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The aim of our research is to elucidate the advanced
molecular mechanism of a functional complex of proteins in
Vivo (bio-multisome) from a viewpoint of structural biology in
detail using microscopy freely. It has become clear the
importance of bio-multisome which takes on the several events
in cells. Therefore, we would establish the new technical
approach that can elucidate the wide range of three-dimensional
structures which overlook the configuration of bio-multisome
reaching a cellular level from an atomic level, by the
development of microscopic analyses such as electron
crystallography, single particle analysis, electron tomography
and light microscopy. These experimental attempts will provide
critical insights into the dynamic structure, localization, and
function of the bio-multisome in living cells.

1. Sructural analysis of nicotinic acetylcholine receptor

The nicotinic acetylcholine receptor (nAChR) is a
ligand-gated ion channel at the neuromuscular junction. The
nAChR can adopt three different functional states (resting,
activated and desensitized state). To elucidate the structure of
the nAChR in the desensitized states, their two-dimensional
crystals are indispensable to the analysis by electron microscopy.
For two-dimensional crystallization by rearranging the receptors
in postsynaptic membranes, nAChR-rich membranes were
successfully prepared from fresh Japanese Torpedo rays.
Two-dimensional crystallization was also tried by reconstituting
the detergent-solubilized receptors into lipid bilayers.
nAChR-rich membranes were isolated by sucrose gradient
centrifugation and nAChRs were sufficiently solubilized with
dodecylmaltoside (DDM), pentaethylene glycol monodecyl
ether (CjoEs) and dodecyl octaethylene glycol ether (C,Eg).
Some of the DDM-solubilized nAChR were reconstituted into
lipid bilayers by dialysis with phosphatidyl ethanolamine and
carbachol.

2. Sructural analysis of voltage-gated sodium channel

To elucidate the structural basis of the mechanism of a
voltage-gated sodium channel, a small sized sodium channel
form a bacterium, Bacillus halodurans, (NachBac) has been
studied. NachBac with His-tag was expressed in Escherichia
coli and purified by an affinity column chromatography. But,
analytical ultracentrifugation showed solubilized NachBac was
unstable. Voltage-gated ion channel consists of two modules: a
voltage-sensor (S1-S4 transmembrane helices) and a gating-
pore (S5-S6 helices). The sensor is located around the pore that
sits in the center of the functional tetramer. To stabilize the
solubilied NachBac, we introduced two cysteine mutations into
the voltage sensor and pore domain of NachBac. This mutant
channel was tetramerized by intersubunit disulfide bond upon
expression and formed stable tetramer. Exploring of good
detergents and lipids for crystallographic works is in progress.

3. PSD-95 at neuronal postsynapse

To evaluate the interaction between MAGUKs and
Ca®*/CaM, and the exchange from the intermolecular interaction
to the intramolecular interaction of MAGUKs in cells, we
employ FRET (Fluorescence Resonant Energy Transfer) which
is able to monitor the molecular interaction or conformational
change of molecule. We have constructed CFP linked to YFP by
three glycine residues (CFPgggYFP), and CFP-CaM-M13-YFP
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which is known as Ca®" sensor to determine the conditions of
the confocal laser scanning microscope for FRET.

4. Three-dimensional
dendritic spines
Cultured pyramidal cell from hippocampus of rat embryo
has many dendritic spines which possess rapid motility in a
standard culture medium. To understand the mechanism of
dendritic spine formation, quantitative and precise analysis of
the motility is very important. In this term, using the EM-CCD
camera and real-time laser scanning confocal microscope, we
tried to take fine three-dimensional images of the dendritic
spines which were stained with a fluorescent probe, FM-43.
Without fluorescence photobleaching, we successfully took 40
conforcal fluorescent images from 4 cubic micrometer spatial
region of the pyramidal cell, including spines, within 10 second.

fine morphological analysis of

5. Molecular labeling of intracellular proteins for electron
microscopy
(1) Development of a genetically encoded metallothionein tag
The techniques to observe proteins of interest in cells by
transmission electron microscopy (TEM) are still now limited.
In contrast, genetic labeling with green fluorescent protein
(GFP) has led to rapid advances in the observation of proteins
by light microscopy. Therefore, we developed an artificial
fusion protein that allows for efficient protein detection by TEM
without additional staining steps. We linked 3 to 5 repeats of
metallothionein (3-5MT) with monomer protein GFP, 14-mer
protein GroEL and clustered protein PSD-95. They were
successfully expressed in Escherichia coli grown in Cd*'-
containing medium, and the purified protein included cadmium
atoms. Cd*'-bound GroEL-14(3MT) and PSD-95-3MT were
detected by TEM in the absence of negative staining on a
carbon grid, and the particle densities of GroEL-14(3MT) were
much greater than those of untagged GroEL in vitreous ice.
Taken together, our data indicate that the 3MT tag provides a
promising TEM method of allowing the detection and
visualization of oligomeric or clustered proteins assembled in
living cells.

(2) Electron microscopic observation of PSD-95 fused with
3MT

Here we employ genetically encoded tags to examine the
localization of proteins in transfected cultured cells by TEM.
We addressed if genetically encoded tags affect the localization
and/or function of the target proteins. We found that the
conjugation of 3MT to PSD-95 did not alter its localization to
the postsynaptic density or its association with known binding
partners, indicating that 3MT satisfies a requirement for a tag.
To observe the subcellular localization of Cd**-bound
PSD-95-3MT under TEM, we prepared adenovirus encoding
this fusion protein (AdPSD-95-3MT). In the primary
hippocampal neurons, expression efficiency was highest 4 days
after induction. Hereafter, we will observe primary hippocampal
neurons expressed with PSD-95-3MT and treated with CdCl,.
To limit the loss of signal for Cd*-bound PSD-95-3MT, these
samples were prepared for plastic embedding without osmium
tetroxide and electron staining. Many large electron dense
deposits were present in neurons exposed to AdPSD-95-3MT
and treated with CdCl, but not in untreated controls or in
neurons treated with CdCl, alone. In addition, no signal was
detected in neurons transduced with AdPSD-95-3MT but not
incubated with CdCl,. Therefore we could demonstrate a useful

method for examining the localization of proteins at high
resolution. To examine the cellular localization of electron
dense deposits, next we will prepare the samples that were
post-fixed with osmium tetroxide and electron staining

6. Three-dimensional image analysis of labeled proteins by
electron tomogr aphy

Electron tomography is an electron microscopic technique
for reconstructing the three-dimensional structure of a specimen
from a tilt series of electron micrographs at tilt angles ranging
from -60 to +60 in 1 increments. Electron tomography,
combined with techniques of genetically encoded tags for
electron microscopy, must become a successful strategy for
taking advantage of conformational and configurational
information from the tagged protein in the cells. Three-
dimensional reconstruction using these techniques revealed the
shape and subcellular localization of electron-dense deposit
from Cd*"-bound PSD-95-3MT in the primary hippocampal
culture neurons, prepared for TEM without osmium tetroxide
and electron staining, is distorted spherical/ellipsoidal. We will
prepare specimen with osmium tetroxide and electron staining
for further analyses.
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