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Abstract

To avoid the challenges of crystallization and the size limitations of NMR, it has long
been hoped that single-particle cryo-electron microscopy (cryo-EM) would eventually
yield atomically interpretable reconstructions. For the most favorable class of specimens
(large icosahedral viruses), two of the key obstacles are the large computational
requirements of high-resolution reconstructions and the curvature of the Ewald sphere,
which leads to a breakdown of the projection theorem used by conventional 3D

reconstruction programs. Here, two solutions to these obstacles are presented.

First, a simple distributed processing system named Peach was developed to meet the
rising computational demands of modern structural biology (and other) laboratories
without additional expense by using existing hardware resources more efficiently. A
central server distributes jobs to idle workstations in such a way that each computer is
used maximally, but without disturbing intermittent interactive users. As compared to
other distributed systems, Peach is simple, easy to install, easy to administer, easy to use,
scalable, and robust. While it was designed to queue and distribute large numbers of
small tasks to participating computers, it can also be used to send single jobs
automatically to the fastest currently available computer and/or survey the activity of an
entire laboratory's computers. Tests of robustness and scalability are reported, as are
three specific cryo-EM applications where Peach enabled projects that would not

otherwise have been feasible without an expensive, dedicated cluster.



vii
Second, an iterative refinement reconstruction algorithm, Prec, is described that
overcomes the curvature of the Ewald sphere resolution limitation by averaging
information from images recorded from different points of view, as are present in typical
micrographs. Prec was implemented in the popular software packages IMIRS, EMAN,
and Bsoft. In preliminary tests with both simple and multi-slice simulated images, Prec
overcame the curvature problem even in the presence of noise. Prec was then used to
refine the three recently published, ~ 4 A resolution, icosahedral virus reconstructions
from experimental cryo-EM images, but unfortunately no significant improvements in
resolution were realized. Further simulations showed that limitations other than the

Ewald sphere curvature problem must still be dominant in these experimental studies.
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