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Electron crystallography of thin 3D protein crystals:

atomic model with charges

Koji Yonekurd, Kazuyuki Kat8, Mitsuo OgasawaraMasahiro Tomita® Chikashi Toyoshinta
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2 Hitachi High-Tech Fielding Corporation
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*Hitachi High-Technologies Corporation

Protein atoms scatter electrons 4 - 5 orders ofnihade more strongly than they do X-rays, thus
allowing individual protein molecules to be imad®delectron microscopy. Though not fully exploitsal
far, electron protein crystallography has greaeptal and indeed has yielded superb high-resaiytio2.0
A resolution) atomic structures from 2D crystal$lowever electron crystallography of 3D crystals is
problematic as stacking of even a few layers makifieaction patterns discrete in all directions,dan
methods developed for conventional electron criggjedphy of 2D crystals are not useful. This peobl
can be overcome, however, by developing an elecliftractometer that allows the intensities of dfftion
spots to be integrated spatially by rotating thestad, similarly to the rotation camera used foraxs.
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Fig. 1. Atomic scattering factors and theoretical map@) Atomic scattering factors
for 300 keV electrons based on values from Intéonat Tables for Crystallography. (B)
Scattering factors for X-rays. Scattering factars X-rays are much less affected by the

charged state compared with those for electrons.



Another important feature of electron scatterimghiat the diffraction pattern formed by elastigall
scattered electrons is directly related to theribistion of Coulomb potential. This is in markeohtrast to
X-rays, which, because they are scattered by elestryield an electron density map. Coulomb paaént
maps may be more difficult to interpret, when corapawith electron density maps by X-ray crystalaggry,
as the appearance of the same residues may défeending on their charged state, resolution and
surrounding environment, but they provide uniguermation, not attainable by X-rays. The featuoés
Coulomb potential maps result from the fact thatat scattering factors for electrons vary constir
over a range of spatial frequency depending orclizeged state (Fig. 1A) and can become close taer
even negative (e.g. for ' OFig. 1A). An advantageous consequence is th& gossible to determine
experimentally the charged states of protein rescdand metals. As proteins use metals of diffeene
states for many purposes, notably for catalysis eladtron transfer, information on the chargedestzt
metals and amino acid residues can be criticah@erstanding protein function.

We obtain the Coulomb potential maps at 3.4 A 2dA resolution, respectively, of EaATPase
and catalase obtained from ultra-thin (just a fayers thick) crystals using a new electron difloantter.
These maps demonstrate that it is indeed possiblriitd atomic models from such crystals and ewen t
determine the charged states of amino acid residud® C&'-binding sites of Cd-ATPase and that of the
iron atom in the heme in catalase.
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