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Atomic resolution structure determination by
cryo-EM –where are the limits?
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Single particle cryo electron microscopy (cryo-EM) has developed into a powerful technique to determine 3D
structures of large macromolecular complexes. Due to improvements in instrumentation and computational
image analysis, the number of high-resolution structures is steadily increasing. The method cannot only be
used to determine high-resolution structures but also to study the dynamic behavior of macromolecular com-
plexes and thus represents a very complementary method to X-ray crystallography. Furthermore, the maxi-
mum attainable resolution by cryo-EM has constantly improved in recent years. Most of the high-resolution
structures are still in the 3 Angstrom resolution regime but some have even crossed the 2 Angstrom barrier.
We have recently installed a new prototype electron microscope which is equipped with a monochromator
and a next-generation spherical aberration corrector. This microscope is optically superior to the currently
commercially available instruments and can therefore be used to test the resolution limits in cryo-EM. We
have used the test specimen apoferritin to determine its structure at 1.25 Angstrom resolution [1] which is
sufficient to visualize for the first time individual atoms clearly separated in the density map (Figure 1).
Recently, we managed to use this microscope not only to improve the resolution of the very stable and rigid
protein apoferritin. We also obtained significant improvement in resolution for other more dynamic macro-
molecular complexes for which one could have expected that the microscope itself may not be a major reso-
lution limiting factor.
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