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The aim of our research is to elucidate the transmembrane
signaling system, by the structural analysis of the complex
(bio-multisome) between membrane protein and its associated
proteins in nerve cells. The structure of ion channels and
receptors has been elucidated by cryo-electron microscopy. The
crystallization of soluble proteins is investigated to reveal their
atomic structure by X-ray crystallography. Then, the confocal
laser-scanning microscopy is introduced for the study of
intracelluler localization and physiological function of the
bio-multisome. These experimental attempts coupled with the
structural studies will provide critical insights into the dynamic
structure and function of the bio-multisome in living cells.

1. Structural analysis of Nicotinic acetylcholine receptor

The nicotinic acetylcholine receptor (nAChR) is a
ligand-gated ion channel at the neuromuscular junction. To
elucidate the structure of nAChR at high resolution,
two-dimensional crystals are indispensable to the analysis by
electron microscopy. For two-dimensional crystallization,
various detergents were tried during solubilization and
purification of nAChR from the postsynaptic membranes of
Torpedo ray. As a result, Triton X-100 could solubilize nAChR
most efficiently; however it proved to be unsuitable for the
two-dimensional  crystallization by  dialysis = method.
Two-dimensional crystallization of nAChR was also tried by
rearranging the receptors in postsynaptic membranes by

incubation without solubilizing them. Although nAChR is
sensitive to the high temperature, transient incubation at
20-25°C might be effective in fluidity of lipid on the
postsynaptic membrane for two-dimensional crystallization.

2. Study of the scaffolding proteins at postsynapse
(1) Rapsyn at neuromuscular junction

Rapsyn, the 43kDa receptor associated protein, is
myristoylated peripheral protein that plays critical roles in the
clustering of nAChR and in the organization of the postsynaptic
cytoskeletal complex at the neuromuscular junction. The entire
structure of rapsyn has not been known yet. And for the
three-dimensional crystallization of rapsyn, two truncated
rapsyns; rapsyn (1-201) and (1-344) was over expressed in E.
coli and purified successfully. The full-length of rapsyn could
be also expressed in insect cells. Furthermore, to clarify the
interaction between rapsyn and nAChR, it was analyzed by
immunoprecipitation assay with the purified rapsyn and
intracellular domains of each subunit of nAChR.

(2) PSD-95 at neuronal postsynapse

We found the interaction of PSD-95 and
Ca**/calmodulin  (Ca**/CaM) and have investigated the
characteristics of interaction between PSD-95 and Ca®*/CaM by
using surface plasmon resonance spectroscopy (BIAcore 3000).
In the present term, a kinetic analysis revealed that the synthetic
C-terminal peptides of proteins, CRIPT and NR2B, which
interact with PDZ2 or PDZ3 domain of PSD-95, facilitated the
interaction between PSD-95 and Ca2+/CaM, but not the
synthetic C-terminal peptides of APC and Kv1.4. These results
suggest the possibility that the conformational change of
PSD-95 by the binding of proteins to PDZ2 and/or PDZ3
domain would affect the interaction between PSD-95 and
Ca®*/CaM.

3. Molecular labeling of intracellular proteins for electron
microscopy

The observation of biological materials by transmission
electron microscopy (TEM) frequently requires the use of
immuno-gold labeling to identify the specimen, but this
technique is limited. In contrast, genetic labeling with green
fluorescent protein and its homologs allow for the visualization
of dynamic processes in live cells by light microscopy without
the use of secondary reagents. Then, we tried to develop an
artificial fusion protein that allows for efficient protein detection
by TEM without additional staining steps.
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