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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)12), 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-�-D-galactopyranoside; FPLC, fast performance 

liquid chromatography; RB, reassembly buffer; MES, 2-(N- 

morpholino) ethanesulfonic acid; EGTA, Ethylene glycol-bis 

(�-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)1). 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 vitro. In the 

intracellular environment, MAP4 is believed to 

play important roles in the organization and dy-

namics of both interphase and mitotic micro-

tubules2-4). MAP4 proteins are composed of an 
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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 tau5,6).  

  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 laterally7,8). 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 factor7,8). 3) 

Tail region: a short hydrophobic C-terminal sequence 

which does not bind to microtubules, but was 

thought to be necessary for proper microtubule 

assembly7). 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 

microtubules9). 

  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- 

genesis10). To date, four types of MAP4 cDNAs 

have been identified that differ from each other in 

the number or arrangement of the AP sequences11). 

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 cells12). 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 fragment12). 

  To date, only a few proteins reportedly interact 

with MAP4 in vivo, and most of them are involved 

in the phosphorylation of MAP4. Very recently, 

Kremer et al.
13) 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
13). 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 study12), 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 

Fig. 1. Schematic diagram of the primary structure

of MAP4. 
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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 al.
14). Tubulin was purified 

by phosphocellulose column chromatography, from 

a twice-cycled porcine brain microtubule protein 

fraction, as described previously15,16). MAP4 frag- 

ments containing the microtubule binding domains 

of MAP4-LP and MAP4-SP were purified as de- 

cribed earlier10). 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% CO2. For live cell observation, NG 

108-15 cells were cultured on cover slips coated 

with poly-L-lysine (0.01%) and laminine (12.5 

�g/ml).  

 

Construction of expression plasmids 

Because cDNA clones for full-length MAP4 pro-

teins were not found in our previous search12), 

bacterial and mammalian expression vectors that 

encompass full-length MAP4 were constructed 

from shorter constructs, expressing the projection 

(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 tagcctcagtcttgc 

agatgcg-3´; P1-R, 5´-cacgactgcttctg gtga-3´; P2-F, 

5´-ccagtcaaagacatggctc-3´; and P2-R, 5´-agaagctta 

gatgcttgtctcctggatc-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 95oC for 30 sec, annealing at 56 oC 

for 30 sec and extension at 72oC for 3 min, respec- 

tively. One µl 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 NheI and HindIII, respectively. 

The full-length MAP4 inserts were ligated in frame 

to the NheI/HindIII 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  

 

 

 

 

 

 

 

 

 

 

 

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 BglII site instead of the NheI site. The inserts 

were ligated in frame to the BglII/HindIII 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 AgeI and BsrG1 sites. 

The inserts were then ligated to the AgeI/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 BglII/ HindIII sites and ligated to 

the same sites of pECFP-C3 and pEYFP-C3 plas- 

mids to express CFP-MAP4-LP 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-�-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 

µg/ml) and ampicillin (150 µg/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 

18oC overnight. Cells were collected by centrifu- 

gation and dissolved in 8 ml native binding buffer 

(50 mM NaH2PO4, 0.5 M NaCl, pH 8.0). Cells 

were lysed by one freeze thaw cycle at –80oC 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 ProBondTM Nickel 

chelating resin (Invitrogen life technologies, CA, 

USA) according to the instruction manual. 

 

In vitro polymerization of tubulin 

For the turbidity assay, tubulin (10 �M) 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 MgCl2), 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 37oC 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 �M and 2 �M, 

respectively, in a reassembly buffer containing 0.5 

mM GTP. The mixtures were then incubated at 

37oC for 30 min and centrifuged at 16 000 � 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 1�g 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 

open heating chember (Warner Instruments, 
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Hamden, CT) operating at 37oC. 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 ImageJ 

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 microscopy12). 

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 fragments10), the 

turbidity values of preparations containing 

full-length MAP4 proteins were almost identical 

(Fig. 3A), suggesting that none of the proteins 

induced microtubule bundles.  The turbidity 

data were further confirmed by the fact that no 

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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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-

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 ��)

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� to 37�

(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. 
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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-LP 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 tau17,18), 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
13).  

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 
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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 4S). 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.
 13) 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 report12), 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 al.
9). 

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-LP and MAP4-SP could maintain different 

spacing between microtubules, as we have dis-

cussed elsewhere12). Further investigations using 

more purified MAP4 proteins are necessary to ad-

dress this issue. 

Next, to investigate the effect of MAP4 proteins 

Fig. 5. Effect of septin2 on MAP4-microtubule interac-

tion. Septin2 was added to reaction mixtures containing

tubulin (15 �M) and MAP4 fragments (2 �M). 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. 
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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 

filaments19). 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 al.
13) 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.
13) 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 microtubules12). 

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 (SmaI-EcoRV) that 

caused the production of PHB in Escherichia coli in the presence of �-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 organisms1). The monomers composing 

the polyesters range in length from C4 (�-hydro- 

xybutyrate) to C16 (�-hydroxyhexadecanoate)2). PHAs 

have attracted attention as a potential alternative 

to conventional petrochemical-derived plastics3).

Poly (3-hydroxybutyrate) (PHB) is the simplest 

and most common PHA1). 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, 5). 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 �- ketothiolase 

(EC2.3.1.16), which condenses acetyl coenzyme A 

(acetyl-CoA) to acetoacetyl-CoA6). This intermedi-

ate is then reduced to D-(-)-�-hydroxy butyryl-CoA 

by an NADPH-dependent acetoacetyl-CoA reductase  

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 polymerization7) (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 O2 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 R. centenum and its 

expression in E. coli. 

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 37ºC, or in M9 medium10). The following 

concentrations of antibiotics were used: ampicillin, 

50 �g/ml; chloramphenicol, 34 �g/ml; tetracycline, 

10 �g/ml. R. centenum was cultivated anaerobically 

under illumination (60-W incandescent bulb) at 

30ºC in 1927 CENS medium: in 1 liter, 2.2 g sodium 

pyruvate, 0.9 g K2HPO4, 0.6 g KH2PO4, 1 g NH4Cl, 5 

mg disodium EDTA, 200 mg MgSO4�7H2O, 1 ml 

True Blue Trace Element solution (containing 2.5 g 

EDTA, 0.2 g MnCl2, 0.1 g H3BO3, 0.1 g Na2MoO4, 50 

mg NiCl2�6H2O, 20 mg CoCl2�6H2O, 10 mg CuCl2�

2H2O, 5 mg Na2SeO3, and 5 mg NaVo3�nH2O per 

250 ml deionized water), 75 mg CaCl2�2H2O, 2 ml 

chelated iron solution (prepared by dissolving 1 g 

FeCl2�4H2O and 2 g dissodium EDTA in 1 liter de- 

ionized water, and adding 3 ml concentrated HCl), 20 

�g vitamin B12, 15 �g biotin, 0.5 g and Na2S2O3�

5H2O; pH was adjusted to 6.8 with NaOH8).

DNA preparation and manipulation

Standard methods were used for the preparation 

and manipulation of DNA, PCR, Southern hybridi-

Table 1. Strains and plasmids 
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zation, and colony hybridization. Sequencing was 

performed with a SEQ-4�4 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 R. 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 R. 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 PstI. 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 al11).

Results and Discussion 

Cloning of a genomic fragment relevant to the 

PHB synthase gene  

R. centenum genomic DNA was digested completely 

with PstI. 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  

the agarose gel, ligated to PstI-digested pUC18, 

and introduced into E. 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 SmaI

fragment (about 4.5 kbp) was isolated from one of 

two plasmids and ligated to pUC18 digested with 

SmaI. 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 SmaI-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 �-ketothiolase (phbA) and acetoacety- 

CoA reductase (phbB) genes from Ralstonia eutro-

pha H16 were constructed. One system consists of E. 

coli JM109 transformed with pSTVReAB 

carrying R. eutropha phaAB and pRcCP1 or 

pRcCE2 carrying R. centenum phaC. The other 

system consists of E. coli BLR transformed with 

pET100Ce which contains R. eutropha phaAB and

Fig. 2. Restriction map of the cloned fragment

containing the PHB synthase gene of R. centenum.
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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,

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 E. coli on

LB medium and M9 medium, but at only about 

10% of the level produced by R. eutropha phaC. 

The reason why R. centenum phaC produces only 

a small amount of PHB in E. 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 

synthesis of PHB is strictly controlled in R.

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 sigmaE factor, mutant was 

impaired in alginate production, encystment, and 

transcription of the algD gene
12,13). R. centenum

PHB synthase may be controlled by a similar sys-

tem. The control region upstream of the PHB 

synthase gene of R. 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)1) 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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�� electro-mechanical coupling (EMRS)e#f



22 Science Journal of Kanagawa University  Vol. 17, 2006

?eg$% P&3, 4)QEMRS���T;)#hi

j& L k Ca2+�lm��7&nopqr�n�s

tC]DHPRa�)+,uv#'wxPyz56u

v�LM� 5, 6)�SR � T ;#1�{)#hij&

Ca2+FG�lm��7&��|n�stC]RyRa

#�}� �lm��~D���!"�# Ca2+��

�j&7)'NOE% P&QRyR �����+��

�#f? T;)' SR)����d���G$%{

foot8)'���w��7&M'�gED#$% P

&9, 10)QEM RSe��triad #bc& T ;)��

DHPR' T;#1�{ SR)�� RyR]= foota�

���#�}�K&M'���#x� b?���

����� triad� T;-SR���#bc&�st

C�)�y����$%�/%�%�)�#bc&

������ T;)-SR)d������ ¡�g

ED#$% P& 6, 11, 12)Q

¢ �£�¤¥�����HI�JKLMj Ca2+�P

>¦&*§v Ca2+� SR�¨#©��ª��(�)

�01DE����«¬DE�­4#f� w®¯

$%&{° 13, 14)�/� ECRS�TUV#_P �

±²³gx´�µPQ���'�¶x?�T ;56

�·{xP¤¥����SR ��(�)¸¹#:º

'� »¼y���(�)' dyad]�_`a�(\

� P&Qµ¼�¤¥���(�)'/%#��j

& SR )'�5½$%&���d�#���� foot

#¾¼¿{ÀÁ56���$% b?�/�ÂÃ5

6Ä�Å¿§DE�¤¥��w�M��y� EMR

SÆ5�ÆÇ� P&ÈÇ§�ÉÊ$% P& 1, 14)Q

1978Ë# Suzuki and Sugi��ÌC��ÍÎÏÐ

ÑÒ Dolabella auricularia�CÓÔÕ�]LBWMÖ

longitudinal body wall musclea�HI×ØÆ5#

_P .�ÄÙÚrq���Û�ÜÝ�ÞP{Ãº

vÄ�ßà�9P�M�¤¥�����(�)�0

1bfÚ SR�*§vCa2+�@A56'� ÆÇ�

 P&M'�É�{13)QáE��±{�M����

(�)¸¹#¤¥�'� �¾¼-��{µ¼�

SR �â¨�T ;#¾¼¿{(�)�;Á3456

# SR�ã�� triad� dyad �56�(\��

/%E����d�#� foot#¾¼¿{ÀÁ56�

hij&M'wäå� P& 1)QÅ¿�56��Í

ÎÏÐÑÒ#ãæ��çèéê�CÓ��w��$

% P&15)QM%E�56ë�ìí��M�CÓÔ

Õ���¤¥�#bc& ECRS�$E#� EMR

S���#î° ï�{ðñ�7&M'�É� P

&Qò�����¤¥� dyad '��� triad �(

óÄ�Å¿§�gô#j&{°#�ÍÎÏÐÑÒC

ÓÔÕ��ÞP dyad �ÂÃ56���9P�R

õö÷��Ý#f?���)1�� foot 56��

����#_P øù�{Q±{�M���*§v

#�j& SR �úû�gô#j&{°#��!"�

#ü°& SR�tý�þ�����+�Ý#f? SR

� Ca2+-��Í���������¨{Q

��
��

��������	
��
��

	�	
^��
������������26��

��������{ÍÎÏÐÑÒ Dolabella 

auricularia����<!�ö~�����  !G

�{"�#�DECÓ#$� Õ9j&CÓÔÕ�

]LBWMaDE¸%& 1 mm��!"'�(��{Q

¢ (��{ LBWM�!"'� pH7.2� 0.1M)�

n�Ü*+¬�,-�{ 6%�.�Í���/op

]GAa¬bfÚ 2%�0Üv12Ð34]OsO4a

�5��{Q6Í|7�8�bfÚ9qr:�1;

<Òp]POa�=��{"�Epoxy >?#B@�

{Q3�AéÐ�qA74]Reichert Ultracut-Na

�ÞP�>?BqC�DE�DE�ÂÃ56��Þ

�F$ 70 nm�GHö÷'�foot 56�����

��Þ�F$ 35 nm�RõGHö÷�IJ��KÜ

3é�'�6�ÜL�+zMN�{"�OUk+z

�ÂP]JEOL JEM2000EXa����{Q

¢ +z�ÂP�QR�{èS�4TU�2;lÏ7

�/nÍ�TU#uV�{QÛ�Í7nWÝ 16~18)

#f&�!"� SR tý�þ�#�/nÍ�TUX

YZèA� NIH Image�ÞP{Q±{�Rõö÷

U�w'#^��TU5½ZèA� VG Studio 

MAX]Volume Graphics[a� LBWM� dyad\

]�^��^5\��dyad ���)1�� foot  

56������#_P XY�{Q

�����	��

Ca-��_`����j&{°#�LBWM��!"

'� pH 7.2� 0.1 MaÜ*+¬�,-�{ 4%��

éb�4��/op]PFa¬�5��6Í|7�8

��=���Lowicryl K4M >?#B@�{"�

-20�� 3cd�de� 24fdg«!�hi� >

?�j�$�{Q3�AéÐ�qA74]Reichert 

Ultracut-Na�F$& 70 nm�GHö÷�IJ��

Ni-150çCêW#k���ö÷���MN�9x�

{Q0.02 M.�ê�¬� 30ydl�� �m<�

��/opn�<o��aÜ*+¬]PBSa�pq

��1%�3êrs��BÐ�]BSAa�ât PBS

� 30 ydl�� uì¶�vw�xy$��20 

�g/mlz)�ê�62A��zC]rabbit anti goat 

IgG�Upstate Biotechnology Inc.a� 1fd��M

N�{Q0.05% Tween20' PBS�pq�{"�¸
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% 10 nm�{Àz�|}�{ IgGzC (goat anti 

rabbit IgG�Amersham) � 30ydl���0.05% 

Tween20' PBS�pq�{QPBS�,-�{ 2.5%

� GA ¬� 10 ydl�� z~zCvw����

{" PBS �pq��KÜ3é�'�6�ÜL�+

zMN� OUk+z�ÂP]JEOL JEM2000EXa

����{Q

��

LBWM����	
��
��

� 1� LBWM �!"�8�ö÷U�É� P&Q

�!"���#äå$% P&fW# 1)����¤

¥�f?�¼¸% 10�20 �m�7?��(�<��

#��'µ��ÐA��p���hij&\]�7

?�/%�«��(������PèSéç�A'

ÃPèSéç�A�ü°E% P{Q(�)�µ�

�:3��(\� b?(� 2A)� �x�K$�:

ºÁ SR �(�)¸¹#hi� P{(� 2,��)Q

±{�(�)�����(��#34� ����

T;#¿{56�(\� P{(� 2C)QM� T; 

56�(�)¸¹#w SR �hi� b?�M%E

� SR �(�)#1�{)�(�)'����(\

� dyad �5\��/����d�������

����d����² foot  56���$%{(�

2B-D)QT ; 56����j&Ãº'�Ãºd�

�»P��#�E%�Ãºd���P\]����

$%xD�{Q(�)' dyad �5\� P& SR

���#��+z���Àz�µ���$%{(�

2D)Q/%E�Àz����<���B)�01 

ã��#��� P{��dyad���)��01 

ã#���$%xD�{QM%E��¡��M%±

��äå 1)'¾¼�¢� P{Q

�����	����� Ca
2+

-������ !

z)�ê�62A��zC���MN�{ö÷���

z~hi�£|'x&��zC�{Àz��SR �

«�Ãº:¤¥�(�)#���$%ª�SR ��

��<���B)�01 ã��DE5�ö÷U�

SR �#��$%{�+z���Àzë#hi� 

P{]� 3aQ��MN�uì¶�vw�¦§�ø¨

� 1. LBWM�� �!"#$%. &'()*+,, &'(- dyad.�/01SR2345671(89), :;<=:� 1 �m.
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�2. LBWM�� �&'(>?�@A%. A. BCD. B. �� EF&'(-dyad.&/01SR, ���GH+, foot

I��2JKL71. C. TMI��NOPQ�&'(-dyad.&/01SR ���GH+, footR��2JKL71. D.

STS+UVWXY�ZW.[\ SR. :;<=: 100 nm.

�3. ]^=_`a:�bc]�defghijLBWM�� �
"#$%. kZW,SRSTlm(n+5671. :

;<=: 200 nm.
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0 1. LBWM�!" dyad©��<Òª

Dyad©�
 SR'�!"01(�)

DEx& dyad (nm) 

SR' T; 56(�)

DEx& dyad (nm) 
¦«�¬

Foot 56�­  18.3 ® 1.5 (n=229) 18.6 ® 1.8 (n=110)  ¯0.05

Foot 56<=d°�  30.5 ® 2.5 (n=175) 30.4 ® 3.2 (n= 83)  ¯0.05

(�)' SR)d°�  9.7 ® 0.9 (n=183) 9.6 ® 0.8 (n= 81)  ¯0.05

¢ ±�¤²±®|¬³´(n=12)

j&{°#MNUV���zC�7&z)�ê�6

2A��zC�ÞPª#��|}zC�¨�vw$

�{ö÷���{Àz��ö��$%xD�{Q

¢

Dyad�"#$���%&

LBWM�!"#�E%& dyad'���� triad'

�56ë�Å¿§�øùj&{°#�/�5½µð

'x& foot 56�­'<=d°��bfÚ(�)

' SR)d����d�°��þ��{Q0 1�/

��¡�¶°{w��7&QSR '�!"01(�

)DEx& dyad���foot 56�­� 18.3 nm�

<=d°�� 30.5 nm����d�� 9.7 nm�7�

{Q�£�SR ' T ; 56(�)DEx& dyad

���foot 56�­� 18.6 nm�<=d°�� 30.4 

nm����d�� 9.6 nm�7�{QSR��!"

01(�)bfÚ T ; 56(�)'�(\j&

dyad�©��þ�±�WX���þ���þ�±d

� t ø��9�{'M·�Pª%����w��¸

#¦«�´�xD�{Q

¢ Dyad���#bc& foot 56�)1ë���

���gED#j&{°#�RõGHö÷���9

x�{Q� 4��SR'�!"01(�)'�5\

� 4. SR-�� EF&'(-d�/L71 dyadop�qr#$%. As6 L,t#u.v0. Ld, dyad ���(89)

d�w SR(�"F25671. Ds6 Fd,���GH+ footI��2JKL71.:;<=: 100 nm. 
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� 5. FootI��(�x8y)2z{|� 4E(A), � 4F(B), � 4G(C)� dyad@A%. :;<=: 50 nm. 

$%& dyad�Rõö÷U�7&QADE L�ö÷

�Hö$%{¹�É��¹�ºt#_% ÷1»�

:�ªÁ SR �ö÷U�¼�#�K¼x?�F �½

�'x?��"¼�#:$¼x�{Q¹½"�ö÷

L ���SR B)�ö�U��x¼�+z����

P¤1'� ��$%{Q±{�E' F�ö÷��

¾k�x dyad �ö÷U���$%�M� SR �½

�¿%�& 370 nm�7�{QD�F�G�H�ö÷

�� SR ���#�+z���ÀÀ���$%�/

�½�¸%�& 58 nm�7�{QRõö÷�WX�

E�F�G�ö÷�gÁxFoot 56���$%{(�

5)QFoot 56��Âª�w��1 C#y�� 

PxD�{��hi\]��Rõ�#Ãd����

�b?�ö÷ E' F� 5Ä�ö÷ G� 4Ä�ôÅ

$%{Q

¢ � ��¡��SR ' T ; 56(�)'�5\

$%& dyad �Rõö÷��#f� wÆE%{Q

/��Ç�Éj� 6���SR� T ; 56�34

ÈÉ��B¨ÊtfW#� dyad�(\� P{Q

Hö¹ ADE L�ö÷U�WX�CDE J� dyad

�5\j& SR���$%�$E#�DDE I ��

���ôÅ$%{QSRö÷U��G�½�#x?�

/%�Ë�¼�#:$¼x�{QFÌI�ö÷��¾

k�x dyadU�É������� 6Ä� foot 5

6���$%{(� 7)QT; 56'/��!"01

DE�34���� 6� ADE I�ö÷�Rõ�#

��$%{QT; 56��%�& 70 nm��/�

(�)ë#w�%& 90 nm �µ��:3����

$%�� 6���T; 56��!"01DE�Í

$� H�ö÷�½w�K¼�& 1.1 �m�7�{Q

¢ �8��̂ ��TU5½ZèA�VG Studio MAX

#f?�� 4�Rõö÷U�Hö¹#jÎ7>� 

^5\�{^��TU'�/�^��^5\TU��

dyad ��� ã���1'¤9#^ö��{ö�

1�U�É� P&QÏCUë1�Rõö÷�½Ð

�ö÷U(� 4A)'�¢j&QFoot  56��Ñ#

�E%{� 4EÌG ����)1����K&fW

#�ÏCU�ö��]� 4Ba�ÒÓ$�]� 4Ca�

SR ����)1��1DEOÔ�{]� 4DaQ^

��^5\���ö÷�F$�ÏCU��$�Õä

'� Ö>%�ö÷U�×Ø�(Ù#/�±±�$

(Í$)£�#vÚ$%&Q�� �ö÷U�Àz�

èSéç�AÃ�+z����P�,�ÏCU�

1�w+z����¼0É$%&QRõö÷U�+

z����P foot 56��� 8D�ö�1��Â

Û�#×P�y'� É$%&Q/��¡�foot 

56�Éj'NOE%&�×�2ÜCA(�<�Ý

�|})���1ë��¤£�# 3 ���$%�R

õö÷ 5Þß(� 4E)#àáj&�¤,� 4Ä�6Þ

ß(� 4F)#àáj&�¤,� 3 Ä�7 Þß(� 4G)

#àáj&�¤,� 2Ä��$%{QRõö÷U�

��$%{ foot 56��f?âxD�{��3�

�2ÜCA��ã¸£���bf/�ä,å'x&

fW¸!�#��� P{Q
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� 6. SR- TMI��&'(-d�/L71 dyad�qr#$%. As6 L ,t#u.v0. TMI��,BCD2q|}

~&/L7~�1O�+5�(A, C), SR(-&'(G����GH+, footI��2JKL71(F-I). :;<=: 100 nm.

� 7. FootI��(�x8y)2z{|� 6F(A), � 6G(B), � 6H(C), � 6I(D)� dyad@A%. :;<=: 50 nm.  
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� 8. qr#$%(� 4).�����/ij��%-Q�#"F���%. V�%.#$u+��(A), ���(B, 89)F

+��+#"i, #"F(C, 89)25671O�+����+��i,#"F.�Fs6��(D). #"F��n���

(�), footI�����.��01U�Y:������. 89,�footI��2z{+JKL7j� 4�#$ E, F, G

���. 
 ¡¢,#$�£L 35 nm�G¤.v0.

�


LBWM���� dyad� foot'��

LBWM��!"���$%{dyad����d���

SR'�!"01(�)DEx& dyad�� 9.7 nm

��SR' T; 56(�)DEx& dyad�� 9.6 

nm�7�{Q�£����� triad�=�� dyad

����d���& 10.0 nm�7&M'�æE% 

b? 19)�çÒþ�$%{�¡�M%'èé�¢j&Q

±{�LBWM� dyad����d���E%{ foot

 56#_P ��SR '�!"01(�)DEx

& dyad���foot 56�­� 18.3 nm�/�<

=d°�� 30.5 nm�7?�SR' T; 56(�

)DEx& dyad���foot 56�­� 18.6 nm�

/�<=d°�� 30.4 nm�7�{Qtø���¡

������dyad�M%E�±#¦«�´�xD�

{���� dyad �56�# ¼���w�'NO

E%&Q��� triad� foot�jx>X�RyR��

SR)DE���d�#êG�{)«�'�SR)�

� Ca2+FG�lm�56�·_)ëD�'DEx

?�)«��)1#¤9x¤1U�©ì�<���

�íM�²��ì& 30 nm�èé�£(�É���

1U�î¨�ïÚ{ë¹ðÓ�»k��<��êG

�{�y�)ëD�'x? SR ��#�D� Ã¼

x� P&M'�æE% P& 20, 21)Q±{��#æ

E% P& foot�­� 15.0Ì18.0 nm�<=d°�

�& 30.0 nm�7? 7)�çÒ�©þ��±'¾¼�

¢� b?�LBWM � foot  56����� foot

'�ä56�� P&'NOE%&Q

¢ � 4' 5�É�{ SR'�!"01(�)DEx

& dyad�Rõö÷U���foot 56� E' F�

ö÷� 5Äª_�E%�G�ö÷�� 4Ä�D�E

%xD�{Q±{�foot 56�ñ�ö÷����

$%xD�{QFoot 56�<=d°��& 30 nm

�7?�Rõö÷�F$� 35 nm�7&{°��Þ

�ö÷#� foot 56�èé 1Äyb$±&M'#

x?�M� dyad ���Rõö÷���$%{w�
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�«� foot 56�7&'�NOE%xPQM�ò

DE�� 4 � dyad �5\j& SR ����)1#

� 4Ì5Ä� foot 56� 3�ói� P&'NO

E%&Q�£�� 6' 7#É�{ SR' T; 56

(�)DEx& dyad �Rõö÷U���foot  5

6� FDE I�ö÷� 6Äª_�E%{Q±{�foot

 56�ñ�ö÷����$%xD�{QM�òD

E�M� dyiad �5\j& SR ����)1#� 6

Ä� foot  56� 4 �ói� P&'NOE%&Q

$E#�� 4�Rõö÷U�w'#^��^5\�

{ÏCU����)1#¤9#ö��{�1]�

8Da���SR����)1ë#�Õj& 3���

×��2ÜCA�ôÅ$%{QM�ÏCU�1���

Rõö÷U'���2ÜCA�ôÅ�KxD�{��

M%��^��^5\��ôõ� P&Í$�Õä

�ö÷U�×Ø#�� /�±±�öj&{°�ö

÷U#�E%& foot 56�«��+z����y

wÅ¿�56�fW#0É� �±WM'��2

ÜCA�gô#÷��KxD�{{°�7&Q�ë

�øùDE�� 4 � dyad �5\j& SR ����

)1���foot 56��Ô£�# 3��8£�#

4Ì5 ����²0ø�z���� P&'NOE

%&Q±{�� �XY#f?�� 6 � diad �5

\j& SR ���)1���foot  56�Ô£�#

4 ��8£�# 6 ���²0ø�z���� P&

'NOE%&Qù�Ñú�<Z����foot � SR

���)ë#Ãd����²0ø�z���� P

&M'�æE% b? 10)�LBWM� foot 56�

�wM%'¾¼�¢j&QM%E�ÂÃ56ë�Å

¿DE�LBWM � foot  56�����=���

�$% P& foot'�Ã�w��7&'NOE%&Q

¢ ûü���� RyR#����k� RyR1�=�k

� RyR2�ýk� RyR3� 3_��ÒZèþ74�

æE% P&Q�Å��Å��.Å�� RyR # 2

���ÒZèþ74'� �'���G$% b?�

�'���_åK#��� P&'PWäåw7&

11)QLBWM �!"� dyad ���#�E%& foot

����æE% P& RyR�ÒZèþ74�Pª%

#�¢j&D#_P ����+z�ÂPÝx�#

f?gED#$%&�Kç"����7&Q¢

T('��

LBWM�!"� T; 56��34ÈÉ�wâ°

 T ; 56(�)#:3��hij&M'DE�

M�56�:3�DE(\$%&ÈÇ§�ÉÊ�{Q

������T ;(\�:3��34DE�±&M

'�æE% b? 22��LBWM�w���'� #�

:3�DET; 56�(\$%&'NO&M'�

����7&Q�£�� 6�Rõö÷���T; 

56�j� �ö÷�èé�ä,å#�E%��!

"01(�)DE�34�� AÌI �ö÷�Rõ�

#��$%&M'DE�M�56�34��ö÷'

�ã¸x£�#Dx?»P�d�ü° P&'�>

%&QM�M'��M�56�(x&;Á56#	

±Eª�f#�
�Å��E%&fWx��]clefta

�(\�W&M'�ÉÊj&Q

���)*�+,� SR�-+)*�./0 Ca
2+

LBWM �!"�#ü°& SR �tý�þ��{�

¡��!"tý#�j& SR �à�tý� 3.02®

0.84%]¤²±®|¬³´�n=50a�7�{Q¤¥

����*§v Ca2+�(�)�01� SRDE��

���Ãº«DE�­4�®¯$%&'NOE% 

P&��/%E�<�w���#�SR DE� Ca2+

����HIí�úû�âxP'NOE% P&Q

M%�vÚ��¤¥��� SR�à�tý�:$¼�

ÇO��Û�ÛCA�
�¤¥� 23��� 2.4%�7

?�3<���¤¥� 17)�� 2.2%�7&QLBWM

� SR �à�tý�M%E'��&'Dx?�PQ

Suzuki'/�����¸#f&äå 1, 13)#f%��

LBWM �*§v Ca2+�Ãº«DE�­4#f&w

�f?Ãº�@A�DE���#f&w��£�µ

PQM�M'��çÒþ�$%{ LBWM � SR �

à�tý�Dx?�KPM''���xPQ�£�

���� SR à�tý��ÇO���32£¿��

24)� 5.5%�)6���� 16)� 13%�)<�3;B

�q� 18)��½�±� 25.6%�7&QM%E� SR

à�tý�©�!"#bc&HI���HI���

P�vÚ� P&'NOE%&���¤¥�'� 

�Dx?�KP LBWM � SR à�tý��ÍÎÏ

ÐÑÒ� LBWM #f?C��j&M''Í¼S�

� P&'NOE%&Q

SR1 Ca
2+

-�����

��MN�uì¶�vw�¦§�ø¨�{'M·�

��zC�ÞPxD�{ö÷��{Àz��ö�E

%ª���zC�ÞP{ö÷��{Àz��E%{

òDE�{Àz�)�ê�62A���¨'vw�

 P&'NOE%&Q��zC�{Àz���E�

SR ����) ì�#�E%]� 3a�DE5��

9x�{�!"�ö÷U� SR ���#7&M'�

ôÅ$%{+z����PÀz]� 2Daë#hi

� P{M'DE�M%E�Àz�)�ê�62A

���7?�LBWM � SR �����'� #

Ca2+-��_`�'� )�ê�62A���ÆÇ

� P&'NOE%&Q
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LBWM��!"������'�¶x?�SR�(

�)' dyad �5\� P&#j!xP�����

triad'�äµð�5\$%�SR'(�)d���

�d���E%{ foot 56��56ìí��¢D

E foot/�w��7?�SR��� Ca2+-��_`�

w���'�ä)�ê�62A���7&M'x�

DE�EM RSw���'�äÆ5�I"j&'N

OE%&Q

��
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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 (H2O2) 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 H2O2-based epoxidation reactions catalyzed by dimeric mono-, di-, and 

tri-titanium (IV)-substituted Keggin polyoxotungstates, tri-titanium (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(II) carboxylates showed unique activities for the oxidation of alcohols with H2O2 in a 

heterogeneous system, in which a green-colored species, H
2
[Cu

2

II,II 

(OOCC
6
H

10
COO)

2
(O

2
)]·H

2
O was one 

of the active oxidizing intermediates.

Keywords: polyoxotungstate, microporous copper(II) carboxylate, alkene epoxidation,

alcohol oxidation, grafting method 

��

·¸3¤·¸¹%º»#Pu¼hu�½%¾¿��

ÀÁV3Â~µjV�Ã>�1'*+� 1)�
�v

*wb.½%ÄÅ¾¿Æ�Ç�p��������

ÈÉ�ÂÊ.½%Ë�ÌÍ#�Î�^j���^j

Y�ÏÐ�p���ÄÅ�Ñv��1ÒÓ�ÔÕÖ

�×Ø�.,���¾¿�gÙÚ-Û.�.��

f;�Ü½%º»#	dÝ½»=½%Ë�
�¹

%º»�Pu¼hu�Þßà%µYÖ�½%¾¿��

?��^jY�½»�º��*+��>�ÈÉáâ

�ãl�äå=æ>����]��	dÝ½»=½

%Ë�
�½%¾¿��ÈÉáâ�ã�W*.��

¼g«#ç"è��éêp�ãl�-ÂÍ*+��


l
.���	dÝ½»�½%Ë�
���<�

ë��>�ìí�3ìî�=&'�
�ÀÁ%��

��×Øã����

?
*ï²³*��ð�½ñ��òEó=-5ô

uõ_½ÒÓö}� 2Æ÷�%µY=½%ÄÅ�


�Í��øù� 35�Ùhú�c
�²³=X,��

û	dÝ½»=½%Ë�
�½%¾¿�ì�<=ü

�ÄÅ�	dýþ=å�
��v����_�B@

_(IV)f������ð�½ñ=ÄÅ�Í��Ü½

%º»=½%Ë�
�Pu�_�	ð��%¾¿=

X���<ã
��ÄÅ�<���c�5��
�


��������fÆ½%ÄÅ�
�ì�<=ü



32 Science Journal of Kanagawa University  Vol. 17, 2006

�ð�½ñ�¤�fÆ½%ÄÅm�¿Í=å�
��

�<ã
������ð�½ñ=��ô­��m�

¡%��;�=
�
��ï²³*����KCÚ

(V)f���_����_½ñ=���,��Z��

BuPu��`�£ù*�Pu¼hu�½»½%�

5��
�
�����f;��òEó=-5� 

 !�"_Kôuõ_½#(II)ö}=�}ÄÅ�


�Í��¤�fÆ*�Ü½%º»�9�Pu¼hu

�½%=X��¾¿Q$}*+�#(II)-%u&��

$�e'3
�¨(=X,��

)�¥*�+j²³Ùhúû,��c��js�

â�-./��­
� 2�4)�
�012*�'ã=

34����>���5E�5���?6�=78

p����

�����

(Bu4N)7H[(�-PTiW11O39)2O](1)���2)

[(PTiW11O39)2O]8-Ù«9�BuP_�:CÚñ

(TBA ñ)�µj��;�01p����<�hP

��`��µj�==>
�X,� 5)�øù��?

�;�=?��̀ 9<«Q*�TiCl4 (0.43 mL)= 110 

mL� K7[�-PW11O39]·8H2O (4.6 g, 1.47 mmol)º@

A�BT��
��2CF@A= 30 	$DE
�

F_�9_<Gu@h(J. G. type, 0.2 �m)*HÜ


��?�HA�ÜI� Bu4NBr (10.6 g, 0.83 mmol)

=BT��J2KL�^j���
�J2	MA=

1N$OhS�J2KL=F_�9_<Gu@h(J. 

G. type, 0.2�m)**i
��
�jKL= 0k*P

l«:«�u/ºl�mKL��
��9"no
�

º(50 mL�3)�	@òhu(50mL � 3)�	hÙu(50 

mL�3)*pq
�åVY=r��iÎ(is):4.26g 

(80.2%)�t»	(: uv� (þw�): C, 19.08% 

(18.78%); H, 3.63% (3.56%); N, 1.52% (1.37%)�ô

�CÚ�
xp�.l,�(0.021%)�IR (cm-1):

1070vs [�(P-O)], 964vs, 887vs, 808vs, 652s 

[�(Ti-O-Ti)], 594w, 517m�31P NMR (CD3CNQ): �

-13.12�TG/DTA: 20.3%�1Îy��z{h =

319.3, 337.0, 376.6, 435.7 �C�|v
��
�1Î

y��7 ?� TBA+�	¨(23.7%)�*¿
����

}~
�º�9�1Îy.
�

(Bu4N)7KH2[(�-1,2-PTi2W10O38)2O2](2)���2)

[(�-1,2-PTi2W10O38)2O2]
10-� TBA ñ�µj��pH 

2.2�½<ù�[(�-1,2-PTi2W10O38)2O2]
10-�ô�CÚ

ñº@A(0.8 g, 0.144 mmol)6)�ÜI� Bu4NBr(9.5 

g, 29.4 mmol)�BT�
�*X,��30	$Oh

S�J2KL=F_�9_<Gu@h(J. G. type, 

0.2 �m)**i
�º(50 mL�2)�	@òhu(50 

mL�2)�	hÙu(50 mL�2)*pq
��
�jK

L= 0�C *Pl«:«�u/�½	Bul��mK

L�9"no
�	@òhu(50 mL)�	hÙu(50 

mL)*pq
��iÎ(is):0.27 g (28.3%)�t»	

(:uv� (þw�):C, 19.75% (19.45%); H, 3.73% 

(3.70%); N, 1.76% (1.42%); K, 0.58% (0.57%)�IR 

(cm-1): 1097vs [�(P-O)], 962vs, 887vs, 809s, 686s 

[�(Ti-O-Ti)], 595w, 519m�31P NMR (CD3CNQ): �

-11.37�TG/DTA:22.1%�1Îy��z{h =

311.1, 321.9, 394.2 �C�|v
��
�1Îy��

7?� TBA+�	¨(24.5%)�*¿
����}~


�º�9�1Îy.
�

(Bu4N)7KH4[(�-1,2,3-PTi3W9O37)2O3](3)���2)

[(�-1,2,3-PTi3W9O37)2O3]
12-� TBAñ�µj��pH 

2.2 �½<ù�[(�-1,2,3-PTi3W9O37)2O3]
12-�ô�C

Úñº@A(1.0 g, 0.18 mmol)7)�ÜI� Bu4NBr 

(2.3 g, 7.0 mmol)=BT�
�*X,��30	$O

hS�J2KL=F_�9_<Gu@h(J. G. type, 

0.2 �m)**i
�º(50 mL � 2)�	@òhu(50 mL 

� 2)�	hÙu(50 mL � 2)*pq
��iÎ(is): 

0.39g(32.8%)�t»	(:uv� (þw�): C, 20.42% 

(20.29%); H, 3.58% (3.89%); N, 1.58% (1.48%); K, 

0.66% (0.59%)�IR (cm-1): 1063s [�(P-O)], 963vs 

[W-Ot], 889s [W-Oc], 822s [W-Oe], 738, 699s [�(Ti- 

O-Ti)], 594 w, 520 m�31P NMR (CD3CNQ): � -10.15�

TG/DTA: 23.4%�1Îy��z{h ��309.6, 

331.0 �C�|v
��
�1Îy��7?� TBA+ �

	¨(25.6%)�*¿
����}~
�º�9�1Î

y.
�

K4[PMo11V
V
O40] (PMoV)������	�
�� 3)

P�u<�g��ô (Azmax, 200m2/g) = 25 ºC 

* 2N$��
��
������ô­��� OH

�����4.67 OH groups/nm2�1.55 mmol OH 

groups/g8)�
���p����ô(1.0 g)= 80 mL 

�F@òhu�	M
�0.28, 2.78, 8.34 mL (0.5, 

5.0, and 15.0  mmol)�(MeO)3Si(CH2)3N(CH3)3Cl

=BT��
��µY= 80ºC * 6 N$DE
��

r���J2KL=*i
�F@òhu(10 mL � 3)

*pq
��t»	( [0.5 mmol��9_ô�9�

_�Ë=ÌÍ
��µ ] uv� : C, 1.93%; H, 

0.16%;N,0.42%. þ w � :(SiO2)59(Si(CH2)3-

N(CH3)3Cl)(0.27 mmol�Si(CH2)3N(CH3)3Cl groups/g): 

C, 1.94%;H, 0.41%; N, 0.38%�BET ­��: 138 

m2/g�t»	( [5.0 mmol��9_ô�9�_�Ë

=Í���µ] uv�: C, 2.81%; H, 0.20%; N, 

0.75%�þw�: (SiO2)40(Si(CH2)3- N(CH3)3Cl) (0.39 
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mmol �Si(CH2)3N(CH3)3Cl group/g): C, 2.81%; H, 

0.59%; N, 0.55%� BET­��: 130 m2/g� t»	

( [15.0 mmol��9_ô�9�_�Ë=Í���

µ] uv�: C, 2.90%; H, 0.35%; N, 0.50%�þw�:

(SiO2)43(Si(CH2)3N- (CH3)3Cl) (0.36 mmol �Si(CH2)

3N(CH3)3Cl groups/g): C, 2.62%; H, 0.55%; N, 0.51%�

t»	(�sl���9_ô�9�_�Ë����

AÎ��0.39 mmol �Si(CH2)3N(CH3)3Cl groups/g

*+,��

� 
��9_ô�9�_�Ë�A��ô (1.0 g, 

0.27, 0.39 mmol �Si(CH2)3N(CH3)3Cl groups/g)=

º(40 mL)� 30	$Oh
��

m�º(50 mL)

�@¨
� K4[PMo11V
VO40]·7H2O (1.03 g, 0.5 

mmol)=BT�25 ºC* 24N$Oh
��r���

}=*i
�º(30 mL�3)*pqS�2 N$���

�
��t»	( [0.27 mmol��9_ô�9�_

�Ë=�A
���ô=ÌÍ
��µ] uv�: N, 

0.66%; P, 0.16%; Si, 38.3%; Cl, < 0.02%; K, < 

0.01% � þ w � : {(SiO2)59}(Si(CH2)3N(CH3)3)4-

(PMo11VO40)(H2O)15 (0.057 mmol PMoV/g): N, 

0.32%; P, 0.18%; Si, 38.4%�t»	( [0.39 mmol 

��9_ô�9�_�Ë=�A
���ô=ÌÍ


��µ] uv�: N, 0.50%; P, 0.17%; Si, 37.9%; Cl, 

0.21%; K, < 0.01%. þw�: {(SiO2)40}(Si(CH2)3N-

(CH3)3)4(PMo11VO40)(H2O)5 (0.082 mmol PMoV/g): 

N, 0.46%; P, 0.25%; Si, 37.54%�

[Cu
II,II

2(OOCC6H10COO)2]·H2O(4)���

�?�%µY�µj�9;��9 @�Eh��_

���� 9)��,�X,��

H2[Cu2
II,II

(OOCC6H10COO)2(O2)]�H2O(5)���4)

[CuII,II
2(OOCC6H10COO)2]·H2O(100 mg, 206 �mol)

�Pl«:«�u	M@A��30% H2O2 º@A

(648.8 �L, 8.24 mmol)=BT���í* 4N$Oh

S�r����2�}=*i
�Pl«:«�u(50 

mL � 3)�F@òhu(50 mL � 3)*pq
��?�

S 2 N$����
��iÎ (is ): 94.5 mg 

(87.8 %)�t»	(: uv�: C, 37.00; H, 4.66%�

þw� : C16H24O11Cu2 = H2[Cu2(C8H10O4)2(O2)]

H2O: C, 37.07; H, 4.47 %�TG/DTA: 5.35 %�1Î

y��z{h � 132.8 �C �|v
��
��

Cu(H2O2)$�	¨(6.5 %)�*¿
��Â~��d�

	¨��242.7 �C��z{h =�,� 245 �C$

�l� (54.26 %�1Îy)|vp���IR (cm-1):

1594s, 1511w, 1423s, 1373w, 1332w, 1297m, 

1222w, 1045w, 929w, 784m, 767m, 727w, 526m�

BET­��: 328.4 m2/g�Eó�: 4.9 Å��»��

}~Î: 1.09 mol/mol of copper�DR UV-vis: �max

260, 385, 665 nm�9ú_g% «u: 805 [�(O-O)] 

cm-1�


�����2 – 4)

B@_��ð�½ñ���KCÚ��ð�½ñ�¡

%��ô��òEó=-5�  !�"_Kôuõ

_½#(II)ö}=ÄÅ�
�Ü½%º»�9;	d

Ý½»�9�Pu�_�Pu¼hu�½%ÄÅ¾¿

���5����Table 1 – 3=78p����^j

Y�	(������¾¿��µ-�g  ú«�

9<Gh(TCD, DB-FFAP ��{9�ô9Ú(0.53 

mm � 15 m); FID, DB-WAX��{9�ô9Ú(0.53 

mm � 15 m))�ì A}  ú«�9<Gh

(Shim-pack VP-ODS 150 mm L � 4.6 mm ID)*

X,��

�����

�������(IV)1�3 ����
������

 ! H2O2�"#$%���&�'����(2)

[(�-PTiW11O39)2O]8- (1)�[(�-PTi2W10O38)2O2]
10- (2)�

[(�-PTi3W9O37)2O3]
12- (3) (/ 1)=ÄÅ�
�Ü½%

º»�9��  & Ù_��  !�l_�1-&

 Ù_�½%¾¿�s=­ 1�ü�������¡

=Í���µ-�%µY 3 �%µY 1�2 9"-¢


�ì�@h_&h�h£�(TOF)=ü�
��	

l,��
���B@_f¤d¥�"* TOF =þ

w
��µ*-:w*+,��

p���ÄÅ�<�*��9 «_��¦§�5�

�
����(/ 2)�����%µY=ÄÅ�Í��

�µ-9 «_��¨B��,��<�©ªV�¨

B
��


l
.���ð�½ñf	d¥�"�9 «_

�=÷f
�ÄÅ�<=«¬
�-�%µY 3�%

µY 1,2 �«4�¢
�ì�<*+,���,��

Í��ÄÅ��<ã
���<�¢
�¦§=­T

(a) (b) (c)

�1. 1(a),2(b),3(c)
gh]ijQRA. k�


lh]mn	�o�Cp�
qh]m PO4 C

rF.
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��"�%µY 3� A-Ti3"Z«�ï½%¾¿��

-ì�<=ü��<ã
�*+�
��	l,��

� ?
*�¾¿Q$}*+�®Z` %u&��$

�^j=|v���>�Ü½%º»�£ù*�

UV-visv¡=X,��?��s�400 nm$��½

»$�9�¯
�}i�=|v
��
�°±*��

¤�<.%u&��$�^j
����l�<.®

Z` %u&��$�^j
����l=7.*�

.��?
*�Ü½%º»�£ù*�  & Ù_

=BT���%µY 3�N����u}²³��¢


�yÛ�´����
�
�l��%µY 3�%

µY 1,2 9"-®Z` %u&��$�^jÎ��

�
��	l,��
�
���½%ÄÅ�<µ¶

�*¿
����

ø��
�l��Ti3��ð�½ñ� A-Ti3"Z

«� H2O2·hg�½%ÄÅ¾¿�ì�<=ü
�

?���%µY 3 � H2O2��¾¿*^j��®Z

` %u&��$�^j ����%µY9"- 

�
��¸¹����º
��p���X ª
�¨

(�h@l�»>�½»� Bond Valence Sum��

O(1) 1.69, O(2) 1.73, O(3) 1.45, O(33) 1.75, O(39) 

1.69, O(40) 1.72, O(41) 1.65, O(42) 1.67,O(43) 1.52

�.,��/ 3� A-Ti3� Ti-O-Ti�µ½»�(O(3)

� O(43))�+�9 «_��9"gÚhc.®Z`

 %u&��$�^j=¼½
���
�-¾¿


��

�)��*+��,-�./!�����	��

�
��
��03,10)

ð�½ñ��¡%��
��P#_�=-5�9_

ô�9�_�Ë=À
�ð�½ñ��¡%�01p

�������<"Z«m�P#_�����ÄÅ

�<�ëù=Á�
��F�l�.,��� 11)�?


*ï²³*��P_�:CÚôB&_=-5�9

_ô�9�_�Ë((MeO)3Si(CH2)3N(CH3)3Cl)=Í

���ð�½ñ�-5ÂÃÄ�P_�:CÚôB&

_��ÅÃV�ÆÇÍ=ÈÍ��
��9"�ð�

½ñ=��ô­���¡%
��<ã���=ÉÊ


��jË
�(g�hÚ 1 78)�

*���f

½%ÄÅÆ*�<=ü� K4[PMo11V
VO40] (PMoV)

=��
���¡%TS�½%�<�5��
�


��v���¡%S���9 @�Eh��_�


���} 31P NMR�DR UV-vis�TEM=X,��

s�ð�½ñ���ô­��ì	M
��A
��

�
�=¾¿
��

0

0.002

0.004

0.006

0.008

0.01

0.012

0 2 4 6 8 10

T
O
F
/
s

-
1

[H
+

]/POM

3

2

1

� 2. "stus
�
vwx"Myz%{F

(Bt|�}~��.

� 3. M�� 3
n	�(IV)�����|
 X�>

�ij.

­ 1. Ti��ð�½ñ=ÄÅ�
� H
2
O

2
�9�Pu

�_�	ð��%¾¿ a

�� (mmol) de TOFs
-1b ���/%

"stus
�
(7.70)

1 3.7 � 10
-4

4.7 � 10
-4c

> 99
d

> 99
d

2 1.2 � 10
-3

1.3 � 10
-3c

> 99
d

> 99
d

"st�x��
(4.93)

1-us
�
(6.37)

3

1

2

3

1

2

3

4.8 � 10
-3

3.6 � 10
-3c

—
e

7.6 � 10
-6e

1.2 � 10
-4e

—
g

5.4 � 10
-6g

3.1 � 10
-5g

> 99
d

> 99
d

—

83
f

86
f

—

>99
h

>99
h

a
Reaction conditions: catalyst 0.02 mmol, substrates 

4.93�7.70 mmol, 30 % H2O2 9.72 mmol, solvent, 1:1 

(v/v) CH2Cl2/CH3CN 30 mL, under air. 
b
TOF = turnover 

number (TON)/s after 5 min. 
c
after 1 h. 

d
cyclooctene

oxide was epoxidation product. 
e
after 4 h. 

f
cyclohexene 

oxide and cyclohexanediol were epoxidation products. 

g
after 3 h. 

h
1,2-epoxyoctane was epoxidation product.
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PMoV �¡%��ô(PMoV-SiO2)=�}ÄÅ�


�Z��BuPu��`�£ù*�Pu¼hu�½

%¾¿�s=­ 2�ü��½%^jY��?�-�

·_cPu��`�& BuPu��`��  !

�"ò_*�ÌÍs�>99%*+,��@h_&h

�h�(TON)�������µ- PMoV=Í���

fÆ9"- PMoV-SiO2 =Í��¤�fÆ�ÎÏ�

ìl,��v��PMoV���ô=e�YÕ�µ


� PMoV/SiO2 9"-�9_ô�9�_�Ë=À


� PMoV-SiO2 �ÎÏ�ì�<*+,��ø��


�l��ÅÃV�ð�½ñ=�¡%�����<ã


����.�ð�½ñ=�¡%*��
��	

l,��

1234�56�789':�;�%<�
=(II)

>?�
?��@/!$%AB%�
�C"DE

FGH
�����I�JK
LM�NOC"D

PQRST4)

[CuII,II
2(OOCC6H10COO)2]·H2O(4)=�}ÄÅ�


�Ü½%º»�9�$b�Pu¼hu�½%¾¿�

s=­ 3�ü��ï¾¿Q�ÄÅ�ÝÐ�Ü½%º

»�Ñ��¢
�Ò�
��"�# 1¤d�*
�

46Óøù� H2O2=ÔB
��µ�ÄÅ�2�Õ2

l��2�Ö2
���*
�69Óø��ÔBÎ�

�µ��Õ2l�×2m�Ö2
��TOF ��H2O2

ÔBÎ�¨B��-�-ì�.,��¾¿Q�|v

p��ÄÅ�2�Ö%(�2-
��×2)�Õ2�

Ø,�
vÏ��ÄÅ¾¿-½X
.�.,�
�

l��
��2-
��×2�%Ù$�¾¿Q$}

*+��ÚÛ
��p���%µY 4������

¡�*
�-½%ÄÅ�<=ü
���	d"Zc

�«¬VÜp� 2-9 Ýòhu�ÎÏ�·_Ku

Pu¼hu#�  !�"òhu.����>��

¡9"- TOF�ìl,�
���%µY 4�-5 5

Þß���òEó�àÝÌÍ<�9�-���á�

��v���òEó=-�.�#ÄÅ*��<=ü

p.l,�
�l��ïö}�-5�òEó�ÄÅ

�<����âs�+�
��	l,��p���

ï¾¿�ãâ.¤�fÆ¾¿*½X
��"�ÄÅ

�¾¿@Am�ä�x
�.��ÄÅ-å%
��

.�
�=¾¿
��

� ����¾¿Q$}�æT����2-
��×

2�%Ù$�Ï6��2�%Ù$�e'=ç���

�2�#(II)-%u&��$ (H2[Cu2
II,II(OOCC6H10-

COO)2(O2)]	H2O(5))��Pl«:«�uQ*%µY

4� 20Ó�H2O2=ÔB��
�*e'��
��

xè��%µY 4 � 5 ��é X ª*ê�h@l�

�h«·u«¨(�9"?�
�=�¡����%

µY 4 � 2 ët�[Cu2(OOC6H10COO)]ì$��

�-1,2-trans��%u&��$�íî
��"�?�

�9,�ì$� Cu-Cu $�ï'� 2.992(6) Å l�

4.572(4) Å�]�.,���
��	l,� (/ 4)�

� p���%µY 5 �9ú_g% «u*��805 

cm-1�¯�.�_`�|vp�� (/ 5)�
��_

`��760 cm
-1$��|vp��"Z`-&_��
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O O
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3
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3
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N
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3
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N

4KCl
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-
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-
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-
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SiO
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O
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O O
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3
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+

N
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3
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+
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O O
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N
+
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)
3
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+
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3
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Scheme 1.

­ 2. PMoV�¡%��ô=ÄÅ�
�	dÝ½»

�9�Pu¼hu�½% a

��
(mmol)

de TON
b

��*A�A��A PMoV 54 

(48.4) PMoV-SiO2 153 

 PMoV/SiO2
c
 21 

 PMoV-SiO2
d
 152 

1-us	��A PMoV 22 

(6.34) PMoV-SiO2 117 

"st�x���A
(9.40)

PMoV

PMoV-SiO2
e

21

84

a
Reaction conditions: PMoV 20 �mol, PMoV-SiO2

(0.082 mmol/g, 5 �mol of PMoV), CH3CN 3 – 8 mL, 

alcohol 6.34 – 48.4 mmol, IBA 11.0 – 37.6 mmol, P(O2)

= 1 atm, reaction temperature 85 ºC. 
b
Turnover 

number (TON) after 168 h. 
c
PMoV/SiO2 (0.082 mmol/g, 

5 �mol of PMoV) was used. 
d
Water (5 mL) was used as 

a solvent. 
e
PMoV-SiO2 (0.057 mmol/g, 5 �mol of PMoV) 

was used. 

­ 3. �  !�"_Kôuõ½#(II)ö}=ÄÅ

�
�Ü½%º»�9�Pu¼hu�½% a

�� (mmol) ���/%
b

 TOFs
-1c

2-Bt���A
(13.1)

��|� (>99) 1.6 � 10
-3

2-Bt���A
(13.1)

d

��|� (>99) 5.8 � 10
-3

"st�x���A
(9.5)

e

"st�x���
(>99)

1.1 � 10
-4

"st�s���A
(9.5)

d

"st�x���
(>99)

1.6 � 10
-4

��*A�A��A
(9.7)

����AR� 
(>99)

7.0 � 10
-4

��*A�A��A
(9.7)

d

����AR� 
(>99)

1.5 � 10
-3

1-us	��A
(6.4)

usnA�AR� 
(>99)

1.1 � 10
-4

1-us	��A
(6.4)

d

usnA�AR� 
(>99)

1.6 � 10
-4

a
Reaction conditions: catalyst 206 �mol, substrate 6.4 

– 13.1 mmol, 30 % H2O2 9.7 mmol (23-fold excess), 

CH3CN 10 mL. 
b
after 1 h. 

c
TOF = turnover number 

(TON)/s after 1 h. 
d
H2O2 (48.5 mmol, 113-fold excess) 

was used. 
e
H2O2 (19.4 mmol, 46-fold excess) was used.
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CuII-OO-CuII $# 590–616 cm-1 �|vp��

CuIII(�2-O)2CuIII $�-���).,��"�

800–840 cm-1 � | v p � � �-1,2-trans
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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 
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V. indica JMO0001(KU) Kanagawa, Japan Jun 2004 DQ028749 DQ385858

V. buana JMO0002(KU) Sulawesi, Indonesia Aug 2002 DQ028750 DQ385867

V. dejeanii JMO0003(KU) Mt. Lawu, Central Java, Indonesia Oct 2000 DQ028751 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 DQ028754 DQ385864

V. atalanta JMO0007(KU) Slovakia Aug 2000 DQ028755 DQ385860

B. itea JMO0008(KU) Melbourne, Australia Feb 1996 DQ028756 DQ385859

B. gonerilla JMO0009(KU) Auckland, New Zealand Feb 2003 DQ028757 DQ385865
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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
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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 (3.1�m 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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*�13C14N��/mH� 27�½¤d¥d�

äå���
�¥d� 13C��/�·� 12C��§�

¦z£«* 1%��/UH¸»*+�C�N�½¤d

¥d*+��
���� t9yy_`�
�mH�

14*+� 12CH29"ðl��.�*+
/l��
�

¥���»¤d�¥��«ñ
����6T����

p���mH� 26*+� 12C14N½¤d¥d��-


¼ëZ&_c�«* 100:1�.,���7��D��

%½¤d¥d��¬Û¥�� N ¤d�¥�=�D�

­�
���
��.��?�9/.|ã��,�/

5A =�>���l��¥��&�/¹ 100:1 �} 

�.,�I"�N¤d¥�=X�
�-�*+�
�

��º*���
�/*�Á�l*.���mH

� 26� 27�¥��I�� 0.6 µm$§=µ 
�-

���/ 5B�C*+��

0 / 5B�mH� 26� 12C14N½¤d¥�*+"�/

5C�mH� 27� 13C14N½¤d¥d¥�*+���

-��0.6 µm $§�Ñ��°f�´����
� 0.6 

µm ��/�p� CVD dZ��_`«¬�����

¦Ë*+��æ�.�����I����»�ìÑ�

��v��I",«¬���»Ñ��?�9"�.�


��»¼p��l�*+��

0 
l
�/ 5B�C �I��Á�l.9/����

�¬��»Ñ�f�+v"�¢*�.�9/�gá�

��-
�¬��»Ñ�� 1 ppmøù*+�7��.

��-��� 100 ppmß��Âp�����+�7�

¦Ë�I��¼�ß�¼ëZ&_c��°f�+,�


l�u��gá����

��/�B�C ���

9/�?ä.�¼ëZ&_c��f�.��
�¤¹

�D������½H��»¤¶Y��v�����

�/
�*�.�,N

�SIMS�v×��×Ø*+

�
�=�«�;º�������

�

*Á�

l�.,�
��CVD«¬�Äp�0.6 µmß�+"�

���9"�»¤¶YÑ��ë¢
�����/
�

*+��ë�x«�¥mv×�
� Hall ½sv×r
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HallNGOPHIJ�$

Hall ½sv×��������Û]<=v×���

�*����*����e=e�
��9"� h¢

_��*�e����*�"�?����¸p���

î���*���=e���e���í��d*+�

l¾ó*+�l=G×��v×�*+��ò&�¡�

}*+�7������Z�� P�*+�l�N�*

+�l=G×���?�o�-�h«������h

«ó��PÑ��¿��Ö�v×*���

/ 6A ��h«���À¬í��ô��z<=��

t9<*+�� �¡�¢�®��o
� CVD ��

�rs*+"�£�¡�¢�õfë*øT�o
�

CVD ���õfë*�v×rs*+��v��¤¥

�¦�¢�õfë*v×
� Ib �����v×rs

*+��
�/l�Á�l.9/��®��o
��

�*� 300k$§=É�§�� ��í�©ª��4

p�©ª��¥����
��¥l��v��500k

$§*v×��)·.�=�
���ã�+���


�])ã�«����h«ó��PÑ��í��z<

�I��-�¿���í��z<�I��-|vp�

����*�æ�l�v×��×Ø�¸
,��6T

����

  300k$§l�¹����I��-´���ìí©

ª*§�� ��¿<%Z�u�h��� 1.4-1.7 eV

*+��
��®�¨©�o�
� CVD ���5�
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�.�UH��»
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�
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l
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�I����u����*N�=�
��v��
�

���5���ëí¬*�ë¿<%Z�u�h�

0.2-0.3 eV*+,��?
��
�ëí©ª*�N��

P ��G��*�.l,��õfë*ij
� CVD

«¬�5���v×�h�*�ìí©ªl�ëí©ª

�Á�v*hi 1.4 eV �¿<%Z�u�h=�
�

I"�
��� Ib���?��hi£­*+��
�


��õfë�®N�1998�¯���
�¬���l

."½H��»¸»�¤¶Y�
��v�����°

�� 100 ppmß��ö=c��|
����®�¨©

�ij
�¬����.��-?�9"�ðl��.

��»¤¶Y
l�v���.�
�=Á���
�

���

/ 6B ���h«ó��PÑ��í��z<=���

í��ì�.��5���h«ó��PÑ��ì�

.,����±
��h«���t9<�£­9/�

500k$§*v×ã�)·.�=�
���
��á

l"�v×��×Ø­�gá���
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¹,�����/��/ 2B#D��p�� AFM6

l�¶·
�-�*+��
�N�|vp��Ù¸Y

�¤¹*+��dZ��_`�Ù¸Ý�j]����

6T����´h�_¤d*µjp����æ�l�

µ¶�gá���

*6T���Ã5�´�<�


��´h�_�µB�hX�ijp�����*�.

�l�·¸
������/���·B�Z±�ó

��udZ��_`«¬= CVD * j��� �F

�_Ñ���%ìÑ��� ��´h�_.�B�h

X�ijp��
��¥l,����®��� �

0.05%��/�UH*+�
�l�?�´�<�«�

�gá����dZ��_`���«¬=�R��T

���¹º=��Àß=®��Ê,��.��
�9

/.�����½��¤¶Y¤d�­Ë�½H�$~


���
���RBSB���_tv×�9"¥l,

����

0 / 8A�»b�dZ��_`���RBSB���_

tgw «u=�v��/ 8B�»b��¼a�dZ�

�_`���B���_tgw «u=���

�

��
�

��
�

��
�

��
�

��
�

�� ��� ��� ��� ��� ��� ��� ��� ���

1.0-MeV He,  =170°

0°-random

[100]-channeling

[110]-channeling

[111]-channeling

Y
i
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d

 
(
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u
n

t
s
)

Channel number (ch)

�

O

Fe,Ni

K,Ca

S,Cl

Si

Type Ib diamond(1)

(5.7x10
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/cm
2

)

(2.7x10
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/cm
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)

(1.9x10
15

/cm
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)
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�� ��� ��� ��� ��� ��� ��� ��� ���

1.0-MeV He, [100]-channeling
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Ib(2)
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�
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O
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/cm
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15

/cm
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)
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0 RBS (Rutherford Backscattering Spectrometry) 

�� MeV `�Z�u�h� He Z&_=����·

p��Rutherford«;Mç�9"�îhÚ:Ê;�l

�«;�ù<Mçp�� HeZ&_Â���< He¤

d�Z�u�hgw «u=v×��í�*+��


�;��9"�­Ël�½1 µm ß���p�z£�

�¤¶Y�¥�=v×*���v��He Z&_=ì

¾��\�Fh«
����r°��åÊ��·p�

�B���_t�n/í��9"r°<�ß�=�p

;��v×��
�-*���

0 
� RBS v×��£¿ÀÀú Ù Á�ó�_�

gÂ³_�t9<D_Ã�I��Ê,����´�Ã

'}��¿À � 4.75 MeVÂ³_�t9<´�Ã=

W������-���-�Ä�2'�îhÚ9Z_�

¼5�B�_�h�v×ÄÖ��u�IJK Ùl�

¹,�Ê,�°��±��åÅ
��Æû� 5-6ü�

ú�_�ZÚ=}"®����?
*D_=
����

/ 8A�B���RBSgw «u�¿À *v×


�-�*�.��øTÇý� NTT Y<�Ù�þëì

Ö�£È
���N��v×
��h�*+��/ 8A

�»b �Z��ìíìî jdZ��_`���9_

dÚgw «u�[100]-,[110]-,[111]-B���_tg

w «u*+����?�-��[100]��*+��


�gw «u� 100 ch $§øù�I���á���

�gw «u����É»¤dl�«;Mçp���

�Ê�yÚ*+��9_dÚgw «u� �.ËÅ

*+���B���_tgw «u�«;Mçp��

Ê�yÚ�ËÅ�þ&��>�´y_«���.�

.,����?
�����­Ë±h �Ì7��Ø

�±h � 100 ch $§�|vp���
�±h �

 ��h¹­Ël��¤dÆ�¤d�Í�ç�� �

���/
��.��?�oìZ�u�h¬�B��

u�� ��U¥���á���º�±h ��Z�

u�hÆzÎ�Ï�HÆzÎ� 25=W,�¹�9/

.º¶�¤dl�Ê�yÚ�«;Mçp�����l

=Ðd.�Ñ=Í���Ò��
��*���?��

9"��±h ���=£×��� 150 ch $§�V

»�250 ch$§���\_*+�
��¥l��²��

300 ch$§�´�yÚ#´u�yÚ*+�
��340 

ch$§�Ó�  Ú�Ô�ÕuÖ�¸»*+�
��

£×*���
l-��B���_tgw «u=v

×��u����îhÚ:Ê;��¬
�§��-c

á���±h �Ö���Ö%
��.�
��Á�

l*+��
���
���¸»���ÇU*�.��

­Ë�$~
���¤¶Y*+���/
�=�
�

���D�½��¤¶Y¸»�­Ë�$~
���


��¥l��
�����×�N?�vv���=v

×
��>*+"�æ�l�¹ºÔÕ=Ø�
��9

"�­Ë�$~
���
��¸»� Â�ë¢��


��»¼*���
���±h � �p�Ë��

l�­Ë$~¤d�Ëd��À¬�=Ò���
��

*�����T7V»� 1.9Ó10
15/cm2*+"�´�

yÚÂ��´u�yÚ� 2.7Ó1013/cm2*+"�Ó 

 ÚÔ�Õu�¶� 5.7Ó1013/cm2*+�
��Ò�

*���RBSv×��I���1¸»h¹Î��9�

Ï�p���
�/ 8A l�Á�l.9/��Ó� 

 Ú�Ô�Õu�9/.�áÙ�ÓÚ�¸»�â·�

½���­Ë��$~
���
��¥l��
���

ìíìî j��=o���N�ÛÜ�
�Ó�ÇÝ

ÇÞ�* j���>*+��
l
���ÇU��


��ÛÜßà��v���.�9/*+��
�9

/�Ó¶�ßà�dZ��_`��­Ë�l."ìÑ

��$~
���
��9"�?�=á�
�´h�

_�µB�hX�ijp���*�.�l�·¸p�

��

0 / 8B � 3 º¶�»b ���¼º¶�¼a ���

[100]-B���_tv×
�rs=��gw «u*

+��¼a ����ìíìî j��u��»¤¶Y

��"ï�H=�>��H�âT� j��9"�o


���*+��
�����v���»H� 1 ppm

øù*+",»b����»¤¶Y�9�D¥�¥=ã

ä�����¬
�[��å¥æÁ.dZ��_`�

�*+��
�/l�¥l�9/�»b ���Ó� 
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+�-���ç
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+�,Ï�-�� .��/0M%1Æ���.$/
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a ���
Md��02�ò�l[�*E�+�,Ï
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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.  
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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 R. 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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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-yl)-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.
1)
 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
2)

  The pronounced decrease of �
CL

 in the aqueous 

system has been suggested to be mainly due to 

the hydrogen bonding of H2O molecules with 

intermediary oxyanions of dioxetanes, and with the 

excited emitter produced, which causes significant 

decrease of singlet-chemiexcitation efficiency (�S)

and fluorescence efficiency (�
fl
) 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 CT-induced decomposition.  

Thus, we attempted to examine the CTICL-decomposi- 
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tion of dioxetanes bearing a phenolic moiety capable 

of forming an intramolecular hydrogen bonding as a 

clue to elucidate this effect of water.  The thus- 

designed dioxetanes bore a 3-hydroxyphenyl substi-

tuted with an amidomethyl (-CH2NHCOR), 1a-1c,

or a hydroxymethyl 2 as a proton-donating group 

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 1a-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 H2O 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- 

induced decomposition in aprotic medium and in 

aqueous medium
3)

  Four bicyclic dioxetanes, 5a-5d, bearing a 4- 

(benzothiazol-2-yl)-3-hydroxyphenyl or 4-(benzoxazol- 

2-yl)-3-hydroxyphenyl group were synthesized.  

When dioxetane 5a was treated with TBAF in 

acetonitrile, 5a decomposed to emit blue light 

with chemiluminescent efficiency �CL = 0.39, 

which was twice higher than that from the 

parent dioxetane 2. The dioxetane 5a exhibited 

markedly effective chemiluminescence even in 

an NaOH / H2O system; �CL = 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 (�CL = 0.46 in TBAF / 

acetonitrile, and �CL = 0.18 in NaOH / H2O,

though the CTICL-decomposition rate was 

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. 
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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)]2}n

formed with chiral and racemic forms of 2-pyrrolidone-5-carboxylic acid (H2pyrrld) 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, i.e. [Ag2(R-Hpyrrld)2

(H2O)(PPh3)2]�H2O 1, [Ag(R-Hpyrrld)(PPh3)2]2 2, [Ag2(S-Hpyrrld)2 (H2O)(PPh3)2]�H2O 3,

[Ag(S-Hpyrrld)(PPh3)2]2 4, {[Ag(R,S-Hpyrrld)(PPh3)]2}n 5 and [Ag(R,S-Hpyrrld)(PPh3)2] 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 (
1
H,

13
C,

31
P) NMR and solid-state 

31
P 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 PPh3 ligands and the chirality of the Hpyrrld
-

ligand.  Complexes 1-6 behaved as a monomeric species in EtOH and CD2Cl2.

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 PPh3 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(III) Carboxylate Polymer Complexes Containing 

Metalloporphyrin: Synthesis and Heterogeneous Photo-oxidation Catalysis
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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(III) carboxylate complexes having metalloporphyrins, Fe[MTCPP] (M = Cu, Fe, Pd, 

Mn, Co; H
2
TCPP = 4,4’,4’’,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(III) carboxylate complexes.

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

light irradiation 
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Development of Photosensitive Surface Modifying Agents for Bioengineering 
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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 mModificationò
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Fig. 1. Schematic illustration of photoactivation of

cell adhesion.
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Rate Constant and Anti-oxidative Activity toward Hydroxyl Radicals;  

UV Irradiation 
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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. 

Keywords:  anti-oxidative activity, reaction rate constant, hydroxyl radical, UV-irradiation, 
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Table 1. Rate constant of basic organic substances and reducing reagents  

substance k2(UV)/10
9
 M

-1
 s

-1
k2(Fenton)/10

9
 M

-1
 s

-1
k2(reference)/10

9
 M

-1
 s

-1

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; pH 1 

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 
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Study on Water Science 
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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 C
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Abstract:�On an (n+2)-bit quantum network, a gate for conditional NOT operation with n�5 

bits of contro1s (a C
n
NOT gate) can be simulated with 24n-64 gate of conditional two-bit 

operations, as well as with 32n-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 Uf: |x>|y> → |x>|y+f(x)> on quantum computers.ò

Keywords:  quantum computer, NMR, C
n
NOT gate, Shor’s algorithm, oracle unitary 

transformation  
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Estimation of Parental Populations of Scallop 

with Sequencing Method from Total DNA in Individual Larva 
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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.ò

Keywords:  mitochondrial DNA, NcRII, Saromako Lagoon, scallop  
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