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Abstract: The present study was conducted to analyze the functions of a recently reported
neural cell specific variant of MAP4 (MAP4-SP) that lacks 72 consecutive amino acid
residues in a region that is rich in proline and basic residues (pro-rich region). Although our
previous study (Matsushima et al, 2005)1?, using the microtubule-binding domains of the
isoform and wild type MAP4 (MAP4-LP), demonstrated a difference in the microtubule
bundling activity of the two proteins, here, using the full-length forms of the MAP4 proteins,
we show that the proteins do not differ in their microtubule bundling activity both in vitro
and in vivo. Expression of the MAP4 proteins, as C-terminal fusions to green fluorescent
protein (GFP), in neuroblastoma cells revealed that MAP4-SP decorated microtubules were
more remarkable in appearance than MAP4-LP decorated microtubules in the neuronal
growth cones. Moreover, a microtubule destabilizing protein, septin2, which interacts with
the pro-rich region of MAP4, was more active in destabilizing MAP4-SP-microtubules than
MAP4-LP-microtubules in vitro. The susceptibility of MAP4-SP microtubules to
destabilization by septin could be attributed to the weaker binding affinity of MAP4-SP for
microtubules, as was reported earlier. Taken together, the current findings suggest the
possibility that the neural MAP4, with its short pro-rich region, could be important in
maintaining more dynamic microtubules in neural cells, and thus allowing more plasticity
in and rapid morphological changes of these cells.

Key Words:

microtubule, microtubule-associated protein 4 (MAP4), pro-rich region,

neural MAP4, microtubule bundling, septin2, microtubule stability and dynamics

Introduction

While the brain microtubule-associated proteins
(MAPs)* such as MAP1, MAP2 and tau were the
first MAPs to be studied in great detail, subse-

“Abbreviations: MAP, microtubule-associated protein; LP, long
pro-rich; SP, short pro-rich; GFP, green fluorescent protein; AP,
assembly promoting; MTB, microtubule binding; PJ,
projection; DMEM, Dulbecco’s modified eagle medium; FCS,
fetal calf serum; PCR, polymerase chain reaction; CFP, cyan
fluorescent protein; YFP, yellow fluorescent protein; IPTG,
isopropyl-1-thio-B-D-galactopyranoside; FPLC, fast performance
liquid chromatography; RB, reassembly buffer; MES, 2-(N-
morpholino) ethanesulfonic acid; EGTA, Ethylene glycol-bis
(B-aminoethyl ether)-N,N,N’,N'-tetraacetic acid; DIC, differential
interference-contrast; SDS-PAGE, sodium dodecyl sulfate-
polyacrylamide gel electrophoresis

quent studies on MAPs from tissues other than
the brain, led to the discovery of a new, ubiquitous
class of MAP referred to as ‘microtubule associ-
ated protein 4 (MAP4)V. MAP4 shares many
structural and functional properties with the
neuronal MAPs, MAP2 and Tau. They are all heat
stable, promote the polymerization of tubulin,
and stabilize microtubules in wvitro. In the
intracellular environment, MAP4 is believed to
play important roles in the organization and dy-
namics of both interphase and mitotic micro-
tubules2¥. MAP4 proteins are composed of an

©Research Institute for Integrated Science, Kanagawa University
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Fig. 1. Schematic diagram of the primary structure
of MAP4.

N-terminal acidic domain and a C-terminal basic
domain. The basic C - terminal domain binds to
acidic microtubules, and is known as the microtubule-
binding domain. The microtubule-binding domain
of MAP4 is highly conserved among the MAP4
proteins from different species and is also partly
homologous to the microtubule- binding region of
the brain MAPs, MAP2 and tau59.

The microtubule-binding domain of MAP4 is
divided into three sub-domains (Fig.1): 1) Pro-rich
region’ a region rich in proline and basic residues
that was suggested to promote the nucleation of
microtubule assembly in vitro by bridging proto-
filaments laterally”®. 2) Repeat region: a region
containing 3-5 imperfect repeats of assembly
promoting (AP) sequences that was shown to be
essential for microtubule assembly and suggested
to serve as a microtubule elongating factor?®. 3)
Tail region’ a short hydrophobic C-terminal sequence
which does not bind to microtubules, but was
thought to be necessary for proper microtubule
assembly?. The N-terminal acidic domain of MAP4
was termed the ‘projection domain’ because this
domain does not bind to microtubules and protrudes
from the microtubule wall as projections. The projec-
tion domain of MAP4 has been suggested to suppress
the microtubule bundling activity of the microtubule-
binding domain and maintain spacing between the
microtubules?.

Differential regulation of the intracellular dy-
namics and organization of the microtubule cyto-
skeleton by different isoforms of MAPs is believed
to play a key role in cell growth and morpho-
genesis!®. To date, four types of MAP4 cDNAs
have been identified that differ from each other in
the number or arrangement of the AP sequences!V.
In addition, we have identified a neural cell specific
variant of MAP4 from bovine adrenal medulla
that lacks 72 consecutive amino acid residues in

the pro-rich region, from amino acid position 649-721,

of wild type MAP412. The missing region comprises
a complete exon of wild type MAP4, and is possibly
generated by an alternative splicing. Because of the
short pro-rich region of the isoform, it was termed
‘MAP4-SP’, and the ubiquitous MAP4, with a long
(full-length) pro-rich region, was termed ‘MAP4-LP’.
The missing region of MAP4-SP is highly con-
served among mammalian species and a similar
variant was also detected in rat cells!?. In either
species, expression of the isoform is restricted to
neural-ectoderm derived tissues such as the brain
and adrenal medulla. In vitro analyses using bacte-
rially expressed truncated fragments containing
the microtubule binding domains of MAP4-LP
and MAP4-SP revealed minor differ ences in their
microtubule binding and assembly promoting
activities, except that the in vitro reconstituted
microtubules in the presence of the MAP4-SP
fragment were single microtubules instead of micro-
tubule bundles induced by the MAP4-LP fragment!2.

To date, only a few proteins reportedly interact
with MAP4 1n vivo, and most of them are involved
in the phosphorylation of MAP4. Very recently,
Kremer et al'® reported that mammalian septins
bind to MAP4 and thus regulate the stability of
microtubules. Septins are a family of GTP binding
proteins that play important roles in cytokinesis.
There are about 12 proteins in this family, which
forms oligomers and are often found in associa-
tion with microtubules and the actin cytoskeleton
in vivo'®. An extensive search for septin binding
partners led the authors to reveal an interaction
between MAP4 and septin. The interaction occurs
through the binding of septin2 to the pro-rich re-
gion of MAP4, which blocks the interaction of
MAP4 with microtubules, reducing microtubule
stability in vivo. These findings raise the possibil-
ity that the neural specific MAP4 isoform, which
we have described, may differ in its ability to
interact with the septins because of the short
pro-rich region. A variation in the binding affinity
between MAP4 and septin could have distinct
effects on the cellular microtubule dynamics and
organization.

In our previous study!?, the most prominent
functional difference between the neural variant
(MAP4-SP) and wild type (MAP4-LP) MAP4 was
observed in their in vitro microtubule bundling
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activity. These analyses were, however, carried
out using only the microtubule binding domains
of the corresponding proteins, and it is not known
whether the proteins possess similar properties in
their full-length forms. In this paper, we demon-
strate that the two proteins do not differ in their
microtubule bundling activity both in vitro and in
vivo, but differ in their ability to organize micro-
tubules in neuronal growth cones. Moreover, a
difference was observed in the septin-mediated
regulation of microtubules, assembled in vitro, in
the presence of MAP4-LP and MAP4-SP, suggest-
ing that neural MAP4 may differentially regulate
microtubules in a tissue specific manner.

Materials and Methods

Materials

The bacterial expression vector for full-length
mouse septin2 (pT7-HS-Sept2) was kindly provided
by Brandon Kremer (Center for Cell Signaling,
Department of Microbiology, University of Virginia
School of Medicine, Charlottesville, VA, USA).
Rabbit anti-MAP4 antiserum was obtained as
described by Kotani et a/l¥. Tubulin was purified
by phosphocellulose column chromatography, from
a twice-cycled porcine brain microtubule protein
fraction, as described previously!510. MAP4 frag-
ments containing the microtubule binding domains
of MAP4-LP and MAP4-SP were purified as de-
cribed earlier'®. Other reagents used in the study
were of reagent grade unless otherwise mentioned.

Cell culture

Mouse neuroblastoma cell line, NG 108-15 cells
were maintained in Dulbecco’s modified eagle
medium (DMEM) supplemented with 10% fetal
calf serum (FCS) and penicillin/streptomycin at
37.5°C in 5% COz2. For live cell observation, NG
108-15 cells were cultured on cover slips coated
with poly-L-lysine (0.01%) and laminine (12.5
ug/ml).

Construction of expression plasmids

Because ¢cDNA clones for full-length MAP4 pro-
teins were not found in our previous searchl!?,
bacterial and mammalian expression vectors that
encompass full-length MAP4 were constructed
from shorter constructs, expressing the projection

Functional Analyses of a Neural Variant of MAP4 5

(PJ) domain, and the microtubule-binding domains
of MAP4-LP (MTB-LP) and MAP4-SP (MTB- SP).
The C-terminal part of the PJ domain and the
N-terminal parts of both MTB domains share a
common region (Fig.2). DNA encoding the PJ domain
and the MTB domains were first amplified by
PCR using primers as indicated in Fig. 2. The primer
sequences were: P1-F, 5°-gaagc tagcctcagtettge
agatgeg-3”; P1-R, 5’-cacgactgcttctg gtga-3"; P2-F,
5’-ccagtcaaagacatggete-3”; and P2-R, 5-agaagctta
gatgettgtetectggate-3”. The PCR pro- ducts were
gel purified and the PCR products for PJ and
MTB-LP or PJ and MTB-SP were mixed in
separate reaction mixtures with dNTPs and taq
DNA polymerase (Takara Bio Inc., Shiga, Japan)
without the addition of primers. The reaction
mixtures were then subjected to 30 cycles of the
thermal reaction so that the common region at
the junction of PJ and MTB domains acts as a
primer to complete the synthesis of the full-length
MAP4 sequences. Each thermal cycle consisted of
denaturation at 95°C for 30 sec, annealing at 56 °C
for 30 sec and extension at 72°C for 3 min, respec-
tively. One pl of these reaction products were then
subjected to PCR using P1-F and P2-R primers to
amplify full-length MAP4 encoding sequences. To
construct bacterial expression vectors, primers P1-F
and P2-R were designed to contain the restriction
endonclease sites NAel and Hindlll, respectively.
The full-length MAP4 inserts were ligated in frame
to the Nhel/Hindlll sites of the expression plasmid
vector pET21d(+) (Stratagene, La Jolla, CA) to
generate pET-MAP4-LP and pET-MAP4-SP plasmids.
Mammalian expression vectors were also
constructed by employing the same strategy
except that primer P1-F was designed to contain

PLE FLE
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Fig. 2. Schematic diagram of the MAP4 ¢cDNAs used to
construct the expression vectors of full-length MAP4-LP
and MAP4-SP. Arrows indicate the location of different
primers. Diagram not drawn to scale.
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a Bglll site instead of the NAel site. The inserts
were ligated in frame to the Bg/lll/Hindlll sites of
pEGFP-C3 (Clontech, CA, USA) to express MAP4
genes as fusions to the C-terminus of the green
fluorescent protein (GFP). To construct the expre-
ssion vectors of MAP4 proteins fused with other
fluorescent proteins, such as cyan fluorescent
protein (CFP) and yellow fluorescent protein (YFP),
the inserts expressing CFP and YFP were first cut
from pECFP-N1 and pEYFP-C1 plasmids (Clontech,
CA, USA), respectively, at Agel and BsrG1 sites.
The inserts were then ligated to the Agel/BsrG1
sites of pEGFP-C3 to replace GFP with CFP and
YFP, generating pECFP-C3 and pEYFP-C3 plas-
mids, respectively. The full length MAP4-LP and
MAP4-SP inserts were then cut from the previous
GFP constructs at Belll/ Hindl1l sites and ligated to
the same sites of pECFP-C3 and pEYFP-C3 plas-
mids to express CFP-MAP4-LLP and YFP- MAP4- SP,
respectively.

Purification of full-length MAP4-LP and MAP4-SP
Bacterial expression of MAP4 proteins was in-
duced by isopropyl-1-thio-B-D-galactopyrano -side
(IPTG) (Takara Bio Inc., Shiga, Japan) to a final
concentration of 0.5 mM in LB medium (10 g/liter
NaCl, 10 g/liter bactotryptone, 5 g/liter yeast ex-
tract, pH 7.2) containing chloramphenicol (25
ug/ml) and ampicillin (150 pg/ml) at 37°C for 3-4
hours. Cells were collected by centrifugation and
resuspended in 20 MEM and heat-treated directly
in a boiling water bath for 8-min. The cell debris
was removed by centrifugation and purification of
the MAP4 proteins from the heat stable cell ex-
tracts was carried out using a prepacked, high
capacity ion exchange column, Econo-Pac High S
cartridge (Bio-Rad, Hercules, CA) coupled to a
FPLC system (Amersham Biosciences, Uppsala,
Sweden) according to the instruction manual.

Purification of septin2

The expression of septin2 was induced by the
addition of IPTG (Takara Shujo, Tokyo, Japan) to
a final concentration of 0.5 mM and incubation at
18°C overnight. Cells were collected by centrifu-
gation and dissolved in 8 ml native binding buffer
(50 mM NaH2POi, 0.5 M NaCl, pH 8.0). Cells
were lysed by one freeze thaw cycle at —80°C and

sonication. Cell debris was removed by centrifu-
gation and the supernatant was transferred to a
fresh tube. His tagged septin2 from the soluble
fraction was then purified by ProBond™ Nickel
chelating resin (Invitrogen life technologies, CA,
USA) according to the instruction manual.

In vitro polymerization of tubulin

For the turbidity assay, tubulin (10 uM) was
added to reaction mixtures containing only reas-
sembly buffer (RB: 100 mM MES, pH 6.8, 0.1 mM
EGTA, and 0.5 mM MgClz), MAP4-LP (0.8 mg/ml)
in reassembly buffer, or MAP4-SP (0.8 mg/ml) in
reassembly buffer. GTP was present in all reac-
tions at a final concentration of 0.5 mM. Tubulin
polymerization was monitored by measuring the
increase in absorbance at 350 nm at 37°C in a UV
spectrophotometer (U 2000, Hitachi, Tokyo, Ja-
pan) for up to 30 min. Microtubule cosedimenta-
tion assays using septin2 and MAP4 fragments
were carried out under the same reaction condi-
tions. Briefly, purified septin2 was added to reac-
tion mixtures containing tubulin and MAP4 frag-
ments to final concentrations of 10 pM and 2 uM,
respectively, in a reassembly buffer containing 0.5
mM GTP. The mixtures were then incubated at
37°C for 30 min and centrifuged at 16 000 x g for
30 min. The pellets were resuspended in the same
volume of RB, and both the supernatants and
pellets were analyzed by electrophoresis on a 10%
SDS-polyacrylamide gel.

Electron microscopy

Microtubule samples were prepared as in the tur-
bidity assay described above, and mounted on
300-mesh carbon coated copper grids. The grids
were left for 1 min, blotted and negatively stained
with 0.75% uranyl acetate before observation un-
der a Philips Tecnai F20-FEG microscope, operat-
ing at 120 kV.

Transfection and live cell observation

NG 108-15 cells were transfected with 1pg of
constructs using SuperFect transfection reagent
(QIAGEN K.K., Tokyo, Japan) according to the
manufacturer’s instructions. Transfected cells grown
on laminin-coated cover glasses were mounted on an
chember Instruments,

open heating (Warner
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Hamden, CT) operating at 37°C. Approximately 1 ml
of pre-warmed growth medium was poured onto the
cover glass and the chamber was mounted on a
confocal laser- scanning microscope (Zeiss LSM510;
Carl Zeiss GmbH., Jena, Germany) for live cell
observation. All images were analyzed by Imaged
software (NIH, USA).

Results
Microtubule bundling activity of full-length
MAP4 proteins

We reported earlier that the MAP4-LP fragment
containing the microtubule-binding domain formed
microtubule bundles in vitro, whereas the corre-
sponding fragment of MAP4-SP did not. The
difference in the microtubule bundling activities
of MAP4 fragments was demonstrated by the sig-
nificant variation in the turbidity values of
microtubules, as well as by electron microscopy!?.
In this study, we aimed to investigate whether
these proteins behave similarly in full-length
forms. Although the purified fractions of full-
length MAP4 proteins used in this study con-
tained a large number of degradation products of
MAP4 (data not shown), it was expected that the
presence of the full-length forms should exert
their effects in spite the presence of their
degradation products. Therefore, the partially
purified, full-length MAP4 protein preparations
were used for a turbidity based microtubule bun-
dling assay. Both proteins induced microtubule
assembly in vitro, as revealed by the significantly
higher turbidity values of tubulin preparations,
containing full-length MAP4-LP or MAP4-SP,
than the control preparation that lacked MAP4
proteins (Fig. 3A). However, in contrast to our
previous observations on MAP4 fragments!?, the
turbidity values of preparations containing
full-length MAP4 proteins were almost identical
(Fig. 3A), suggesting that none of the proteins
The turbidity
data were further confirmed by the fact that no

induced microtubule bundles.

microtubule bundles were found by electron
microscopy (Fig.3B). The MAP4 proteins, therefore,
do not differ in their microtubule bundling activity,
in vitro, in full-length forms.

Functional Analyses of a Neural Variant of MAP4 7
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Fig. 3. Turbidometric and electron microscopic analyses
of microtubules assembled in vitro, using the full-length
forms of MAP4-LP and MAP4-SP. (A) Tubulin (10 pM)
was mixed with purified MAP4-LP or MAP4-SP (0.8
mg/ml) in reassembly buffer, and polymerization was
initiated by raising the temperature from 0°C to 37°C
(see Materials and Methods). Control experiment was
carried out in the same way without MAP4 proteins. (B)
Microtubule assembly was induced by MAP4-LP or
MAP4-SP in vitro. The samples were mounted on
carbon-coated grids and negatively stained for electron
microscopy.

Microtubule organization in cells expressing
GFP-MAP4-LP and GFP-MAP4-SP

With an aim to study the intracellular behavior of
the neural specific isoform of MAP4 as compared
to wild type MAP4, GFP-MAP4-LP and GFP-
MAP4-SP were expressed in a mouse neuroblas-
toma cell line, NG 108-15 cells. In cell biology re-
search, GFP and other fluorescent proteins are
now being extensively used as reliable and effec-
tive fluorescent reporters of many proteins of
interest that directly show the intracellular
localization of the target protein in living cells. In
our study, GFP was tagged to the N-terminal end
of full-length MAP4 proteins, so that GFP did not
interfere with the microtubule binding activity of
the C-terminal microtubule-binding domain.
Once expressed in mammalian cells, we found
that both MAP4 proteins had a typical filamen-
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tous distribution in the cytoplasm, indicating
their localization with microtubules (Figs. 4A and
4B). Further evidence regarding the microtubular
localization of the MAP4 proteins came from the
fact that their filamentous distributions were dis-
rupted by treatment of the cells with the micro-
tubular inhibitor, nocodazole (Figs. 4C and 4D).
These results indicate that the expressed proteins
were functionally active in vivo, and thus the
staining pattern of GFP, reports about the micro-
tubule organization of the MAP4 expressing cells.

The general organization of microtubules was the
same in cells expressing MAP4-LLP or MAP4-SP
(Figs. 4A and 4B), and in a co-expressed cell, both
MAP4 proteins decorated the same microtubules

throughout the cell (shown by open arrows in Figs.

4C and 4D). However, when individually ex-
pressed, the MAP4-SP decorated microtubules
were found to be more remarkable in appearance
in the neuronal growth cones than the MAP4-LP
decorated microtubules (shown by closed arrows
in Figs. 2E and 2F). This feature was more clearly
noticeable in well-developed growth cones after
considerable elongation of neurites. To investigate
whether MAP4-SP could induce process formation
in non-neuronal cells, as was reported for MAP2
and taul!”1®, rat fibroblastic cell line, 3Y1 cells
were transfected with the GFP-MAP4-SP construct.
However, no process formation was observed in
MAP4-SP expressing cells and microtubule organi-
zations in these cells were similar to those expres-
sing MAP4-LP (data not shown). These data indi-
cate that unlike MAP2 and tau, MAP4-SP itself is
not capable of forming processes in non-neuronal
cells.

Interactions between MAP4 proteins and septin 2
Septin 2, one of the mammalian septins, was re-
cently reported to bind to the pro-rich region of
MAP4 and thus inhibit the MAP4 activity to bind,
stabilize and bundle microtubules in vitro'd.
Because MAP4-SP lacks a significant portion of
the pro-rich region, we wanted to investigate
whether this protein differs with MAP4-LP, which
possesses the full-length pro-rich region, in its
ability to interact with septin2. To investigate
this possibility, bacterially expressed septin2 was
added to reaction mixtures containing tubulin and

CFPMAR4LP

YFP-MAPS-SP

WAP4-LP

A P4-5P

Fig. 4. Live cell observation of cells expressing
GFP-MAP4-LP or GFP-MAP4-SP. (A,B) NG 108-15
cells were transfected with GFP-MAP4-LP const-
ruct (A) or the GFP-MAP4-SP construct (B) and
observed as described in the Materials and Meth-
ods. (C, D) NG 108-15 cells were co-transfected with
CFP-MAP4-LP (C) and YFP-MAP4-SP (D) con-
structs. Cells were prepared for live observation as
described in the Materials and Methods and
mounted on a confocal laser-scanning microscope
(Zeiss LSM 510). The microscope is equipped to
detect cyan fluorescence from CFP and yellow
fluorescence from YFP at the same time from the
same cell, using lasers of different wavelengths.
Nocodazole was added to a final concentration of 10
mg/ml during live cell observation, and the effect of
nocodazole was monitored by capturing images at
30 sec intervals for a total of 10 min. (E,F) NG
108-15 cells were transfected with GFP-MAP4-LP
(E) or GFP-MAP4-SP (F) constructs and observed
as before. Left panel: GFP staining shows the
MAP4-decorated microtubule distribution. Middle
panel: Differential interference-contrast (DIC)
images of the cells showing cell shapes. Right panel:
Merged images showing the intracellular localiza-
tion of MAP4 proteins.
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MAP4 fragments, possessing the microtubule
binding domains of MAP4-LP or MAP4-SP, under
microtubule assembly conditions. The effects of
septin2 on the assembly promoting and micro-
tubule binding activity of MAP4 proteins were
then analyzed by the amounts of precipitated
tubulin and co-precipitated MAP4 proteins,
respectively, as revealed by SDS-PAGE. Figure 5
(lanes 1 and 2) demonstrates that the addition of
septin2 had no effect on the assembly promoting
and microtubule binding activity of MAP4-LP.
However, the amount of precipitated tubulin was
reduced in the presence of septin2, when MAP4-
SP was used to assemble microtubules in vitro
(Fig. 5, lanes 3P and 4P). Moreover, in the presence
of septin2, a small amount of MAP4-SP remained
in the supernatant fraction, while no MAP4-SP
was detectable in the supernatant fraction of the
control preparation, which lacked septin2 (Fig.5,
lanes 3S and 48). These results suggest that the
MAP4-SP-microtubules could be more prone to desta-
bilization by septin2 than MAP4-LP- microtubules.

In addition to the MAP4 proteins, septin2 also
appeared in the microtubule-pellet fraction (Fig. 5,
lanes 2P and 4P). However, we found that septin2
was precipitated under microtubule assembly
conditions even in the absence of tubulin and
MAP4 proteins (data not shown). Therefore, the
co-sedimentation of septin2 with microtubules is
not related to its ability to interact with micro-
tubules. These data are also consistent with the
original report of Kremer et al ¥ on septin2.

The inhibitory effect of septin2 on the interac-
tion of MAP4-SP with microtubules was not so
prominent as that reported by Kremer et al 13
concerning the effect of septin2 on the pro-rich
region. This may be related to the fact that, in
addition to the pro-rich domain, our MAP4 fragments
contained the assembly promoting domains, which
have higher binding affinities for the microtubules.

Moreover, Kremer et al. 13 used septin trimers
(septin2:6:7) instead of only septin2, as was used
in this study. We predict that the inhibitory effect
of septin on the microtubule binding and assemb-
ly promoting activities of MAP4-SP could be more
pronounced with the trimer.
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Fig. 5. Effect of septin2 on MAP4-microtubule interac-
tion. Septin2 was added to reaction mixtures containing
tubulin (15 uM) and MAP4 fragments (2 pM). Microtubu-
les were polymerized and microtubule bound and un-
bound fractions were analyzed by SDS-PAGE. Lanes 1
and 3 contained control preparations of MAP4 LP and
MAP4-SP, respectively, without septin2; Lanes 2 and 4
contained MAP4-LP/Septin2 and MAP4-SP /Septin2,
respectively. S: Supernatant; P: pellet.

Discussion
The main focus of the present study was to func-
tionally characterize the neural variant of MAP4,
MAP4-SP, which lacks 72 consecutive amino acid
residues in the N-terminal portion of the pro-rich
region. Because many functions of the ubiqui-
tously distributed MAP4, MAP4-LP that contains
the intact pro-rich region, are known, analyses
were carried out in terms of comparisons between
the two proteins. In our previous report!?, we
showed that MAP4-SP shares many properties
with MAP4-LP, but differs in its microtubule
bundling efficiency. Here, using the full-length
forms of these proteins, we have shown that nei-
ther of the two proteins induces microtubule bun-
dles in vitro. This is consistent with the widely
accepted hypothesis that the projection domain of
MAPs acts to space microtubules, which was
demonstrated in the case of MAP4 by Iida et al9.
However, the present data do not exclude the
possibility that the deletion in the pro-rich region
causes a change in the tertiary structure of
MAP4-SP at the junction of the projection domain
and the microtubule-binding domain, and thus
MAP4-LLP and MAP4-SP could maintain different
spacing between microtubules, as we have dis-
cussed elsewhere!?. Further investigations using
more purified MAP4 proteins are necessary to ad-
dress this issue.

Next, to investigate the effect of MAP4 proteins
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on the organization of microtubules, we expressed
these proteins in NG 108-15 cells. GFP-MAP4
proteins were localized to microtubules, as re-
vealed by their filamentous distribution in the
cytoplasm and by the disruption of their filamen-
tous staining pattern upon treatment of cells with
the microtubular inhibitor, nocodazole (Fig.4).
Overexpression of MAP4 proteins did not cause any
significant change in the microtubule organiza-
tion, and the general staining patterns were the
same for both MAP4-LP and MAP-SP. However, it
was interesting to note that the MAP4-SP
decorated microtubules were more remarkable in
the neuronal growth cones than the MAP4-LP
decorated ones. This observation supports our pre-
vious speculation that MAP4-SP could have a
neural cell-specific role.

During neuronal development, the coordinated
reorganization of microtubules and action filaments
is believed to play a key role in the formation of
growth cones from extending lamellipodia, but little
is known about the mechanisms of such coordinated
behavior. Previously, MAP2 was suggested to be a
candidate that rearranges the cytoskeleton, during
neuronal growth and differentiation, through its
ability to interact with both microtubules and actin
filaments!?. Since MAP4 proteins share many
structural features with MAP2 in their microtubule
-binding domains, it seems possible that MAP4-SP
might play a similar role in the neuronal growth
cones. The predominance of MAP4-SP compared
to MAP4- LP in the actin rich growth cones (Fig.
4E and 4F) also supports this idea.

Recently, Kremer et all® demonstrated that a
small G protein, septin2, interacts with the
pro-rich region of MAP4 and thus destabilizes
microtubules in vivo. Because MAP4-SP lacks a
significant portion of the pro-rich region, it was
expected that the two forms of MAP4 could be
differentially regulated by septin2 with respect to
their microtubule binding and assembly promot-
ing activities. Although, it was possible that
MAP4-SP, with its incomplete pro-rich region,
could bypass the septin-mediated regulation, the
result was opposite: septin2 was more efficient in
exerting its effect on the activity of MAP4-SP. We
could not observe any effect of septin2 on
MAP4-LP, which is consistent with the findings of

Kremer et al.'¥ that the inhibitory effect of septin
on the binding of MAP4 to microtubules was lim-
ited to the pro-rich region alone, and the effect
was not observed with a MAP4 fragment contain-
ing both the pro-rich region and the repeat region.
The higher sensitivity of MAP4-SP microtubules
to septin could be related to the weaker binding
affinity of MAP4-SP for microtubules!?.

In conclusion, we have demonstrated, using the
full-length proteins, that neural MAP4 shares
many properties with its wild type counterpart in
vitro, despite the lack of a highly conserved region
within the prorich region. However, the two pro-
teins showed slightly different intracellular lo-
calizations, i.e., the neural MAP4 variant was
more prominent in the neuronal growth cones.
Furthermore, the neural MAP4-induced micro-
tubules were more susceptible to destabilization
by septin2. These results suggest that the protein
might confer dynamicity to neuronal microtu-
bules, especially in the cell periphery, allowing
remodeling of the microtubule cytoskeleton and
thus providing increased plasticity to the cells

during neuronal polarization.
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Abstract: A 10-kb genomic fragment was isolated from Rhodospirillum centenum by

Southern-hybridization and colony-hybridization, using a probe amplified by PCR with

oligo-nucleotide primers constructed from a sequence conserved in poly (3-hydro xybutyrate)(PHB)

synthase genes. After subcloning of an approximately 3-kb fragment (Smal-EcoRV) that

caused the production of PHB in Kscherichia coli in the presence of B-ketothiolase (phbA),

an acetoacety-CoA reductase (phbB) gene from Ralstonia eutropha H16 was obtained and

sequenced. This fragment contained an open reading frame (ORF) whose amino acid

sequence was highly similar to the sequences of other known PHB synthase genes,

especially to a synthase from Azospirillum brasilense (74% identity).

Keywords: poly (3-hydroxybutyrate), PHB, PHB synthase, purple non-sulfur bacteria,

Rhodospirillum centenum, phbC

Introduction

The production of intracellular polyesters belonging
to the class of polymers known as polyhydroxyalka
noates (PHAs) has been observed in a wide array
of prokaryotic organisms?. The monomers composing
the polyesters range in length from C4 (B-hydro-
xybutyrate) to C16 (B-hydroxyhexadecanoate)?. PHAs
have attracted attention as a potential alternative
to conventional petrochemical-derived plastics?.
Poly (3-hydroxybutyrate) (PHB) is the simplest
and most common PHAY. The metabolic pathways
leading to the synthesis of PHB have been inves-
tigated in many bacteria. Ralstonia eutropha, a
bacterium which accumulates PHB intracellu-
larly at levels equivalent to about 70-90% of dry
cell weight at maximum, has been extensively
studied, and the genes of three enzymes involved
in the synthesis of PHB have been cloned and
sequenced4 ¥. As in R.eutropha, in most bacte-
ria, including Zoogloea ramigera, Alcaligenes
latus, and Rhodobacter sphaeroides, a three-step
metabolic pathway has been revealed. The first

step is catalyzed by the enzyme B- ketothiolase
(EC2.3.1.16), which condenses acetyl coenzyme A
(acetyl-CoA) to acetoacetyl-CoA®. This intermedi-
ate is then reduced to D-(-)-p-hydroxy butyryl-CoA
by an NADPH-dependent acetoacetyl-CoA reductase

. Avetyl-Cod
Burvrate L-3-hydroxybunrl-CoA
. .

L

Buyryl-CoA S Acctcer-CoA

o |/ |

Crotony oA . I-3-hs droxybutyeyl-CoA

F ln

FHEB
Fig. 1. Pathway of PHB synthesis and related reaction
steps in PHB-accumulating bacteria. A, b-ketothio-
lase; B, acetoacetyl-CoA reductase NADPH-dependent); C,
Acyl-CoA synthetases; D, butyryl-CoA dehydrogenase;
E, enoyl-CoA hydratase (forming D-3hydroxybutyryl-
CoA); F, acetoacetyl-CoA reductase (NADH-dependent);
G, enoyl-CoA hydratase (forming L-3hydroxybutyryl
-CoA); H, PHB synthase. Thick arrows indicate the
pathway of PHB synthesis in R. eutropha and thin
arrows, the pathways in R. rubrum and R. centenum.
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(EC 1.1.1.36). In the last step, PHB synthase cata-
lyzes the polymerization of D(-)-3-hyd roxybu-
tyryl-CoA to PHB. In Rhodospirillu rubrum, PHB is
synthesized via a five-step pathway. An NADH-
dependent acetoacety-CoA reductase (EC 1.1.1.35)
catalyzes the formation of L-(+)-3-hydro xybutyryl-
CoA, which is subsequently converted to D-(-)-3-hy-
oxybutyryl CoA by two stereospecific enoyl-CoA
hydratases prior to polymerization? (Fig.1). Rhodo-
iri-lum centenum was isolated in 1987, and ex-
bits a number of general properties typically
observed in purple non-sulfur bacteria, but also
displays a number of unusual characteristics as
follows: (1) absence of any repression by O: of
photo pigment synthesis; (2) synthesis of “R-bodies”;
(3) swarming motility on agar surfaces; and (4)
conversion of vibrioid/spiral cells to thick-walled
cysts, and accumulation of PHB at cysts, under
condition of aerobic growth in darkness on
butyrate as a sole carbon source8 9. Since among
numerous PHB-accumulating bacteria, R. centenum
is unique and limited in terms of the conditions it
needs to accumulate PHB, investigation of the
regulation of PHB synthesis in R. centenum may be
important. As a first step in this process, we
describe here the cloning and sequencing of the
PHB synthase gene from K. centenum and its
expression in F. coll.

Straing
E. coli
IpA109
BLR[DE3)/plys§
R. cenfenum wild type
Plasrnids
PUCIB 1R High copy clening vectar Ampr
STV 29

pET23b

Low capy cloning vector, Cme
Exprassion vector, Ampr
cET100
pSTVReAR
pUCReC
pET100Ce
pReCPI
pRoCPZ
pReCS1
CRoCS2
pRCCE]
pRoCEZ

Materials and Methods

Bacterial strains, plasmids, and culture
Bacterial strains and plasmids used in this study
are listed in Table 1. All Escherichia coli strains
were grown aerobically in Luria-Bertani (LB)
medium or on solid LB agar (1.5%, wt/vol) plates
at 37°C, or in M9 medium!®. The following
concentrations of antibiotics were used: ampicillin,
50 ug/ml; chloramphenicol, 34 pg/ml; tetracycline,
10 pg/ml. R. centenum was cultivated anaerobically
under illumination (60-W incandescent bulb) at
30°C in 1927 CENS medium: in 1 liter, 2.2 g sodium
pyruvate, 0.9 g KeHPOy4, 0.6 g KH2PO4, 1 g NH4CL, 5
mg disodium EDTA, 200 mg MgSO4+7H20, 1 ml
True Blue Trace Element solution (containing 2.5 g
EDTA, 0.2 g MnClg, 0.1 g H3BOs3, 0.1 g Na2MoOs4, 50
mg NiCle-6H20, 20 mg CoCle-6H20, 10 mg CuCls-
2H20, 5 mg Na2SeOs, and 5 mg NaVoznH:20 per
250 ml deionized water), 75 mg CaCls-2H20, 2 ml
chelated iron solution (prepared by dissolving 1 g
FeClg-4H20 and 2 g dissodium EDTA in 1 liter de-
ionized water, and adding 3 ml concentrated HCI), 20
ug vitamin Biz, 15 pg biotin, 0.5 g and Na2S203
5H20; pH was adjusted to 6.8 with NaOH?.

DNA preparation and manipulation
Standard methods were used for the preparation
and manipulation of DNA, PCR, Southern hybridi-

Table 1. Strains and plasmids

recA enda ! gyrASS thi hsdR 17 supEdd relal Hlac-proAB)/F ifraD3sproaB+ iac kacZ i1 5]
F ompT hadSelrs me ) gal dem Afsrbres4) 306 Ta T0(Te HDE3) /plysStCrm

pET23k camying Xbal/fcoRl fragrnent containing R eufropha phaC AB PHE sy nthetic opercn

RSV 29 carmying Sse8387-EcoRl fragment confaining k. eufropha phaal

pUCI? camying Smal-Stul fragment containing R. eutropha phoC

pET100 camying about 2-kbp fragrmant containing 8. centenuvm phaC instead of R, ecfrophe phaC
pUC18 carrying about 10-kbp Fsfl fragment conlaining R. cenfenurm phalC

pUCTE camying about 10-kbp Fsfl fragment cpposite direction containing R, cenfenum ohal

P18 carrying about 4.5-kbp Smal frogment opposite diraction containing £ centenum phal
U8 camrying about 4.5-kbp Smal frogment containing B cenfenum phall

pUCI18E camying about 3-kbp EcoRFEcoRY frogment oppaosite direction containing &, centenum phal

pUCTE camying about 3-kisp EcoRl-EcoRY fragment containing R, centenum phaC
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zation, and colony hybridization. Sequencing was
performed with a SEQ-4x4 system and Thermo-
sequenase Cy 5.5 (Amersham Biosciences, Tokyo,
Japan), and with a BigDye Terminator v.3.1 Cycle
Sequencing kit (ABI PRISM 310) as recommended
by the manufacturer. Sequences were processed
using the program GENETYX- MAC/ATSQ, version
4.2.0 (Software Development Co., Ltd., Tokyo, Japan).

Design of primers for cloning the PHB synthase
gene

The primer of an inner part of the PHB synthase
gene as a probe for Southern hybridization and
colony hybridization was designed from consen-
sus sequences based on comparisons with PHB
synthase genes of purple non-sulfur bacteria,
Rhodosporillum rubrum (accession number AF178117),
and Rhodobacter sphaeroides (AY945501), and a root
nodule bacterium, Rhizobium meliloti (U17227). A
500-bp fragment of the K. centnum PHB synthase
gene was amplified by PCR with 5-TGGATCAAY
AARTTCT ACATAAT-3 as the forward primer
and 5-TTCCARTAGAGCAGRTCGAAG-3’ as the
reverse primer using genomic DNA of E. centenum
as a template. The PCR product was labeled with
[32P]dCTP and used as a probe in Southern hybridi-
zation and colony hybridization. R. centenum ge-
nomic DNA was completely digested with Psd. The
resulting fragments were subjected to Southern
hybridization.

Other analytical methods

PHB content was quantitated as the amount of
crotonic acid by high-pressure liquid chromatogra-
phy as described by Karr et allV.

Results and Discussion

Cloning of a genomic fragment relevant to the
PHB synthase gene

R. centenum genomic DNA was digested completely
with Psf. The resulting fragments were separated
on a 1% agarose gel and transferred onto a nylon
membrane. The DNA fixed on the nylon mem-
brane was hybridized with a 32P-labeled 500-bp
probe prepared from PCR products with genomic
DNA as a template (see Materials and Methods).
The DNA corresponding to the positive signal,
which was about 10-kbp long was extracted from

Cloning and Sequencing of a PHB Synthase Gene from E. centenum 15

PFHE synithase

Fig. 2. Restriction map of the cloned fragment
containing the PHB synthase gene of R. centenum.

the agarose gel, ligated to Psf-digested pUCI1S8,
and introduced into £. coli JM109 by transforma-
tion. Of about 5,000 ampicillin-resistant recombi-
nant colonies, two positive colonies were selected
by colony hybridization. Both colonies were found
to have about 10 kbp of foreign DNA, but oriented
in the opposite direction to each other. One Smal
fragment (about 4.5 kbp) was isolated from one of
two plasmids and ligated to pUC18 digested with
Smal. To confirm that the cloned 10-kbp and
4.5-kbp fragments have the PHB synthase gene,
Southern hybridization and PCR were done using
the same probe and same primers. Fig. 2 shows a
restriction map of the 10-kbp fragment. According
to this map, the Smal-EcoRV fragment (about 3
kbp) contained the region for the PHB synthase
gene, where the nucleotide sequence was ana-
lyzed. Within the 3-kbp fragment, one open read-
ing frame (1,792 nucleotides) was found. It speci-
fied a protein with a deduced molecular mass of
66,962 Da (597 amino acids). The initiation codon
was preceded by a putative Shine-Dalgarno se-
quence (Fig.3). The PHB synthase in R. cen-
tenum had about 74 and 64% identity to the PHB
synthase in Azospirillum brasilense and Rhodospirillum
rubrum in amino acid sequence, respectively (Fig.4).

Expression in E. coli of the PHB synthase gene
from R. centenum

To confirm the cloning of the fragment having the
ability to synthesize PHB, two systems which
contain the B-ketothiolase (phbA) and acetoacety-
CoA reductase (phbB) genes from Ralstonia eutro-
pha H16 were constructed. One system consists of £.
coli JMI109 transformed with pSTVReAB
carrying R. eutropha phaAB and pRcCP1 or
pRcCE2 carrying R. centenum phaC. The other
system consists of £. coli BLR transformed with
pET100Ce which contains . eutropha phaAB and
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Fig. 3. Determined nucleotide sequence and deduced amino acid sequence of the R. centenum

PHB syntheses gene. Boxed, bold, shaded “GAGG” is a putative Shine Dalgarno sequence,

CAAGOEREAC AT TOOGEOGETCEOET TOGT TT TOORA AN T OCACACAT GOOOGAAAGDCAAGNCDERACGT TEAARATTOC 200

M AES QOGP EL KT F
COACCORETOGAGAT GT GO0 0CA TEROOO A TOOOGACCACANCAD AT OGTCACOAGT TTCT T TCODGT CACOOCGAGATCTOOZASTCT - 300
oDFY EMSRAMARI AEHSAOQRT V¥YVTEVFLSRHAEI 5485
GOOGACDOCCTCAACCT GO0 TT O TGEAGA T GADCAGDDACAT GAT CODDGACOORREICAMCCTRAT GCAGCIGCACTTOTOOCTCTEO0NMG 400
A DPLMLGGAFLEMTSSRMMADPALKILMOQIEAGY S L WGD
AT A AT GACGCTCT CCA G A GAC GGG T T O T GRED ARG CCOGET CATOCAGDOEDAAGGAGGAT CGCCGCTTCAAGTACAG 500
¥ M T L WeRTTORFLGOGEAEWPYI OFAKEIDRRTFIKTEDBE
O T AACGACAACACGCT G TOGACT TCATCAAGCAGT LT ATC TG TGANDCOOOGC TTCATGRACRIGAIRTOCACGLGTOGAGGGACTGRAL | 600
AWNEWNTLFDF! KO3Ss Y LLTARFMOGATVNVYHGYYEGLD
GACAGGACOGO0NGBAGETGGACT T TACACGOGOGAGT ADGT EAGDGAT CE0G00CAGEAACT TCOT CATGACGMOCUOGAAGTGOTGOGCACCA 700
DRTARKLTDFY TROQY VD AMAPSHNFWVMTMNPREUYLRTT
COoTEAGACCEEIGEICGAGAAT ST TCAAGRERC TRGAGAACC TGETOROCGA G TRGAGDGOOEECANGTETCAGCT COCCATCTOCATGACCGACTA 300
LETGGEMNLVYVHKGLENLLADLERGUGCGEK GQRLAI S MTODY
TTCGAAGT TOGAGHT OEOGGAACAT OG00GT GACDORGCAMGTOGTCT TCCAGAADGACTT GAT CLABCTCATCCAGT ACGOGINGACGAOGEAA 900
S K FEVGOGRNI AY TP GKVY FGgNDLMGQL! O APTTE
CAGGTOCA SR GE00G S TR T A TCAT COOG O TRGATCAACAAGT TCT ACATCCTGRACCTAOAREICGCAGAMCAGCTTCOTGAAGTEECTGACDS 1000
Qv HRRPLLI I PPWI MKFXYIl LDLREPAOQNSTFYKWLTD
AOCACOGACADGETCT TOATCGTCTOCTEAGT CAA T GAGCA T TO TOOBAGAAGATT T T CRAGGACTACATAETOGAGEOOCACTGEOEIS 100
@ GHTVYF! ¥ S$SWYMNPGEHLSDEKTFEDYMYETGPLAA
T A AT (A DA D AT AL CAAT G CA T OO T AT CLNTCOGCGERACGT GO TG ACGIT GIOCTACATGACS 1200
LDAMEAATGE®REANVYI|GrCLG| G TLLASTLSYMT
GOECALEINGA DGR GGA T CAMGA DO DA TETACC TOGT CACO I TGA R CT TCTOCGAGOEREREAACTRTOOSTCT TCATCCADGAGDAACAT 1300
AQGCDDRI KS AMYLYTLTDODFSEPGETLSVYFI] DETEGL
T OO O T A A A T COGCA A R T TOC TOGACR T OO CA T E DA AT TCAMCATACTADREANCAADGAICTGAT CTGESTS 1400
AALEERBMRS QGFLDGSAMATTFNMLRANDTLI WS$
GITOGTGET GAACAACT ACCTRCTGORCAMGACCCCTT OoCC T ToGACCTOS TGTACTGAACAGDGACAGCACRDAGATGOCOGICOCGATGRACAGS 1500
FY VY NNYLLGKDPFPFDLLYWHNSDSTRMPAAMAHAS
T T AT AR A T T A A O AR T T O T oA O O Y S TCACCTCAA IS TOOOCATOGACTOOORCCGATCACGOTDOCA. 1600
FYLRNMY GgRNLILVYOQPGGI TLEGY P]I DLRRI TV EPET
CCTTCAT O T T A GG A AT GO0 T RAAGAGLAOCT AT CONACALDACACCTCT AT OGRTGAAGT TOGT (LTGRO 1700
FMLS3TREDHTI AP WEKST?YAAT QLY GGPVY HKTF VWYL AA
T OO CA A T O O GT O T A GO CT O A AN T A X CAT TACC TRAACACRAACTTOODCGOCTOODOCGACAOCTGET TOGAS 1800
5 GHI AGWY ¥ NPPS3AEIKYS5HYLWMNTHXLPASPDSWTFE
GG AT A T T GADGAAT A A A TRGT OGO TACGRA O AAGTCOORANGATANNELGACGEA 1900
GAKQV PGS WWPEYGKWYARY GGGHKVYPARVYPGDGR
AT OO AT G AT AT T ADGRGTCAAGAGDCTGRART AGCAGDGACENOGENOEAMIDDGGDNGET IRTGACATG 2000

LPALEDAPGSY Y RVY K3 L E #*

and boxed bold “C” is a putative center of an active site.
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Fig. 4. Comparison of the amino acid sequence es R. centenum PHB synthase and other
bacterial PHB synthases. Bold face “C” is a putative center of an active site and well conserved.
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R. centenum phaC. A system with the same
vectors but carring R. eutropha phaC instead of R.
centenum phaC was used as a positive control,
and JM109 harboring pSTVReAB and pUC18 was
examined as a negative control. Fig. 5 shows that
the cloned fragment containing the R. centenum
PHB synthase gene synthesized PHB in £. coli on
LB medium and M9 medium, but at only about
10% of the level produced by K. eutropha phaC.
The reason why R. centenum phaC produces only
a small amount of PHB in Z. coli'is not clear.

As it was only when R. centenum was culti-
vated under cyst-forming conditions with butyrate
that PHB was produced, it is presumed that the

T GRS FRECP

FIG. 5. Comparison of PHB accumulation in . coli
harboring various vectors. A) E. coli JM109 or BLR
cultivated in LB medium with 2% glucose at 37 °C
for 39 hours. PHB content was measured with a
HPLC-based method. PUC18, pUCReC, pRcCP1,
pRcCE2, E. coli JM109 harboring pSTVReAB with
each vector, respectively; pET100, pET100Ce, E.
coli BLR harboring each vetor. B) E. coli JM109
cultivated in M9 medium with 1% glucose at 37°C
for 39 hours. PHB content was measured by
HPLC. pUC18, pUCReC, pRcCP1, E. coli JM109
harboring pSTVReAB with each vector.

synthesis of PHB is strictly controlled in ZA.
centenum. Azotobacter vinelandii, a soil bacte-
rium, which undergoes a process of cellular
differentiation to form metabolically dormant
cysts resistant to desiccation, produces the
exopolysaccharide alginate, which is essential for
the encystment process. Transcription of the algD
gene, which codes for GDP-mannnose dehydro-
genase, a key enzyme in the alginate biosynthetic
pathway, is initiated at two promoters, one of
which, p2, has the sigmaE consensus sequence.
An AlgU, A. vinelandii sigmak factor, mutant was
impaired in alginate production, encystment, and
transcription of the algD gene!21®. R. centenum
PHB synthase may be controlled by a similar sys-
tem. The control region upstream of the PHB
synthase gene of K. centenum should be examined.
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Structural Analysis of Dyadic Contacts in the Longitudinal Body Wall
Muscle of a Mollusc Dolabella auricularia
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Abstract: The ultrastructure of dyads in the longitudinal body wall muscle (LBWM) of a
mollusc Dolabella auricularia was studied to elucidate electro-mechano coupling in the
dyadic contacts of somatic smooth muscles, and to make clear the morphological homology
with the triadic contacts of skeletal muscles. In LBWM fibers, the sarcoplasmic reticulum
(SR) in vesicular forms was mostly located underneath the plasma membrane, and
constructed dyads, not only along the fiber surface but also around the tubular
invaginations (Sugi and Suzuki, 1978)? which resemble the transverse tubule of skeletal
muscles in shape. In the junctional gap of dyads, electron-dense foot-like structures were
arrayed at regular intervals. In dyads found along the fiber surface, the diameter of the
foot-like structures was 18.3 nm, the center-to-center distance was 30.5 nm, and the
junctional gap was 9.7 nm. While, in triads found around the tubular invaginations, those
dimensions were 18.6 nm, 30.4 nm and 9.6 nm, respectively. No significant difference was
found between the respective dimensions of the two types of dyads, indicating that they are
fundamentally the same in construction. On the other hand, the measured dimensions of
dyadic contacts coincided well with those of the triadic contacts of skeletal muscles.
Furthermore, as found in skeletal muscle triads, a two-dimensional orthogonal array of
foot-like structures on the SR junctional membrane was also confirmed by observing serial
sections 35 nm thick. These results indicate that the foot-like structures are truly feet, and
the dyadic contacts of LBWM fibers are homologous in structure and possibly in function
with the triadic contacts of skeletal muscles. This view was further supported by these
experiments, proving the existence of calsequestrin in SR demonstrated by immuno-
electron microscopy and the high quantity (3.02%) of fractional SR volume per fiber volume
measured by the montage method.

Keywords: longitudinal body wall muscle (LBWM) of Dolabella auricularia, structural
analysis of yiadic contacts, foot, calsequestrin, fractional SR volume
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Ly = A N Y URURCRIE Y LB T,
PURRITEDOFREE & 72 5 “ Rk &ki 11X, SR LA
S ORI N E T E I 1T B2 S . SR
WO FR OB BN R AT CL Wl E S o
SR NICBIE SN @B FHEEOR - FIZREL T
Wz (1K03), Sl e o D IR B SOE O A 18 % FRGIE

ad FHEHT 5 SR BSERHABHCRA), 25— 1pum,
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' har, ®
2 LBWMﬁ*ﬁfEODﬁéEH%J—JL@?}“ﬁ@ A, /M. B, ffRHER I & dyad %:ﬁ;ﬁjza“‘é SR, 1% BFEJF ZiZ foot

HEENBEIND. C. THFEER L OZFORER L dyad 2T % SR B4 EIBRIZ 1% foot FARSE N BIZ SN 5. D.
NIENICE BT EEOR % &1 SR. A4 —/1: 100 nm.

LT T T T ¥ .-‘-._r.,_1 '. fum ey b —

3. LNy =AY UHR TR ébt LBWM A5 OMEBr e 7 8. ki 71X SRR EICR 65, A
4 —/L: 200 nm.

-



KRB, gaAR X2 A RBEREGER N T A T FEES

7% 1. LBWM i dyad #5014 X

EOMEFT 25

SR & fif il 2 i B e

SR & T &Rk E

Dyad # 7575 dyad (nm) 78725 dyad (nm) ARAE
Foot £H & D 18.3 * 1.5 (n=229) 18.6 = 1.8 (n=110) >0.05
Foot et i rfvC i R e 30.5 = 2.5 (n=175) 30.4 = 3.2 (n=83) >0.05
TR & SRR Hh 9.7 = 0.9 (n=183) 9.6 = 0.8 (n=81) >0.05

TP AR R 22 (n=12)

T A OICRERET KPR TH DIy 7 =
A KU PR E O IREERPUA O 2 % BOR &
WU RTIE, @RFIT—UEE IR T,

Dyad #&EER OHEEMIT

LBWM fH#HEIC R 55 dyad & B O triad &
OFERE EOFERIMEE G 272012, £ OMELER
& 72 % foot Bt IE DE & FLHIEREE, J6 X OB EE
& SR EM OB HIBREERE 2 W E Lz, & 113%
DOFEREMEDT= b D TH D, SR &R E
6756 72 5 dyad Tl foot HA&E DOIEIE 18.3 nm.,

H M FERENE 0.5 nm #EAEBMBRIX 9.7 nm Th -
2o —Ji. SR & T ERHHEERER G725 dyad
Tl foot KM DIEIE 18.6 nm ., H .0 FEEE I 30.4
nm. FEESERIFRIL 9.6 nm Tho7-. SR 2SAfkE
REEEL LD T BEEEER S TIEKRT 5
dyad O OREMD 5 B [Fl— I 7E 5 O H & fE
TtREEIToT2EZA, WTHUOHLAETH, WiH
WCHBEDEIT -T2,

Dyad #AE8IZ551F 5 foot KEAERE DIEE E — T
EF 207 &9 B 7201, et R A2 1T
7polo, K41k, SR & AfpMER m B & CTHERK

X 4. SR &ﬁ’“’fy’if’ﬁ%ﬁﬁéﬁﬂ%& ’Ci‘%ﬁiéﬂé dyad 'ﬁﬁiﬁ@@ff*@ﬁ{% AL i%@lllﬁ’}:ﬂ‘ff L Tix dyad %’“‘B(ﬁ%ﬁﬂ)

TOH SR EOWIE AR 55 . D 25 F TIIEEA RIS

foot FRIEE DB SN D . A — L1 100 nm.
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s O

[ 5. Foot #t1E (X P RED A AR 2 X 4E(A), X 4FB), K 4G(C)? dyad KM%, %4 — L1 50 nm.

S5 dyad OEfREU B THS, A0S LI
DG SN TEEZ R U, ESHETIZ 24T i D
Lo XMk SR O gIE R 2 I K& 720 | F Th
KERY, DEIRZ NS 2o T, BB OU
L Tix, SR a3t cid/e <, EFEEDOm
VR & LBl STz, £72. E & F ol Tl
A 72 dyad DY EABIZR S, 20 SR O
KEZIFH 370 nm ThH-72, D. F. G. HoUl i
TIX SR ONREIZ S EFHEOER A BIEZ I, £
DI KREAITK 58 nm ThH-o7z, B HF DI B,
E.F.G DU/ T 7 Foot B & 3Bl 22 S - (X
5), Foot #fi&iL, 9" L bEGmERIZHH LT
WNRIp o Te AN, JRITESEIR C IR 1 S M bR Tk A
TEBY, YT E L F T, UIh G T4 2R
ST,

FEEDOREFIT, SR & T SR G BN & iRk
Id dyad Ol BlEIC L > TH G LT,
ZDO—F %9 6 Tik, SR IX T EHMEEORA
Jeddih & @ AaATe X 912 L Cdyad AL L CTuhiz,
HONRA S LoYF#BoS 5, Chb J Tdyad
ZAERLT D SR ABIEE S, S5, Do I T
AR SN, SR U &IZ. G THRKRIZZRY .,
FNLEIT R 2 IS < Te o7z, F~T 081X, B
Wy 7e dyad A4~ L, AT 6 fH o foot Bt
ENBEZ SN 7). T B S & 2 OffiER
DHOMATSIL, K6 D A 25 T oY) CilifiIc
BlEsnz, TERBEEONRITF 70nm T, Z0

TR EIC B INESK 90 nm D3O /N A3 Bl 22
i, X6 TiE, T EHEEOMMHERT D OB
SIFHOUATHRHRELS, K 1.1lum THoTZ,

X 8%, =k ITHE S Y 7 h D VG Studio MAX
WZED | X4 ot f g A EENEIC i b o T
PR U7z = Wocilifg & Z O = IRot B R {5 %
dyad B2AEAUT CHEG 1 & AT I YN L 7= )b
DB Z2 7R LT D, ARG B3R i o &)
O 18(X 4A) & —B 5, Foot KRt 23 B 12
RONTX AE~G OEAHMEm A BlETE 5 LD
W2, SR EYIE L (K 4B), [EfizsHE (K 40),
SR DA EIEH & IEif ) S %H L7z (K 4D), =
POCHAHER T, IR OIE S A DR S D1
L LT, UTABORKITHEMICZOEESS
EX)FHPCKEN D, #o7T, BTGB TR 7=
T4 T A NEOE A LD m OIS ARG
HCHLETHEENES EREIND, BHU & CE
TEEFE D\ foot BRAEE X, X 8D OYIWTIE Tl
SRRV & L OREND, T OREHE., foot £f
WA R EBEZONDEBEARy NEF, O
THEROIE, Wik ECACE NS 3 Al s,
el 5 A B (X 4ENCHI S 3 25 KL T 4 8, 6 4
HX 4RIZHYS T 2 AL 3 M, 7 #H(X 4G)
WA 3 2 KA C 2 Bl S vz, il T
BE X7 foot FRABIE DI L VD 7257273, 35
DARy ME, BEF M TIEBLZRUALE 2D
X9 ERATELS] L Tz,
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6. SR & T EHEEIER L TSI D dyad OEFEI . A 7D L (3EUIEZ R T BHEEIZ/NRIAE 2 >
THMEIN TS LS ICRZ(A, C), SR & ERERM OB A BRI I foot BiEENBIE SN A (F-D). A4 —/L: 100 nm.

e -

6F(A), X 6GB), M 6H(C), X 6ID)D dyad k4. A4 —/L: 50 nm.

L = i ’ -t b

7. Foot A (1 th 5 88) 73 R 72

— ]
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i

X 8. #Hitl i 4(X 4%

i I‘
. ! L) -
) B

ZWICHERERL L7230k g & 2 o Oilria 0% g, B 2 U FIEIC ERA), HEE6B, KEDHE

(ZFATICEIET L, BITE(C, REMAR S5 & 5 I =WRoehIC RIS L, I 2 IE A b & HD). Yl 55 _E ok
(ON3 foot BRAFIE D RITE & BT 2 MR E AR v b OALE. KENE, foot HEENHBRICBIZ S NZK 4 DUIF E, F, G

ONCE. Hesh X ORE S 35 nm OFIEE =<7

A A

LBWM #h#t#E D dyad & foot i

LBWM O fifi#if CBIE X 7= dyad OEEE IR I,
SR & fpfRiER IR 5 72 5 dyad CTiX 9.7 nm
T, SR & T EHAEEZ LMD 72 % dyad TlE 9.6
nm Cholz, —H. BHEHD triad 05D dyad
OEAMMEIT, $10.0nm THD Z LS5 T
B W, AEREIE SR NEIZE—ET D,
F72. LBWM @ dyad O#:E 5B TR 547z foot
KRS I DWW TIE, SR & itk 2 i B © 7
% dyad Ti. foot FRA#EIEDIELS 18.3 nm, ZDH
DFIFEREE 305 nm TH Y| SR & T EFFkiEE Y
fE7s 5 72 5 dyad Tl foot A& DOIE A 18.6 nm.,
Z O EEEEEE 30.4 nm ThH o7z, tBEORE R
TiE, D dyad TN DEICHEEDOZEIZ R -
7=OT, M dyad (IHEEIICELF—DH D EE X
5D, Bk triad @ foot, 72 B, RyR I,
SR BN HEEAERMIBRIC 22 L 7 IESMES & . SRR

O CaZ B F ¥ RIS & FF OB & 22672
0 WS O MR 2 ST 72 SR 13450 O H 3 R0
RN AT, 0K 30 nm DIFIFIESTEE R L, Ml
R I AL 2 H OV B R R0 W T o 28
U7 I3 E @R & 72 v SR ANIEIZ A v THIES
RoTWAHI ENRMBINLTND 2020, F£7= BEICH
SN TW5 foot DIEIE 15.0~18.0 nm., H /O E FEEE
134 30.0nm TH Y 7, SREIOHEPERMWEE B —
HFLTEH ., LBWM O foot FitEEITE DD foot
LRICHEEEZ L TCWB EEZLND,

4 L 5 T/RL7- SR & it RE I ERD 5 72
% dyad O#EHE B TIE, foot HEEIZE & F O
PR THET ORI, GOURTIX4BULMES
Nieiote, E£7-., foot HRiEE MO i CTIIBILE
e o 7=, Foot Bt o oL M BEEEIXA 30 nm
THY ., G OE ST 35nm THHD, — K
OYIF X foot BRIEE AMIIZ 1B S E D 2 &I
Y. 20 dyad TiE, EfU A TRES O



RE, $aA: 22F I 0 A BBEREERS b T A 7 v MEEHMOMERT 29

LA D foot BRI A3 D L IXB 2 BV, ZOH
NGR 4 ® dyad =K T5 SR O EREmIZ
I% 4~5 H D foot BEAEREDS 3 FIFIEL TV D LB X
bbb, —F., 6 & TITRLE- SR & T &t
BRI G 725 dyad OEREI A4 TiX, foot A%
EHEXF 2L IO T6 TSR LN, £/, foot
RS o R Il SN o e, ZOFEMN
5. Z0 dyiad Z#EKT 5 SR OEAEHERKIZIL 6
> foot HEMEIEN 4 FIFIEL TV D EEZ LD,
I 512, K4 okt B E S &I = ROT R L
To LR OB A T AT IS B L 7= Wrim (X
8D) Ti%., SR oG LICiiET 5 35D E
BEDOAR Y MPHER I NTZ, Z OSARE Wi Tk,
HE R4 & RO AR > MIMERR TE R0 > 203,
ZAUE, ZRICERERR T, RE L TV AHEI O #H
UG ORIRIE-> TEDOE EMET D720, Ul
FBIT L 5 40 5 foot £kt IE LISk 0 & #E 1-4 BE DR 43
LHLUOHWED L HIZRIRLTLEI>Z LT, A
Ry MEHMBICHETE oz Th b, Lk
ORI G, X 4 O dyad KT D SR OFEAE
JEEHE CiX, foot BRAEIEIX. MEHTMIC 341, R{HMIC
4~5 FITW AT ARKFESIZ L TND EBZX L
N5, £70, FEEOHTIZED 6 O diad Z
%92 SR BT TlE, foot BEREE ASHEST M2
4 F|, HEH AT 6 FINEA T2 TUMA RS Fld% &2 LTV D
EEZOND, VU =XV U TiE, foot 1T SR
BE AT _E I SRR T A 72 A kS RCF 2 LT
DI EMNMBNTEY 10, LBWM @ foot Bt id
b ZhE B —HT 5, 2o OffiiEsE Lo
Ll LBWM O foot FRA 13 H 4% 100l Tl
ZENTWAfoot LRIEDHEDTHDH EEZBND,
THELEIY TiX RyR ICIT B O RyR1, L
@D RyR2. D RyR3 D 3 >DT A Y 7 —LMN
HMHILTWD, B, fJE, WA T RyR 12 2
FOTA Y 74—t LTalpRlRHENTEY,
AEBN—DEXICEHI L TNDEVIHEL DD
1w, LBWM ##fED dyad #2AICR 545 foot
DRI BN TWS RyYR 74 Y 7+ —LDWVTh
=BT 20O TE, SEE FBMEIER LI
FOVHBENCESNDIREEBOBETH 5,

T Fhkif s

LBWM fffE D T EHtEEIL, AL S50
T T BEEEHERIS NGRS REST 2 Z &b,
Z OREED/NKEMI IR S D ATREME 2 RIS L T2,
TR TIE. T BRI N O AN I E S 2
ERFBENTEY 22 LBWM THEHMG & R,
/A2 D TEREENTER SN D EE XD 2 LT

HEMTH D, —F. X6 0y R T, TER
RS I T R T TIRIER UAEIC R S, Bk
HER H TN & ORa AR IL A~T oY) [ Tl
WCBERSND Z 20 h . ZOWEDOAEIZUI A &
VR 72 T AN N2 ) TR 22 2 b T 5 & b
N5, ZOZ L, ZOMENE D EREEICHE
FOT, FRIHBSA TR AN D X 5 e dliE (cleft)
B L D D Z & ERBT D,

RS A TRIZXI9 5 SR DX A & 15k Ca2+
LBWM fifHENIC 59 5 SR ORFEARIE L -4
BRI S SR ORI AL 3.02+
0.84% (FHIEHEHERAE, n=50) Th-o7-, Fiff
i CIE, TEME(E Ca2t IR E AN E IS SR 2> D Oiff
B>, Mk OmATHB SN LB BT
WAHR, ZNHOFTH, —fFIZ, SR H 0 Ca2t
WEBE I XU G~ DA GV 72N EEZ BTV D,
THEBE L SEIBRA T SR O AERITNE <
Bl 21X, BT MEGHEER 29 TIL 24% Th
0. U XMIREE 1P TIX 2.2% TH D, LBWM
® SR OMAERITZND EHARD LD &y,
Suzuki & ZF O FERFIEE I L D HE L B LT,
LBWM OiEMAL CaztZfifastinb oA L D
D X0 HPAPRRTER SR & OWEREIC L 5 b DD
WV, ZOZ EiE, ABMES 7 LBWM @ SR @
FIT BRI 0 REWZ L EFJF LRV, —J7,
BHAH D SR AHRAFEIL, BIZIEX. ~ 7 AfERMAH
20T 5.5%., HT/LRETH 19T 183%, A ITox7
7 vl WTIIRKIET 25.6%CTHDH, ZnHD SR
FESRE AR 134 i RAE L2 6 1T 2 WU 8 SO Ui ) o3
WERKBML TS EEZLNDDOT, FEHE LT
1372 ) K&V LBWM @ SR MG &AL, # VT
IHA D LBWM I LV (REEh$ % 2 & &< Btk
LTWbEE2xbND,

SR Caz-fEAEAYE

G Ye a0 IR BRSO ELZ REE LT & 2 5,
—RBuUEE W7o I2U R ik i — RS
Y. kPR E RO R IR R R S
FND, BRIV T AN OB ERIGL
TWbHEB2bND, “IRGUKDOSRIIE, b,
SR ONPERIEEAEIZ R o (K 3), EHFETEZ
1172 > Tt DY 18 ¢ SR ONREICH D Z &M
R IN-EFEEOE VR (K 2D) EIZHTE
LTWheZ e, ZNHDORFITI LY 7 =X |
U ThvH., LBWM @ SR TILEH & FEEC
Ca-fEaBMEEE LTHNLT 7= A Y U khe
LTWbEExbND,
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& o

LBWM O ClL, BA&ih & 138720 . SR ITE
B & dyad 2R L TWAIZTERVDS, B
triad & [A] U253 CHERK S 4u, SR & IREIE O #A
R TR B 7z foot BRAEE X, MEIERHE O —Eh»
5 foot TDHDTH Y SR NIED Caz+-fiEiAE Y
LEEHERLCAINVS I AN o ThHDHI LR E
26, EM EB & B & IR CHHE CIE@ 32 & %5
bbb,

o
5 F LA DRI ZHE FEWE LIE)IK
BRSO R B TE A PG T < RSB L
SETO
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Polyoxometalates and Microporous Transition Metal Carboxylates:
Synthesis, Characterization, and Oxidation Catalysis
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Abstract: The oxidation of alkenes and alcohols with hydrogen peroxide (H202) and molecular
oxygen, is quite an interesting objective for both academic and industrial fields. In this paper,
we focused on polyoxometalates and microporous transition metal carboxylates as oxidation
catalysts. For H202-based epoxidation reactions catalyzed by dimeric mono, dr, and
trrtitanium (IV)-substituted Keggin polyoxotungstates, #rrtitanium (IV) - substituted Keggin
polyoxotungstate was the most active because it exhibited the fastest formation rate of active
hydroperoxotitanium (IV) intermediate. Furthermore, we investigated a novel method for the
grafting reaction of transition metal-substituted polyoxometalates onto a silica surface.
Keggin-type vanadium(V)-substituted polyoxomolybdate (PMoV) was electrostatically anchored
to a modified silica surface having cationic ammonium moiety. The PMoV-grafted silica material
exhibited activities higher than those of homogeneous PMoV reactions for the oxidation of
various alcohols with 1 atm dioxygen in the presence of isobutyraldehyde (IBA). Microporous
copper(Il) carboxylates showed unique activities for the oxidation of alcohols with H2O2 in a
heterogeneous system, in which a green-colored species, Hy[Cu,™" (OOCCgH ;(CO0),(0,)]-H,O was one
of the active oxidizing intermediates.

Keywords: polyoxotungstate, microporous copper(Il) carboxylate, alkene epoxidation,
alcohol oxidation, grafting method

FFim
AN « RAGFRALKFESLT L2 — )L OERLES IR,
T/ - AHEARMICED CEETHDL V, ZhZE
TR & R BRA LR IBE SO RSB SN TE TV D28,
BRI EH 2B LA O Z &ICAERT 2 EIA AR
WMOBEFE, X OIZIFMEIZE E b EAe R O PR
D E 72> TWDIG T AT A 7e < 7auy,
—J7, R LK FIREER Wb Al & LT R
bR, TV a3 — v HEFE LG EOBRCEGIE,
ZDRIES RS L KOBRTH DT, BREERA
DRNDIERZED TS, FRZ, o HIREEE % R
Al & LT b SO, BREER D 21T T < |
A MR FOFESOSNLbEHTH D,

LL7e B, RIS I kAl & L C OGN
BRn=®o, &miE - mEhxesEe L, T¥EETS
WIZRTE RN,

T ZCARWIZE TR, AU L 7 MiLE b oh
IV VRGBSR D 2 SRR DL E W Z B LAl & L
THOUTD 3507 —< (2B L CTHFZEE1T-> 72,
Oy TIREE R 2B LAl & LB LS @i tE 2 7R
T Dy TEREEBIE LT, 9, X URTH
YAV)—, T ZEEOR U BRI 2 ki O Tl g
{bREBEBLKIE LT=T A7 DRI A e %
1TV, TEME A & AT ME & MBI >V Test
L7, @fen T, HB— R kbt & U CRiEtEz R
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TR Y BRI DR — R~ OIS 2 BEE L T

TEME SRS DR IE S R Y et 2 2 ) b R i [
LT B IEERF Lz, AT, NFY UL
V)—@&) o) 77 VBEEBllicE > T A VT
FNTIVT & RIFE F TOT )V a— L OEH#RRIC
OVWTHFLTWD, @—F, F/fiflaboT 7
B DA VR RS 5K Z [ (Al & L
THW, RYE—RToOBEMBILKEIZELATLa—L
DL ZITV, BUSTERTH 2 HID-~ 4% v
TR HE - HEERT 21T o 7,

Wi, ARl BREFZE T —~ O~@IZBI3 2% B R 1T
ATHMGEIZEER LT 279, ZOoREECIHERE
WARBIZE EDDHN, FEHICHOWTIEZEDL HESM
Iz,

MELE Fik
(BusaN)7H[(0-PTiW11039)201(1) D &5k
[(PTiW11039)2018 7 b 7 7 F L7 v & =7 L i
(TBA )G RUIE, BEICHESh Tnbs 7 —7
vy FRIOAREEZSRE L TiTo72 9, LLTFIZ, *
DIFEET T, K77 FH T TiCls (0.43 mL) % 110
mL @ Kr[a-PW11030]-8H20 (4.6 g, 1.47 mmol) /K¥&
WIZMzx %, ZOEEERRREZ 30 4R L.,
AT T 7 404 —. G. type, 0.2 pm) THiH L
72o %D AT O BusNBr (10.6 g, 0.83 mmol)
Mz % EAGRERERT 5, 20K
1 BB, AGtBE A7 7 o v —(.
G. type, 0.2um) CHEUL L7-, ZOMkE% 0°CTT
T h= MU AOKPOLERET S Z LI DL,
AK(B0O0mLx3), =% /—(50mL x 3), =—7 /L(50
mLx3) T L CHMM =57, IEUINE)4.26g
(80.2%), JcF4rHr: FEMIME GHEM): C, 19.08%
(18.78%); H, 3.63% (3.56%); N, 1.52% (1.37%), #
U NI S - 7200.021%), IR (em™):
1070vs [v(P-O)], 964vs, 887vs, 808vs, 652s
[v(Ti-O-TY], 594w, 517m, 3P NMR (CDsCN #): §
-13.12, TG/DTA: 20.3% D E &, B —7 %
319.3, 337.0, 376.6, 435.7 °C |ZBIH L 7=, Z DOEHE:
WX, 7 D TBA*OSHiFE(23. 7%k LTz,
W3 LK Xk D EERZ L,

(BusN)7KHa[(a-1,2-PTi2W10038)2021(2) DA A% 2

[(0-1,2-PTiaW10038)202]10 > TBA ¥ D &RkIX. pH
2.2 O T [(0-1,2-PTiaW10038)202110 D 71 U w7 A
HEk¥i%(0.8 g, 0.144 mmol)® (2 i H > BusNBr(9.5
g, 29.4 mmoDIZMZ 5 Z & TiT-72, 30 4y
%, AT AT 707 4% —. G. type,
0.2 pum) TEIUL L, A(BGO mLx2), =% / —/1(50

mLx2), =—7 /(50 mLx2) TP L7-, = OHIL
Bx 0°C T7 & b= » U V/EHRTTF LD OFIL
Bz Lokl =% ) — (50 mL), =—7 /(50
mL) T L7z, IEWUE):0.27 g (28.3%), LR
Mrogzife GHER):C, 19.75% (19.45%); H, 3.73%
(3.70%); N, 1.76% (1.42%); K, 0.58% (0.57%), IR
(cm™): 1097vs [v(P-0)], 962vs, 887vs, 809s, 686s
[v(Ti-O-TD], 595w, 519m, 3P NMR (CDsCN 1): §
-11.37, TG/DTA:22.1% O #H &, B —7 %
311.1, 321.9, 394.2 °C I[ZBMI L 7=, Z OEERIL.
7 # D TBA*D S f#(24.5%)Z5bhis L Tz, g L
oKL D EEWR L,

(BusN)7KH4[(a-1,2,3-PTisW9037)2031(3) D & 52
[(0-1,2,3-PTisW9037)203]12 > TBA Hg DA h%ki%, pH
2.2 O T, [(a-1,2,3-PTisW9e037)203]12D A U 7
LM AEE(1.0 g, 0.18 mmoD)?|Z % > BusNBr
(2.3g, 7.0mmoD)&Z Mz 5 Z & Tiro7=, 30 i
g, At Z A 7T 07 4 L% —(. G. type,
0.2 um) TEIZ L, A(BOmL x 2), =% / —/1(50 mL
x 2), =—7/L(50 mL x 2) ¥ L7, I EULR):
0.39g(32.8%), st /A1 MM GHEMH): C, 20.42%
(20.29%); H, 3.58% (3.89%); N, 1.58% (1.48%); K,
0.66% (0.59%). IR (cm): 1063s [v(P-O)], 963vs
[W-O1l, 889s [W-Ocl, 822s [W-Oel, 738, 699s [v(Ti-
0O-TV], 594 w, 520 m, 3P NMR (CD3CN H1): § -10.15,
TG/DTA: 23.4% D HE &, FEE— 271X, 309.6,
331.0 °C |ZHH L 7=, Z O EHEPIX. 7 D TBA+ ©
R(25.6%)IZ kI L TNz, s L7-KIC K AR
A PR

K4dPMo01:1VVO40] (PMoV)D Y B ERE~DEEAL d
TENT 7 AU A (Azmax, 200m2/g) % 25 °C
T2MMETE L=, oLt oy ) hEH O OH
FEOHIL, 4.67 OH groups/mm?2, 1.55 mmol OH
groups/gd, Z DO EIE7- U 7(1.0 g% 80 mL
DAK ) =48 L, 0.28, 2.78, 8.34 mL (0.5,
5.0, and 15.0 mmol) »(MeO)sSi(CHz)sN(CH3)3Cl
EINZ T, ZORAWME 80°C T 6 W=t L7z,

BFon-AfLEEZEIR L, A%/ —/1(10 mL x 3)
THHE L=, oES5H [0.5 mmol DT w7
VIR EEH LS E] ERME: C, 1.93%; H,
0.16%:N,0.42%. & 5 fH (SiO2)59(Si(CHz2)s-
N(CH3)3C1(0.27 mmol=Si(CH2)sN(CH3)sCl groups/g):
C, 1.94%:H, 0.41%; N, 0.38%, BET Fififi: 138
m2/g, TLHRGH [5.0mmol DT v 7 L TH
ZRW5A] ERE: C, 2.81%; H, 0.20%; N,
0.75%, #+HHE: (Si02)40(Si(CH2)s- N(CH3)sCD) (0.39



Nk, BrE ML BRETSFIRES R O R R 2 4 LIS BTRBRLARBE ORI 33

mmol =Si(CH2)sN(CH3)3Cl group/g): C, 2.81%:; H,
0.59%; N, 0.55%, BET #f#: 130 m2/g, TT©#E45y
Hr [15.0 mmol DT v 7V v FHIZE W3
A1 FEHIE: C, 2.90%; H, 0.35%; N, 0.50%, #FELfE:
(Si02)43(Si(CH2)sN- (CH3)3Cl) (0.36 mmol =Si(CH2)
sN(CH3)sCl groups/g): C, 2.62%; H, 0.55%; N, 0.51%.
TRORER NS, Ty 7 v THIOERKHE
Frl. 0.39 mmol =Si(CH2)sN(CH3)sCl groups/g
ThH-o7T,

TOVI AT TREEY Y S (1.0 g,
0.27, 0.39 mmol =Si(CH2)sN(CH3)sCl groups/g) %
7k (40 mI)IZ 30 /o EdH L=, = Z~. /K(50 mL)
W fR L 7= Ka[PMonVVOasol-7TH20 (1.03 g, 0.5
mmol) Z Mz . 25°C T 24 Bl L7, 55 hlE
RZEEIL L, /K30 mLx3) THEic, 2 W HiisL
BL7-, TEHH [0.27T mmol DT h v 7V v
THRIEMFF L2 ) B &2 L25E] SEHIE: N,
0.66%; P, 0.16%; Si, 38.3%; Cl, < 0.02%; K, <
0.01% . & B i © {(Si02)59(Si(CHz2)sN(CH3)3)4-
(PMo11VO40)(H20)15 (0.057 mmol PMoV/g): N,
0.32%; P, 0.18%; Si, 38.4%, st [0.39 mmol
DT Ry TV TRIEMEF LI Y DR L
=381 ERIE: N, 0.50%; P, 0.17%; Si, 37.9%; CI,
0.21%; K, < 0.01%. #tEf#: {(SiO2)40}(Si(CH2)3N-
(CH3)3)4(PMo011VO40)(H20)5 (0.082 mmol PMoV/g):
N, 0.46%; P, 0.25%; Si, 37.54%.,

[Cull(O0CCeH10CO0)2]-HaO(4) DAk
FROMEMOERB IOy 772V E— g v
X, TR Tt > THT o 72,

H2[CulI(O0CCsH10C00)2(02)]-H20(5) DA FL 2

[Cut(O0CCsH10CO0)2]-H2O(100 mg, 206 pmol)
DT h= kU GEBEIRIZ, 30% H202 KEIK
(648.8 uL, 8.24 mmol) & M z 7=, =R C 4 W[ ##E
%, o niskemkzRIL L, 7% b=k U (50
mLx3)., A% /—/L(50mL x 3) CHE L7, =D
% 2 BREBRAS M L7, IR (I ER): 94.5 mg
(87.8 %), JuFsrHT: FEMIE: C, 37.00; H, 4.66%.

&l CieH24011Cuz = Ha[Cu2(CsH1004)2(09)]
H:0: C, 37.07: H, 4.47 %, TG/DTA: 5.35 %D & &
W, FEE— 2% 132.8 °C ICBMIL7-, ZHhiT
Cu(H202)FE D 43 f#(6.5 %) 2%t LT, B HEELAL 1D
I, 242.7 °C DREE — 7 &~ T 245 °C fi+
D (54.26 %O EEBDBIM -, IR (em):
1594s, 1511w, 1423s, 1373w, 1332w, 1297m,
1222w, 1045w, 929w, 784m, 767m, 727w, 526m,

BET #fiff: 328.4 m2/g, MfLEE: 4.9 A, “EHKEK

W75 & 1.09 mol/mol of copper, DR UV-vis® Amax
260, 385, 665 nm, 7~ > A7 kLi805 [v(0-O)]

cm'l,

ERAb At R 2 - 9

FH EHR Y BRI, NV T BN Y BREEE E
U B, FoMLE L OV anFh o Uk
ISR SR 2 il i & L 72 b kK FEB L O+
WEBEEIC L DT Vv 7w a— )L Ol S
FAFIZ oW THE, Table1 -3 &R 7z, A%
MOSHTE, WTNORIEDYAE b T A7 v~ 7
Z 7 4 —(TCD, DB-FFAP %t 7 U % 7 £4(0.53
mm x 15 m); FID, DB-WAX %+ 5 U 7 5 4(0.53
mm x 15 m) L @HEEEKIsIa~ 7T 7 40—
(Shim-pack VP-ODS 150 mm L x 4.6 mm ID)T
1T-77,

FER LA
X URFZ(IV)1~3 B ) BRI & Al A
Wiz HoO2iZ X B 7 Vi v DR F AL EDO?
[(-PTiW11039)20]% (1), [(0-PTi2aW10038)202]10 (2).
[(-PTisW9037)203]12- (3) (X 1) & fillit & L 7= ifiz{b
KB EDvruarrry, vyra~xtr, 1-4
7TV OBLROCHER 2R 1LITRT, WTNORE
ERHWESGAE S, LAY 3 MEaw 1, 2 L0 b
L<@EWY — oA —"—HETOR) 73 2 L3y
Molo, Zhux, FLr—i1%47-0 T TOF %t
HLEBATHLRBETH- T,

S BT RETEYEIC KT 2 7 e R D EIZ O
THRETT 2 (X 2), T ok &% il v 72
BAEL T E b OIS TR IZEARAIC B
mirz,

LU b, RYBBE— 472007 e ko
Hoaf— L CitistE 2 i L <, (LA 8 2¥ME
B 1,2 1R TEHE L @EETH o7, - T,
FH 7= il D V5 S E MR TR L VWA 5

(b)

1. 1(a),2(b),3(c) D L HKHEE T V. BaD
NEETT & VRF 2 REAONE R POs %
R
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F 1. Ti BN Y Bt A gt & L7z HO, I LD TV
DR XA ?

HE (mmol) ik TOFs™® BIRE/%
ruFrT s 1 3.7x 104 > 99d
(7.70) 4.7 x 104 > 99d

2 1.2 x 103 > 99d

1.3 x 1073 > 99d

48x 103 > 99d

3.6 x 103¢ > 99d

v a~¥t 1 —e —
(4.93) 2 7.6 x 1076e 83f

3 1.2 x 104 86!

1-F7 5 1 —t —
(6.37) 2 5.4 x 1062 >99h

3 3.1 x 105 >99h

aReaction conditions: catalyst 0.02 mmol, substrates
4.93—7.70 mmol, 30 % H202 9.72 mmol, solvent, 1:1
(v/v) CH2Cl2/CH3CN 30 mL, under air. "TOF = turnover
number (TON)/s after 5 min. cafter 1 h. dcyclooctene
oxide was epoxidation product. ¢after 4 h. fcyclohexene
oxide and cyclohexanediol were epoxidation products.

gafter 3 h. 11,2-epoxyoctane was epoxidation product.

0.012

0.01 +
3
0.008 A
R
&)
O 0006 |
H
0.004 - 2
0.002
1
. ——
0 2 4 6 8 10
[H1/POM

2. T uF U T DRI ARSI
70 N R

TEY ., LEW 3 D A-Ti3 A b BSAKEAEG
AT R TIEESEE CTH D Z LBy,
FIT, ORHEIRTH B A Ra~v 4 Vg
DOERZBNT 2720, WEBIELKEFETTO
UV-vis HIEEZ 1T T2, ZOFER, 400 nm FUTIHE
FRENZ L D8 LW 2 8L U 7=, Z OBERE T,
ARIEE T2~V A % VR ARR LTV 5 DD TEMER
A R LA VRN ER L T D00 % XHITE
RN, EIZT, EMB{LKRFEFET T I AT
Bz 5L, AbEW 3 DREO I, AR DO E
LWEBAYBRA BN, Z0Z b, (LAWY 3 ML
1,2 LD b A Fentd VREOARENRS
WZEWShoTn, O LT, B EENE RS
L Xt LTz,

X 3. {be 3 oF % AV =B A FD X $ifk

AR .

LLEDZ &t Ti3 EH#R Y o A-Ti3 A
R 23 HeOg2 ~— 2 OERALAl SO C EiETE 2 R L
i, bAW 3 & HoOz & DS THERT DA
R ~)L % VO A RGRE S OAEY L 0 bl
W2 EICREINT S SR Lz, S 51T, X S
W —Z B3R 7= 13% D Bond Valence Sum I3,
0(1) 1.69, 0(2) 1.73, O(3) 1.45, 0(33) 1.75, 0(39)
1.69, 0(40) 1.72, 0(41) 1.65, 0(42) 1.67,0(43) 1.52
Lo T X3 D A-Ti3 @ Ti-O-Ti &% (0(3)
EOINNTHrTa b, LD AL—=XIp A R
2oL A X VREOEREZREL TWD Z & bR L
77

VIR TV TREN LIV ARE DR
Y BRE  [E E{r @310

R OBREMEE LT, TIVvEELSVT
o7V TE BN LR ) B OB EL RS S
NTWBN, TEVEY A F~DT 2 v FEOENL AL
EHEOERTEZH ZEDBRALNIR>TND W, &
ORI, TR U AITF AL E LDV T
1w 7 v 7 A (Me0)sSi(CH2)sN(CH3)sCl) % A
WTC, RUVBEOLSABRET VE=U L ATF
CEDOEEBEWNHEAEREZFIHTAZ EICLY, R
feti 2 o U ARmEICEE L, EEROBELEZD<
ZLICRYI LR ¥ —A 1 B, 22Tk B
W b kiR CIEME 2 7”79 Ku[PMo1:VVO40] (PMoV)
ZHENC LT, EEILRTE OB IR EIZ SV TR L
o Fo, HEZOX YT 72V E—va b L
T. [#{& 3P NMR, DR UV-vis, TEM %17 - /=#
R, RUEEIT ) HERmITEZE L THE L T
LT L EER L,
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T-l
4. Sl
& e o
- cr z
O o O o o oy NCHy),
< m,wmé < <H,C»,‘N§ <
si s S P \ . s N
oo /N ¢ Mo /ON aKa oo /N ¢ Mo /0N
AN EN ’ 1] L] ’ | ’ L
S0, Si0,
Scheme 1.

PMoV [EE{t U A1 (PMoV-SiOg) A [E {Afilfit & L
A TFAT T E REEFTOT L a— Lo
EROGH Rz 3R 2 1”7, BRLAERMIT. £hEh
RURATNVTE R, FT7FATIATE R, 7~
X4 T, BIRRIISO% ThoTr, ¥ — o F—
N (TON)ILZ, WThOHE S PMoV & A=)
—% LD H PMoV-SiOz Z Wz ARE—FRDIEH 0
Eolo, 72, PMoV &3V B A BICHIES L
72 PMoV/SiO: LV &> T h v 7 U I HIES L
72 PMoV-SiO2 DIF 9 BEiEtETch 7=, Loz
END, BEMICR Y B A EET 5 & TR
OB KRS R BEZFEENLTE D2 LR
Mol

FIHALE DY T a~FY P H R BREAD
PR Z BEAEE L L7 L a— L OBR{bE LR
¥I— REBRLAREE R S P OTE R R R O BB R X O
&G

[Cull (00 CCsH10CO0)2]-Ha0(4) % [ {4 fift 4 & L
TR LK L BT 4 DT L3 — L OERLE S
RAER 3T, ARBUGSH Ot oK A& Tl ER bk
FOREIZELRFLTEBY, 1 FEicx LT
46 fELL T O HoO2 Z N L2354, fikifED AR F @
MOHREEIZE @ LT=DIZxt L, 69 5L EOBnED
BAE, Han A~ Z G Lz, TOF X, H2O:
mhngEorne L bicbm< ooz, KIGHICEL

% 2. PMoV [EE(LT Y H &l & U745 T iREE S
W2k AT v a— Lol ?

G i TONP

(mmol)
RXUVI)IVT ) a— )b PMoV 54
(48.4) PMoV-SiOz 153
PMoV/SiOse 21
PMoV-SiOzd 152
1-42 %7 — PMoV 22
(6.34) PMoV-SiOz 117
T a~FHY ) — PMoV 21
(9.40) PMoV-SiOz¢ 84

aReaction conditions: PMoV 20 pmol, PMoV-SiO2
(0.082 mmol/g, 5 umol of PMoV), CHsCN 3 — 8 mL,
alcohol 6.34 — 48.4 mmol, IBA 11.0 — 37.6 mmol, AOz)
= 1 atm, reaction temperature 85 °C. PTurnover
number (TON) after 168 h. cPMoV/SiOz (0.082 mmol/g,
5 umol of PMoV) was used. Water (5 mL) was used as
a solvent. ePMoV-SiOz (0.057 mmol/g, 5 umol of PMoV)
was used.

# 3. v uA~FH YR EEEID SR % il
L7 b KRB L DT v a— 1Ok a

BB (mmol) R /% TOFs ™'
2-7 R ) —)b TE R (>99) 1.6 x 107
(13.1)
2-7 1R ) —)b TE Ry (>99) 5.8x 107
(13.1)¢
vru~xy)—)  rua~FH /s 1.1x10*
9.5) (>99)
vrua~zY )= vrua~F¥ /s 16x107
9.5)¢ (>99)
RyDOATAa—)L  ROAXTATE R 7.0x 10
9.7) (>99)
RUDATAa—)  RUXTFAFTER 1.5x 107
9.7)¢ (>99)
1-42 % ) — FIFATALFE R LIx10*
(6.4) (>99)
-4 2 % ) —)v FIFALTLTFTE R 1.6x10*
(6.4) (>99)

aReaction conditions: catalyst 206 pumol, substrate 6.4
— 13.1 mmol, 30 % H20:2 9.7 mmol (23-fold excess),
CH3CN 10 mL. Pafter 1 h. ‘TOF = turnover number
(TON)/s after 1 h. dH202 (48.5 mmol, 113-fold excess)
was used. ¢H202 (19.4 mmol, 46-fold excess) was used.

SN oOBOEbEE D L < TR E)NFH A
RoTLE D &, MRS bHET LR ho/oZ &
N, ZOfEE Y U <TG O LS A SO R A
ThbEHELE, S5, (LAY 41TV Tholk
Bk LT OB bfitym e 2 R L=, YA X
DI NE W 227 a8 ) — L DIFE ) B D)L
THa— )R ankt ) — L EORTDOR
BX0d TOF RNEhol-Z iz fbadma Db o5
ARREOF 7 IFLOBREREIC L 2 b0 L Bbh
b, F1o. F/MELE D T2 A0SR T A R
SBRMoTeZT MG REEERD H DT /ML ik i
EHEOW EIZHERH D Z B ohoTe, S HIT,
AR FER TR A — RBUG CTHAT L TR 0 L filfif
DFJSERIE~DOYeIH Lid7e <. it s (kLT
N L EEER LT,

FEWNT, RONHRIER EZ 2 6okt L<IEE
BOLFFED ) b Fk DR D B & R I 72,
FEEOOFIAD-~ A% Y (He[Cut(OOCCsH1o-
C00)2(0]-H:06)i%, 7% b=k U L TILEY
41220 {50 HeO2 Z US55 Z & CHEET 52 & A3
Wk, (bAW 4 & 5 oK X HEHF—2 15
U— FL MEFTIZ L D ZOEEEZET S &, 1k
M 4 © 2 kT D[Cu(0O0CsH10CO0)]JE Iz .
u-1,2-trans O~V A X VPG L TBY | £h
(2 &> T D Cu-Cu B OIEEM 2.992(6) A 75
45724) AICEL 2o TWAZ LR hoT= (1K 4),

5T, kM B DT~ AT FLTIE, 805
e VZH7= 28y R Sz (X 5), 2o v
Rix, 760 cm™ fHTiIcBl SN D YA R-A B0
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(a) (b)

.4 ain o Rz 4 05 TiEE@), ainb R 5O
7 T D).

Cull-O0-Cul! f <> 590-616 cm'! I[ZHH < 5
Culll(ue-0)2Culll FED & O & [T > TE Y |
800-840 cm! 2 #H W = N D p-1,2-trans
&@OO&N@@(H)%%’ié%ﬁkﬂmbf
Wiz, BTG G, L& b o~ v X Y
@il%Cifﬁif%é ELER L, 2Dk
D Tefil-~v A L, A REERERIE T VSR T
IEEEICHE SN TWD b o0, S & HEE -
REEfRNT S 7Bl 72w, F72. 100°CLL B @
ﬁ%ﬁ*%%ﬁﬁﬁan&wﬁ%y@kwé%w%
INETITWMENRN LD, &Y TR A
By T 5 28Ik oTH 7 MILEREE L T
DARMRBED K5 7GR TERE N 7Y o REPERAS, 2
DR R FENZFI SR I L TWDH EEZTND,
BB A5 DN T8AD A~V A % R big ko
BHORIEHEETH DN E DN EMRT DD
NMR EHTlb a5 & 2-FuX ) — L& S S
Too TORER, HeO2 BFAEL RS TH T b a4k

(b) 805

771

(a) 7

a0 750 g00 830

Raman shift/cm™

5. {b&Y 4@)B I MEEY 5b)D T~ AT
k.

FEO—D>ThHD I EaMR LT, bI—DDEED
FREUAIZ DWW T, E7EHBEICRE) L TV 2R3,
Stk ARG 2 Mt U CHEE - ST Be T
TETHD,

TR
ko X5z, FEL LT3 HDOMET —~52F(TT
HZ Tk, B kAt FEREHTEE T B EAAY

RERPFONT-, ARIZ. TNDHOHMREZN—2R
(2, BRETHE A~ OMEDZ 1A T2 iR LB D BAJE 2 H
I TPETH D,

BiEE

ARFZEIL, 2004-2005 4= 143 ) 1| K2 S [F A 22 5 Jh
Bigko b LiciTbiz, £, AWFSEO—ERIE, X
HRHEA OF EE I 4 B4 (16750126) O 1 Bh %
I TAThbiTz,
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Possible Phytoremediation of Cadmium Pollution Soil with Kenaf
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Abstract: Kenaf (Hibiscus cannabinus L.), which can grow rapidly and maintain high
primary production, was examined for its ability to decontaminate cadmium ions (Cd) from
polluted soil. Although its germination and growth were not affected at first, its
photosynthesis dependent growth was disturbed by Cd in the soil. No growth after expanding
the true leaves was observed at above 111 ppm Cd. At 74.1 ppm Cd, kenaf could acclimate and
began to grow after a few weeks lag. The biomass increased by 2.4 times from 4 to 6 weeks
after sawing. Higher accumulation rates were observed in the plant body at below 74.1 ppm
Cd. The rate increased to 6.4 times in the plant body at 1.48 ppm Cd. Assuming the same
productions of kenaf as on the soil without Cd, it could decontaminate 1.48 ppm Cd from the
polluted soil for ca. 16 years and could more efficiently from the soil containing lower
concentrations of Cd. These results suggested the possible phytoremediation with kenaf

applied to the polluted soil with lower concentrations of Cd.

Keywords: acclimation, cadmium, decontamination, kenaf, phytoremediation
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Abstract: We are interested in the evolutionary relationships and speciation processes
among butterflies of the genus Vanessa (Lepidoptera, Nymphalidae). We first showed that
experimental treatment of pupae with cold shock or tungstate, a protein-tyrosine
phosphatase inhibitor, produces a series of unique wing color-pattern modifications in adult
butterflies. We found that several Vanessa species can be arranged in a progressive series of
the systematic color-pattern differences similar to the tungstate-induced modifications. We
then investigated the phylogeny of Vanessa and its related butterflies in reference to DNA
sequences of the mitochondrial NADH dehydrogenase subunit 5 gene and cytochrome
oxidase subunit I gene that are known to be highly variable even between closely-related
species. Seven species that belong to the conventional Vanessa genus were separated into
two groups: Five species, V indica, V. samani, V. dejeanii, V. buana, and V. dilecta, formed an
independent clade with strong bootstrap support (“INDICA Group”), excluding V. atalanta
and V tameamea as separate species that formed a separate clade (“ATALANTA Group”).
Within the INDICA Group, V. buana and V. dilecta were shown to be sister taxa. They indeed
may be considered to be a single species. V. samani, V. dejeanii, V. dilecta, and V. buana
were shown to be a sister group of species in relation to V. indica. Thus, the INDICA Group
contains five species with various color-patterns including V. samani and V. dejeanii, which
occupy opposite ends of the progressive color-pattern series. Similarly, the ATALANTA
Group consists of two species, V. atalanta and V. tameamea, whose color-patterns are very
different from each other. Thus, our data argue for a speciation model in which Vanessa
tends to evolve “bi-directionally” to species with large or small orange areas on the
forewings beyond phylogenetic constraint and an opportunistic activity of the cold-shock
hormone physiologically, but not genetically, “links” ecological selection and color-pattern
development of Vanessa butterflies. This model also supports the notion that the
hypothetical molecular pathway sensitive to cold shock or tungstate was involved in the
speciation of Vanessa butterflies.

Keywords® Lepidoptera, Nymphalidae, Vanessa, color-pattern modification, molecular
phylogeny, speciation, cold shock

©Research Institute for Integrated Science, Kanagawa University



44 Science Journal of Kanagawa University Vol 17, 2006

i

Fa VEHOBOGE L — (Bl 13EFICE
FRIEIZEATEBY . HEHRME, 2 OA2 BELE
HETET2, BT ZORIEME LT, 5HET
WKW OO EE R AW PRI N E RN S T&
77 FKD RZ F g THEOBIEZN G R—Y N EE L
RO ESS, HE T PT RO R R T AN
MR P OBEERBEO DL LT L AL H—
T U HBREE LT BARRIROBESIXZ ORERITH
HEWRD, L DOF a VOMDEFHF — 11X,
REA T~ 7 F v & U CHERET B X000 T
2l WRE~OER I E L THERET ST
O, TRHABEKRRIRICBIT 2EERBEDO D Th
D2 EIFRWERY, 20X, BREROMEE
LLTAEBRHENTELF a vollo Lk, &
WD BAIB 7R IEIERE /) 2 IR LT B 8] & 2
HZLEMWTE D,

Wy (FRICENY) I IFEA BAL L U CAEBEIREN A AT
WV, BEWE ZROHRITHEK L T, DFED
LD IR/NENIIHE ML THD EBEZX D LN TE
Do MNP ZDEN) Z X, BEDEZZD
M, REBNEEBEZ D ENH ZETHD, HAR
D LG, REMOEITER TR OEE K
W95, flo ki i) 2B s TR OZEIZ DWW T,
BAETHIZEAERMAOETETH LN, BEDOR
fiEClx, FEObIZB W THBEETFBAEY S D
WET 72 Y — %y MEE R OB O
BAEBFE LI B W CTEHEERERHZ R L Tnd L
EzZHNTWDHY,

ZOY—Fy MEETFREIT, BAEBRRICEBWNT
BRET 5. Wb d TEREEHGEE TR ICHY T
Do TNHOELTEERFThH D, REAMEZIED
LT B0 OFABMIEICE 53 2 85 T RBL X —
CEELSEDLZEN, L OEGEIZB W TS
DORBEZFRMETHD EHERI STV D,

DX D IRIAEEY IR, FTa oA
DEF B — TR T 5% < OBFER T4 T
709, KR, IR O TE SRR IR eI iEgE &
nNTEY, 2ol (BR) DEE X —UTEERO
F—=HFI AT oA=L L TEHINTNDZ &
B 72> TWNAH370, Lint, Fa VDOR
WZiEA—TF AT - v Z—ONE DR &
LTRHESNTWAREELE N DD, Fa ol
FRZ — VIR BT 2 KA OBFFEM BEE 72 D, T2
L, A—HFAT T v Z—O0WEND
ERESINTWDENT 7 DFEIRIZONTIEIAR
HOEETHD,

ZOEIT A—HFA T T v E—EDE

T F T AR — IR B e A A e
LTWDEBEZLNTNDN, TO—JT, ki
RZIXEN T 4 7 KT D T2 DR 153
FEBLL TW R IUER b 220, ki35 €
VT 7 DAEBREMRIL, RVE CERETFOERIC
LoTEfiicahd EEXLN TS, =7 VAT H
A R 72Ny 2 v 7 RAVEL R EICL D60
BB — T, AVEAERICLDEL T S
AEVEDEMIC Lo TRZ S EE X BTN 58712,

Foxld, FAERRICBIT 2RI L SE@F S F —
VREA T = AL EZE O E O BERIZ B A
FfoTWad, Zom T, B RGHY a v 7k
VE L ERIBRONRZFDL, BAETF R Y « T+ A
7y X—VEAITHDLZ T AT BT RN UL
RS — TR OIS T 5 & Vanessa
indica (77147 /~) BXO Cynthia cardui (8 A7
BT IN) D NNE— 2 S H DT & E )]
\OR LTz, &7z, Vanessal@ (7 h ¥ 7T/ &) I[ZEE
n5L7e &b 6BV TIL, B/ F—rDERE
Mtbig 2 6 LI L C, BRI A Z — R E L
THEOEOENZ — R EIRA D ENTEDH D
EER LT, FOX ) REEE LoD, Vanessa
BB IOZOERED O bAEEE 12 FEICHOWT, T b
a2 RYT O NADH 7k Frod—E . 4 7a2="
F& (ND5) BInTE > prm—Ah « FF 55—
Y 7z=x ;I (COI) i&ln 10 DNA B % xt5: &
L CHREROBFHREREZH LT 5 2 &2l iz, &
DFER, Vanessa JENTIX., Visamani & V.dejeanii
D, O — BB TIEMH N E LT DI H
N LT, REMINTIEN ERDho T, ARk,
Vatalanta & Vtameamea %, A/ 357 — R RKE L
W B2 b0 06T, AWK THL Z b
Molz, ZNHOREREBZE L. Vanessa )& O
WZOWTRAHINZBE LT,

W, A E OB RAFIERE S IX, 2 BEEEICHER &
NHFETHD, £, ZOREEIHENSENT-N
HRO—HITT TITRREINTNSH D127 Z 2T
ITERZIRRDHIZEED D, MOV TIE, £5H
bEZINTZW,

FrEEE 5

EREY

TR I A I 52 CHPAMVEREE S 7= V) indica DR
Z25CRIZCRB L, 74 A7 7 ¥ —EEAITH
HHTAT T N A (1.0M,2ulh) b
E%OWORETIZERN L-, Z0k, LT HET
FIEROSMET CTFHE LT,



K, WA M T HITAROEE T — ER & RENT 45

£ 1. HSHRBERICET ST —4

BREFA ND5 corl
& A ID PRAEM (date (GenBank | (GenBank
(species, taxon) | (specimen ID) (locality) caught Accession | Accession
in the field) | Number) Number)
V. Indica JMO0001(KU) | Kanagawa, Japan Jun 2004 | DQ028749 | DQ385858
V. buana JMO00002(KU) | Sulawesi, Indonesia Aug 2002 | DQ028750 | DQ385867
V. dejeanii JMO0003(KU) | Mt. Lawu, Central Java, Indonesia | Oct 2000 DQO028751 | DQ385862
V. tameamea JMO0004(KU) | Kauai, Hawaii May 2000 | DQ028752 | DQ385861
V. samani JMO0005(KU) | Sumatra, Indonesia unknown | DQ028753 | DQ385863
V. dilecta JMO0006(KU) | Mt. Mutis, Timor unknown | DQO028754 | DQ385864
V. atalanta JMO00007(KU) | Slovakia Aug 2000 | DQO028755 | DQ385860
B. itea JMO0008(KU) | Melbourne, Australia Feb 1996 | DQ028756 | DQ385859
B. gonerilla JMO0009(KU) | Auckland, New Zealand Feb 2003 DQ028757 | DQ385865
C. cardui JMO00010(KU) | Kanagawa, Japan Dec 2004 | DQ028758 | DQ385856
C. myrinna JMO0011(KU) | Huallega, Peru Mar 2001 | DQ028759 | DQ385857
C. braziliensis JMO0012(KU) | Tingo mana, Paru Jan 2003 | DQ028760 | DQ385866
J. westermanni | JMO0013(KU) | Bangui, Central Africa Jul 1981 | DQ028761 | DQ385855

SRR EEAR

ZOFILTIE, A BRI D700l R
& LT Field (1971) 10 [Zf¢\V >, Vanessa J&. Cynthia
J&. Bassaris BiilE L L -7, ZOHHEKR
TN < BHEDORMATFE T, ZNbDREITE
Vanessa J& & L CHA I TN 5 17,

Field (1971) (2 XX, VanessaJ&\Zi%, 5 FEn
BamEhTwWb, =0 5 fEiL, V indica. V.
atalanta, V. tameamea. V. dejeanii, BL O V
samani C% 5, V. buana¥ X O\ V. vulcanialZ Field

(1971) <TiX V indica D#ifE L L THFbh T\ 5
N, EO%, BIFEE LTHRbID K)otz 18,
E 5T, I, Vdilecta INFE—L I BRRBEN,
e LCitfisnc 9, D Eo8fEDIH, AF
IN#E7e V. vulcania LAV T FE %24 Rl OBFFERT 5 &
L7=, 512, Itk Bassaris |& 2 ¥, Cynthia
J&3FEA & ARt 12 2OV CENT L 7=, Vanessa
B2AE £ 5 Nymphalini D Wik TH 5
Junoniini & D —Ff Junonia westermanni % Mk &
L ChHO R 2Bk Uiz, xt8 e LAEARD AR
T—=ZIZONTIE, R1ICELDT,

SFEWMFENGE - 5 F R E

DNeasy Tissue Kit (QIAGEN tt) # FH\\C, pmh
DHIEFEA X Y Total DNA Z4hH L7-, Z® DNA
T DOWT, Pfu DNA RY AT —E8
(Promega )% T PCR )&= %17 - 7=, PCR &
%1% pCR-BluntI[-TOPO (Invitrogen t5) & %\ i
pCR4Blunt-TOPO (Invitrogen ) (27 v —=27

L. M13R & %5\ & M13F 75 A ~—I|2 L %5 DNA
WL FEER SR TE & 2 H T 3 A AL EFE LT,
ZHEIHNT 7 A A2 Mai, ClustalX1.83 % ff
L7 2020 REEHHT 1T PAUP*4.0810 A ff ] L 7=
27— 2 T v ZEIE 1000 BOY 7Y T %
HECHEMB LR,

(=TS

V. indica & C. cardui DG /% — &

BILIE % O EBRICH A a v 7 2 525 L@
B — CREEEAR LD 2 ERMbLTVND
10, [AREDN I A KB CFHE ST D HIW T, Fx
TEAEF ) VEET F AT 7 X —EHEAIT
DB AT UBRICER Ui, Vindica\Z% v 7
AT U EFRT 5 & BN — I BE S

g266¢¢

Normal MDI MD2 MD3 MD4 MDS MDS5+

50090

K1. o7 AT BIERIZ L » TERE/ Y — U BER S
Wiz V indica fEfE. EE: : JEMI (3B), TE: : HMl (F).
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P bae

€66 €64

MWormal MDD MDS MDI
Vanessa indica C;.uuh.’u mrdn.‘
X 2. V indica (A3 L O C. cardui BB 5 g/ 2 —
ESf.

BHBNT (K1), EMORREIXFEERIZ L > T
Tholen, BT —EOHFMERH Y, 37T
OERZ BRI 7205 8 L CWRD Z ENTE D,
EMEEORbE WL D% MD5 (Modification
Degree 5) & L. [EHfE{K (MD0) =&, 6 EpED
MR (EffE) %2, §XToONRZ—r L A |
DO ERAWNFM L7z 9 2 THRE Lz, Bt
JED@WS OIF ERTAOR AR L. BT
B LT BB I A BV, RIFEZ, 37
TONRE =2 b A2 NI~ > TERIKW
W TWLSHBNC S 2 D FFIC BAD T 7 5 —
T e =LA~ (BRIRECE D &AM ALE LT
WhHT LAY R) BAOIEEAN BT 25 = & 23R
M CThoTz, ZDOX I R \F— AEL OB
%, V. indica 7213 T/ < | E%fETH D C. cardui
TbHELNT (K2),

Flo. BAMZBWT, BlHloER 2 — B AR
FTREERFRESNLH D72 RN L2 MFEL T
B, ZhF, BAMIBWT, RROmAEIY 3 v
EZTHIETELELDOEHESND,

Vanessa B DR /5 — 2 RF|

AIECHE LN A S F — U RINE, BTA O AGH
OPERIZ K » TR T b Tnd, 22T,
Vanessa J& 8 @ WCHZT CTHD L SEALBRE R
ERIC X DT, ZENENDREIC X - TR D mH
ﬁ{ﬁ?ﬁﬂiﬁé@f T e PRI S, RBIFETE
ﬁ&T@N&—ywzvxybmﬁm%%é%Kﬁ

ﬁﬁﬁm@abfxwiim:%ﬁﬁéztmﬂ%

Ths,

ZZ T, ENEROMIZOWT, AR
WCE® D, REAEEE AT O3 D R g O E
B E B asEEmE (%) &L TCRIILE, 35
L PREEY ., ERENORICIXEA O MG
FEIREAFR O 5Tz (X 3), Vanessa & 6 fEIZD

”43 ]-..H.S*.S*d 34ﬁ. I...

ﬂfm 1“!“ ﬂlmﬂ i, D;l “lﬂi - 3
) ¢"‘

**‘ aﬁ":#\ .ef*f \# {ﬁ..&
Lt G

3. Vanessa & 6 fﬁ%i()\%@ﬁ@ﬁ@*ﬁﬂ*ﬁ@ﬁﬁ
W, EHME AR, gl SR (n).
V indica L thfE (W{EK) & OMEOHZE L TDp
B ETAR) PRERTVD

Pﬁm‘l 0,004 ﬂﬂﬂﬁ

‘\“ ﬁ‘.,\o“

W, V. samani, V. tameamea. V. indica. V. dilecta.
Vatalanta. V. dejeanii DNEA T, FHxH &G GEEE O
BERERI 22D ERD B ivTe, ZOEE N — RS
WZBWTIE, VanessalBa K& =20 X A FThy
FAHrZENTED, XY AT (V samani, V.
tameamea). V1% A 7 (V. indica. V. dilecta.
V. buana). 205 A 7 (V atalanta. V dejeanii)
Thbd (K5 HHR), 7=, V indica ®» MD5 {E{K
2BV TIE, AR G R 2 Vsamam' ZPLges
DI EHRLTWD Z & BHAEICRD Bz,
ZOEFENRE— U FRINZBNT, b IV EDHEH
TREXPE & L. Vindica DRIBRTRERE AN
WZALET D TAGE) "5, BaXA IR T5
FECIX. 2fE b 2o THER) PEalkLTEBY .,
By A4 7B T HMETIE, 2 EELAGTH D,
IHlT, HRIZA TICET HAETIL, DL D
(V. dilecta) . AtaD b D (V. buana) . L OHEA
AT Ba0 S0 (V indica) NRZTH
N5, 2oL, HEH O & AR RHE EfEkAE
EHUZFEBARAR M FETE T 2 K o I b b,
Flo, HEHFEWINRE =« L A NI, # v
T AT VBRI X DEEEAR TN - THELTLE
D7, EBEOMMIZIZHEIY 2 v 7 RVESD
BT, =7 AT A R ERIOER LKA T
WHZ Enffsng,

I/Emessa B. CynthiaJ&. Bassaris & D%
AT, FEARMIIZI Vanessa J& PN O FE R B4R
%)ﬁﬁ)éf HENTWBD, Vanessa g & & Dtk
J% (Cynthia J& ¥ X " Bassaris J|§) & OBRIZHOW
THEZVER L TBLMERD D,
ZERSNT T4 A FOFER. 3B 12 fo b 15
Lz ND5 B LY COI ® DNA Bexiciz, o
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ﬁwm%&ﬁ%%ﬁ%ﬂ%ﬂ%ﬂm%iw%ﬂm
ARl 1024 bp) Eleo7z, WEEEATE (K 4).

ik, RLEEZRAWC RS ZER LIz 2 5
EOREBHIBWTY, Bassaris J& 2 BB LW
Cynthia J& 3 BIImW\W T —Y 2 T v SETH D
7T A —HR LTc, —J7. EDOFRMMBITINT
%, Vanessa JBTIX oD T T AKX —RRINT-,
—2&. V indica. V. samani, V. dejeanii, V.
dilecta, V. buana % &t27 7 A% — (INDICA 7
N—7) ThV., b5 —2i% V atalanta & V,
tameamea & &iv 7 7 A% — (ATALANTA 7 /L —
7)) Thol, ZOLHT, HRE LY TN
4B IS Z LITHEFETH DA, LD 4 FO
MARRIZZNZNORGH TR > TRV, 4l
DO TIIHETEI oo, ITNLOREEIT
Bassaris J&. CynthiaJ&. Vanessa J&IXWHEIZ X5
T5 LW TERNE WD BUIEDRIEAFATF DR R
WETET D HDOTIER,

Vanessa J&N O &R B4R
FREOFEEIX, Vanessa J&. Cynthia)&. Bassaris
BOMEBRERABICARTITEEL R o> TN,
Vanessa Jg& W O &R BIRIZ OV TIIE B 7o i & 2
L T35, Vanessal@ D THED 5 5 55E (V, indica.
V. samani, V. dejeanii, V. buana, V. dilecta) %=
WT =Y ATy IEICL S TH—D I T AL —%
ek L= (INDICA 2 /v—7) o> 2 7 (V atalanta.
V. tameamea) XM D Vv — F EIEK L -
(ATALANTA 7 v —7),

Z OFRMERIZEBWTC, V indica & V. buana X
FRIFFEREE L TR b TEZITE b6,
Bl 22 ik BIGR IZ 1T o TV & 9 2 &2 %
VENMER DB, Fio. V. buana., V. dilecta, V.
dejeanii, V. samani ® 4 TR V. indica & ik
BfrEzEmk L Wb, 20955, V. buana & V.
dilecta |3 T CTHY  FfEE LTE L DHH D
ELRARETIE AW E b s,

Z ® INDICA 2 /v — 712 i, R (2 fEdsi il 23 i
O TREW V samani, & T/HNS\W V. dejeantl,
RS V dilecta, V. buana. V. indica & E
TWb, 2F 0, fHxHSaEkiEZ gL L6
INE— 2 RBNT M - R AR 2 Sk LT D
DT TN EHB LT, [AERIC, ATALANTA
IN—=TIZBNTH, BN = PRESRRD
V. atalanta & V. tameamea ) H.\MZiTfx TH D Z
ERbhoT,

Cynthia myrinma t
Cynthia braziliensis "

Cynthia cardui

Vanessa atalanfa

Vamessa fameameda 3 '

Vamessa buana
104
Vanessa dilecta

Vinessa defeanii

Famessa samani

Fanessa indica

Jiirraia
wesfermanint

10 changes
4. Vanessa JB1 L O Oz Oz & 1EIC &

TR BB 1000 EIRATICRIT S 7 —Y A
NT oM. =Y AT v ME 50%LL EOE S &
KR TR LT

BE
DT RFER & AR — DL
AHFFEIZFBN T, Fox 1 Vanessa J@IZHIT 5 @K /]
H— RN FRMOBUREH LN THZ &%
Hig& Uic, M ORI HMZR BFRIZAL Y L7272
W2 EMbnoTe, T avDBOEKNZ— 3k
B HVILFRFENTT ORI Z b7 52 E03b
B8, SREDEOFEE LTI iAW S
N, 20X 9 EEBETIL GE Y —
Gy Fit & OBIFRDN B TIX vy & 9 s R
Rl <IZiXfEm L7s v,

— 0. T REIENT NG . Vanessa J&IZE T D
HERERET D Z N TET, Vanessa &I, b
T (V indica. V. buana. V. dilecta. V. samani,
V. dejeanii) % & e TINDICA /' Vv—7) & VWV
atalanta & V. tameamea % &1s TATALANTA 7
N—T T bhD, ZLb DS REBRE
HNH — RN E I THD & O E B
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ATALANTATAMEAMEA GROUP

3955550

hamanl ) el 1 v K analams K dgfeanil
ORANGE TYPE INTERMEDIATE TYPE BLACK TYPE

l — |

X 5. Vanessa & DO /H — 2 RF| & 31REE D
BEf%. INDICA 7 /v—7"& ATALANTA 7 /v—7 2K
=< piTFbns.

ALY K<HEETE D (¥5),

#%H D ATALANTA 7 v—7Tld, —FIZIAWE
BRI A RO A (Vtameamea) fth o> —Fd
IR RO B X 1 7 (V atalanta) T
HD, DFV., MR EIC L0 5T, fHE
R IT R & < e > T\ 5, Ji#E @ INDICA 7
N—7"TlEk, R AR Z RO Vindica (F
Mx A7) Mo 4 FEEigkBRZ K L T 5,
INHo4FEIZIE, BEaXA T, BEax AT, PR
BATDOFTXTHRIFET D, DFED | WD TEHKT
HHIZ b BT, INDICA 7V —7NThH,
IS EAMEIREICIIRERABHERS DL EVWS 2 &%
BHIRLTWD,

S B2, V indica DRl B ABNICAET 5 H
@%@ﬁém:owf% ENEND T N—TITM

SVAZROOLNS Z EIFERIET S, ZoEARD
ﬁaéﬂﬁfﬁ% X AT EL S O LT AR G i I A IRV (D
F 0 AR EAEIES KR E W) TH D V. samani
L V tameamea \ZEB W CTHRIZERD LD, 2D
EEZBRETIX, XA TERT 3 EoOHPTYH,
V. dilecta 13 L W ¥t % A 72t <. V. buanald &
DREZ A ST EHERTEX 5, Vindical¥E S
IZZDOHRRIPRBR Z R L, AREO—E, #/h
TIEH DN, HRBaZE L TWD,

ZHmtEE L
Vanessa J& DML DIER 2 BT 572D, 22T
ﬂti Vanessa J@ 3@ OARM) 220 9cFE 1%,V indica
TIERERY - L%E’J_EZ))of_kﬂiﬂib“CZfé D
fEEB IZLLTFD#Y Th b, H—I2, V indica ITHIE
K3 L ONHAEKIZIA < 434fi L. Field (1971) 16 {2 X
Wi, RO (V indica buana & V. indica
vulcania b & T 5 Hiff) © Vanessa JBW Tl K
Thbd, TNHDOFEEX, Vindica HHkx 72 EREEIC
ST DRENEMD TNWDLZ L EERT L EEZD

Muodification
Degree
T & %

¥, samani
.
K. fameamen l‘
[ |4 dﬂl"ﬂ#
u<| -+
Substiiutbons
K .ﬁmm
Imaginary =
Prototype
Simerin
[
¥, avalanta
i’: V. dejeanii
Y

6. Vanessa J& D — (. V indica \ZFEPIL T
wtﬁﬁ%&7u%547ﬁw>AmuANnx7w~f
. MR 2R EW%P?’DJ: L L=, FIREIC

INDICA TN—TIZ8BNTEH, Wl Ea EUZ%%
Db ONE DI,
Nd, FH_IZ, Vindica (TaFE /2 — L RFNTE

THAZITALE LT D, FE R a4 JEvE 105
25 L. Vindica ﬂiEF'F'a'ﬂ/)L’/l’fﬁCE@‘éo i
0 ClE72 <, Vindica ®HEAIZIL, /NS WA
AR b D, OF U B — R
FIOHHZ A T OHR T, b HRIGFETSH 5,
ZOFESLFERRC, BEAFIROILES KOO £
HHOHMIZHHENL 9D EEERL TS AHE
WRdH 5, FH=IC, Voindica DEOEIF — 0% C.
cardui Db DIZIEFITHPL L T\ 5, HBEITRITHE X
Db Is < ABEERICOM L CEB Y . Cynthia O T
LR LEHEL T RWETH D E b, b
DI ELERALTEZD L, Vanessa gD I@DM
ek Voindica \HEEPLLTWEEEZTHIWTH
59,

ZOMEOMIEN R EFEEA JLIR B D I
SHLHLIITEEA RFEICSEL TV o= b b
(K 6), znzhofipbizizznehnitiao 75
BRERBERHLZEEZ OGNS, TOX D RREE
RD—23, WCHHY 3 v 7 252 5KIBLET
bAHHEROID, ZOHRIX, KIRESH) &Rk
FHRE % V indica DD H v 7 AT L BRALE
WX THEHT 22 M TE, N0k ~A 72
Vanessa Jg& DFE & FALL U 72 FRHE o pE Al 2 5> &
W EREEIZE SN WD, V tameamea, V. buana,
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V. dejeanii, V. dilecta /33T 1200m L D ELH;
DEHIOIZ AL TND Z EIFERICET 5. R
WABNL, BENMES, BENREWIZERETN L
DHBNTNWD, 722 L, Al gy 7BRIDP
TWERELIX., Vanessa J& DFESL DO VESAMETIX
HoThH, WLTHARMETIEZRNTHAS D,
ZZTCHEERZ &IE, BAEIKOILK - i
B EBMNIC 2L o TVDHZ ETHD, AL
HAZOWTEET L, SEEBEZ D >OHD L
Bboinsd, 2ok iE(bomElL, Bassaris Jg.
Cynthia B %13 LH., TOMDOETHBRDO X T "Fa v
BOBTHHR L TH LN, Vanessa J&DIHIT,

ZOX RO NS D VI FEEIZONTIL,

L VBN RO ENDETHAH, T27EL, B
LHERRERLL L2 bix, 8% 5 < Maculinea &
(v PIm) OFa v THERLNDZ & E2ffERD
LTEL 2,

EYHBEZENS DRE

Vanessa & ® 5 H., 2% (V indica & V. atalanta)
VXA DN IEF IR, Vindicalx7 V7 & HMT
I 534 LT b, V atalanta 1Bk & HHUIZ I <
DAL TWD, Zah 2FIRITITHMLTND &
Iz, FEARRICHEE ECEEA YT LT Y. BAr
MR LT Z E2WEE-> T A L ) I
ns,

ZNEVIRIRAIC, V. tameamea |3~U A F D
P LTINS, NIAGERENTEH, RIS ILEHE
WIZAERT D, o 45 (V. samani. V. dejeanii.
V. dilecta, V. buana) 133 XTA > XV T DR~
WAERT 2, ZhEhglx OBORRS L7 1l
WO MLTND (KT, A2 FRUTITHA0
T54MIZEL T, HFRmEHIB W THE—D Y
TAZ—ER LTS (X 45H),

b aniie sy v el

B | Bavwd

’m- o by 1
e I ’
Varessa alefeanii i I

7. 42 RXUT BB 2 Vanessa Jg D53,
T T RKEEN BB R NMEA L. REE S L7 fE
RVINDICA 7 NV—T % T D K IR olceBER
5.

ZOXIITExDH L, BE EOMAEITHRERDS
AV KRRV T~BE L CE O TIE AW & HEH &
o, TNERERIZBNTHEI g v 7 L) B
RERIZS b INDHH T, BT EIT L
74558 INDICA /' V—7 R SN+ EZx b0
%o Fz, [AERIC, 88 EoMEITECkEBE LU T
A I A & IS, ATALANTA 7 V— 7 %3
KTDEIeomEIOND,

TBIfEA] BTV
Vanessa J& DAL IZHOWT Bl fE R A2 LZE Lo
D, FOHTHHMICHONTEZ THIW (X 8),

(AR 7 R A o KRR TRERoNT 1 5655
WREN L7 d & B O LR 72 SRS L7
ET 5, TOXHRGFTTCIE, EYMTLEEDE
NELL, WImEly g v 7 2% 0070, mH
Va7 EZIFTEEETIE, MREGEY g v 7
DR DR A FE O Rm AL 3 v 7 RLE
YISLY oSHNZ IS LA 1271, ZDRILVE S
. ZREUF oy X F—VEE LTS 2L T
HilaomHEY 2 v 7t E @ D 28>, Z0
HRVE RIS TE D XD BB TR Z RS
I, WmHIY 3 > 7 2 BRERFICBWTLY
MERIZAEFT D ENTE D,

L LN D, ZORLE I /EH T
e, 20 TRER L LTaERRZ—v2EZT
LEH LRI SN D, Mg ofEICmEY) e Eo kR
A RHIZHWTE DK, mHIY a v 71Tk
LT EMETDH LN TELNR, 20 TEIWEH) &
LTy —rnELCLEH, Wl a vy
W2 THEZ RS TR TYL, g% — 281k
LTWb 7w, [FRIFEOMAEARIZK LT fEIrY7 )
MBS TNV EIETDHZEIXTERY, TOREE,
2L DFREHRTZENTERY, ZOXHI7RYA
VDM IR, AR ITF OMEAREZIEIR LT L
FHoTHAI,

LD, WHIY 3 v 712 X D EHEIERD 5
HTY, Vanessalgd U U —H— -« 7k v
Mk (B S BIRR Bl & T5, &
DVNE, WHIY 3 v 72 K DB NS — o Eaf e
RINZEIRIE T KL o> TIRRICHBLL 72 55, 75
&L ZO X O IR CREIRI AEL A HET e ik
WO EEREEO TS HAIY 3 v 7 RVE VB XD I
W WT D FRINIRE Y . DWIZIEEE S5
Xolch s, ZOREE LT, Vanessa JBITHFEN
L INDDOTHD,

OB a vy HAECD TEIEH] IZ
ERT 2 EHER D — HrtEDtE ks, Vanessa
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Migration to the high altitude areas
The primary $eler:.1:inn¢

Physiclogical selection: Cold-shock resistance

v

Color-patiern modificafions as a side-effect
* Color-palfern diversificalion

—

The secondary selection
Behavieral selection' Assortative mating
1
* Positive feedback
A stable new species

wifh new physiological and morghological troils

X 8. Vanessa BELOBWERET L.

B o >o 27 v—=7 (INDICA 7 v —7 &
ATALANTA 7 v—7) TRIFIZEZ o TWHZ &
EBIET 5, 2o X9 RfEsiklx Cynthia Jg.
Bassaris Jg. &5 WII Otk o 2 7 F 3 vR O
BTIFR L TAH LRV, 22 2 Vanessa J&I1C
[RE SN BRG 72 ONIBAED & ZAF 57 < AP
Thb, 5%, GHY 3 v 7 HRVEL O FIIFEE
W DML, EORBFHEIHERE Z T, b
HREEIIZDOL S RITAL ZENTEDHEAD,

7272 L, AR O A, X AT U
ALEREARCIE, M/ - HRLTLES 2D, 47T L
b, BHIY g v I RAE AL DAY — T
DHESGICBE S LT DO T ARWZ &b E72mEn
Th b, Vanessa BI\ZBITHT I VAT A RO
BLHAERMNPTHD, =7 VAT A RekE S
AT AR E AL L, BF @:/%7XF
MELSIRDR, BT AT URRO LD IZH T LIk
FREIRAYERT D 2 L0 ORI R FEER) , £ 7.
mHEIY = v 7T <. BRI KIRABIZ 3
W BAGEIIER T 5 2 & 23 L 72 ORI,
KFF), 2L V. dejeanii R° V. vulcania % i+
HRE—ThD, 5B, INODOFERERE D

Lz, ERE, BB, BB, ST EOfkx L L
C Vanessa J&DOFELLD A 1 = X LIZHOW TR
TWE 72U,

HiEE
AHFFEIL, 2005 FFELEFILS) I KPS B2 IR
HKFR7e =7 MO L & 2T,

STHR
1) Carroll SB, Grenier JK, and Weatherbee SD
(2001) From DNA to Diversity. Blackwell Science,
Malden.
2) Nijhout HF (1991) The Development and Evolution
of Butterfly Wing Patterns. Smithsonian Institution
Press, Washington.

PITRE -

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

French V and Brakefield PM (1992) The development
of eyespot patterns on butterfly wings: Morphogen
source or sinks? Development 116: 103-109.
Brakefield PM and French V (1995) Eyespot devel-
opment on butterfly wings: the epidermal response to
damage. Dev. Biol 168: 98-111.

French V and Brakefield PM (1995) Eyespot devel-
opment on butterfly wings: the focal signal. Dev.
Biol 168: 112-123.

Brakefield PM Gates J, Keys D, Kesbeke F,
Wijngaarden PJ, Monteiro A, French V and Carroll
SB (1996) Development, plasticity and evolution of
butterfly eyespot patterns. Nature 384: 236-242.
Otaki JM Ogasawara T and Yamamoto H (2005)
Morphological comparison of pupal wing cuticle
patterns in butterflies. Zool. Sci. 22: 21-34.

Koch PB and Biickmann D (1987) Hormonal control
of seasonal morphs by the timing of ecdysteroid
release in Araschnia levana L. (Nymphalidae:
Lepidoptera). J. Insect Physiol. 33: 825-829.

Koch PB Brakefield PM and Kesbeke F (1996)
Ecdysteroids control eyespot size and wing color
pattern in the polyphenic butterfly Bicyclus anynana
(Lepidoptera:Satyridae). J. Insect Physiol. 42: 223-230.
Nijhout HF (1984) Colour pattern modification by
coldshock in Lepidoptera. /. Embryol. Exp. Morphol.
86, 191-203.

Rountree DB and Nijhout HF (1995) Hormonal
control of a seasonal polyphenism in Precis coenia
(Lepidoptera: Nymphalidae). /. Insect Physiol, 41:
987-992.

Otaki JM (1998) Color-pattern modifications of
butterfly wings induced by transfusion and oxyanions.
J. Insect Physiol. 44: 1181-1190.

Otaki JM and Yamamoto H (2004) Species-specific
color-pattern modifications on butterfly wings. Dev.
Growth Differ. 46: 1-14.

Otaki JM and Yamamoto H (2004) Color-pattern
modifications and speciation in butterflies of the
genus Vanessa and its related genera Cynthia and
Bassaris. Zool. Sci. 21: 967-976.

Otaki JM, Ogasawara T and Yamamoto H (2005)
Tungstate-induced modifications of butterfly
wings are independent of stress response and
ecdysteroid effect. Zool. Sci. 22: 635-644.

Field WD (1971) Buttertlies of the genus Vanessa
and of the resurrected genera Bassaris and Cynthia
(Lepidoptera: Nymphalidae). Tn: Smithsonian Contribu-
tions to Zoology 84. Smithsonian Institution Press,
Washington.

Wahlberg N Brower AVZ and Nylin S (2005) Phyloge
netic relationships and historical biogeography of
tribes and genera in the subfamily Nymphalinae
(Lepidoptera: Nymphalidae). Biol. J. Linn. Soc. 86:
227-251.

Leestmans R (1978) Problémes de spéciation dans
le genera Vanessa. Vanessa vulcania Godart stat.
nov. et Vanessa buana Frhst. stat. nov:: bonae spe-
cies (Lepidoptera Nymphalidae). Linn. Belgica
7(5): 130-156.

Hanafusa H (1992) Three new Nymphalid butter-
flies from Indonesia and Philippines. Futao 10:
1-2.



20)

21)

KUEE, W T HETANROGRK NG — AMEH L TR 51

Higgins DG and Sharp PM (1988) Clustal: A pack-
age for performing multiple sequence alignment
on a microcomputer. Gene 73: 237-244.

Thompson JD Gibson TdJ, Plewniak F, Jeanmougin
F and Higgins DG (1997) The ClustalX-Windows
interface: Flexible strategies for multiple sequence
alignment aided by quality analysis tools. Nucleic

22)

23)

Acid Res. 25: 4876-4882.

Swofford DL (2000) PAUP*: Phylogenetic Analysis
Using Parsimony and Other Methods (software).
Sinauer Associates, Sunderland

Otaki JM and Yamamoto H (2003) Color-pattern
modifications and speciation in lycaenid butter-
flies. Trans. Lepidopterol. Soc. Jpn 54: 197-205.



Science Journal of Kanagawa University 17 : 53-61 (2006)

HME EW 2005 FEME)KFEREFFE IR L R B AR

TR -T 7V R AT )VIRICKRHT A EEN N Z Wiz
42 3%5 B 72 i ST RR I DN AN == TR I o AT RAL

MARE ' SR RE&EM T NFERY OMTNER' BRER™

Visualization of the Semitranslucent Brain Ventricle and Its Fluid Flow Using
Microinjection Technique for Albino Xenopus laevis Larvae

Takeshi Matsuya', Kazue Mogi®, Akiya Hino', Tsuyoshi Ogasawara"’,
Shigeo Takeuchi' and Ryuji Toyoizumi'*
1 Department of Biological Sciences, Faculty of Science,
2 Research Institute for Integrated Sciences, and
3 High-tech Research Center, Faculty of Science, Kanagawa University, Tsuchiya 2946, Hiratsuka,

Kanagawa, 259-1293, Japan
4 To whom correspondence should be addressed. E-mail: toyo-bio@kanagawa-u.ac.jp

Abstract: In vertebrates, the central nervous system (CNS) develops as a tube called the
neural tube. Ependymal cells seal the inner surface of the brain ventricle, and movement of
the cilia on the apical surface of the ependymal cells generates fluid flow called
cerebrospinal fluid flow. The role of cerebrospinal fluid flow for the process of neurogenesis
and regionalization of the CNS remains unveiled. In this study, using albino larvae of
Xenopus laevis, we report a new methodology to clearly visualize the semitranslucent
morphology of the brain ventricle and patterning of the fluid flow within the cavity during
amphibian CNS development. Microinjection of the quantum dot (fluorescent nanocrystal)
through the roof plate of the fourth ventricle rapidly and efficiently visualized the whole
brain ventricle under fluorescent micrography, enabling us to trace the complicated
morphology during development of the third, fourth and lateral ventricles. Microinjection of
polystyrene beads (3.1um in diameter) into the fourth ventricle also efficiently dispersed
into every corner of the brain ventricle. This technique revealed that fluid flow within
fourth ventricle displays dorso-ventral asymmetry. In 60% of the embryos examined, the
rearward fluid flow within the third ventricle shifted to the left at the dorsal portion of the
ventricle, whereas, in the other larvae, it was quite bilateral. These results suggest that
fluid flow within the developing CNS is generated by a highly integrated, position-dependent
metachronal wave of cilia on ependymal cell surfaces. This report is the first description of
left-right asymmetric fluid flow in the brain ventricle of vertebrates, encouraging us to
examine the relationships between the laterality of tadpole behavior and left-right
asymmetry underlying the molecular anatomy of the developing brain.

Keywords: albino, cerebrospinal fluid flow, nanocrystal, polystyrene beads, left-right

asymmetry
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Abstract: We have developed a microwave-plasma CVD apparatus for depositing epitaxial
diamond layers on the diamond substrates. We used Ib-type substrates and succeeded in
depositing high-quality diamond epitaxial layers on these substrates, confirmed by
measuring Raman shift spectra and the electrical characteristics of CVD layers using a Hall
effect measuring instrument. However, the surface morphology of the deposited layers is not
so good, as ascertained by Atomic Force Microprobe. We also measured impurity profiles in
the CVD layers, using Secondary Ion Mass Spectroscopy. Moreover, we found an abrupt
concentration difference of N impurity at the interface between the deposited layer and the
substrate, showing that the concentration of N impurity is lower in the CVD layer than in
the substrate.

Keywords: microwave-plasma, CVD, diamond, epitaxial layer, Hall-effect, AFM, SIMS
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M~ 7% ha Ry 7 2B ENT-2.45GH 2z
DR OB (A 7 vif) BAXTF 2—F—
Zh U7 o i 5, MEEOART 7 A
HFUZEINT= A TE Y FESGEHZ~ 1 7 o0&
ANEND, MERATERICE, vA 77— —X%
MU TKEBEH AL AR HADIRE T AR E NS,
AHERRIIAT v L ABIDBEZETF ¥ L N— |2
=R oty —4 1) —R 7 il L CHEZEE
KEND, MEAREIZAEO A L THEATE
V., 7T RA<IERRAERIT S A TE D, TEE,
~A 77T X~ CVD HEETH A YE NilEz
R SEDBIE, MG E b ER~ A 7 ol T —
P TF I R=&RR LTz, 4l #1) TR
E LTSGR S, 2 K D SR\ 4
o THEE AR A B e, A SEGRE 2T  —
4 C 1000°CREEE (ZHIEN T & DS LTz, B IE~ A
7 BRI —DHRTHEL TWDIEENFEE TH -T2,
ZOEIITKREDO T IE LT 24NN TZ DEE %
S HEFT=n, Z< OEMITEIEH L TREL -,

£ 1. FFELEFOEBRMELE

*x S
JICHEER ] 30 IRfH] 10 i
AL ARE 0.1% 0.05 %
VS 200 sccm 400 sccm
AZ i 0.2 sccm 0.2 sccm
~A 7 aES 500 W 750 W
Eh 25 Torr (7 3.3 kPa)
AR AL #1800 C

H A X' FEERERSM
T 1ITHEE L SFEOFEBRIZRIT 5 7 A Yo NEFER
Ao ik & m g,

ZORNPLI B0 XD TR L SFE LTy A
7 R — LAKFEREOMHEDKRIGIZE R > T D,
KFEHAL AL TTALDIRETAEN T 25 Torr
(% 8.3 kPa) L ZEH 370\ 28, AKFEHiEA 2 512 L= 7z
DIZA X RS (XX AR L KET AL D
) IFHEAED 0.1%02 A AFEEED 0.06%~ & F45312 72 -
TWND, AXPRERRD S5 EHERDEEE (GHERRL
FlE) 130D, o T, WEEEE LRl — DR
(295 T2 ORI 2 2 512 L2 udZe & 720
T THDHD, EREICIE~A 7 nERRU—% 2L
T DICATEE DOIRE FRNRKE L, BHZEEZ RSO
DA RrDO Y ITRETFTLED, BHEEE R
DI ENRNE o T2, FDOTD, RIFEEIL Z 0%
BRICEHWTIE 10 FEZ R E Lz, L, A
DOHLHAEEZ T RL, OV v 7 HIDOEDHHA BT
ToRERE, BIUECIIE 10 R OBIEIC Bt 2 DD,

S
A YE FEROEEIPRHER:
AFM (2 & 5547
CVD #(EICXIVHERMLIZF A VTE L NERE
AFM(Atomic Force Microprobe)iZ L V) 2EAf L 7= 5
AW, AFM (3FEOMIN 2 SR T 5
EETH D,

B 2 (2Rl L7z R oMM A 3, A L7 fipHIE
20 pm X 20 pm DJEVWGEIK TH 2,

B 2A VI e A R CIERHERE R O 2R R AE
ERDOLTND, WD THLNRERmMTHD Z L3
LNTH D, X 2B & D ITEEHERSE % OGHT A28 2 T
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1600nm

X 2. 20 pmX20 pm OEVVEIBIZ BV CER LIS FEREO AFM . AL Ib BUA A V& NEKRGEEL).
B. 10 BERIRLEEE 2 MM R TE 7284y, C. 30 BER(E4E). D. 10 B pkE (FLE A 7255 45).

HE L72RIERETH 5, K 2B IZBWOTIFINZEE
OB STV D, [ 2D [T & 227255
WABHIL CWABTHD, N—RIZRDLEFITH
DIEVD 3D 10 pm OFHPHTa <~y mOE S
DERPRZ2) DBRISI TN D28, ZEEITD T
SEBRITRRE LT\ A, [X 2C IZIEZWELEEE O 4k CHERS
L7z & & ORmIREBEZ T, REORMELITRLLE
R LESMETH D,

FEFIZH & 0372 15 ITHEFREIZ 3 TR Ak R L C
WD EW S TEIRT AR . BIRICTZ < SADOZEERYEK
LTV EWI A A= DR, HEE & A0
RS OP TRELS BARDZDE~A 7 vk U—T
b5, WEE 500 W Th - 72345 1E 750 W IC EF-&
B, THUCE D 7T X<BEENER L7122 L IdRhE
UNTRUN, A B TT A L IRFEHT A Dt ELIERETE DY 0.1%

RO XT L TAIENT 0.06% TH D, ZD 2 [FDETHER
HOTRIC K E REBIT G 2 e Elbihvg, 2O
BTt LARRE#REICRE SR L T AR 720
HTH D, WTIUT LAMERE & IIEELCRImIRED
BENT-Z A V' REBENRE TE -,

3IZE 2 LY HEITHWHIHITH S 2 pm X 2 pm
OFEBUCHSWTEMI L7 AFM %4273, X 2A 134
FEATOFEM, X 2B 134 D5 THERE L 7= D4
ThHD, ZOPWGEFIZRD S ARITHM & FIE i)
TN TSR LT D Z EBH LM T
b5, LLEIZE 0 REERIZTFICER UL, FEFE X
D BRSO CRIFZREDNRE LTS 2 E B ERETE T2,
LU, ZOGHRME? T TiIamice L 5 27
WOT, BITMO ST LT CVD XA Y& 2 R
OFHliZATH Z Ll Lz,
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X3. 20 ppmXx20 pm OFVVERICB W TER L AFM . A IbBIA 1 vE FEKRGEEEZL). B. 108
HRkE.

SRUGHRERR
4000 Y
3000 \
i ij“ — I bBIEIR
3B 2000 | — 1085 (5 5)
—— 308 (£ )
1000
0 500 1000 1500 2000 2500
hAHF—(1/iKEKlem])
4000 v
3000

)\
-

1300 1333 1366

:

K4 FG<r AT MUORIERERS L OYEKRE.
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T = B X 55
A YE Y RORGERMEZ TS 2 L CIEF IS E I
ETHINEO—DON T~ WL TH D, Z Ol
FFEDJFFIZ W CEEIN 1T~ 72\ A3, 1333/cm D
MEIZHNE— 7 BBl S5, ZHuk->THA Y
Ty ROHERPERINTODNE > hE i c&
%o HHIBFEE CTITAHRERIE R 7 ~ ALy e
A LT, SEREI 10/cm B2 TH 5703, fredb T
R TN TT~ 2 AT MR BHITE 5,
K4 \ZHIE LT T~ AT MVvERT, X405
DAY MWL T~ o7 OFEE 2500/cm £ TO
FPH CHIE L7MEEOREL L AR oFREH, Hicr 7 7
L AL LT Ib #A 7 O@iREER IR D A~
MVERT, ZOART MM LN OIZ, Tb
FEHGREL & AR OFENCIZ A A Y RELREERA O
1333/cm OALEIZHINE— 7 NI T& 7=, 2k
O FEMR & [RIFREE DL EISHSEEaMED A v o R
DR STV D ATREME R B 5 Z L 3Ny Tz, — 7,
RS DS TR L7 B — 7 58855 <, L
N, RERANY 77700 RO RCHEET D, 29
L CHRE IS DU TIEMEFEEE OFBHIFE R I3,
AT B RERIER SN TS, FTOARXT ~uid
1333/cm DB DI E— 2 ZHER LTZ A7 ML T
HD, FRED D NTHEEIES/ NS WART R v
NELNTEY ., WL ED BAF st MR- <
WBZ EERSRIBLTWD, LLEORER ) B ST
WL, R HEAEE TH D XA v R
R CE =L Mbhdn, & OICREPICHEET DM
WD 5345 % SIMS 38T & 9 FEA o THEEEHN L
7o TOHEL Cs O 1IKRA A2 B — L EFREFREIC
M L CERIZ ANy Z ) T URRBRERY, £
DOIFHTL B4 2 IRA A B — AR & E &3
HZEIZEY ., R A ERET D FIETH
Do

SIMS IZ X 35547

M 5A 158 keV Cs A A& 1IRE—LE LT, 45°
DFAFENSRBHIIBE L TRy Z U 7 LR 6
TL D 2WRA T HEEGHT LIZART ML ThD,
KA YE Ly NEEPIESENONRBA ST S
ERDOINDD, FRZ N SHIZEE LTWD, &)
DITF A ¥EL K CVD JBEIZIIZER P OEFITEFT
HAMPREADRIEF I EZLT N ERIMBR TN D
NHTH D,

FEE, EIREEA RNV TITZER T 0EHEIC
LRI 5 EHER MY 100-200 ppm FEESGH ST

W5, ZERHOBBIIHE VRV IAEFRTHARNED
THDHN, CVD HEIZBWTH ZOERAMN L
DOREEZENTWANIEFICHSEH D L ZATHD |
FRZZ OEHRIZER LTHD,

X 5A 1B FEE BE A Fi > 21D 2 IRA F
VHRESACH D, MRS ThH D, T I TEHEN
T ORM A RIET D6, 14 & WV O BEH O
FEEOEFMNET DL, NI 7Ty RELTE
SIHFETDHTHASH CH, 2001 & RKBIMR D)
VY, 2T, BCUN LW EEE 27 OZR 1411
HHT S, ZO5FIEBC LW HilE o 2C LITHR
RELTI%E VWO METLETH D C L NDOEF T
DT ThD, ZIUINy I 7Ty FELTERR
14 TH D 12CH2 L V@D INTHA I D, 2D
DN ERIFT-OOAIZHEF L TN D EE LD,
DT, BEE26 THD 2CUN ZR o1&, bL
2RA A BB T 100:1 & 2p o TVUE, fEFEIC B
FLE A5y T OFR AL N RO 554f % BRI
KL TWDHZ LD, £D XD BRI > T
BA Z kD D L FEDNZHAAILD X 9 & 100:1 OEIE
2o THEY, NRFOHAEFELEZLOTHDHZ &
DHEECTE D, ZORTIIHALNTRW, BE
26 & 27 ODSFIZE VT 0.6 pm i ZHER L2
DN, M5B, CThb,

X 5B IXE &5 26 D 2CUN LS5 TH Y . X
5C IXE &%k 27 @ BCUN ZJR 11 CTh b, &
HIZ, 0.6 nm HEDOEEICEENR LD, 20 0.6
pm EWIHIERED CVD F A YTy REREE A E D
RETH D, (ll7e s, FERITBWCITER I B
WWEENTEY EEIIZERRBERENL Y D0
eI N DN TH D,

UL, X 5B, CIZBWTHL R L D12, Kk
EIROERZREZEIIH F 0 PE TIERVWE 2 I b
%o b L, BEHZEFREEN 1ppm L FThiuX, D72
< & HIEARIT 100 ppm FEGH L TWD D BIUR,
SUHIZ I T 2 MR 2 IRA A Sl 1B =R > T
LinbR&EEbNS, E2AM, M5B, C IRt
EONZEATRT 2IRA A BRI TR, T OJFIA
L5, BPIZZEOEZERMINEENTWD L
WD ZE TR T LA, SIMS O#llE EORETH
HItE, BiERT D, WTHICLA, ZZTHS
M2 5722 EIXCVD HFIIE S 0.6 pm FEEH U |
FERRH L0 R L TV D ) 2k
Thbd, WITHEEDOZHRIEE LT Hall 2h3HER
RazmrT,
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A —1H 13C —160 —19F —28Si —29Si
31P —35ClI ——26(CN) ——27(13CN) 37(C3)
1E+7 i ;
X ! l
—_— -
1E+6 [
i i @D
> e —
£ OEss
1 f*\%:::
ﬁﬂ 1E+4 : -
&\ t
R -y
NS L e e A L] I i BN
I [
1E+2
0 0.6 1.2 1.8 2.4
ZE & [mm]

B %E+6 C 3E+4 g
> 27(13C1UN)(£2)
H 26(120}41%)(%%) I | NI
— Ll
M |
piil
AY
k
*

X
I \
1E+6 3E+4
0 0.6 1.2 1.8 0 0.6 1.2 1.8
& [mm] E S [mm]

X5. A.10 RRIpERD SIMS SHrEE. B. 12C14N 227 FMUA KO)OPERK.  C. 13C14N 2~

7 hU(B K@) DIEKIX.

Hall ZHRBIEIC & 558

Hall #h3HE s @ 3lEt o B EHE 2 e 4 5 4
BT, BT CREHCER AT Z &icky, m—L
VY I CERPAE CRY . 20L& shb%E
JEDOFF B TRl 2 2 B O WFERE - TH 5D
NELTH L EHET HREETHS, IH,
K THIVTREOEEBE X A 7N PRITH L), NRIT
HDOINEHET D, TOMIZH T — MEFLOE, v —

hex U T7RRE, BEIEENETE S,

B 6A 13— MEFLOMIHEE OWEUR M2 7~
7T 7 ThHD, ROZAEINSEER L2 CVD &k
DFEFRTH V| kD = AENHPEERBF CLARTER L 7=
CVD BRI COMER R TH D, £z, HF
OV ENIPERIF CHIE L7z Tb Hebkatehoo ks
Thd, ZORNLHLNRE S, AEVER LR
BFCIE 300°CHHE A BRI & 23R E WIRFEE L . /)

SVEI 12N TV Z L3y nD, £7-. 500°C
FHE CHIEES R B2 R L TSR H L0, 2
ORI TV — by U TR OB R
WZBWTH, BEIEOREKRGFECBOTHEMI S
TWHDOT, AISEOWE EORENRZ ~ 7= L5 %
TW3,

300°CHHEN S EDFEHIBWTH RSN 5 miaE
WO & AR EVEH LR —DfElIE 1.4-1.7 eV
Thd, ZHUFSmEFA S-IELZ CVD #EHZSW»
TE, ZOHIZEEN TV DL LV WMEDER
(BZH< 1ppm LUF) BEMIL L2 Z &2 X0 A4k
EN=x¥ V7 B ICESWEZ X —ERL
TnaElbins, LaL, SIMS SHrdETHIk~R
72X 902, FEA 0.6 pm & V2o, Bt TIEMEA L
L7=ELZ Sy ) TR E TRl TRy U 725G L
7= AREE 2 S E LEND DO TRV, 2 OEiREk
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IZBWTETRTORECNRAE R L, £/, 20D
AEHZ S W T OREM T ORE L= % L ¥ —

0.2-0.3 eV CThH 72, % LT, Z OISR Tl N,
P BIOHBNITE 72l odz, FERMICER L7 CVD
WL OV CORIET — & Tl @R, & IR ER
IZEDHETIEIFE 1.4 eV OIEH L= R LF—%R LT
BY, ZOMEIXIb ERKOZNEIFFERI L THD, ZD

Z LIRS B (1998 AEER) HERE L - i
N SEEOEZ BN E L TEEN TV (R

%< 100 ppm FEE) FAH < RE LTV, Al e
A S~ MER DR
1.0E+13 N
1.0E+12 A
' a
1.0E+11 A
O 1.0E+10 T A
O 1.0E+09 Ath
2 1.0E+08 - “
==
8 108407 &
1.0E+06
Lo A 10BM (FX)
N 10E+05 ||
' B [ bER (ELD
1OEv0A A EBHITOME
1.0E+03 L T :
0 " 1000/7P[1/k] P 4
B L) TREDRE R
1.0E+13
Brorers - ATOBSR(AA) ||
£ 10410 W 1 bR (ERED|
%1 OE+09 - ‘r. A E#HRHTOE |
Eill
P\ 1.0E+08 [ A
T 1.0E+07 . oA
*_j_'1.05+06 - A
I|\1.0E+05 - N .
1 0E+04 .
1.0E+03 !
0 1 1000/T[1/K] 3 4
C - ﬂ‘—)bﬁﬁﬁo)mﬂim?ﬂt{
A 1085/
= B 1 b (ER)
S 10E+03 A A ERHITOE |
N A A A A A
£
S
ﬂ'ﬁl‘ 1.0E+02 4ﬁ!
» [ A
=
[ 10E+01 |
® n
1.0E+00
0 1 1000/TL1/K] 3 4

X 6. A. — MEFIOREEFE B, — by U TRE

DIRERAFME.  C. Hall BEIE DR EE (KM

IR LT fEhcidd i< E 2N L 0 idaE a7
WEFERNIY LvE TN TWARNWT & MR LT
W5,

X 6B (21X — F v U TIRE ORI E R,
BENEGL RDICoN, — ey U 7EE <
7o TWnb, AL, — MEHIOZZ 7 ERIT LI
500°CHHI CHIE RN RFEREZ R L TWDHZ b
20 HIE EORER LB,

X6 C (ZHR— N IBEE DR EERFIEZ kT, 500°C
DRIZBW TR MEZR L TWDHDIIMhD 25D 7
Z7LREILTHY, BEEMOHOREREAE L L
b,

ZDT T TINS BN T L IXERIF T CVD
OBENEDH LIV b IHHE HUVMEZ R LTS &
I ETHD, THITKY . KEiERMED BAFCARMI D
Dia P TP RN T 5 F ¥ U 7 O
ELRF30 722 < mWBEIE AR L T0D E VWS 2
L, BEeBYE o CVD EBNER STV D & T
R,

YLk, AFM, 5?Vﬁﬂ SIMS Z3#7, A—1%h
FHEOFERZBE 2, WA L= CVD &
A ¥E 2 NHEIROMEE % i Té

L
H—RF ) Fa—T RO
Je9 . AFM OFEF 58 v 5 el & & 7= CVD
JEDOHEEIILL FO X 9T > T Db EEZBND,
MR 10 ym CTESNar~H um FBEDO IRV %
Fro 7o R Biczh & 47 L CIEE 0.6 pm FE2E D
CVD ENEREL SN TS, EORRE EIZFT 4 810 375
SRR SN D, ZORERIZOWTIRSL K 1 —
ReF ) Fa—TPERENTZbDEBZZTNDH,
R SRR T D
EE 10 pm TERSA 2~ Hum BED S b %

=R F ) Fa—"T

10 pm D H 1Y

0.6 pm

FR

7. WRELI-ZA YL REROES.



T, WM menE

Fpo 723 &9 DIEX 2B X D ISR &7z AFM 4
MWHEHELT- b D Th D, oW, BlSn-2EEY
DIFKTHAMNEA YT RBEERIRICEET S &%
BZIZ, =R T TR STV A 500
WiELBbhs, ZZ2TExLNS —2OAREMEE L
T, =R F ) Fa—TBERENTNDEDOTIHA
W EHEER L TWD, W) DITlaFE ARETE X ¥
Uy NVE A Y'Y KEEE CVD TREKT D56, A
B PRFE D% IR B DG — R T DT 2 —

XA TE NEROE L FHMEOZE 71

0.05% & WO MBI ECH D = & D Z O R[RENE X
ERDbNTR, XA X' FIERICHEREZ T R4 5
IR A2 2 TRAESEII T TRy, 20k
D IR EIZI13 2 < ORMIE - D3RI S B ST
LTWAHZER RBS F¥ U ZHIEIZLY 43035
Tn5,

X 8AIZ I b A A ¥EL FEKRD RBS F¥ 1%V o~
TANRY "V Fiz, K8BIZIb ML Mafix 1 v
T RERDOF ¥ RV T AT MLERT,

TR SIND Z R ahoTnD, SRIOEE,
A 10°
Type Ib dlamond(l) |
1 O-MeV He, =170° |
10 4 ________________________________________ —

—0°-fandom
——[100]-channeling
=—=[110]-channeling

(5 7x10 B/em?)

:g 107 QNI (1 0510 STy —[111]-channeling 3
g ' Sl S,Ct , ' ]
T S T L 2 e — - K,Ca. (2 7x10. 13/cm )_
20 |
3Fe,N1
T T, A ’
1 i i i
B 10 5 _ 50 100 150 200 250 300' ' '(%50' ' '4'00' ' 450
Type Ib and Ila diamond —Ib(d :
1 .0- MeV He, [100]- channelmg ——1]b(1)

10 S 0= 170 T )
Din 3 LN (212,610 em.D)..
E10
S
S
N
Emz
>

10

1

50 100 150 200

250 300 350 400 450

Channel number (ch)

8. A HiEm

EERRA A T R 1bEMED[100]-[110]-,[111]-F % % U > 7 227 fv. BASHE 1

b R & B a FERO[1001F v R ) o 7 AR kL
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RBS (Rutherford Backscattering Spectrometry)
L1 MeV #kDO % /LF—D He A F o ik BHI A%
4, Rutherford # HH5ELIZ LV . B — A&7 RN
S ITICHMEGELS D He A A w8 dHE He JiR
FDOEZRNX =AY MVEHET2TETHD, 2
DIFEICE Y FEH—1 pm FREOES ITHFEET
DA O EETE S, £, He 14 %25
FEEEIZ 2 Y A — b U CRUBORE Sl A TIC AN &
L2F %1V 7 EE ) FECL 0 EREORE RS
FHANZHET HZ EHTX D,

Z @ RBS JIEFBAEFIK TEERPERM L F v o)
AT 7 T 7T T FERRICBW T T T b, g
AT, T KD 4.75MeV V7 5 7 F 7 g%
i RAER A, BEAER, 2 KO —LAT 1,
2O00DF ¥ 3— PIERFETT N THRE)IRFENDS
Ffo TUT- TA P72, SEHLTL 7 A2 56 HD
VYA ALEEIDYTHNE I TERE LTS,

8A. BIZ”T RBS A~/ MUTH T A THIE L
7=bOTIHARL . URTEED NTT MR sE
FITCAEEE L QWIS IE L2 T — 2 Th 5, X 8A
X Ib A T OEREERKRSY A YE RERD T
K INARY v k[100]5[110],[111]-F v % U > 7 A
R MLVTH D, ERFEOLOIE[100ERTH D, =
DA v ® 100 ch fHELL FIZHRWCHbDIL T
DAY MVITHMRDIRFBIR TN OHFBELS T
T2~V ATHD, 72 F LAY VTR E 720U
THHN, Fr R T AT MVITHBITEELE NS
AU T LADIENEL D20, BT v g7
2o TWD, ZL T, EoRmE—7 LRI L8
WE—Z 53 100 ch fHEcBlillsng, Zoe—7H
REWE ERED SEIF TG O RS OFLILA K E
WEWD ZEITh D, ZFofiEmT e —M] (F ¥ %
DR Z NG ICBDNARFEOE— 21X, =3
NF—{RAFH & EBREORAFRID 2 D& > TED LD
RO TN 7 ARBFHEL SN TE -0
LB E R W CGHRT 2 2 e TE 5, ZhUZ
LV, FE—7OEZFRIET DL 150 ch {Hirn3 i
F#. 250 ch (TR Y a0 ThDHZ LD, BT,
300 ch (T3 ) T LRI T A THDHZ L, 340
ch fHENEk, 7 a b, =y T VEOTHETHL I LN
FRIETE2, Lhb, &F ¥ 1Y T AT FLEH|
ETHEE, B B — AT ISR L CTELS 12 BB
oI, BE—r7 0O MIENSELL THRNZ ERIS
NTH D, ZIUL, ZNHDIEZNERANEL TlaZe <,
RHAFE L QWD THD EVH ZEERLT
W5, FILE L ORMICHENERRITE L TND 2
EWGIND . TV ITHMAEAREE O F £ ORI
ELEZTZOTHY ., MO A e Z L2k

0. FHIZMHE L TOD 2D TR KA 5
ZENHIFTE S, ZhAHLOE = ORE S (HF)
D> B RN R A DI E O 2 425 2 &2
T& 5, 72L& 21 TMe#EIT 1.9X10%cm2 THY ., BV
7 LABNTI LY T AT 2.7X108/ecm2 THY . $k
B A=y LVOMEIE 5.7X1083/em2 ThDH = & BEH
T& 5, RBS HITEIEIZRBWCOITETTEIT ERREN X <
MEN5, 20K 8A OGN HIT, . 7
A, =IO XD RN} HEEDILENIET I
% < FRFER FICAE L TWD 2 LS5, 2L,
i S AR 2 B ET B IE, filiE & L CERO VAR
WRP CHRRT D720 TH D, Lo, BRI
INGMESBITEEN TV RWE S THhD, 2Dk
INCHHD BN L A YT NIEREREIZ/R Y Ehi
FEICAE L TCWDZ Eicky, Zhaiks LTh—R
VI Fa—T RSN O TRV EHEER SN
%o
X 8B 1% 3 FfED 1b bl 2 D Ma Ko
[100]-F v 3 U > 7 HIE LR a2 " A7 FLT
b5, Ma R & ITEIREESKT DB E R MY
DY IAF B E RO TO BTN 2 2 ARkEIC L v 1R
LR CTH D, ZOIKICEENHEFREIT 1 ppm
IFTHY, [ bIEMNELRMMC L DB E
R TCND DIz LT OEAOHEIR X A v Nk
WThHD, ZORNLGND I 1Tb Fiek, 7
0 A, = 7 VEO AR EREROE M KD HER
HLHLOD LR TEWRMRE L~ L TV D,
Oa HMIE 1 b Fobk & bl g uidzkmicf 5 LT s
REENI D720 EDODORITY | e K& ARETTHEN
FKEIZMHE L TND Z EIZIEDY IRV, W
LA, FHEIIAHE L Q0D AW 3y Lz X
0. KB CE 5 Z LM S5,

i RBS HIEORERIC LY . RENTEREIZA
BHLTCWAEICEORMB L L 720 . —R T
) Fa—T PR ENTZEH D0 AFM ORIER: S
TEREEERTHD EHEL TCVDN, ZILHRARHIC
H—=RF ) Fa—TTHLINEIMEND Z LTS
#%. TEM ZOTFEUC XV FEMICHRET L T2t
IXE- XV & LIZEEOFHLE 1372 5700,

SIMS Ztr DiRat

SIMS 7T & 1FK 9 1R L7z L 912 Cs DL D 72—k
A A E— LB KT LT~ $keV) THROLRA
BHZBRE U, RAEITND I —R VA% Ay Z LR
HREPS TN, TR, Ay &2 IR T (R
EINIRFETHHN, ORI L L EEND) N
RO L TL 5, ZIH DT %Y & W a B A
RHESEEHOTE BT LICEIY HEEOEWE
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A TR
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Eow fr
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9. SIMS T O JFRHE & PR SN EHRZ R oA
A AR
0 R L ORTITYe
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1um
|
. > < <
5 <~ "
fi 1w

4 10. FEBRME S NT-%E

DEECE D~V AT 4 NE—Fi@T LIk, R
FIZHHEH L TENZEND 2 RA A EZRET 5 Z
ENTED, ARHERE L7ZERICIT Ib R X i
ERIMPEE ppm HEEND T LAV R
LCWEOTH YA RLIZE DAY b LvaeT
LW, EZAR, FRRIZIER S IR LIZL DI
FERR & IED S I\ TR 70 &8 2 IRA A iR D
ZIIRD SN2 o7z, T2 TEBIC, BERICERE
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Analysis of Chromosome Behavior of Arabidopsis Mutants Defective in
Reproductive Processes
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Abstract: From Arabidopsis mutant collections, more than 30 meiotic mutants have been

isolated. However, the molecular mechanism of plant meiosis is still largely obscure. For

the purpose of further understanding, we searched for new Arabidopsis meiotic mutants.

As a results of our collaboration, we found several new mutants, which were defective in

reproductive processes.

Since our main interest was in meiosis, we selected one meiotic

mutant among them, and analyzed its chromosome behavior during meiosis.

Keywords: Arabidopsis thaliana, reproduction, meiosis, chromosome, DAPI (4’,6-diamino

-2-phenylindole)
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Abstract: The genes of two poly(3-hydroxybutyrate) inclusion body-binding proteins (GAP1
and GAP2) were cloned from Raltsonia metallidurans CH34, and their gene products were
purified. The molecular masses of GAP1 and GAP2 were 24 kDa and 18 kDa, respectively.
GAP1 comprised the major part of proteins in the PHB inclusion body of R. metallidurans
and its amino acid sequence was quite similar to that of Phasin of R. eutropha H16. These
results indicate that GAP1 probably play the role of the major protective protein of the
inclusion body. The content of GAP2 in the PHB inclusion body of E. metallidurans was very
small. Although GAP2 accelerated the degradation of the PHB inclusion body in a similar
manner to Apd from Rhodospirillum rubrum, the physiological role of GAP2 was not clear.
Keywords: poly(3-hydroxybutyrate), PHB, PHB-binding protein, Raltsonia metallidurans
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Design and Synthesis of Dioxetane-Based Chemiluminescent Substrates
with High Efficiency in Aqueous System
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Abstract: The chemiluminescent efficiency of hydroxyphenyl-substituted dioxetanes is well
known to decrease significantly in an aqueous medium, though more than bioluminescence
in an aprotic medium. We investigated here the effect of hydrogen bonding on
singlet-chemiexcitation and fluorescence efficiency of the emitter produced for charge-
transfer-induced chemiluminescence by the use of dioxetanes bearing a 3-hydroxyphenyl
moiety substituted with a proton-donating group at the 4-position as a model substrate.
Based on this investigation, four bicyclic dioxetanes bearing a 4-(benzoazol-2-yD)-3-
hydroxyphenyl moiety were designed and synthesized. The thus-realized dioxetanes
exhibited chemiluminescence with markedly high efficiency in aqueous medium as well as

in aprotic medium.

Keywords: dioxetane, chemiluminescence, hydrogen bonding

Introduction

Dioxetanes bearing a phenoxide anion decompose
rapidly with accompanying efficient emission of
light in an aprotic solvent by the intramolecular
charge-transfer-induced chemiluminescence (CTICL)
mechanism.? Nowadays, CTICL-active dioxetanes
have been designed that exhibit luminescent effi-
ciencies in aprotic solvent as high as most biolumi
nescences. However, the chemiluminescence efficiency
decreases markedly for their CT-induced decomposi
tion in an aqueous medium. We report here a
study to identify how water molecule(s) decreases
chemiluminescent efficiency for the CTICL of
dioxetanes, and a successful attempt to realize a
new type of substrates emitting light with high
efficiency even in an aqueous medium.

Result and Discussion

Base-induced decomposition of dioxetanes bearing
a 3-hydroxyphenyl moiety substituted with a proton-
donating group at the 4-position: effect of intramolecu-
lar hydrogen bonding on decomposition rate and

chemiluminescence efficiency?

The pronounced decrease of &L in the aqueous
system has been suggested to be mainly due to
the hydrogen bonding of H20 molecules with
intermediary oxyanions of dioxetanes, and with the
excited emitter produced, which causes significant
decrease of singlet-chemiexcitation efficiency (&)
and fluorescence efficiency (@) of the emitter.
However, experimental evidence is still lacking to
clarify the effect of hydrogen bonding on the
chemiluminescent efficiency of dioxetanes active
toward intramolecular CTinduced decomposition.
Thus, we attempted to examine the CTICL-decomposi-

0-0
tBU7‘> OMe
0 OH
3

OH
1a: X = N, Z= CGH5CO-
1b: X=N, Z = CH;CO-
1c: X =N, Z = CgHsNHCO- 0-0
2. X=0,Z=: (lone pair) Bu—]
o OH
Scheme 1.
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tion of dioxetanes bearing a phenolic moiety capable
of forming an intramolecular hydrogen bonding as a
The thus-
designed dioxetanes bore a 3-hydroxyphenyl substi-
tuted with an amidomethyl (-CH:NHCOR), 1a-1c,
or a hydroxymethyl 2 as a proton-donating group

clue to elucidate this effect of water.

at the 4-position, and dioxetane 3 bearing a
3-hydroxy-4-methoxy- methylphenyl group as a
reference (Scheme 1).

All these dioxetanes decomposed rapidly with
accompanying emission of blue light in TBAF /
CH3CN. Comparing their chemiluminescent proper-
ties with those of a parent dioxetane 4, it is
realized that for dioxetanes 1a-1c and 2 the rates
of CTICL-decomposition decrease by 1/1.6 ~ 1/6.8
of the rate for 4, and even chemiluminescence
efficiencies decrease by 1/1.1 ~ 1/5.5, though the
maximum wavelengths of emission are not
exactly different from 4. The decrease of the
CTICL-decomposition rate for la-1c and 2 can be
attributed to an amidomethyl or a hydroxymethyl
group on a phenoxy moiety as a proton-donor for
intramolecular hydrogen bonding.

These results reveal that for a dioxetane bear-
ing a phenoxide anion hydrogen bonding to the
oxyanion decreases the rate of CTICL- decomposi
tion of dioxetane as well as decreasing chemilumi
nescence efficiency. However, as reported previously,
in addition to the hydrogen bonding of H20 mole-
cules with the phenoxide anion, other factors such
as hydrogen bonding to the carbonyl oxygen of the
emitter produced from a dioxetane may partici-
pate with the significant decrease of chemilumines
cence efficiency in the aqueous system. Bicyclic
dioxetanes bearing a 4-(benzoazol-2-yl)-3- hydroxy
phenyl moiety: chemiluminescence profile for base-

OMe
g Te PN Jgte P
t-Bu \N t-Bu \N
0 OH 0 OH
5a 5b
OMe
12 810 20510
t-Bu— N t-Bu N
0 OH 0 OH
5¢c 5d

Scheme 2

induced decomposition in aprotic medium and in
aqueous medium?

Four bicyclic dioxetanes, 5a-5d, bearing a 4-
(benzothiazol-2-y1)-3-hydroxyphenyl or 4-(benzoxazol-
2-y1)-3-hydroxyphenyl group were synthesized.
When dioxetane 5a was treated with TBAF in
acetonitrile, 5a decomposed to emit blue light
with chemiluminescent efficiency @FL = 0.39,
which was twice higher than that from the
parent dioxetane 2. The dioxetane ba exhibited
markedly effective chemiluminescence even in
an NaOH / H20 system; @FL = 0.12 was ca
11000 times higher than that from 2.4 It was
clarified for the CTICL of 5a that both singlet
chemiexcitation efficiency and fluorescence
efficiency of the emitter were very high even in
the NaOH / H2O system. Dioxetane 5b displayed
chemiluminescence more effective than 5c¢ in both
triggering systems (@°L = 0.46 in TBAF /
acetonitrile, and &°L = 0.18 in NaOH / H-0,
though the
slower than that for 5a. The other dioxetanes,
5b and 5d afforded light less effectively than 5a
and 5c¢, without any acceleration of CTICL-
decomposition rate.

CTICL-decomposition rate was
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A Variety of Ag-O Bonding Modes and Antimicrobial Activities
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Abstract: Using light-stable dimeric silver(I) carboxylate precursors {[Ag(Hpyrrld)]sin
formed with chiral and racemic forms of 2-pyrrolidone-5-carboxylic acid (Hepyrrld) ligand,
six novel light-stable, triphenylphosphinesilver(I) complexes consisting of both a hard Lewis
base (O atom) and a soft Lewis base (P atom) were prepared, ie. [Aga(R-Hpyrrld):
(H20)(PPh3)2] - H20 1, [Ag(R-Hpyrrld)(PPhs)2l: 2, [Ag2(S-Hpyrrld)z (H20)(PPhs)2] - H2O 3,
[Ag(S‘Hpyrrld)(PPhs)al: 4, {[Ag(R,SHpyrrld)(PPhs)lsin 5 and [Ag(R,S Hpyrrld)(PPhs)s] 6.
Their solid-state and solution structures were unequivocally characterized with elemental
analysis, TG/DTA, FTIR, X-ray structure analysis, molecular weight measurements in
EtOH with the vaporimetric method, solution (*H, 13C, 31P) NMR and solid-state 31P CPMAS
NMR spectroscopy. Two sets of enantiomeric complexes were isolated as (1 and 3) and (2
and 4). X-ray crystallography revealed that these complexes possessed different Ag-O
bonding modes, depending on the number of PPhs ligands and the chirality of the Hpyrrld-
ligand. Complexes 1-6 behaved as a monomeric species in EtOH and CD:zCl..
Antimicrobial activites by silver(I) complexes in the water-suspension system against
selected bacteria, yeast and molds were significantly correlated with the number of
coordinating PPhs ligands per silver(I) atom in the complexes.

Keywords: silver(I) complexes, 2-pyrrolidone-5-carboxylic acid, triphenylphosphine, Ag-O
bonding modes, crystal and molecular structures, antimicrobial activities
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Novel Microporous Iron(IIT) Carboxylate Polymer Complexes Containing
Metalloporphyrin: Synthesis and Heterogeneous Photo-oxidation Catalysis

Wasuke Mori'* and Chika Nozaki Kato'

I Department of Chemistry, Faculty of Science, Kanagawa University, Hiratsuka-City, Kanagawa
259-1293, Japan
2 To whom correspondence should be addressed. E-mail: wmori@chem.kanagawa-u.ac.jp

Abstract: The photo-oxidation catalysis of hydrocarbons with 1 atm dioxygen in a heterogeneous
system is quite an interesting objective for both academic and industrial fields. The remarkable progress
of the past decade in photocatalysis has been limited to ultraviolet light instead of the more useful
visible-light region. The development of visible-light photocatalysts, therefore, has become one of the
most important topics in photocatalysis research today. Here, we focused on the synthesis of novel
microporous iron(IIl) carboxylate complexes having metalloporphyrins, Fe[MTCPP] (M = Cu, Fe, Pd,
Mn, Co; H,TCPP = 44’47 ,4°”-(21H,23H-porphine-5,10,15,20-tetrayl)tetrakis benzoic acid). The
complexes were characterized by elemental analysis, TG/DTA, magnetic susceptibility, FT-IR, diffuse
reflectance (DR) UV-vis, EPR, EXAFS, BET surface area, pore size distribution, and nitrogen occlusion
measurements. In the DRUV-vis spectra, the iron complexes showed some adsorption bands in the
visible-light region. Therefore, we demonstrated the catalytic activities of Fe[MTCPP] complexes for the
photo-oxidation of hydrocarbons with 1 atm dioxygen under visible-light irradiation. Fe[PdTCPP]
showed 37 turnover numbers after 3 h for the photo-oxidation of cyclohexene, which was higher than
those of the other iron(I1I) carboxylate complexes.

Keywords: microporous iron(III) carboxylate, metalloporphyrin, photo-oxidation, visible-

light irradiation
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Abstract: The caged cell-culturing substrate is composed of a glass substrate coated with an
alkylsiloxane monolayer having a photocleavable 2-nitrobenzyl group. In the present study,
we examined the effect of terminal functional groups on the efficiency of photoactivation for
cell adhesion. Among four tested substrates terminating with different functional groups,
the photoactivation of cell adhesion was the most effective on that terminating with an
amino group. We succeeded in preparing single-cell arrays on this substrate without using
fibronectin.

Keywords® photosensitive silane coupling agent, 2-nitrobenzyl ester, self-assembled
monolayer, surface mModification
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Fig. 3. Formation of cell-adhesive spots in
response to light on the alkylsiloxanes having
caged func- tional groups.

Fig. 4. A single-cell array of COS7 cells on a
substrate having caged amino groups.
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Abstract: The anti-oxidative activity toward hydroxyl radicals was expressed by the reaction

rate constant. Rate constants were presented for basic organic substances and reducing

reagents. Hydroxyl radicals were generated by UV-irradiation of hydrogen peroxide. The pH

was controlled through the reaction in the range 6.5- 7.0. The dependence on the

concentration of anti-oxidative substances was so small that the validity of the theoretical

analysis was guaranteed.
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Table 1. Rate constant of basic organic substances and reducing reagents

substance k(UV)/109 Mt g1 kx(Fenton)/10°9 M1 s'1 ko(reference)/109 M1 g1
methanol 0.97 0.97 0.78-1; pH 6-10.7
ethanol 1.8 1.9 1.7-2.2; pH 6-11
formaldehyde 4.9 0.64 1.0;pH1
acetaldehyde 19 11 0.73;pH 1

acetone 1.3 0.17 0.083-0.14; pH 6-7
ethylmethylketone 300 1.8 0.90; pH 6-7

formic acid 2.1 5.0 0.13-4.1; pH 1-11
acetic acid 0.066 0.10 0.0092-0.85; pH 1-10.7
methylamine 0.39 42 0.035-5.7; pH 4-12.5
ethylamine 0.31 23 0.30-13; pH 3.1-13.1
tartaric acid 2.4 19 0.68-0.70; pH 2-9
citric acid 1.1 230 0.050; pH 1

ascorbic acid 760 1700 4.1-13; pH 1-11

D=7 = MR E AW E RN SRS v fE DUV TIESCRMEZ TSN 28, 7 A3 /L E VIRl E
BILOXEMESL & B2 Uiz, SCEME DO KERS3 1N o o i REVEICIEE 72, £/2, =
IV A TRERE S IR D FER NS RO N2 b D TH D, FIVAF )V b v OB IE SR SCHRRE 2> & 2> By

REBR TR ONTZ ko OfFIZT7 =0 b K% H TLEo7,
WTHELNTE OE L L T, W DhOoWmEIC
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Study on Water Science

Yuko Nishimoto'®, Noriko Takahashi', Kiyoteru Ishiko', Chikara Amano’,
Kazuhito Inoue’, Fujio Oh-ishi', Shoichi Kawamura®, Kunihiro Seki', Toshihiko
Teramoto’, Atsuko Minegishi', and Tokuko Watanabe®
1 Faculty of Science, Kanagawa University, Hiratsuka, Kanagawa 259-1293, Japan

2 National Institute of Radiological Sciences, Chiba, Chiba 263-0801, Japan
3 Natural Environment Research Inc. Ltd. jp. Shinjuku, Tokyo 162-0801, Japan

4 Aoyama Gakuin Women’s Junior College, Shibuya, Tokyo 150-8366, Japan
5 To whom correspondence should be addressed. Email: y24moto@kanagawa-u.ac.jp

Abstract: In this study, we intended to clarify the effect of various treatments such as magnetic and

ultraviolet light irradiation on acidic electrolyzed aqueous solutions and alkali halide aqueous solutions.

The results indicated that the available chloride concentration of acidic electrolyzed aqueous solution was

decreased by these treatments. It was proved that hydroxyl radicals and bound water varied by these

treatments in the alkali halide aqueous solution. It was proved that the most effective treatment in

aqueous solutions relates to the salt concentration in both the acidic electrolyzed aqueous solution and the

alkali halide aqueous solution.

Keywords: functional water, magnetic treatment, ultraviolet light irradiation, bound

water, salt concentration
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NMR Quantum Computer; Efficient Simulation of CPNOT with Elementary
Quantum Gates
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Abstract: On an (12+2)-bit quantum network, a gate for conditional NOT operation with n=5
bits of controls (a C»NOT gate) can be simulated with 24n-64 gate of conditional two-bit
operations, as well as with 321-4 gates of CNOT and one-bit operations. These small numbers

of elementary gates (which are approximately half or two thirds of the number known so far)

help toward implementation of the oracle Us: |x>|y> — |x>|y+f(x)> on quantum computers.
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Abstract: Total DNA was extracted from each individual larva of scallop (Patinopecten

yessoensis) collected at Saromako Lagoon Hokkaido Japan in May and June 2005 and

sequence of NcRII in mitochondrial DNA of each individual was determined with a small

scale sequencing method. We could classify 146 individuals to 4 groups with NcRII sequence.

Population of AHG12 increased particularly during recent 5 years corresponding to the high

temperature in Saromako Lagoon in Summer.

Keywords® mitochondrial DNA, NcRII, Saromako Lagoon, scallop
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