueous solutions (v4 mg/m1) of Simian virus 40
(strain WT776) were prepared for cryo-microscopy using recently developed
procedures.3>* Images of virus particles suspended in thin layers of vit-
reous ice over holes in the carbon support film and maintained at -170°C were
recorded using minimal irradiation conditions.® Figure 1 shows a typical
field in which the frozen solution is similar in thickness to the virus par-
ticles (49 nm diameter). Particles appear to be excluded or squeezed away
from the thinnest regions of solution (e.g., the clear region bordered by
particles at the top of Fig. 1).

Virus gartic]es are denser than ice, therefore they scatter electrons more
strongly and appear with contrast opposite that in conventional negatively
stained specimens. Micrographs were recorded 1-3 um upderfocus® to enhance
phase contrast in the unstained specimen in the 25-35 A resolution range,
allowing features of the capsomer substructure to be resolved. At higher
magnification (Fig. 2), many particles show characteristic two-sided super-
position patterns from which the view orientation can be estimated to within
a few degrees.” Arrows in Fig. 2 identify particles viewed close to icosa-
hedral symmetry axes.

The radiation sensitivity of the frozen-hydrated specimen is demonstrated in
Figure 3. Although more dramatic changes are observed in regions over the
carbon substrate, fine details of the virus strugture rapidly disappear after
the accumulated electron dose exceeds ~20-30 e-/ﬁz_

Images of particles viewed close to icosahedral three-fold (Fig. 4b; reverse
contrast) and five-fold (Fig. 5b; reverse contrast) symmetry axes were exam-
ined using rotational image analysis procedures.® Power spectra (4a,5a) and
rotational symmetry averages (4c,5c; reverse contrast) clearly demonstrate
that the SV40 structure is well preserved in ice with minimal irradiation
conditions. The three-dimensional structure of SV40 will be reconstructed by
combining several images of particles viewed in different orientations® and
compared to the polyoma capsid structure studied by x-ray crystallographyls10,
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