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Abstract

Membrane proteins are important research targets for basic biological
sciences and dmg design, but studies of their strocture and function are
considered difficult to performe Studies of membrane structures have
been greatly facilitated by technological and instrumental advancements
in electron microscopy together with methodological advancements in
hiology. Electron crystallography is especially useful in studying the
structure and function of membrane proteins. Electron crystallography is
now an established method of analyzing the structures of membrane pro-
teins in lipid bilayers, which resembles their natural biological environ-
ment. To better understand the newral system function from a structural
point of view, we developed the cryo-eleciron microscope with a helinm-
cooled specimen stage, which allows for analysis of the structures of
membrane proteins at a resolution higher than 3 A, This review intro-
dures recent instrumental advances in cryo-electron microscopy amd pre-
sents some examples of structure analyses of membrane proteins, such
as bacteriorhodopsin, water channels and gap junction channels. This
review has two objectives: first, to provide a personal historical back-
ground to describe how we came to develop the cryo-electron micro-
scope and second, to discuss some of the technology required for the
structural analysis of membrane proteins based on  cryo-electron
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much as 85%, and even when water molecules
rapidly pass through the water channels, ion per-
meation must be blocked to ensure ion channel
funection.

Electron crystallography is a particularly useful
method for structure analyses of membrane pro-
teins such as ion channels and water channels, for
the following reasons:

(1} Structures can be analyzed in membranes
that provide an environment similar to the
native conditions of the protein.

(2} Structures can be analyzed even when only
poor-quality crystals are available, although
resolution is strongly related to crystal
quality.

(3) Both sides of the specimen are kept open and
there is less influence from artificial crystal
packing, as described later for the structure
analysis of the gap junction channel
Furthermore, this featire enables researchers
to use the freeze-trapping technigue, which

was developed and used to study the gating
mechanism of a nicotinic acetylcholine recep-
tor by Unwin [2].

(4) Phases for structure analysis are calculated
directly from images and provide a better
quality map than does X-ray crystallography
at the same resolution.

Electron crystallography was the first method
used to obtain a real image of the membrane
protein bacteriorhodopsin, whose structure was
analyzed by Henderson and Unwin in 1975 [3]. This
method is extremely powerful, especially for struc-
tural studies of membrane proteins. Henderson
et al. [4] were the first to use it to determine the
atomic structure of bacteriorhodopsin based on
electron crystallography. The adoption of this
method in structural biology has been slow, pre-
sumably due to technological difficuliies. Electron
crystallography should be the core method for per-
forming structural and functional studies of




