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1. Mechanism of Biological luminescence — Elucidation of
the control mechanism of the luminescent color based on the
kinetic X-ray crystallography.

To elucidate the bioluminescence mechanism of firefly,
reaction mechanism of the firefly luciferase has been studied.
The firefly luciferase catalyzes an oxidative reaction involving
ATP, firefly luciferin and molecular oxygen, yielding an
electronically excited oxyluciferin species.  This excited
species emits visible light. The luminescent color change by
single amino acid mutation of luciferase and the high quantum
yield in luciferin/luciferase reaction are interesting research.
The aim of the study is to capture the structures of the enzyme
during the reaction by kinetic crystallography. We determined
the crystal structures of wild-type and red emitting S286N
mutant luciferases complexed with 5'-O-[N-(dehydroluciferyl)-
sulfamoyl adenosine (DLSA) which is luciferyl-AMP
intermediate analogue. The wild-type luciferase changes the
conformation that 11e288 is close to the benzothiazole ring of
DLSA and forms hydrophobic microenvironment in the active
site.  On the other hand, the red-emitting S286N mutant does
not induce the conformational change and is less hydrophobic
microenvironment. The wild-type luciferase will cause the
conformational change forming tightly rigid and nonpolar
environment of the excited oxyluciferin in order to minimize
energy loss before emitting yellow-green light. In order to
confirm ouridea, we prepared the 1288V and 1288A mutants and
examined the luminescent color. 1288V and 1288A mutants
emitted orange and red colored light, respectively.
Consequently, the degree of the molecular rigidity of the excited
oxyluciferin involved in the movement of 11e288 determines the
color of bioluminescence during the emission reaction.

2. Mechanism of molecular motion of membrane protein
machinery.

a) Mechanistic aspects for the function and molecular motion in
ABC proteins.

ATP-binding cassette (ABC) proteins comprise a family
of structurally related membrane proteins  sharing
well-conserved nucleotide binding domains. Although their
predicted secondary structures are very much alike, they have
divergent functions and can be classified as transporters,
channels, and regulators. They commonly use ATP hydrolysis as
an energy source for various functions. Therefore, determination
of three-dimensional structure at high resolution is important to
elucidate their functional differences. In this project, we have
two aims in mind. First, we study P-glycoprotein, also termed as
MDR1, that contributes to the multi-drug resistance developed
in the course of the AIDS and cancer chemotherapy, in order to
understand the mechanism of the multi-drug resistance.
Second, we also try to find out ways to overcome the difficulties
for overproduction of properly folded membrane proteins. Our
idea is to utilize the peroxisome as a folding and storage device
for overproduced membrane proteins. Since PMP70 and ALDP
are the peroxisomal ABC transporters, successful
over-expression of these proteins would prove our strategy.

(i)  Structural basis of multi-drug resistance ABC transporter
P-glycoprotein form human.

Large-scale production of P-glycoprotein (MDR1) was
conducted by baculovirus/insect cell expression system and
sable MDR1 expression was thus confirmed. To maintain
protein stability, various factors were screened and the
purification conditions were thus improved. The stability and
monodispersity of the purified preparation were better than

those of previous one. Furthermore, several site-directed
mutations were introduced into MDR1 to reduce its
conformational flexibility and consequently to increase its
crystallizability. Crystallization of the purified mutant MDR1
is in progress.

(if) Construction of crystallography-oriented overexpression
system for membrane proteins derived from peroxisomal
translocation.

PMP70 is a peroxisomal ABC transporter that is assumed to
responsible for the metabolism of very long chain fatty acids.
During the cellular localization of PMP70, a peroxin protein
Pex19p seems to function like a chaperone to carry PMP70
toward another peroxin Pex3p on the peroxisomal membrane.
To identify the regions that interact with Pex19p, various
truncated PMP70 were synthesized by a cell-free system in the
presence of Pex19p. The amino-terminal 61 residues and the
sixth transmembrane helix of PMP70 were required for both the
interaction with Pex19p and the intracellular translocation
toward peroxisomes. We meanwhile examined the Pex3p
residues necessary for binding to Pex19p.  Several site-
directed mutagenesis experiments revealed that Trpl04 of
Pex3p directly interact with Pex19p with hydrophobic contacts.
Our investigation of the protein-protein interactions
(Pex3p—Pex19p—PMP70) will be expected to explore protein
samples suitable for the crystallization.

b) Structural biology studies on the other membrane
proteins—\oltage-gated sodium channel.

To elucidate the structural basis of the voltage-gated sodium
channel mechanism, a small size sodium channel form a
bacterium, Bacillus halodurans (NachBac) has been studied.
NachBac with His-tag was expressed in E. coli and purified by
an affinity and size-extinction column chromatographies.
Exploring of good detergents and lipids for crystallographic
works are in progress.

3. Capture of hydrogen behavior in enzymatic reaction by
ultra-high resolution crystallography

The availability of high-intense synchrotron X-ray beam
and efficient X-ray image detectors has also led to open the
determination of three- dimensional structure at subatomic
resolution (d < 0.8 A). In such a resolution, we can recognize
hydrogen atoms and identify the protonation state of functional
residues in enzymes.

Endopolygalacturonase  (endoPG) is an inverting
glycosidase, which is involved in the degradation of pectin by
hydrolyzing the a-1,4 glycosidic bonds. It is considered that
the reaction is accelerated by acid-base catalyst. To visualize
hydrogen atoms and/or protons involved in the reaction, we
started subatomic resolution X-ray crystallography of endoPG
from Stereum purpureum.

The crystals for subatomic resolution were prepared using
sitting drop vapor diffusion method coupled with macro seeding.
Data collection was performed at beamline BL41XU using an
ADSC Q315 CCD detector. The data was integrated and
scaled to 0.62 A resolution. Rpim Of overall and outer shell
(0.64 - 0.62 A ) were 2.4% and 21.6%, respectively. Even in
the most outer shell, the completeness and the mean 1/ o (1)
were 55.0% and 3.0, respectively. The model was refined with
an R factor of 8.82% and a corresponding Ry factor of 9.81%
using a program SHELXL97. About 1600 hydrogen atoms
were observed in the F, - F, maps contoured at 3.0 o during
the refinement. These observed hydrogen atoms contain the
labile hydrogen atoms of two asparagine residues and hydrogen
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atoms of 13 water molecules.
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