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Development of Similar Music Retrieval Systems
for the Query-by-Humming

by
Masami SHISHIBORI, Satoru TSUGE, Kenji KITA

Abstract

Music retrieval systems are extremely useful for collecting digital music data from
on-line music distribution sites. Especially, there is a great need to develop effective
techniques for content-based music retrieval systems, which can retrieve by humming
query. The main issues in this research is how to decide the similarity of each music
features extracted from music data. In order to calculate the similarity, some conventional
methods use Euclid distance or DP matching, but it is very hard to solve the problem of the
vagueness of humming query. In this paper, we propose a new similar music retrieval
method based on humming query using the Earth Mover's Distance as the distance measure.
Computing the EMD is based on a solution to the transportation problem, and the EMD is
applied as the distance measure on similar image retrieval systems. In addition, we focus
that the time complexity of the EMD is exponential worst case toward the number of
notes, the improved method to decrease the number of notes in the music feature is also
proposed. Experimental results show that the proposed method can improve the retrieval
precision of conventional systems.

Key words: Information Retrieval, Query-by-Humming, Earth Mover's Distance
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Tablel Experimental result on the automatic music transcription.
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Fig.9 Experimental result of retrieval precisions.
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Development of Campus Navigation Robot Based on Affective Computing

Fuji Ren, Motoyuki Suzuki

Recent years, a huge amount of information is available through the internet, and many information

retrievers have been developed. However, these retrievers only show retrieved results without hearty

communication.

In this paper, an intelligent campus navigation robot is developed. It recognizes a user’s utterance

using a speech recognizer, and retrieves information from a knowledge database. Finally, the

agent makes an appropriate answer from retrieved results, and give it to the user. In order to

communicate with a user warmheartedly, the agent also recognizes user’s emotion from a voice and

a facial expression, and the agent represents it’s own emotion using voice and behaviour.

Keywords: Intelligent campus guide system, Mental state transition network, Affective computing.
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Fig. 1: Overview of the intelligent campus guide system.
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Fig. 3: Block diagram of the intelligent campus guide system.
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Analysis of Adhesion Behavior of Powder on Polished Steel Plate by New
Treatment for Preventing Adhesion

by

Masahiro Katoh, Daisuke Yonekura, Masaya Takahashi

In this paper, we examined the relationship between surface roughness and particle adhesion behavior by

a proposed experiment. Five kinds of SiO, spherical powders (0.2um-2.0pum) and stainless steel plates

with seven kinds of surface roughness were used for the investigation. The adhesion ratios of SiO,

powders to polished stainless steel plates were measured. The adhesion ratios depend on the surface

roughness and the particle diameters. The adhered particles on the steel plate were observed by SEM in

order to examine the adhesion mechanism of SiO, particle on the polished stainless plate substrate. As

the result, 0.4-1.0 um particles were easy to adhere independent of surface roughness and nominal

powder diameter. The result indicates that adhesion behavior of powder depends on the adhesion force of

0.4-1.0 um particles that are changed by the surface roughness of the steel plate.

Key words: Adhesion Force, Silica Powder, Stoppage, Hopper, Surface Treatment, Surface Roughness,

Polishing.
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Fig.6 Typical SEM images of steel plate surface after adhesion
test. (Polished by condition F)
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Fig.7 Particle size distribution on the steel plates after adhesion test.
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Fig.8 Schematic diagram of adhesion and heap up process of
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Soft Nanotechnology of Artificial Biological Membranes

by

Hitoshi MATSUKI, Masaki GOTO, Nobutake TAMAI, Mikito YASUZAWA

Soft nanotechnology is technology that treats soft and wet materials such as self-assembly

systems in a living body under a relatively moderate condition. We focus our attention on the size

control of liposomes, namely lipid bilayer membranes and performed the soft nanotechnology in

sizing of liposomes under high pressure.

Two high-pressure sizing techniques, a method of

continuous pressure relaxation using a phase transition between gel and liquid crystalline phases of

the bilayer membrane and that of a pressure-induced gel phase using a phase transition between

bilayer and nonbilayer membranes, were applied to liposomes of distearoylphosphatidylcholine, and

the effects of the both methods were considered. Further, the application of giant liposomes

controlled by high-pressure sizing to microsensor was briefly described.

Keywords: Bilayer Membrane, Liposome, Microsensor, Phospholipid, Pressure

| EREREGEY AT 7 ) H A 20 AR
74 7> AT LERFIA A BRRE T e
Division of Biofunctions Engineering
Department of Life System
Institute of Technology and Science
The University of Tokushima

2 FEERERABEY AT 7 ) %A 20 A
74 7 ¥ AT LRI ERERE L
Division of Functional Material Chemistry
Department of Life System
Institute of Technology and Science
The University of Tokushima

* S ¢ T 770-8506 I TR HE = T 2-1
FEERERFGEY > F 77 ) ¥4 v AP

- 25.

1. IELoic

F /57070 —BRADOREICBERAR % B i
i hooH%, ZOF /7770y —I3H0EEM
WKEoT200CKTE S, —2iF THOMEL TH
BAEER, HB. LTIy AR EOMBZER - &
BIFOX)REETTMITT3E#iTchh, N—FF
Jrrsuy—EMENn S, FZE, KB -
VT 74=F /47 )y MLk EDBETS
. TSR E M & > TIBEDEMTH 5,
b =2k TRo»VME Th2AEFNECESSR
(78, KB, lBERE) 2R - HHETO X
I R T TN TS 2 lichdh, v



BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA

ZbF T suY—=EEnG, HlZIE, NS,
NAFFy 7, FIv 727Uy =2 2524 (DDS)
REBZORETIEMTH 2, I FHEREES
HBIE - BWIERE LT CliEES TR T3, &
e wTid, V7 Ty bafREWNTY 7
VT H B NEE o T K 77 o fl flE A &2 B s L .
EREFNVEDOY 7 v F )T/ aY—%HEKT S,

2. YRV —LEZDHNFRE

HRE D2 KFIc oS 2 EAFRMIcEC2E L.,
REIZNHBWBIFYRY =L TN HAEMD 5
TN Z R T 5, 20 0 RS I ERED
HAREHEBETH 2D, VARV —LITEEEE TV
ELTRZTZENTE, BE, 2L XDY R
V= o mBEEH R Bl HI N TwE, YR
V=L ZORTRICED, NS H—KEY XY — 4
(SUV: 10 nm — 100 nm) , K& 72— Y R Y — 4 (LUV:
50-200nm), Z&EREY RV —2 (MLV: 100 — 1000 nm) ,
ER—IEY Ay —24 (GUV: > 1000 nm) 53787 %
ZEnTE2O, YURY - LORTRIES { PRk
FIERIC X D LR T 508, KA RICTHE R BE
HZZ2TEHERE L CRUTO3I2>BE TSN,
(1) BEOS G HEE0 ) XY — ok, 85
Wir EONBEB % 5 2 2 0gE, HHLZBES T
Doy FREE (BKSEE PBUKSEHT o B4 0 F 8%,
RIS £ A &) Ik DIRESI N B, ERAFE
T A —=%— (CPP) IC& TR VF—NICKE LY
W (AFEHEN O DIREE) LD, ZORTEIRE
20, (2) VAEY =L OFESE R R Y —
LMD E (BERBECEFLEBLZ D %
VE—ZA) D ZFICkoTHEEFICR RS, HlA
WEHEE AT 2 PR IR OE, TR
N7, LB LoGEICREIBEHOY A X
WARIE L CRET R EL > T 5, (3) KTos
B ZEW FAMEBEZET 2RES T EENY
EITIEVETRIN pH RN 28748 E B2 ZT %,
BT Do e 2 0%EMIZ DLVO BiigiIc & b &M
EFPHTTRECTH 205, K TRICBIL TEARETH %,
INSDZ EDPSRTEDIZIERI >R )Ry —
LR 2 23— EE L v,

LRV XY — LR TEGIHIZZ  oflEZ b %
59, WA, VRY —2I3EKEEENE L HoBE
NERNSRE2ET 270, hTY SUV H3B 0
LUV X DDS D¥iikfaik & L Ch SN T35, DDS

- 26 -

ZBOLT, MHREINAEY R Y — LI HE R T
BDFEEL, 50 nm L FO/NIBRTFHEDOY RY — L4
TIFFEMEANDOIRMAS Z ), ¥ 300 nm ML EDOK
FnRTEROY Ry —scikiithoAIMEk (w2717
F=I)ICEEAEPEREINTLE ) fE> T, 100 nm
5 200 nm D LUV £ % X)) ICRTFEE2MZ5 2L
(BT b F A2 7) 25, @ollhiE stz
b7:56 L, DDS IZBIT 2 YOS R EEAERICD
BHBO, Er, BRI AEBRICIOHONS
MLV D%, BEHE TN I N3 HER L —2713Y)
BY —LDOREDN MLV %513, VERY —2HNOBED &
IS EEEOECHFAMEICE DV E— 27 BBl SN
27, MLV & LUV % SUV 28RTET 2 & HFAMEET
L. E=2ZRIE L %29, 24 TR o Mk B B2
IR H0G 7 0 — 7 o fEdc 81 B B AL E IR T
ROWELMO THEFIIZT, MTRPREL kD E
7a=7 5RO XD AMINCEm LS %50, &
52, Y HEMEE H T L HED Y XY — o0k
PYMEEERBET S L3 TE S GUV I3l
TNELTHRZTIENTE, ¥ /)N7EX DNA 8
WZBIT2 1 0 THFRICHS L ZIEE 2B OH L WilsE
FHEELTHEHZED TV 30O, BEMBEHET., —
FEoMEBICACAETRPALLEEZAL TV S
GUV ZHOUH Tk ariarEEch 2, itoT,
SUV 56 GUV IKEZET, LDV A RITBLTHY
RY — L DIEMER R FREIENEB T2 2 LTIk E
BEEND D,

3. BEZAFEREOEREEEBEZEL

AP E EN T 2 IEE IR A GEEPFET
LM, ZORETEEDZON7Y) ) VIRETH
3, 70kn Y VREIZ ) ko — L EIEAFKICL,
2D NENGIE & 2 DRk E H T2 ) v EK
e llcidz s, UL Y vBBICHEAT 2Nk
HOMHAGOHICLD, BEO 7Y kvn ) VIEEVH
T 2H, EREEF O ZEEE ML) v EE
Oy ) VTS VRETHLYTINRAT 7 FY
Lavyy (PC) BLUOCTI VAR 77 FINTY )
=7 v (PE) TdH s, FICHIH IZEMEBEIIEIL D
LEh, ZOBHEBINRAYTH LY F v IERMND
O EFEI £ CIRIAC I N TV 3,

BB o FIRO K & RRiE. 2 DR OREZAL
(EEE, ). HEIREE, WABEN L &) IC8BucIng
L. TR WX Nn 2 BAaEomiEZ b z5 R T



BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA

ZLTHb, Fig. | ITRFEH 18 DIENIMTHELATT
Y VR BUKEEE L CE T 2 RENRARINFRED PC
EE. ¥ A5 7 a4 PC (DSPC) D7 T-HExE (Fig. 1A).
DSPC 2STEHLT % 4y FRAASIREE, FEJIICHAE L CHLD
9 B HREEDRLAIK (Fig. 1B) %, # L T Fig. 2 I DSPC
CTOATHHEOMRERBES X OE OB E LTEL
TOMREE — R 2 R T, HET, S o e
SN BRI, ARFREHD 2 0 E3 770 (L) #H.
X270V (L)) M Uy 77 (Py) ME kO
m (L) MHOAFEETH 5, il SIS 2 5 L/Ly.
Ly/Py 6 & O Py/L DM 2 BliEE ., ik s L 0E
R LR, 2N URIESETER IC B U 2 KRR EE A
. BEREAEOWS &, BUKEHORMBIER S 2,

ICRSEAIR PC o TIRIC B TR 22 & 1,
BETICE VT, TG <, BEANTH
DGO IREDFOEWECISHEE AL 75 A8
Tov (L) MRS ND 2 EThB, PC T
BwTBllsh s 3FMHEO 7 VH (L, PAHE L O
L M) 37 VHOLWEIRTH 5, L MHE 3FEHDT
WHICB W TIRBEDOBKED a2y 74— X —>a ¥

CH3~N /\/ \"P\O\></(Y\/\/\/\/\/\/\/\/

A\ ) A A
Y
A =

(B) Ly Py
o, Wddy gy
M —= WWMM
Y Ww
slow /

Sl \\ // §EEEEEEY
i 1000000
WMMW sswmm

High pressure
\ Y /
WA
LBI

Fig. 1. (A) Molecular structure of DSPC and (B) phase states
of DSPC bilayer membrane.
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Fig. 2. Temperature-pressure phase diagram of DSPC bilayer
membrane. Two arrows represent the processes of high-
pressure treatments: (1) continuous pressure relaxation
method, (2) pressure-induced gel phase method.
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Fig. 3. Change in average diameter of DSPC liposome by
applying a sizing method wusing continuous pressure
relaxation.
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Fig. 4. Change in average diameter of DSPC liposome by
applying a sizing method using a pressure-induced gel phase.
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Fig. 5. Schematic drawing and optical microscope photograph of insertion process of a microsensor to GUV.
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International Cooperative Code Development of Lifetime of Plasma Facing Materials
for Fusion Reactor

by

Kaoru OHYA, Andreas KIRSCHNER

A"CH, injection experiment with a test limiter in TEXTOR is modeled by EDDY and ERO for the purpose of
code-code benchmarking. The 2D patterns of CH emission of both codes agree with the experiment. The Bc
deposition patterns on the limiter surface are reproduced assuming negligible effective sticking (S=0) for returning
hydrocarbons. The *C deposition efficiency decreases with increasing injection time, and it reaches a steady state
value accompanied by a depth profile of °C. The measured “C deposition efficiency (~0.1%) is reproduced,
assuming negligible sticking of returning hydrocarbons and high re-erosion yield of redeposited carbons (of the order
of 10 times larger than graphite). The sticking probability and re-erosion yield are still unknown parameters, which
determine erosion and deposition of plasma facing materials.

Key words: nuclear fusion, plasma wall interaction, erosion, deposition, Monte Carlo modeling, TEXTOR,
13CH,, sticking probability, re-erosion, EDDY, ERO
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Fig. 2 Two-dimensional patterns of the CH emission light
during *CH, through a hole in the test limiter surface in
TEXTOR™: (a) experimental, (b) ERO simulation and (c)
EDDY simulation. All hydrocarbon species returning to
the surface are assumed to be reflected from the surface
with the energy of incidence: the sticking probability S=0.
Reproduced from ref. (4)
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Fig. 3 (a) Observed “C deposition patterns on the test
limiter surface after injection of “CH, (b) Carbon
thickness profile of the limiter surface measured by
colorimetry . Reproduced from ref. (5)
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Fig. 4 Calculated “C deposition patterns on the test limiter
surface after injection of “CH;“: (a) ERO simulation and
(c) EDDY simulation assuming S=0 and Y;=0.3.
Reproduced from ref. (4)
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calculated by EDDY, assuming (a) S=0.1 and (b) S=0.
Reproduced from ref. (4)
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Preparation of Carbon-Supported Pt Catalysts Covered with Silica Layers

and Application to Dehydrogenation Catalysts of Organic Hydride

by

Keizo Nakagawa, Yusuke Tanimoto, Ken-Ichiro Sotowa, Shigeru Sugiyama

Carbon-supported Pt metal nanoparticles covered with silica layer including phenyl or methyl

groups were prepared using successive hydrolysis of 3-aminopropyl-triethoxysilane (APTES) and
phenyltriethoxysilane (PhTES) or methyltriethoxysilane (MTES). The Pt catalyst covered with silica
layers containing functional groups showed higher activity in the cyclohexane dehydrogenation,

compared with Pt catalysts covered with a silica layer containing no functional groups, because the

microporous structure of silica layers which wrapped Pt metal particles increased the diffusion

capability of cyclohexane. The Pt/CB nanoparticles covered with microporous silica layers showed

the high sintering resistance of Pt metal particles to thermal treatment at 973 K in a H, atmosphere as

compared with Pt/CB. As a result, this catalyst showed higher catalytic activity for cyclohexane

dehydrogenation than Pt/CB after thermal treatment.

Key words: Pt metal particles covered with silica layer, sintering resistance, cyclohexane dehydrogenation
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Table 1 Contents of SiO,, Pt and C in Pt/CB and
silica-coated =~ Pt  catalysts using  different
organosilanes.

Sample Si0y/wt% Pt/wt% C/wt%
Pt/CB - 1.3 98.7
SiO,(TEOS)/Pt/CB 55.1 1.8 43.1
SiO,(PhTES)/Pt/CB 314 1.9 66.7
SiO,(MTES)/Pt/CB 41.1 0.8 54.2

Fig.1 TEM images of (a) Pt/CB, (b)
SiO,(TEOS)/Pt/CB, (c) SiO,(PhTES)/Pt/CB, (d)
SiO,(MTES)/Pt/CB.
DERIT1-3mm THo=N, —EPEEN 8 — 10 nm D
VR T b Bl &=, — 7 SiOyTEOS)/PY/CB *°
SiO,(PhTES)/Pt/CB,  SiO,(MTES)/Pt/CB 23\ T IXE £
251-3nm O Pt F R FABIEINTZ. 20X 5ITEN
ENOEMT T U ERACTHRE LYY h 8 P fillt
T, PRI 2SR HUCHE SN TWD Z b oz,
SiOL(PhTES)/Pt/CB & SiO,(MTES)/Pt/CB {28\ T, &
U B EHICERENSFEL TWDINE ) DHERT D120,
FT-IR Ml %47 > 7=. Fig2@icx&Nn 5 X 5 ic,
SiOo(PhTES)/Pt/CB Tld 7 = = VHEICHET % Si-C #5d
23700 and 740 cm™ (IR S e. 7, Fig2(b)loRE
N5 X 51T, SIOMTES)/PYCB Tix A F/VELIZHNKT 5
Si-CfEA2Y 1273 em™ ICBIZR S h, ZH 53 £ oSk
DEE—EHTHHLDTH-7=W. & BIAERBSTEAT
S 7= & Z 5, SIOATEOS)/PY/CB & th#x L -84,
SiOJ(PhTES)/PYCB T (X & BH & ® 20 wt% ,
SiOy(MTES)/Pt/CB TIZAEEED 5 wit% D HEER D1 H o
7o, DFY, INLOBREFFNENOEREARIZY
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Fig. 2 FT-IR spectra of (a) SiO,(PhTES)/Pt/CB, (b)
SiO,(MTES)/Pt/CB.
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%Y J @ THE ST PYCB D EE T IcB W T
ZHICHL Y T ORI ERA KIS LY 4
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kiR oo PRI 71X Y AT TRY, v AEOH
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Fig. 3 Fourier transforms of Pt Ly-edge k3-weighted
EXAFS for (a) Pt foil, (b) SiO,(TEOS)/Pt/CB, (c)
SiO(PhTES)/Pt/CB, (d) SiOy(MTES)/Pt/CB. The
intensity of the peak for Pt foil was halved.
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Figure 3

Table 2 Structural parameters estimated by the
curve-fitting analysis for the Pt Lyj-edge EXAFS
spectra of each catalyst.

Sample R/ A? CN’
SiO,(TEOS)/PYCB 273 7.9
Si0,(PhTES)/Pt/CB 271 74
SiO,(MTES)/Pt/CB 2.70 7.7

%R, interatomic distance of Pt-Pt; °C.N., coordination
number of Pt-Pt.

Figd [ZHRARZHKY T o2 HOTHELZ ) Ik
B Pt B N, RAEFZERBROKERZ T .
SiOA(TEOS)/Pt/CB & Lt L 72354, SiOH(PhTES)/Pt/CB
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DBEbhiEEbEPLEZEEZLNRD. &5
SiO,(MTES)/Pt/CB 2% L C 973 K THIEVLEL % L= 4
TlX, [FERIZ P/Po=0.1 LL T2 T N, a5 & O H A
BlErsn, LREREDS 246 mYg IZHINT 5 Z L3 bho

m’g
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Fig.4 N, adsorption measurements of silica-coated Pt
catalysts using different organosilanes.
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Fig.5 Time courses of conversion of cyclohexane
with various SiO,/Pt/CB catalysts after heat
treatment at 623K for 3 h.
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Fig.é TEM images and particle size distributions of
catalysts with thermal treatment at 973 K. (a) Pt/CB
(b) SiO(MTES)/Pt/CB.
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Development of Stereospecific Living Radical Polymerization
with UV-LED Irradiation

by

Tomohiro HIRANO'", Shou NASU', Ryota KAMIIKE', Koichi UTE'

Abstract
Effect of simple alkyl alcohol on radical polymerization of N-isopropylacrylamide (NIPAAm)

in toluene at low temperatures was investigated. We succeeded in inducing syndiotactic-specificity

and accelerating polymerization reaction at the same time by adding simple alkyl alcohols into

NIPAAm polymerization. Furthermore, effect of chain transfer agent on NIPAAm polymerization at

low temperatures was also examined. Living nature was observed with use of LED as UV light

source even for the low-temperature radical polymerization.

Key words: N-isopropylacrylamide, Radical Polymerization, Stereoregularity, Living Polymerization

1. Introduction

2)

Porter and coworkers" have reported

preparation of highly isotactic polymers by radical
polymerization of acrylamide derivatives, in which
chiral groups, such as chiral oxazolidine, were
employed as stereocontrolling auxiliaries. Okamoto

4)

and coworkers® have reported

condition-controlled isotactic-specific radical
polymerization of acrylamide derivatives, in which
catalytic amounts of Lewis acids, such as yttrium
trifluoromethanesulfonate, were employed as
The both

polymerization systems provided isotactic polymers

stereocontrolling auxiliaries.

with meso (m) dyad content over 90%. Thus, the

isotactic-specificity in radical polymerization of

acrylamide derivatives has been successfully
achieved.
1  Department of Chemical Science and

Technology, The University of Tokushima
* The University of  Tokushima,
Minamijosanjima, Tokushima 770-8506, Japan
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On the other hand, preparation of highly
syndiotactic polymers by radical polymerization of
acrylamide derivatives had been hardly reported,
except for the following systems; (1) a syndiotactic
polymer with racemo (r) dyad content of 93%
(N,N-diphenylacrylamide in tetrahydrofuran at
—-98°C),® (2) a syndiotactic polymer with r dyad
content of 76%
toluene at —78°C).”) The syndiotacticity of the

former is comparable to those of polymers obtained

(3-acryloyl-2-oxazolidinone in

via anionic polymerizations of N,N-disubstituted
® The

strongly depends on the structure of the monomers.”:

acrylamides.”" stereochemistry, however,

? For example, N,N-dimethylacrylamide provided
the
polymerization conditions. Thus, the development of

isotactic  polymers under corresponding

condition-controlled syndiotactic-specific radical
polymerization of acrylamide derivatives has been
strongly desired.

that a

between

Recently, we have found

hydrogen-bonding interaction

N-isopropylacrylamide (NIPAAm) and Lewis base is
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useful for controlling stereospecificity of radical
NIPAAm (%12 The
hydrogen-bond-induced stereospecificity depended

polymerization of

on polymerization conditions such as the kind of the
added Lewis
poly(NIPAAm) with m dyad content of 74% was
obtained at —60°C in 1:1 (vol/vol) mixed solvent of
chloroform and CH;CN in the presence of
N-oxide."?

poly(NIPAAm)s were obtained in toluene in the

base and the solvent. Isotactic

3,5-dimethylpyridine Syndiotactic
presence of phosphoric acid derivatives.'® 'V In
an excess amount of
hexamethylphosphoramide (HMPA), the dyad
syndiotacticity of the obtained poly(NIPAAm)s
reached up to 72% that is the highest syndiotacticity
among those of the
poly(NIPAAm)s."” Thus, we made the first step to
fulfill the above-mentioned desire. However, this

particular, by adding

radically  prepared

polymerization requires careful operation, because
of the toxicity of HMPA. So, as the next target, we
interest on

focused our the development of

syndiotactic-specific polymerization induced by
safer reagents instead of HMPA.
It is known that alcohol compounds play

efficient roles in controlling stereospecificity of

radical polymerization of vinyl monomers."*"'® In

particular, fluoroalcohol compounds, such as
1,1,1,3,3,3-hexafluoroisopropanol (HFIP) and
perfuloro-#-butanol, exhibit significant

stereoregulating power in radical polymerization of

ester monomers such as vinyl esters"? and
methacrylates."'*'> Recently, we also found that not
only HFIP but also simple alkyl alcohols such as
(+-BuOH)
syndiotactic-specificity in radical polymerization of
N-vinylacetamide (NVA),"'® although simple alkyl

alcohols hardly affected the stereospecificity in the

t-butanol significantly = decreased

polymerization of vinyl esters and methacrylates.
This is probably because Lewis basicity of carbonyl
group of amide group in NVA is stronger than those
of ester monomers. Thus, we started investigating
the effect of

stereospecificity in

simple alkyl alcohols on the

radical polymerization of
NIPAAm,'” which is also one of monomers
containing amide group as well as NVA.

Recently, controlled radical polymerizations,
such as atom transfer radical polymerization,'8-'?
nitroxide-mediated radical polymerization,”™® and
reversible addition-fragmentation chain transfer

(RAFT) polymerization,?!-*? have been investigated

Table 1. Radical polymerization of NIPAAm in toluene for 24h at various temperatures in

the absence or presence of a fourfold amount of simple alcohols®

Run Alcohol Temp.  Yield Tacticity / %" M. M,©
°C Y0 m r x 107 M,

1¢ None -40 89 46 54 2.72 1.8

2 MeOH -40 98 38 62 2.44 1.3

3 EtOH -40 86 36 64 3.76 1.3

4 i-PrOH -40 92 36 64 2.87 1.3

5 -BuOH -40 99 33 67 4.01 1.5

6 3Me3PeOH -40 >99 31 69 5.88 1.5

7° None 0 55 47 53 5.85 24

8° 3Me3PenOH 0 94 35 65 6.87 2.1

a. [NIPAAm], = 0.5 mol/L, [R-OH], = 2.0 mol/L, [n-Bu;B], = 0.05 mol/L.
b. Determined by 'H NMR signals due to methylene group.

c. Determined by SEC (polystyrene standards).

d. Monomer, polymer or both were precipitated during a polymerization reaction.

e. [n-Bu;B]; = 0.01 mol/L, polymerization time 10min.

- 45 -
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extensively to synthesize polymers with controlled
molecular weight and narrow molecular weight
them, RAFT has
applied for

distribution. Among been

successfully controlling  radical
polymerization of NIPAAmM.*2® However, the
polymerization was usually carried out at elevated
temperatures. Thus, we attempted the wuse of
UV-LED as a light source to control RAFT
NIPAAm  at

photopolymerization  of low

temperatures.

2. Results and Discussion

2.1 Radical polymerization of NIPAAm at low
temperatures in the presence of alcohol

First, we carried out radical polymerization of
NIPAAm in toluene at —40°C in the presence of a
fourfold amount of alkyl alcohol compounds, such
as methanol (MeOH), ethanol (EtOH), isopropanol
(i-PrOH), (+-BuOH),
3-methyl-3-pentanol (3Me3PenOH), to investigate
the effect of
stereospecificity of NIPAAm polymerization (Table

t-butanol and

alcohol compounds on the
1). Adding alkyl alcohols significantly induced
syndiotactic-specificity, and the magnitude was

enhanced with the bulkiness of the added alcohols.
This result indicates that alkyl alcohols have an

75

70

65

rdiad / %

50 T T T
0 1 2 3 4

[3Me3PenOH], / [NIPAAmM] |

Figure 1. Relationship between the [3Me3PenOH],
/ [NIPAAm], ratio and the r dyad content of
poly(NIPAAm)s obtained.

T

efficient stereocontrolling power in the radical
polymerization of NIPAAm as well as NVA. It
should be noted that the added alkyl alcohols
induced  opposite  stereospecificity in  the
polymerization of NVA and NIPAAm.

Next, we examined effect of the added amount
of alcohol compounds on the syndiotactic-specificity
in NIPAAm polymerization at —40°C. Figure 1
demonstrates relationship between the
[3Me3PenOH], / [NIPAAm], ratio and r dyad
content of the obtained poly(NIPAAm)s. The
syndiotacticity gradually increased with the
[3Me3PenOH], / [NIPAAm], ratio and became
almost constant over the ratio = 2, whereas the
addition of catalytic amount of 3Me3PenOH hardly
influenced the stereospecificity. This result suggests
that at least a twofold amount of alcohols is required

in order to significantly induce the
syndiotactic-specificity in this polymerization
system.

It has been reported that, in radical

polymerization of NIPAAm in water, an increase in
[M], results in a decrease in apparent propagation

strong
(27)

rate coefficient (k,), probably due to

aggregation of monomers and/or polymers.
Although both Lewis bases and alcohol compounds
should dissociate such aggregations, polymers were
quantitatively obtained in the presence of alcohols
and, on the contrary, an obvious retardation was
observed in the presence of HMPA. This result
that

formation also changed the reactivity of NIPAAm

suggests hydrogen-bond-assisted complex
monomer. Based on the quantitative yield in the
presence of alcohol compounds, it is assumed that
alcohol compounds accelerate the polymerization
reaction. Thus, we examined the acceleration effect
of alcohol compounds by initiator
(0.01 mol/L)

polymerization time (10min) at 0°C (Table 1, Runs 7

reducing

concentration and shortening
and 8). The both polymerization systems proceeded
homogeneously and the polymer yield pronouncedly

increased by adding 3Me3PenOH, as expected.

2.2 RAFT photopolymerization of NIPAAm at
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low temperatures

RAFT polymerization of NIPAAm was carried
out in toluene at —20°C in the presence of iPrOH.
High-pressure mercury lamp was used as a light

source.  S-1-Dodecyl-S’-(a,0’-dimethyl-a”’-acetic

acid)trithiocarbonate (DDMAT) and
2 4 ,6-trimethylbenzoyldiphenylphosphine oxide
100 +
[ ]
80 - °
* 60 o o
ke
2
>
40 - o
[ ]
[
20
o
[
O T T T T 1
0 100 200 300 400 500
time / min

Figure 2. Relationship between the polymerization
the polymer yield for the RAFT
polymerization of NIPAAm initiated by TMDPO

with high-pressure mercury lamp irradiation.

time and
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Figure 3. Relationship between the yield and the
molecular weight (distribution) of the polymers
obtained by the RAFT polymerization of NIPAAm
initiated by TMDPO with high-pressure mercury
lamp irradiation.
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(TMDPO) were used as a chain transfer agent and
an initiator, respectively.***” The polymer yield
proportionally increased with the polymerization
time (Figure 2). Furthermore, roughly linear increase
in molecular weight with the polymer yield was

observed with narrow molecular weight distribution

(Figure 3). These results suggest that the
100 +
80 -
o\o 60 -
o
2
>
40 -
20 A ] ° ®
([
O ‘ T T T T 1
0 100 200 300 400 500
time / min

Figure 4. Relationship between the polymerization
the polymer yield for the RAFT
polymerization of NIPAAm initiated by TMDPO
with UV-LED irradiation.
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Figure 5. Relationship between the yield and the
molecular weight (distribution) of the polymers
obtained by the RAFT polymerization of NIPAAm
initiated by TMDPO with UV-LED irradiation.
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polymerization proceeded in a living/controlled
manner.

Then, UV-LED was used as a light source
instead of high-pressure mercury lamp. The polymer
yield reached plateau after 200 min of initiation
(Figure 4). Moreover, molecular weight and
molecular weight distribution of the polymers

100 -

80
o\o 60 .
i)
2
>

40 -

20 - [ ° ()

[ ]
O ‘ T T T T 1
0 100 200 300 400 500
time / min

Figure 6. Relationship between the polymerization
time and the polymer yield for the RAFT
polymerization of NIPAAm initiated by MAIB with
UV-LED irradiation.
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Figure 7. Relationship between the yield and the
molecular weight (distribution) of the polymers
obtained by the RAFT polymerization of NIPAAm
initiated by MAIB with UV-LED irradiation.

- 48 -

obtained were hardly controlled (Figure 5).

Thus, dimethyl 2,2°-azobisisobutyrate (MAIB)
was used as an initiator instead of TMDPO. The
polymer yield proportionally increased with the
polymerization time, although the yield was much
lower than when high-pressure mercury lamp was
used (Figure 6). Furthermore, linear increase in
molecular weight with the polymer yield was also
observed with narrow molecular weight distribution
(Figure 7), indicating that UV-LED can be used as a
better light source for the low-temperature
living/controlled radical photopolymerization of
NIPAAm as expected.

3. Conclusion
Radical photopolymerization of NIPAAm in
toluene at low temperatures was investigated in the
presence of chain transfer agent and alcohols.
Simultaneous control of tacticity and molecular
weight was successfully achieved with the use of
UV-LED as a light source.
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A Study on Functional Protein Tool Derived from Bacterial Products
for Clinical Engineering Application

by
Atsushi TABATA, Eriko SAKAKURA, Toshifumi TOMOYASU, Hideaki NAGAMUNE

A study on novel functional protein tool derived from bacterial products was carried out. This
tool is composed of two parts, a functional domain to exhibit regulated cytotoxicy and a targeting
domain to recognize the target cell, and these domains are connected with a chemical linker. A
Pseudomonas aeruginosa exotoxin A (ETA) deficient in its receptor-binding domain, named
ABD-ETA, was adopted as the functional domain. ABD-ETA was expressed in Escherichia coli
expression system and purified by Ni-NTA affinity chromatography. Purified ABD-ETA indicates no
cytotoxity to human lung carcinoma A549 at the concentrations showing severe cytotoxity of
wild-type ETA. A recombinant single chain Fv (ScFv) derived from anti-carcinoembryonic
antigen (CEA) antibody, named anti-CEA-ScFv, was selected as the targeting domain. In contrast
to ABD-ETA, anti-CEA-ScFv was difficult to express stably as functional targeting domain against
CEA. Thus, the construction of functional protein tool has not been completed at the moment.
However, further attempts to overcome the problem including the preparation of
alternative/improved functional protein tool are in progress.

Key words: Exotoxin A, Functional Protein Tool, Clinical Engineering Application,

ScFv, Bacterial Protein Toxin
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FHLCZ O ARG L C&7z ¥ Y, ZokRetk Sy
TR R E T DMy FE2 R ET D7D OERIED
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5T FRTHS lung tumor specific peptide (LTSP) | 4ae
U CHIE M DOIFLIE B REZ 7k 9~ CDC R AL T
BY, Fox NERLUTC EFEOBSRENE S TR L 7o RE 2 58
I D01 Thole, LOLRNG, ERRDS TG ANT T
U —TIXE DR R LRI OHI R H DD T, L
FAPEIZRITZDE VI ENAELD, ZHHOREORREL
T, OEMEELTROPLAMEREL ., B2 2o BRIz L
THIBS IR RS CE DI TARAT 528, OHRESS
22k CDC LASOD 53 - (LI AT 2 D Al e s P DA
SN OAFRIEN A R T R kDX R RHR) BT
228, D2 BEFTIHREL, DA LI IO ILAMD
TR e O ORESE A B S LT,

AT 0y = 7 NTIE, ETRERSI S LB R AT 12
53 1L UCL PR Gy O — ARG AT S SRS T A (ScRv) %R A
ERRAT LTz, EIBRERSE L Ci. kMR 1 (Pseudomonas
aeruginosa) 23 EAE T 54 FHR THD exotoxin A(ETA) &%
U, ETA IZx L CHEE T TEMFEE A OCZEO BRI
PEE B CE DI LT ARy T2 ERIL TIRETL 72,
LT, ERE e RE T 2 N Z U R IR L Tl &Y
LG L INTERE T D0 kR R D
ZEIZEo T, R OBEREME S T LIT R ARV YLD &V
HHSHENEDY T OMRMMERFI L2, ZOLH70 AT A THERLS
NDHHIEREIE S v RO BT T T (RER S & i
REFD) 2 RBUTIE L Gl E AL TR TELLEVI LT, FF
WCITHEE B SN CWDIRBOT —F — A RANEFIZEEL T
72—V DZENFFSND T Th D,

2. ik
2.1 HHUEREMES L OB DSy TR
ARG ZAT o T BT S RENE S L XV RIS 2%
T D7 ORI L TR X L AR OBREA R LT
BEREFB DM AL LR SIS (Fig. 1), 20955 BReiieL
T, A [ali% P. aeruginosa 23 EAE 95 ETAICIEH L7, ETA®D
TERB I 2 VB A R E THY . BRI R



BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA

VREA I E TR T TS elongation factor-2 % ADP-
VARV ML T B2 EICE s TH VAR ELE T 5, ETA
AR ORI ATAET D 02-~v/m s e T Y SRR
(A L ARRM L O =2 BRI R A b= Rk o
THIREICE A EN T2 1% & OBERIEEERE T HLEh
T5 8D, ETA DSy fAiEE 3 DDOR A (ZEEKFEAR A
A2 RIANFEATR AL | BEFRIGPER AL L) D OIERRS AL,
DHH ETA OBEFEIENE (ADP-UR T ALIEYE) ZHHI AR
BRRALTHHRALL N ThD, —ITRA la lTZR/IAE
FEATNLTHY, ZORA la 0 L CHIBIICRE G L CEA
ERAET D, fo T, ZORALY la ZRKSETRAS 1 &
(R AL OHEFETHS b 2ETe) TSNS T4
FEE UL, ETA OARROFERIGEHEDORIBITRFFLIEE
AR5 00 MBI 5 2 KR L AR S B 7= 28 ETA 045
THEENTHETHD Y,

— 7 ERERE L CIIHUR A RIR L7203, iRy 20 FEE
FEESEGA T, DT OERESOOICHER O

PSRRI M D ATREMES B 2 DTz, £ ZTA [N,

HBIDHUAD ScFv Z/ERIL CTHAWAZ L ELTZ, ScFv &I, #T
o F O EREIROESE (V) L (V) 2V I — & T

HAE LTI X 2 B THY, PLiE S 2 Ob D LT
LEor RIS FRRIHUR LA & DI Rr F B 70 452 i e A
DDIRNGG T THY, SHITHIZ X I BEENSZETRIG
HRBREAVWTESICRERMR TR THL VORI R %
AT AEORKEHTIE, BIRBISICR W TREEBOHMIZ
WHZ DDA IEE~ — I — O —FCTh D0 I PR
(CEA) ZHURELTRIRL . CEAIZK 35— AE wl 25 R b
R AERIL TREAEREL THE,

B NIRRT N E BRI S A7 R
BROMERENE S o B AERUC T Ol 2 HAE T 24303 %
%o RN VI — b &M EERICHWHZEEL, EDY
T —"CHAET DI DI B E AL 2 ML T2 08
D FERE LT, BRI VA — kB mEL TH T
STUAIRBEENTAREZE 500 F a2 WD, 2L T, vLAIR
SRS E TR T AN TRV A ST § 5V AT A
FREANARIRANATINU 7 HERE S THHETAZE RAK L NTA
KL= AT N L THRL—MERL THA T 56 0E
ATV R IEO MRS (His-tag) 4 C R i |2 il S 7=
HERTERDScFvEFHRIL 72 (Fig. 1),

Bacterial Products Functional Protein Tool
translocation ADP—ribos?lating
. 111 domain
domain N ‘ Functional
ExS g domai
Rl
Yo By Targeting
A receptor binding domain

domain

Fig. 1: Molecular model of Pseudomonas aeruginosa exotoxin A for an example of bacterial products
and its derivative, Functional Protein Tool, studied in this study.
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2.2 WT-ETA X0 ABD-ETA FHLADHEG LR L

F9°, P. aeruginosa PAOL H Rk LD YL ta ik DNA ZFR%L
729, R 7= YL ik DNA VR E IV CETA G T 02 K
fl%% PCR Z7u—=7 L, ZOBIGFaEMEL TS 7L
NI FRE KRS ETA(WT-ETA) BL U7 )1
NTFIPLZREFEAR A B RESET- ETA ZRiK
(ABD-ETA) D& FEBURAMEGL LT, 7235, BEREIEY — LD
TN B L 72 DY I —FE G E LT N Rl AT A
FRIEAG N UTRRGE L, BRI A AR 3D 2 L /B D%
BLRAMEHLT,

WT-ETA LN ABD-ETA DRI IEIZ OV TE, Zhbd
K RTERED N RIT His-tag #4322k, His-tag b4
VRPERERNE D BRI > T T o T, KRB DXL I8
IEEICEIRERIER . SDS-RV T ZUNT IR LB
Lo CTE DM Z AL 7=,

2. 3 ABD-ETA ORESEL TORHM

b MR AB549 J6 L UM M IE & ARAE AL NBIRGB

ZZ N 5x10%cells/well £7251512 96 SR FL—MIFEREL

37°C. 5% CO, f#1E T C 24 WRssa8 Uiz, Btk itz
FL. PR LD 59 1M 15 38 85 ¢ A IR L 7=
WT-ETA LT ABD-ETA %%, 37°C, 5% CO, f71E FC
48 WFfHIEE A L7z, 48 WEfIEE &4 O EAF R ORI, MmN
DIra YT OEALE TTIE A FRIEIC LRI R ThD
WST-1 (Dojindo) & F\ =l R CTf o7,

F72. WT-ETA 5L ABD-ETA O E MO RERE]
2201, AB49 1T L T 10ng/mL D T4 ETA ##a %
WEEHSE, BEME (B MY —F BHMEE 1X71,
OLYMPUS) % AW CTRBIZR L 7=,

2. 4 —RE{A S GHINMT A R BLR OMEER LREY

fiL CEA Hiiba e/ o553 Ml (T84.66A3.1A.1F2) 7t
HEITHE>THEEL . RNeasy Plus Mini Kit (QIAGEN) % FV\C
# RNA ZfliH L. High Capacity cDNA reverse Transcription
Kit (Applied Biosystems) Z M\ Cilifis B R 5 A1TV Y, cDNA
ZREILT, FREILT- cDNA 285511 C, ScFv E#% v hC
&% Mouse ScFv Module (Amersham) % T, & M B
BT HE VI CEA HLIARD ScFv G FAAFRILU7-, fEiL7-
WA 2, BEYZL 78D C RIMIC His-tag 2MFNE
MBI F SN FBIAY 74— IR AL TR IR AR
720 SERLLTHL CEA-SCFV FEELA 2 — Dl s T-Bls I & il

.54 -

% WX S TR BUR KGR A s, Bis
IRIE DR B AL,

BT CEA-ScFv DREHLE VRISV TIE, C RIT His-tag 2
F XY His-tag (b Y BERERUED EIEIZHE > TRRA T,
KB DX RO BITEEHE > CTRERER ., SDS-RIT
ZVIVT IR VERIKEN L > TZ OME 2T L7,

2.5 #i CEA-ScFv DEERIEREL TR

CEA BtEffnd L C CEA FEA: KIEHERE LoVo, 8L T CEA
ZRBIL TV ar ho—/Lffiflal LT NBIRGB % HV e,
96 ;N7 —hIZ LoVo 1% 2x10°%ells/well . NBIRGB (%
4x10%cells/well 725512 #EFEL | 37°C, 5% CO, {74 FC 2
HRIRSE LT, 558k, BitiabrE L QU iR A s R i
K (PBS) T 1 [EIVEHHRIEAATV ., 4% XTI/ LT VTR
FAWTHifao B @R AT -7, BE#%OME PBS Tk
H, 1% UV MET VT IV EE AR PBS WiREAWTT
RyX L T EAT T, DR FTERE LD I B REAIRL
7241 CEA-SCFV ¥k & SRS | LA I3 R ) I 7E (EIA)
HEO BB THURRIG B L OB ASIEEIT T2, 728
— PR L LTI B Histag 1K % F . horseradish
peroxidase (HRP) (22 3E (4 [ElIE ABTS 2 M) DRt
ERIET 2L IVRIEEIT T2,

3. AR LB

3.1 BEREMEX L OB DSy RE

Fig. 1 I[ZBW ORI R U B ks RErE 2 o B 1A
A2 OO ENL (BEATEL LA REET) (20 TVDA3, A lE]
ITENDERA TR ATH L RZE LT E T I, 2h
THHMICRBRSE TR ZAN T U—% Lol TOH
HELTIE, ETFATH AV HELCRBSE T HA1T. &
DRREDS T BAER ST BEAY B RO Z L GRS
NDHZ L2572 MEN DS TN BEAERZRENRAETT
BHZ OB PRBLL2 00, b LR B ThHRE
MU COFRBN KN EEL 72 DR E 2 DN ETH D,
WIZ, B§REES R0 B WS R SE D45 % O R Z5
RICHE 2 DDORAA 2 — GRS 5801, BIEICH
WL CTENGEMAAEDEDEND FEHTEY @O MR
IR T D, Fz, BT Schv A8 L7z 2212k,
YUK T2OLORE R T256 L LT, Mz 237
BORBEREL TSN TWSKIBEEHEREZHVTES
WD KEICHB CEA LWV b KRERF R THD, 2085
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2RI E LA EE L ETh ., A RO 1T
k& 72 AU M FE R 2 T2y R EFE IR o TND,

3. 2 ABD-ETA OFi#LLEkRE R L L CORFA

ETA 13X RO E A EZ R T HRS L SV ETHHN,
ZOFmBIEMIT ETA OR A la(ZHEREAER) 1% K
Thd 2-~v/nra7 Vo g ke G T 5T agl& el
AN ~DOZ BIRIKFIE T R A b= AL > CRtA
IND, - T, ETA OZBEREEGR A TS la ZRKS
FHILITES T, Mifs Tl E cilnic g EE 5123, =
VRV — AR ER U THRBENIZERYIA N R CHERE
PE(ETA OBEITZ 37 E G EIGE) 2 R4 T 2551
T HZENFRETHD Y, AN TV —IZHESNT,
SZREHEARATHD la RIS FRAICS O N
R His-tag 272 ETA S8k (ABD-ETA) D3E L%
EREGE LT, BN OB OFFEFEBAAT S T4 % | Fig.
2A \RT, FBERBLTF L RXTENBINOZ L IE
THDHNIHOUWT, BT His-tag HLisz AL /7 ey bR
WL ANURDRT P (R 42 kDa) 2 ZEI B LTz, &

DFBE LR EE  Ni-NTA A7 5% A= #fttra~ s
F7 TR 72 (Fig. 2C), 4 EIHEEEL7- ABD-ETA FHLE T
1 1L B O RGO HRER) 3.5mg O AR /37
BERHT LN TE,

et T, ABD-ETA OflfabEETE L WT-ETA LEbiL7c
FE L. A549 |25 % ABD-ETA & WT-ETA O 50%EX 538 E
(LDsp) 11349 5000 fi5h D703 ST (Fig. 3A), — 7.
NB1RGB (ZF\W\THFIEEIZ, ABD-ETA & WT-ETA @ LDy,
% LR D MR EPEIEAY 5000 {50 DN HERRSIL,
7T ABD-ETA [T WT-ETA &L T, Z A MK
Hag FBREE M DO ML FE A IS TOD LA T
e,

ABD-ETAD M B2 515 M OIS LIZ DWWl B SR E
WO BB L > THRERLT-, WT-ETATHIN
[N RS D IR EE (10ng/mL) O ABD-ETA% A5491Z1E
SRR 3 A MIRF# % CTHASA9IT k3 DMl fa 4 1 %
RS ILT, NEFR A& R Lz (Fig. 4D), - C, %
BIRFEAR AL lak RASEDHZEIZL > CETAO M fa 1%
DRI ARSI 2 E DR TE T,

(A) (B) ©
(kDa) CBB IB (kDa) CBB 1B ABD WT
— 97.2 = (kDa)
45.0 —| “ 66.4 — < 972 =
66.4 ~ - < 65 kDa
o | =
29.0 L - 450 — | 450 — ===
' YT | <0 42kDa
29.0 — -
(¥
[«
AN
I Z" 0
=" 201 —
ABD-ETA CBBstain

Fig. 2: Expression and purification of the recombinant proteins derived from Pseudomonas aeruginosa
exotoxin A. The receptor-binding domain deficient mutant ABD-ETA as the functional domain of
Functional Protein Tool (A) and wild-type WT-ETA (B) were expressed in bacterial expression
system, and detected by CBB staining and immunoblotting using anti-His-tag antibody. These
recombinants were purified by Ni-NTA affinity chromatography (C).
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Fig. 3: Cytotoxic effects of wild-type exotoxin A (WT-ETA) and its receptor-binding domain
deficient mutant ABD-ETA on a human lung carcinoma cell line A549 (A) and a normal human
skin fibroblast cell line NBIRGB (B). Remarkable decrease in cytotoxicity was observed in the
treatment with ABD-ETA compared to with WT-ETA.

Fig. 4: Morphological observation of the cytotoxic effect of wild-type exotoxin A (WT-ETA) and
its receptor-binding domain deficient mutant (ABD-ETA) on a human lung carcinoma cell line
A549. WT-ETA (A, B) and ABD-ETA (C, D) were reacted with A549 at the concentration of 10
ng/ml, then the morphological change was observed after 2 days (A, C) and 3 days (B, D)
cultivation. White arrowheads indicate the dead cells by the action of WT-ETA. Bars: 50 um
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3.3 it CEA-ScFv DFiBLLEEAE L L CTORFAf

PURS L IR LR R B o OB 2 > TR
W AE G TCEAPURD TIE, Box BRO T BHEREME S 3y

B OEEREL TIN5 T THAM, 43T BIEBH D
BRI EITINZ, B B2 T F R CHEEE BT L2 5720
SO A2 K B CRERE RIS R BT D113 B e H L
M5, ARl BN A 2013B AN HD, 2T, ks

DOPUFGRIHA R MR Lo 5T RISy T Ro&
PO EUTRIGE R BLRZ F\O TSRS AT ScFv (27
HL7z, $t CEA &/7n—F k%552 17 VR —~<

WHIRS R —RL WD & /e —=v 7L,
Z DT EFVWTH CEA-SCFV R~ & —AARHLT-,
ORI Z =TI E R LT KIGE A2 AV T HZ 3
7B DR BIMEREAT 51225 B I A XTI S R D3l
PEN, AL Ty hOFERYY H IS 7 E ) His-tag 274
LCWAZED RSN (Fig. 5) .

FENT, His-tag 1Cxf 3 28iftErn~hr o7 0—I12dh, R
B2 B ORE AR T, FTIFEM R TORRA RS
oA, TORERE R REIDTL FUED 4 TR
Mofe, ZZT, WITH BRI THD Urea 2 V48
PER TORERUC OV TR LR, SEDIFEMERIVD K
BUGRE 1T B L7228, B S ORI IV R L
LTCEBIZEDIEN RSN, L EXED  RELTH
CEA-SCFV {Z oW OB R EETH T,

LU, HUSRUE L ChoCTh, ZOHICHNET 54
YRVBEPEIET I, TOMREFEII TRE THLEB XD
N5 B 7350 CEA-ScRv FLKE 545 1 o0 RS EA
CEA FEBLHIfukED Lovo &, ZDfztk=a fr—/L LT CEA
ZFEBLL TV NGIRGB & W THRETL 72, ZDfER . #i
RO CEA-ScFv HLRE L3 1] D 2 FE AR 77912 LoVo (2 kT3
DA G MEDHER S NIZ28, NBLIRGB (2R W THA HER
FUOSHEZ R HRE R L7220 AL 7=5T CEA-ScFv (IHLik
Gy OReEE U CHE B ROG R R 0 IO T 21
T&ERD T2 (Fig. 6), 16T, HPIFHEL TV BRe Y —
JATOWT, FERERICHT CEA-ScFv WA ZLIXREETH
HTENFEIMS T, LA b ARBFSE TILEHE L7 RE S O 7
UL LTS, RS T B LT s R A R 3228
WCET | YYIFHE L QO HTHBSRENE 5 T OREEICECTE
DIRM T, Ll ZOMEE IR L TR AR % 2R i HIT D
T RIS OO O AT T R A O T BT REME 2 L X
B ORI BT DR FEAAkREL TV D,
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Fig. 5: Expression of the recombinant anti-CEA
ScFv as the targeting domain of Functional Protein
Tool. Anti-CEA-ScFv was expressed in bacterial
expression system and detected by CBB staining and
by immunoblotting using anti-His-tag antibody.

1.0
1S
£ 08f
—
<
T 06F
8
c
S 04F
S
2
< 02F

0 ' !

10t 102 103
Dilution (fold)

Fig. 6: Evaluation of specificity of the recombinant
anti-CEA-ScFv in cell targeting. Anti-CEA-ScFv
preparation was reacted with a CEA-expressed cell
line LoVo (closed circle) and a normal human skin
fibroblast cell line NB1RGB (opened circle), then
its binding to each cell line was estimated by EIA.
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4. §5

AFFEIL, Fex 1o THLERI G CThHOMA M R RO HEFR
BRI EHETRELTZHOTHY , EOHE I E BRI
HI 2ZllZi o CoNETRIBT SN TEIA IR hE R 7
L, TOMREE D EHINL 22 B SFRBERRE > T-& LT
D#RF L IE O E B LT Th D, FrloAR
TuY =TI, ERNORL CEI S FREIAN TV —
AELICRBSE, LR AMEICRE T - REE S F Ok
Gt HHR U7z, KRBT Y WIGHE L T REME 2 )
HAERRSEDZ LT TERD TN, A EORFTELN-
KR e WA Ain L, Fiicia iy TAE LT BEL I e
HEBEL TUND, ARFZE CTHRE LI BT BB RENE 20 XU D4y
T RFHANTT V=TI OB T OREEEN FIA R
LOT, ZOISHSBELTL, FIREIZB T AR Ty 7 7T UN
V=3 A7 MIBE L 2T — T — AR ER SRR b,
ABIFFE R RO i FA R BICIX F 72 23RN LR L T 78,
BEIZEOF RS RHSN TETEY, FFRAICITE T8
BTV 2 VA ERRERL TOZER B LIV,

5. HEE
ARBFFEIL, SR04 R B KRB VAT 7 ) A=
Y AMFGEERII R T Ry = I M LA GE R R D — e LT
HOTT, AFROB A B0 EUT-BIRE KA, TR EH
BUET, o, AT HTRESEL I ERIC, ERTE
HEALHL B ET,
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Design of a Bioreductively-Activated Fluorescent pH Probe for Tumor

Hypoxia Imaging

by

Eiji Nakata'*, Yoshihiro Yukimachi’, Chiaki Abe, Yoshihiro Uto', Hitoshi Hori '

Abstract

We have designed and evaluated UTX-12 as a novel fluorescent pH probe for tumor hypoxia

imaging. UTX-12 consists of a p-nitro benzyl moiety, which is a latent hypoxia-selective leaving

group activated by nitro reduction, directly linked to SNARF. Although UTX-12 itself is colorless and

non-fluorescent in aqueous solution, nitro reduction triggers the release of SNARF which has

well-characterized long wavelength absorption and fluorescence that is sensitive to pH. The

resultant SNAREF, released intracellularly by enzymatic reduction of UTX-12, allows measurement of

pH by pH-dependent dual emission shifts.

behavior between hypoxic and aerobic conditions in liver microsomes and inside V79 cells.

UTX-12 showed clear differences in fluorescence

These

data are confirmation that UTX-12 is biologically reduced inside tumor cells and the released SNARF

should monitor intracellular pH of tumor cells selectively with reduced background signal.

Keywords: Fluorescent pH probe, Tumor hypoxia, Fluorescent imaging, Bioreductive activation, Nitro reduction

1. Introduction

Robust tumor growth requires the presence of
a local vascular network that supplies both oxygen
and nutrients to tumor cells. However, a highly
proliferative mass of tumor cells develops faster than
the vasculature, and new tumor cells are formed with
an avascular environment deficient in oxygen, a

condition known as tumor hypoxia. Tumor hypoxia

! Division of Bioinformatics Engineering, Department of Life
System, Institute of Technology and Science, Graduate
School of the University of Tokushima

% Graduate School of Advanced Technology and Science, The
University of Tokushima

* The University of Tokushima, 2-1 Minamijosanjima,
Tokushima, 770-8506, Japan

- 59 -

is characterized by low oxygen tension, low nutrient
level, low pH and an over-expression of angiogenic
factors. This is a fundamentally important character
of the tumor environment because it has been
associated closely with the malignant phenotype of
cancer disease, resistance to cancer therapies, and the
high mortality rate of cancer patients.' For these
reasons the specific characteristics of tumor hypoxia
are attractive targets in the development of anticancer
drugs.” In addition, there has been an increasing
clinical interest in hypoxia-specific molecular probes

which can characterize the hypoxic cells fraction

before, during and after therapy.’
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Figure 1. Presumed reaction schemes of UTX-12 as the fluorescent pH probe activated under hypoxia.

To  measure tumor  oxygenation in
experimental or clinical tumors, different analytical
probes have been used in various methods.* Among
these, fluorescent detection has several advantages
including high resolution, high sensitivity and
noninvasiveness.” Included in this approach are a
few examples of a strategy to identify hypoxic cells
by using fluorescent probes which become more
fluorescent after biological reduction resulting from
tumor hypoxia.””  Although these are promising
candidates as tumor hypoxia-selective fluorescent
probes, there are two drawbacks. The first is that
the maximal absorption wavelength of most of the
fluorescent probes used in this approach is less than
500 nm, a complication for bio-imaging because
there are many biomolecules that absorb at such a
short wavelength. In general, fluorophores with
long absorption and fluorescence wavelengths are
more suitable as fluorescent probes for in vivo usage.
The second drawback is that all of these fluorescent
probes were activated irreversibly under hypoxic
conditions, a factor that could possibly complicate
the monitoring of any time-dependent change during
therapy. The fluorescent probe which has a reversible
functionality would be more-useful because it would

have the potential to monitor the therapeutic effect in

- 60 -

real time.® These considerations prompted us to
investigate the design of a fluorescent pH probe
which would be selectively and irreversibly activated
under tumor hypoxia and subsequently able to
monitor the pH in its local environment reversibly,
an important determination since pH measurements
in tumors have significant diagnostic value.’ Thus,
tumor cells have a very high capacity to produce
lactic acid, which is generated through glucose
metabolism and inefficient vascular clearing,
resulting in an acidic microenvironment in solid
tumors.' Therefore, the monitoring of tumor pH
plays a significant role in cancer treatment.'’ Here,
we describe the design and synthesis of new
fluorescent pH probes to detect tumor hypoxia
selectively and to monitor the pH of the tumor in a

reversible manner.

2. Results and Discussion

2.1 Molecular Design

UTX-12 was designed as the hypoxia-selective
fluorescent pH probe. This molecule is comprised of
a p-nitrobenzyl moiety directly linked to SNARF
(seminaphthorhodafluors) through an ether linkage
(Figure 1). SNARF belongs to the group of
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Figure 2. Absorption (black) and emission (red) spectra of
SNAREF derivatives at pH7.0 used in this study. (solid
line:SNARF, dashed line:UTX-12)

Table 1. Spectroscopic properties of SNARF and UTX-12.

Compounds

I (ex109)a
(mm)(M1lem?) (am)» P(x102) ex ¢ (rel)
SNARF® 515 (17.7)
583 3.0 100%
544 (21.6)
UTX-12 520 (2.07)
-d -d <0.5%
545 (1.82)

aMeasured in pH5.0 10mM Acetate buffer. "Excited at 534nm.

cref. 11. 4 Precise values cannot be determined because of low
fluorescence.

asymmetric xanthene derivatives which are well
known as long-wavelength fluorophores. It is, in
particular, an example of a pH indicator that shows a
dual-emission change (typically 583 nm and 627 nm)
in the neutral pH region (pKa=7.5). It is therefore
useful for measuring pH changes around the
physiological pH range (pH 6.5-8.5)."" 1In our
strategy, the phenolic substituent of SNARF, which is
the critical substituent responsible for the unique
fluorescent properties, was masked by the nitro
benzyl moiety. This moiety is often used as the
leaving group activated by biological reduction in
hypoxia-selective prodrug strategies.” As depicted in
Figure 1, the nitro benzyl moiety is reduced via a
series of one-electron reduction processes to form the
hydroxylamino (4e’) and amino (6¢) intermediates

that lead to the release of SNARF. However the
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radical anion product of the first electron reduction
step is re-oxidized efficiently to UTX-12 in the
presence of oxygen, making further reduction
dependent on hypoxic conditions. This selective
reduction of the nitro benzyl moiety under hypoxia is
the key to giving UTX-12 the potential of being a

hypoxia-selective fluorescent pH probe (Figure 1).

2.2 Spectral Analysis

We first compared the absorption and the
fluorescence spectrum of UTX-12 with that of the
reference compound SNARF (Figure 2). SNARF

produced maximal absorption and  strong
fluorescence at 544 nm and 583 nm (A=534 nm),
respectively.  In contrast, UTX-12 displayed no
significant absorption above 400 nm and no
fluorescence excitation at 534 nm. The
corresponding values of Apax, extinction coefficient
at Amax (€), Aem, and quantum yield (¢) at pH 5.0 are
listed in Table 1. The relative intensities of these
compounds were determined by calculating the
product of extinction coefficient and quantum yield
and then normalizing these values to those of
SNARF. These values also are given in Table 1."
As compared to SNARF, UTX-12 had less than 0.5%
of the intensity of SNARF. It is well known that
SNARF exists as an equilibrium mixture of the
quinoid form that absorbs visible light and is
fluoresce and the lactone form that is colorless and
non-fluorescent.!'  The absorption and fluorescent
spectral data indicate that UTX-12 exist mainly as
the lactone form in aqueous solution and that the
fluorescence of UTX-12 is also quenched by the

nitro group, a well known quencher of fluorophores.
5-7
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2.3. Nitro Reduction of UTX-12 Catalyzed by
Nitroreductase

To test the selective deprotection of UTX-12
via nitro reduction, enzymatic reduction of the
p-nitrobenzyl moiety was carried out using
nitroreductase from Escherichia coli (NTR), an
example of an oxygen-insensitive nitroreductase.'
When the absorption spectrum and fluorescent
spectrum of UTX-12 were measured in the NTR, a
time dependent absorption and fluorescence increase
originating from SNARF was observed [Figure 3 a)
and b)]. The conversion yield (95%) from UTX-12 to
SNARF and the maximal fluorescence change (40
times) after 6 h treatment were determined by the
absorption spectrum and fluorescence spectrum,
respectively. In contrast, no SNARF fluorescent
increase was observed in the absence of NTR [Figure
3 ¢)].

All of these results indicate that the reduction

of the nitro substituent of the p-nitro benzyl moiety

a) 03 - 015 b)
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Figure 3. ab) Real time spectral change of
NTR-catalyzed nitro reduction. a) Absorption spectral
change. b) Fluorescence spectral change. ¢) Time
profile of the relative emission intensity. (black circle:
UTX-12 with NTR, asterisk with circle: UTX-12
without NTR) d) The fluorescence spectra of UTX-12
in the presence (black) or absence (red) of NTR in pH
5.0 (dot line), pH 7.0 (solid line) and pH 9.0 (dashed
line), respectively. Inset: Photograph of the
ratiometric fluorescent response in different pH
conditions with or without NTR.

300
Wavelength (nm)
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triggered the release SNARF from UTX-12. To
demonstrate the property of pH response of UTX-12
after biological reduction of the nitro substituent, the
UTX-12 solution prepared with or without NTR in
different pH conditions (pH 5.0, pH 7.0, pH 9.0)
were observed by using a transilluminator and the
fluorescent spectrometer. The dependence of
fluorescent enhancement by nitro reduction and
fluorescent color change on the pH was confirmed
[Figure 3 d)]. Based on these data, UTX-12 was
demonstrated to function as a fluorescent pH probe

mediated by nitro reduction.

2.4. Biological Reduction of UTX-12 under
Different Oxygen Concentrations

To further evaluate the potential of the
UTX-12 as a hypoxia-selective pH probe, we used
fluorescence to monitor its biological reduction in
different oxygen concentrations. Preparations of
liver microsomes of chick embryo were used as a
metabolic enzyme cocktail. This includes
cytochrome P450 reductase, an electron-donating
protein that catalyzes the one-electron reduction of
nitro derivatives to nitro anion radicals.”” UTX-12
was incubated with the microsomes in different
oxygen concentrations, including hypoxic (without
oxygen), aerobic (20% v/v) and oxic conditions
(95% v/v), respectively. The time course of
fluorescent spectral change under hypoxic conditions
is shown in Figure 4a). Intense fluorescence emission
originating from SNARF and its time dependent
increase (6-fold after 20 h incubation) were observed
[inset of Figure 4a)]. In contrast, under both aerobic
and oxic conditions after 20 h incubation, the extent

of enhanced fluorescence intensity diminished

significantly as a result of the competitive
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Figure 4. a) The spectral change of the UTX-12
incubated with liver microsomes of chick embryo
under hypoxic condition at different incubation times
(0, 2.5, 5, 10 and 20 h). Inset: Time profile of the
relative emission intensity (lem= 627 nm) caused by
incubation under hypoxic  conditions. b)
Fluorescence spectra of UTX-12 resulting from
incubation under different oxygen concentration.
(solid line: UTX-12 was incubated with liver
microsomes for 20 h under hypoxic (red), aerobic
(green) and oxic (blue) conditions, dashed line (black):
UTX-12 was incubated with liver microsomes for 0 h,
dotted line (black):UTX-12 in 0.1 M phosphate buffer
(pH 7.4) without liver microsomes. Inset: The
relative emission intensity of UTX-12 (Aem= 627 nm)
incubated in the different oxygen concentration.
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scavenging by molecular oxygen [Figure 4b) and
inset]. The hypoxic-aerobic or oxic fluorescence
differential became almost 5-6-fold after 20 h
incubation. All of these results demonstrated that
UTX-12 was reduced and SNARF was produced

under hypoxic conditions, selectively.

2.5. Fluorescent Imaging of Hypoxic Cell by Using
UTX-12

To further assess the potential applications of
UTX-12, fluorescent imaging inside the hypoxic cell
using UTX-12 was examined. V79 cells (Chinese
hamster lung) were incubated with UTX-12 under
hypoxic or aerobic conditions, respectively. After
exchanging medium, confocal laser scan microscopy
(CLSM) was performed. As shown Figure 5b),
strong fluorescence in the cytosol of V79 cells which
were incubated under hypoxic conditions was
observed. In contrast, negligible fluorescence was
observed in the cells treated under aerobic conditions

(Figure 5d). Figure 5e) shows the time-course of
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fluorescence intensity of UTX-12 incubated under

different  conditions. The hypoxic-aerobic

fluorescent differential increased 4-fold after

incubation for 6 h. These results indicate that
UTX-12 responds to the oxygen concentration and
that UTX-12 has a potential to use as a fluorescent

pH probe in cell.

3. Conclusion

We have demonstrated that UTX-12 can be
selectively activated by reductive enzymes under the
conditions of tumor hypoxia. This activation in
turn triggers to release SNARF inside tumor cells
where it should monitor the pH; selectively with
reduced background signal.  Although SNARF
derivatives have previously been used to monitor
intra- or extracellular compartments for different
purposes, we note that UTX-12 is the first example
of selective translocation of SNARF as a fluorescent
pH probe into tumor cells. On these points, we
believe that UTX-12 should be a promising
candidate for further evaluation as a fluorescent pH
probe for tumor hypoxia in vivo. In addition to

monitoring the oxygen environment, potential
applications include following the effects of drug

treatment through pH; measurement.

4. Experimental
4.1. Spectroscopic assessment
4.1.1. Measurement of extinction coefficients

The extinction coefficient (&) of UTX-12 was
calculated according to the Lambert-Beer law.
Absorption spectra of the samples were measured in

pH 5.0 10 mM acetate, HEPES and Tris buffer.
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Figure 5. a-d) Fluorescence microphotograph of V79 cells incubated with UTX-12 for 6 h under a,b) hypoxic
conditions (incubated in 95% N2 and 5% CO2) or c,d) aerobic conditions (incubated under atmosphere gas). a,c)

Transmission channel. b,d) fluorescence channel. The scale bar (50 pm) are shown in the photograph.

e) The time

courses of accumulation of fluorescent intensity in V79 cells incubated with UTX-12 under hypoxic (e) or aerobic

(o) conditions.

4.1.2. Fluorescence spectrophotometry
Fluorescence spectra of UTX-12 and SNARF
were measured with excitation at 534 nm in pH 5.0
or pH 7.0 10 mM acetate, HEPES and Tris buffer at
20 £ 1 °C. The slit widths of the excitation and

emission were set to 10 nm and 10 nm, respectively.

4.1.3. Measurement of fluorescence quantum yield
The fluorescence quantum yield (®) was determined
by integration of corrected emission spectra,
compared to a SNARF standard with a known value
of 0.03 of the same optical density at 534 nm.*
Under these conditions, quantum yields were
calculated using eq 1.

(Dsample :(Dstandard (.[ Fem, sample / .[ Fem, standard) (1)

4.2. Biological analysis

4.2.1. Bioreductive activation of nitroaromatic
residue by nitroreductase

Nitroreductase from Escherichia coli (NTR)
purchased from SIGMA co. Itd. The
preincubated solution of UTX-12 (5.0 uM) and
NADPH (500 pM) in the assay buffer (50 mM

was
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Tris-HCI buffer (pH 7.0)) at 20 = 1 °C was mixed
with NTR (final concentration: 0 or 2.0 U/ml). The
fluorescence spectrum (excitation wavelength: A =
534 nm) and UV-vis spectrum then was monitored
from 0 to 300 min. The conversion yield from
UTX-12 to SNARF was calculated by UV-vis
spectrum (&s34nm = 25 750 M'em™! )

The reaction solution of UTX-12 (50 puM) and
NADPH (2 mM), which was incubated with or
without NTR (2.0 U/ml) for 22 h under darkness,
was adjusted pH 5.0, pH 7.0 and pH 9.0 was
observed by using UV transilluminator (Vilber
Lourmat TFX-20.M, A¢x = 312 nm) and fluorescence

spectrometer.

4.2.2. Bioreductive activation of UTX-12 by
microsomes of chick embryo under different
oxygen concentration

The liver microsomes were prepared according
to the method reported previously with a slight
modification.” Chick embryo liver microsomes were

prepared from a pooled set of fourteen liver samples
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(4.899 g). After homogenization of the liver
samples in 3 volume of 50 mM phosphate 0.25 M
sucrose pH 7.4, microsomes (0.777 g wet weight)
were isolated by centrifugation at 10 000 g and 105
000 g, and resuspended in 6.0 ml of 0.1 M phosphate
buffer pH 7.4. The samples were prepared with
(64.8 mg/ml), UTX-12 (50 pM),
NADPH (2 mM) and MgCl, (3 mM) in 0.1 M

phosphate buffer pH 7.4.

microsomes

To establish hypoxic
conditions, the suspension was degassed with three
freeze-pump-thaw cycles under nitrogen gas (without
oxygen). To generate oxic conditions, the suspension
was vigorously bubbled for 20 seconds with a gas
mixture containing 95% oxygen and 5% carbon
dioxide. For control, similar compositions as in the
foregoing samples were prepared without UTX-12 or
microsomes, respectively. All these samples were
incubated at 37 °C. After the appropriate incubation
time (hypoxic conditions: 0, 2.5, 5, 10, 20 h, the
others: 20 h), these samples were centrifuged at 105
000 g and the fluorescent spectra of the supernatants

were measured.

4.2.3. Bioimaging of V79 cells incubated under
different oxygen conditions by using UTX-12

V79 cells were cultured in Eagle minimum
essential medium without phenol red containing
12.5 % (v/v) fetal bovine serum and kanamycin (60
mg/l) at 37 °C in 5% CO,. Cells (5 x 10* cells) in
late log phase were seeded in a 35-mm glass base
dish. After growth in a CO; incubator for 12 h, the
culture medium was exchanged to drug containing
medium (UTX-12 50 uM). The cells were then
placed in a hypoxic chamber flushed with 5% CO,
and 95% N, at 25°C for 2, 4, 6 h at flow rates of

1.5-2.0 NL/min for hypoxic conditions. For the
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aerobic conditions they were placed at 25 °C under
atmosphere gas. After treatment, the culture medium
was exchanged to fresh medium and observed by
confocal laser scanning microscopy (CLSM, Nikon
Clsi-Ready). Fluorescence at the emission
wavelength of 605 nm was measured at room
temperature by exciting SNARF at 544 nm. The
fluorescence intensities of the CLSM images were
obtained by the averaged value of at least ten
independent points of the photos. The scanning speed
and the laser intensity were adjusted to avoid

photobleaching.
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On Downsizing Antenna of Radio Sensing System
for Diagnosing Insulation of Electric Power Equipment
by
Masatake KAWADA

Partial discharge (PD) is a symptom of insulation degradation of electric power apparatus and
facilities. We have developed remote sensing system to receive the electromagnetic (EM) waves
emitted from PD. In this project, we investigated the EM waves at the antenna of remote sensing
system using the finite difference time domain (FDTD) method and the resonant frequency
components of EM waves in a shielded metal room using a spectrum analyzer. These results are

useful for downsizing the antennas.

Keywords : Partial Discharge, Electric Power Apparatus and Facilities, Electromagnetic Waves, Radio

Sensing, Computational Electromagnetics.
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Table 1. Simulation parameters

Conductivity 1.0x10°S/m
Antenna
Relative permittivity 2.3
Bar to support Conductivity 0.0S/m
antennas Relative permittivity 4.4
Conductivity 0.001S/m
Ground
Relative permittivity 10
40
20
£
S o | MVMVAUAUHUAUA AR
20
% 8 16 24 32 40
~ Time(ns)
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Fig. 2. Received Electric Filed Strength of Antenna at

position A.
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Integration, Vol.2, No.4, The Society of Instrument and Control Engineers, 2009 4F 7 H, pp.199-205.

Liping Mi, Xiangyang Liu, Fuji Ren, Hideo Araki ; Characteristics of Event-related Potentials in Recognition Processes
of Japanese Kanji and Sentences for Chinese Bilinguals, Journal of PHYSIOLOGICAL ANTHROPOLOGY, Vol.28, No.4,
Japan Society of Physiological Anthropology, 2009 4 8 H, pp.191-197.

Caixia Yuan, Fuji Ren, Xiaojie Wang, Yixin Zhong ; Function Labeling for Unparsed Chinese Text, IEEJ Transactions

on Electronics, Infomation and Systems, Vol.129, No.8, The Institute of Electrical Engineers of Japan, 2009 4 8 H,
pp-1593-1600.

Yonenaga K., Atsushi Takada ; Requirements and Enabling Technologies for Optical Cross-Connect Node Based on
Wavebands, Pacific Rim Conference on Lasers and Eectro-Optics, No.WH3-1, Shanghai, 2009 4£ 8 H.

Shigeaki Nagamachi ; Review of ‘The ultrahyperfunctional approach to non-commutative quantum field theory.” {Franco,
Daniel H. T.; Lourenco, Jose A., J. Phys. A 41 (2008), no. 9, 095402, 21 pp. }, Mathematical Reviews, Vol. MR2453745, 2009
4 8 A, p.2009h:81176.

Tadahiro Oyama, Hillary Kipsang Choge, Stephen Githinji Karungaru, Satoru Tsuge, Minoru Fukumi ; Identification of Wrist
EMG Signals using Dry Type Electrodes, Proc. of ICCAS-SICE, Fukuoka (Japan), 2009 4 8 H, pp.4433-4436.
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Hillary Kipsang Choge, Tadahiro Oyama, Stephen Githinji Karungaru, Satoru Tsuge, Minoru Fukumi ; A Circle-Based
Region-Of-Interest Segmentation Method for Palmprint Recognition, Proc. of ICCAS-SICE, Fukuoka (Japan), 2009 4 8 H,
pp-4993-4997.

Stephen Githinji Karungaru, Sugizaki Masakazu, Minoru Fukumi ; Biped Robot Walking Control using Image Processing,
Proc. of ICCAS-SICE, Fukuoka (Japan), 2009 4 8 H, pp.4020-4024.

LT R VR O MAIREIEIEE R v Y — 2 Il B S WA MRS S — v, A ARG DREE R, & X T /)
15, Vol.53, No.8, > 2 7 A il -2, 2009 4 8 H, pp.308-315.

Shin-ichiro Yanagiya, Jouta Morimoto, Amr S. Helmy, Nobuo Goto ; Nonlinear optical and ellipsometric studies of
manganese-phthalocyanine thin films, Technical Program of SPIE Optics+Photonics, San Diego, 2009 4F- 8 H, p.109.
Changqin Quan, Fuji Ren ; Construction of a Blog Emotion Corpus for Chinese Emotional Expression Analysis, Proceedings
of the 2009 Conference on Empirical Methods in Natural Language Processing, Association for Computational Linguistics,
Singapore, 2009 4 8 H, pp.1446-1454.

Caixia Yuan, Fuji Ren ; Accurate Learning for Chinese Function Tags from Minimal Features, Proceedings of the
ACL-IJCNLP 2009 Student Research Workshop, Association for Computational Linguistics, Singapore, 2009 4£ 8 H,
pp.54-62.

Hiroki Wada, Hidetoshi Oya, Kojiro Hagino, Yasumitsu Ebinuma ; Trajectory-Based Design of Robust Stabilizing Controllers
for Polytopic Uncertain Systems, Proc. of ICROS-SICE International Joint Conference 2009, The Society of Instrument and
Control Engineers, Fukuoka, 2009 4 8 H, pp.571-576.

Hidetoshi Oya, Kojiro Hagino ; Variable Gain Robust Output Feedback Controllers for a Class of Polytopic Uncertain
Systems, Proc. of ICROS-SICE International Joint Conference 2009, The Society of Instrument and Control Engineers,
Fukuoka, 2009 4 8 H, pp.577-582.

Yasue Mitsukura, Hironobu Fukai, Minoru Fukumi ; Driver Dozing Detection System Using the Near-Infrared Camera
Images, Proc. of ICCAS-SICE, Fukuoka (Japan), 2009 4F 8 H, pp.4998-5001.

Shin-ichiro Yanagiya, Jouta Morimoto, Nobuo Goto, Amr S. Helmy ; Nonlinear optical and ellipsometric studies of
manganese-phthalocyanine thin films, Proceedings of SPIE, Vol.7413, San Diego, 2009 4 8 H, pp.741300-1-741300-8.
Kenji Ikeda, Yoshio Mogami, Takao Shimomura ; Bias-Compensated Least Squares Method in Closed Loop Environment,
Estimation under colored noise, Proceedings of ICCAS-SICE 2009, The Society of Instrument and Control Engineers,
Fukuoka, 2009 4E 8 H, pp.4923-4926.

Hidetoshi Oya, Kojiro Hagino ; Synthesis of Variable Gain Controllers for a Class of Uncertain Nonlinear Systems via
Piecewise Lyapunov Functions, Proc. of the European Control Conf. 2009, The European Union Control Association (EUCA),
Budapest, 2009 4 8 H, pp.1118-1123.

Hitoshi Aburatani, Suguru Yamane, Takeo Imoto, Masayuki Yamauchi, Yoshifumi Nishio ; Propagation Mechanism of
Phase-Inversion Wave in 2D Lattice Oscillators and their Application to Prediction of Time-Series Data, Proceedings of
European Conference on Circuit Theory and Design (ECCTD’09), Antalya, Turkey, 2009 4£ 8 H, pp.671-674.

Takao Shimomura, Kenji Ikeda, Muneo Takahashi ; Synchronization of Multi-window requests for Server-side Regression
Test of Web Applications, Proceedings of the 9th International Conference on Quality Software (QSIC2009), Software
Engineering Society, KIISE, Jeju, Korea, 2009 4 8 H, pp.1-6.

Yoshiyuki Kobayashi, Natsuki Hashimoto, Shota Wakita, Hirotsugu Yamamoto, Shiro Suyama ; Depth perception in
depth-fused 3-D (DFD) display when both eyes have different visual acuity, Perception, Vol.38, No.Supplement, Regensburg,
2009 4 8 H, pp.29-30.

Stephen Githinji Karungaru, Minoru Fukumi, Norio Akamatsu, Akashi Takuya ; Detection and Recognition of Vehicle
License Plate Using Template Matching, Genetic Algorithms and Neural Networks, International Journal of Computational
Intelligence and Applications, Vol.5, No.7, World Scientific Publishing, 2009 4F 9 H, pp.1975-1985.

Oyama Tadahiro, Stephen Githinji Karungaru, Satoru Tsuge, Yasue Mitsukura, Minoru Fukumi ; Fast Approximate
Incremental Learning Algorithm based on of Simple-FLDA, Journal of Signal Processing, The Research Institute of Signal
Processing Japan, 2009 4£ 9 H.

Jia Ma, Motoyuki Suzuki, Fuji Ren ; Detect the Possible Spokesperson with an Omni-directional Camera, in a Robot-human
Communication System, Proc. IEEE International Conference on Natural Language Processing and Knowledge Enginerring,
Dalian, 2009 4£ 9 H, pp.159-163.

Atsushi Sasaki, Masashi Adachi, Motoyuki Suzuki, Fuji Ren ; Influence on Emotional Impression of Voice by Changing
Prosodic Features, Proc. IEEE International Conference on Natural Language Processing and Knowledge Enginerring, Dalian,
2009 4F 9 H, pp.445-451.

Motoyuki Suzuki, Daisuke Honma, Akinori Ito, Shozo Makino ; Detailed description of triphone model using SSS-free
algorithm, Proc INTERSPEECH, Brighton, 2009 H£9 H, pp-1399-1402.

Masami Shishibori, Koizumi Daichi, Kenji Kita ; A Fast Retrieval Algorithm for the Earch Mover’s Distance Using EMD
Lower Bounds and the Priority Queue, IEEE NLP-KE 2009, Dalian, China, 2009 4 9 H.

Changqin Quan, Fuji Ren, Tingting He ; Word Sense Indicators: Effective Feature for Chinese Word Sense Disambiguation,
INFORMATION, Vol.12, No.5, International Information Institute, 2009 & 9 H, pp.1157-1164.

Fukai Hironobu, Takimoto Hironori, Yasue Mitsukura, Minoru Fukumi ; Age and Gender Estimation System Based on Human
Perception, Proc. of ROMAN’09, Toyama, 2009 4£ 9 H.

Haruka Okamoto, Amira Abdelwahab, Masahumi Nishida, Satoru Tsuge, Yasuo Horiuchi, Shingo Kuroiwa ; Text-
Independent Speaker Verification Using Rank Threshold in Large Number of Speaker Models, Proceedings of the 10th

Annual Conference of the International Speech Communication Association INTERSPEECH), Brighton, U.K., 2009 £ 9 H,
pp-2367-2370.
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Souma Shunichi, Mori Kunihiko, Masuda Hiroji, Atsushi Takada, Kazunori Seno, Suzuki Kenya, Ooba Naoki ; Flexible
chromatic dispersion compensation over entire L-band for over 40-Gb/s WDM transparent networks using multichannel
tunable optical dispersion compensator, IEEE Photonics Technol. Lett., Vol.21, No.17, IEEE, 2009 4F 9 A, pp.1271-1273.

Seiki Yoshimori, Hironori Takimoto, Yasue Mitsukura, Minoru Fukumi ; An Important Facial Parts Analysis for Evaluating
the Impression - Difference by Gender, Proc. of IIH-MSP 2009, Kyoto, 2009 4F- 9 H, pp.744-747.

Hironori Takimoto, Seiki Yoshimori, Yasue Mitsukura, Minoru Fukumi ; An Analysis of Influence of Facial Feature for
Apparent Age Estimation, Proc. of IIH-MSP 2009, Kyoto, 2009 4£ 9 H, pp.728-731.

Tsutomu Hashizume, Hiroshi Kitagawa, Masatoshi Takami, Ikuo Yoneda, Minoru Kamata, Shoichiro Fujisawa, Osamu
Sueda ; Evaluation of body vibration during manual wheelchair running over sidewalk surfaces and curbs, Assistive
Technology Research Series, Vol.25, Association for the Advancement of Assistive Technology in Europe, 2009 4F- 9 H,
pp-455—-460.

Hiroshi Ohkubo, Kunio Kurachi, Shoichiro Fujisawa, Osamu Sueda ; Study on the veering tendecny of persons with visual
impairment, Assistive Technology Research Series, Vol.25, Association for the Advancement of Assistive Technology in
Europe, 2009 4 9 H, pp.59-63.

Seiji Mitani, Toshiaki Toshida, Sei Kobayashi, Shoichiro Fujisawa, Osamu Sueda, Masaki Tauchi ; Study on illuminance
dependency of color identification characteristics for people with low visual capacity, Assistive Technology Research Series,
Vol.25, Association for the Advancement of Assistive Technology in Europe, 2009 £ 9 H, pp.468—472.

Seiji Mitani, Toshiaki Yoshida, Sei Kobayashi, Shoichiro Fujisawa, Osamu Sueda, Masaki Tauchi ; Study on background
illuminance and color conspicuity characteristics for people with low visual capacity, Assistive Technology Research Series,
Vol.25, Association for the Advancement of Assistive Technology in Europe, 2009 £ 9 H, pp.473-477.

Kunio Kurachi, Hirohiko Ohkubo, Shoichiro Fujisawa, Osamu Sueda ; A Study on sensation of walking-distance and
orientation of the blind, Assistive Technology Research Series, Vol.25, Association for the Advancement of Assistive
Technology in Europe, 2009 4F 9 H, pp.478-482.

Shoichiro Fujisawa, Naohiro Yamada, Seiji Mitani, Shin-ichi Ito, Katsuya SATO, Osamu Sueda ; A study on recognition of
tactile walking surface indicator by white cane, 10th Conference of Association for the Advancement of Assistive Technology
in Europe, Association for the Advancement of Assistive Technology in Europe, Florence, 2009 4F: 9 H, p.850.

Takahiro Emoto, Udantha R. Abeyratne, Masatake Akutagawa, Karunajeewa Samantha Asela, Shinsuke Konaka, Yohsuke
Kinouchi ; Comparing benign snores with apneic snores based on high frequency analysis, Proceedings of 2009 World
Congress on Medical Physics and Biomedical Engineering, Vol.25, No.7, Munich, 2009 4 9 H, pp.820-823.

Masaki Sugimoto, Taku Haraguchi, Haruna Matsushita, Yoshifumi Nishio ; Particle Swarm Optimization Containing
Characteristic Swarms, Proceedings of International Workshop on Nonlinear Maps and their Applications (NOMA’09),
Urbino, Ttaly, 2009 4F 9 H, pp.87-90.

Yumiko Uchitani, Yoshifumi Nishio ; Investigation of Complicated Phenomenon in Coupled Cubic Maps, Proceedings of
International Workshop on Nonlinear Maps and their Applications (NOMA’09), Urbino, Italy, 2009 4= 9 H, pp.91-94.

Taku Haraguchi, Haruna Matsushita, Yoshifumi Nishio ; Behavior of Community Self-Organizing Map with Camaraderie,
Proceedings of International Workshop on Nonlinear Maps and their Applications (NOMA’09), Urbino, Italy, 2009 % 9 H,
pp.95-98.

Yoko Uwate, Yoshifumi Nishio, Ruedi Stoop ; Complex Pattern in a Chain of Coupled Maps Based on Neuron Model with
Space-Varying Coupling, Proceedings of International Workshop on Nonlinear Maps and their Applications (NOMA’09),
Urbino, Italy, 2009 £ 9 H, pp.116-119.

Hiroki Kishikawa, Kenta Kimiya, Nobuo Goto, Shin-ichiro Yanagiya ; All-Optical Wavelength-Selective Switch by
Amplitude Control with a Single Control Light for Wide Wavelength Range, Int. Conf. on Photonics in Switching (PS2009),
Pisa, 2009 4 9 H, p.PT-12.

Tsukasa Nakamura, Shin-ichi Ito, Yasue Mitsukura, Hiroto Setogawa ; A Method for Evaluating the Degree of Human’s
Preference Based on EEG, Proc. of the Fifth International Conference on Intelligent Information Hiding and Multimedia
Signal Processing, Kyoto, 2009 4E 9 H, pp.732-735.

Takaaki Hamamoto, Takafumi Katayama, Tian Song, Takashi Shimamoto ; Mode Selection Method for Hierarchical B-picture
of H.264/SVC, The Second International Symposium on Intelligent Informatics (ISIT2009), QinHuangDao, China, 2009 4F 9
H.

Nobuo Goto, Yasumitsu Miyazaki ; Recognition of Optical Layered BPSK Labels Using Collinear Double-Stage
Acoustooptic Processor for Hierarchical Photonic Routing, 2009 IEEE Int. Ultrasonics Symp. (IUS), No.P3-M-03, Rome,
2009 4 9 H.

Yonenaga K., Atsushi Takada, Aoki Y., Kinoshita S. ; Demonstration of 100 Tbit/s Scale Multiple Granularity OXC
Architecture, European Conference on Optical Communication, No.2.5.5, Viena, 2009 4£ 9 H.

Inuzuka F., Yonenaga K., Yamazaki E., Yamamoto S., Atsushi Takada ; Reduction of Nonlinear Inter-channel Crosstalk
Penalty for DQPSK signal in Carrier Phase Locked WDM, European Conference on Optical Communication, No.2.3.5, Viena,
2009 £ 9 H.

Kazuyuki Matsumoto, Junko Matsumoto, Fuji Ren ; Construction of English Composition Support System Based on
Conveying Emotion, Proc. IEEE International Conference on Natural Language Processing and Knowledge Enginerring,
Dalian, 2009 4E 9 H, pp.125-132.

Xiao Sun, Fuji Ren, Degen Huang ; Extended Super Function based Chinese Japanese Machine Translation, Proc.

IEEE International Conference on Natural Language Processing and Knowledge Enginerring, IEEE, Dalian, 2009 4 9 H,
pp.39-46.

- 76 -



BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.
139.

140.

Hong Zhang, Fuji Ren, Degen Huang ; Existential Negative Sentence Translation In Japanese-Chinese Machine Translation,
Proc. IEEE International Conference on Natural Language Processing and Knowledge Enginerring, IEEE, Dalian, 2009 4 9
H. pp.78-82.

Huana Li, Fuji Ren ; The Study on Text Emotional Orientation Based on a Three-dimensional Emotion Space Model, Proc.
IEEE International Conference on Natural Language Processing and Knowledge Enginerring, IEEE, Dalian, 2009 4 9 H,
pp-119-124.

Ye Liu, Fuji Ren ; Unknown Place Name Detection base on YamCha for Japanese Guidance QA system, Proc. IEEE
International Conference on Natural Language Processing and Knowledge Enginerring, IEEE, Dalian, 2009 4 9 H,
pp.207-211.

Ling Xia, Zhi Teng, Fuji Ren ; Answer Generation for Chinese Cuisine QA System, Proc. IEEE International Conference on
Natural Language Processing and Knowledge Enginerring, IEEE, Dalian, 2009 £ 9 H, pp.262-267.

Ji Li, Fuji Ren ; A proposal for Creating a Chinese Emotion Thesaurus with Tag of Emotion Intensity, Proc. IEEE
International Conference on Natural Language Processing and Knowledge Enginerring, IEEE, Dalian, 2009 4F 9 H,
pp.-274-281.

Elmarhumy Mahmoud, Fattah Abdel Mohamed, Fuji Ren ; Automatic Text Classification using Modified Centroid Classifier,
Proc. IEEE International Conference on Natural Language Processing and Knowledge Enginerring, IEEE, Dalian, 2009 4£ 9
H, pp.282-285.

Ye Wu, Fuji Ren ; Simple Linguistic Processing Effect on Multi-label Emotion Classification, Proc. IEEE International
Conference on Natural Language Processing and Knowledge Enginerring, IEEE, Dalian, 2009 4 9 H, pp.350-354.

Yusuke Konishi, Ruifan Li, Fuji Ren ; Designing a Japanese Idiom Education Support System for Overseas’ Students, Proc.
IEEE International Conference on Natural Language Processing and Knowledge Enginerring, IEEE, Dalian, 2009 4 9 H,
pp.365-372.

Changqin Quan, Fuji Ren ; Recognizing Sentence Emotions Based on Polynomial Kernel Method Using Ren-CECps, Proc.
IEEE International Conference on Natural Language Processing and Knowledge Enginerring, IEEE, Dalian, 2009 4% 9 H,
pp.478—-484.

Fang Tian, Fuji Ren ; Hyponymy Acquisition from Chinese Text by SVM, Proc. IEEE International Conference on Natural
Language Processing and Knowledge Enginerring, IEEE, Dalian, 2009 £ 9 H, pp.505-510.

Tianjiao Gu, Fuji Ren ; Chinese Sentence Similarity based on Word Context and Semantic, Proc. IEEE International
Conference on Natural Language Processing and Knowledge Enginerring, IEEE, Dalian, 2009 4 9 H, pp.535-539.

Yan Sun, Changqin Quan, Fuji Ren ; Analysis on Degree Words for Chinese Emotion Expressions Based on Syntactic Parse
and Rules, Proc. IEEE International Conference on Natural Language Processing and Knowledge Enginerring, IEEE, Dalian,
2009 % 9 H, pp.562-567.

Ruigiang Guo, Fuji Ren ; Towards the Relationship Between Semantic Web and NLP, Proc. IEEE International Conference on
Natural Language Processing and Knowledge Enginerring, IEEE, Dalian, 2009 4 9 H, pp.578-585.

Lei Yu, Fuji Ren ; A Study on Cross-Language Text Summarization Using Supervised Methods, Proc. IEEE International
Conference on Natural Language Processing and Knowledge Enginerring, IEEE, Dalian, 2009 % 9 H, pp.586-592.

Kazuki Yamaguchi, Masahiro Nitta, Yoshio Hayasaki, Shiro Suyama, Hirotsugu Yamamoto ; Adjustment of Depth of Field
of Binocular Cameras to Reproducible Depth with Stereoscopic LED Display, Japanese Journal of Applied Physics, Vol.48,
No.9,2009 4 9 H, pp.09LCO1-1-09LCO1-7.

Takanori Imagawa, Shiro Suyama, Hirotsugu Yamamoto ; Construction of Visual Cryptography by Use of Polarization-
Modulation Films, Japanese Journal of Applied Physics, Vol.48, No.9, 2009 4E 9 H, pp.09LC02-1-09LC02-5.

Li Wang, Susumu Yata, Atlam EL-Sayed, Masao Fuketa, Kazuhiro Morita, Hiroaki Bando, Jun-ichi Aoe ; A Method
of Building Chinese Field Association Knowledge from Wikipedia, Proceedings of International Conference on Natural
Language Processing and Knowledge Engineering (IEEE NLP-KE 2009), Dalian, 2009 4F 9 H, pp.568-572.

Teruaki Ito, Takashi Niwa, Alexander H. Slocum ; Virtual Cutter Path Display for Dental Milling Machine, 18th IEEE
International Symposium on Robot and Human Interactive Communication, IEEE, Toyama, 2009 4F 9 H, pp.488—493.

P FEYE, I IR, AT R, SN 5ASE, RBF KK F v b7 — 27 OFIHB)IAD 5 OB BAITEIC O W T, AL
PR, Vol.13, “AMR AT iR AR 22 22, 2009 4 9 H, pp.74-83.

Yuichi Ohkawa, Motoyuki Suzuki, Hirokazu Ogasawara, Akinori Ito, Shozo Makino ; A speaker adaptation method for
non-native speech using learners’ native utterances for computer-assisted language learning systems, Speech Communication,
Vol.51, No.10, 2009 4F 10 H, pp.874-881.

Yamamoto Takashi, Komukai Tetsuro, Suzuki Kazunori, Atsushi Takada ; Multicarrier light source with flattened
spectrum using phase modulators and dispersion medium, J. of Lightwave Technol., Vol.27, No.19, IEEE, 2009 4F 10 H,
pp-4297-4305.

KEEE ; Bl v > v 7 L S EmIEAT51b, Hia 80, Vol.57, No.2, 2009 4F 10 H, pp.233-251.

Ahmed Fouad Mohamed Soliman Ali, Kenji Terada ; A General Framework for Multi-Human Tracking, Proceedings of
International Workshop on Computer Science and Engineering 2009, No.703, Qingdao, 2009 £ 10 H.

Yohei Tomita, Shin-ichi Ito, Yasue Mitsukura, Toshihisa Tanaka, Jianting Cao ; The Extraction of Sleep Quality by using the
Multi-channel EEG Signal, Proc. of 2009 Asia-Pacific Signal and information Processing Association Annual Summit and

Conference, APSIPA ASC 2009, Sapporo, 2009 4F 10 H, pp.174-177.
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Hirotsugu Yamamoto, Tomoya Kimura, Shinya Matsumoto, Shiro Suyama ; ”Viewing-zone control of large full-color LED
display for 3-D and digital signage, Proc. of 2009 IEEE Industry Applications Society Annual Meeting, Houston, 2009 £ 10
H, pp.JAS23P5-1-1AS23P5-7.

A 33 s SRR S IC X 22X 27 T4 A7V A, ATl £ 7" v =7 Z, Vol.28, No.10, (k) % 7" b v =27 24k,
BT, 2009 4E 10 H, pp.93-97.

Azian Azamimi, Yoshifumi Nishio ; On the Chaotic Nature of Biological Signals Using Nonlinear Data Analysis
Methodology, Proceedings of International Conference on Man-Machine Systems (ICoMMS’09), Penang, Malaysia, 2009 4
10 H, pp.1C5-1-1C5-4.

Yasutada Oohama ; Distributed Source Coding System for Correlated Gaussian Observations, Proceedings of the IEEE
Inforamtion Theory Workshop, Taormina, 2009 4 10 H, p.193-197.

Yasutada Oohama ; Sum Rate Characterization for the Gaussian Many-Help-One Problem, Proceedings of the IEEE
Information Theory Workshop, Taormina, 2009 4F 10 H, pp.323-327.

Hitoshi Aburatani, Suguru Yamane, Masayuki Yamauchi, Yoshifumi Nishio ; Reflection Mechanisms of a Phase-Inversion
Wave at an Edge of 2D Lattice Oscillators, Proceedings of International Symposium on Nonlinear Theory and its Applications
(NOLTA’09), Sapporo, 2009 4 10 H, pp.175-178.

Masahiro Wada, Yoshifumi Nishio ; Phase Synchronization in a Coupled Non-Uniform Network of Multi-State Chaotic
Oscillators, Proceedings of International Symposium on Nonlinear Theory and its Applications (NOLTA’09), Sapporo, 2009
410 H, pp.222-225.

Hironori Kumeno, Yoshifumi Nishio ; Synchronization in Coupled van der Pol Oscillators Involving Periodically Forced
Capacitors, Proceedings of International Symposium on Nonlinear Theory and its Applications (NOLTA’09), Sapporo, 2009
F 10 H, pp.226-229.

Shintaro Arai, Yoshifumi Nishio, Takaya Yamazato, Shinji Ozawa ; M-ary Modulation Scheme Using Separation of Chaotic
Dynamics for Noncoherent Chaos-Based Communications, Proceedings of International Symposium on Nonlinear Theory
and its Applications (NOLTA’09), Sapporo, 2009 4 10 H, pp.312-315.

Yoko Uwate, Yoshifumi Nishio, Ruedi Stoop ; Synchronization of Distant Neighbors Oscillators in a Ring Network,
Proceedings of International Symposium on Nonlinear Theory and its Applications (NOLTA’09), Sapporo, 2009 & 10 H,
pp-439-442.

Haruna Matsushita, Yoshifumi Nishio ; Network-Structured Particle Swarm Optimizer with Small-World Topology,
Proceedings of International Symposium on Nonlinear Theory and its Applications (NOLTA’09), Sapporo, 2009 4 10 H,
pp.372-375.

Masaki Sugimoto, Taku Haraguchi, Haruna Matsushita, Yoshifumi Nishio ; Particle Swarm Optimization Containing Plural
Kinds of Swarms, Proceedings of International Symposium on Nonlinear Theory and its Applications (NOLTA’09), Sapporo,
2009 4F 10 H, pp.584-587.

Hiroomi Tsunematsu, Nobuo Goto, Shin-ichiro Yanagiya ; Noise Characteristics of Photonic Label Recognition by
Time-Space Conversion and Delay Compensation, 15th Microoptics Conference, MOC 2009, Vol.J5, Tokyo, 2009 4F 10 H.

Takao Hanabusa, Shoichiro Fujisawa ; Roots Finding, PBL in the first year course, Proceeding of the Asian Conference on
Engineering Education 2009 (ACEE 2009), Busan, 2009 4 10 A, p.229.

Shoichiro Fujisawa, Shyouzo Tsuzuki, Takao Hanabusa ; Introduction to the Center for Innovation and Creativity
Development in The University of Tokushima, Proceedings of Asian Conference on Engineering Education 2009
(ACEE2009), Korea Maritime University, Busan, 2009 4£ 10 H, pp.60-61.

Norihisa Shimamura, Kosuke Harada, Shingo Kuno, Shinsuke Nakanishi, Takahumi Nakagawa, Satoshi Nishino, Takao
Hanabusa, Shoichiro Fujisawa, Kazuya Kusaka ; Activity of Tatara Project, Proceedings of Asian Conference on Engineering
Education 2009 (ACEE2009), Korea Maritime University, Busan, 2009 4F 10 H, pp.213-214.

Tadashi Okada, Takashi Yamahata, Masafumi Miwa, Shoichiro Fujisawa, Takao Hanabusa ; Solar Boat Project, Proceedings
of Asian Conference on Engineering Education 2009 (ACEE2009), Korea Maritime University, Busan, 2009 4F 10 H, p.291.
Muhamad Naim, Keisuke Fukuda, Norihisa Kitamura, Ryo Takekoshi, Akifumi Miyake, Shoichiro Fujisawa, Shyouzo

Tsuzuki, Takao Hanabusa ; A Way to Futher Understanding of Basic Engineering Principle by Supervising Junior High School
Students through Sets of Science Experiment, Proceedings of Asian Conference on Engineering Education 2009 (ACEE2009),

Korea Maritime University, Busan, 2009 4 10 H, pp.310-311.

Liping Mi, f: f@#k ; Facilitative Effect of the Picture Superiority Effect During Encoding and Retrieval, Science &
Technology Review, Vol.27, No.20, Science and Technology Review Publishing House, 2009 4F- 10 H, pp.80-86.

Ling Xia, Zhi Teng, Fuji Ren ; Question Classification for Chinese Cuisine Question Answering System, IEEJ Transactions on
Electrical and Electronic Engineering, Vol.4, No.6, Wiley InterScience, 2009 4 11 H, pp.689-695.

Xiao Sun, Degen Huang, Fuji Ren ; Chinese Lecical Analysis Based on Hybrid MMSM Model, International Journal of
Innovative Computing, Information and Control, Vol.5, No.12, ICIC International, 2009 4 11 H, pp.4523—-4530.

Peilin Jiang, Fuji Ren, Nanning Zheng ; A NewApproach to Data Clustering Using a Computational Visual Attention Model,

International Journal of Innovative Computing, Information and Control, Vol.5, No.12, ICIC International, 2009 4 11 H,
pp-4597-4606.

Lei Yu, Xiangyang Liu, Fuji Ren, Peilin Jiang ; Learning to Calssify Semantic Orientation on On-line Document, International
Journal of Innovative Computing, Information and Control, Vol.5, No.12, ICIC International, 2009 & 11 H, pp.4637-4646.

Kohki Abiko, Fukai Hironobu, Yasue Mitsukura, Minoru Fukumi, Masahiro Tanaka ; Face Detection Using RBF Network and
particle Filter for AIBO, Proc. of the 41st ISCIE International Symposium on Stochastic Systems Theory and Its Applications,
Kobe, 2009 4 11 H.
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Yumiko Uchitani, Hironori Kumeno, Yoshifumi Nishio ; Synchronization Phenomenon in Small World Network of Coupled
Cubic Maps, Proceedings of RISP International Workshop on Nonlinear Circuits and Signal Processing (NCSP’10), Honolulu,
2010 4F 3 H, pp.49-52.
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Proceedings of the 2010 International Workshop on Nonlinear Circuits, Communication and Signal Processing, Honolulu,
2010 4£ 3 H, pp.389-392.
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Mikio Matsuhiro, Shinsuke Saita, Yoshiki Kawata, Noboru Niki, Yasutaka Nakano, Hiromu Nishitani, Hironobu Ohmatsu ;
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Noriyuki Moriyama ; Comparative reading CAD system for lung cancer CT screening, AOCR2010, Taipei, 2010 4 3 H.

Eiji Takahashi, Shinsuke Saita, Yoshiki Kawata, Noboru Niki, Hiromu Nishitani, Yasutaka Nakano, Hironobu Ohmatsu,
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of Organosilica-derived Microporous Coverage of Carbon-supported Pt Catalysts on Dehydrogenation of Cyclohexane,
Chemistry Letters, Vol.38, No.5, The Chemical Society of Japan, 2009 4 4 H, pp.480—481.
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Using Pd/C and Te/Pd/C Catalysts, 6th World Congress on Oxidation Catalysis, Lille, France, 2009 4£ 7 H.

- 85 -



BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA

328.

329.

330.

331.

332.

333.

334.

335.

336.

337.

338.
339.

340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

350.

Hitoshi Tanaka, Ando Kenta ; ESR study on polymer radicals of 1,1-disubstituted acrylates with bulky substituents,
Procgedings of 13th International IUPAC Conference on Polymers and Organic Chemistry, Montreal, Canada, 2009 4f 7 H,
p-216.

Retsuo Kawakami, Kikuo Tominaga, Okada Kenji, Nouda Takahiro, Inaoka Takeshi, Takeichi Atsushi, Fukudome Toshiaki,
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Yutaka Kishimoto, Yu Kawasaki, Yukiichi Ideta, Shigeki Endou, Tetsu Tanaka, Masayoshi Tanabe, Takashi Ohno, Goutam
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Series, Vol.176, IOP Publishing, 2009 4 7 H, pp.012039-1-012039-4.
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Kenji Teranishi, Naoyuki Shimomura, Susumu Suzuki, Haruo Itoh ; Development of Dielectric Barrier Discharge-Type Ozone
Generator Constructed with Piezoelectric Transformers: Effect of Dielectric Electrode Materials on Ozone Generation, Plasma
Sources, Science and Technology, Vol.18, Tokyo, Japan, 2009 4F 8 H, p.045011(10pp).

Hiroyuki Ukida ; 3D Depth Measurement by Phase Shifting Method Using Multiple Projection and Omni-directional
Cameras, ICROS-SICE International Joint Conference 2009 (ICCAS-SICE 2009) Final Program and Papers, The Society of
Instrument and Control Engineers, Fukuoka, 2009 £ 8 H, pp.3619-3624.

Kunihiko Ishihara ; Study on Acoustic Characteristics of Straight Duct with Some Holes, The procedings of Internoise2009
Conference, &% 7 (517 %),2009 ££ 8 H.

Nakaoka Masanori, Kunihiko Ishihara ; On Sound Absorption Properties of Bark Fiber and its Estimation Method, The
procedings of Internoise2009 Conference, 4 % 7 (717 4),2009 4F 8 H.

Tetsuya Sano, Hiroyuki Ukida, Hideki Yamamoto ; Motion Analysis of Hand Writing using Japanese Brush Pen, 6th IEEE
International Symposium on Intelligent Signal Processing PROCEEDINGS (WISP2009), IEEE, Budapest, 2009 4f 8 H,
pp-163-168.

Fumiaki Fukawa, Naoyuki Shimomura, Suguru Yamanaka, Taiki Yano, Kenji Teranishi, Haruo Itoh ; Consideration on
Configuration of Parallel Reactors for Ozone Production Using Nanosecond Pulsed Power Discharge, Proceedings of 19th
Ozone World Congress and Exibition, Tokyo, Japan, 2009 4E 9 H, p.12-5(5pp).

Yoji Shimada, Kenji Teranishi, Naoyuki Shimomura, Susumu Suzuki, Haruo Itoh ; Ozone Measurement Based on Optical
Absorption Using a Visible LED Source, Proceedings of 19th Ozone World Congress and Exibition, Tokyo, Japan, 2009 4 9
H, p.11-5(8pp).

Kenji Teranishi, Naoyuki Shimomura, Susumu Suzuki, Haruo Itoh ; Effect of Dielectric Electrode Material on Ozone
Generation in Piezoelectric Transformer-Based Ozone Generator, Proceedings of 19th Ozone World Congress and Exibition,
Tokyo, Japan, 2009 4 9 H, p.12-4(10pp).

J\J5 R, AT E8AT, EAR 2, 7 SV A=Y — F o JILE JE, KR AL 3 FFPHAEEE R & OIRED T 1 — LV O
FERE & BRBEIC BT SR, F B SR 2RO, Vol.40, No.s, thEE A A BB, 2009 fﬁ 9 H,pp.1235-1241.

J\P5 B, ORFO 84T, 77 F v 7 — 74 4, Wk B REERERS © B 77 7810 X 2 74 —2OVIEE DL
PERII, OREAL, Vol.18, No.63, H A ABORIAL ¥ 2%, 2009 4F 9 H, pp.88-95.

Syuichiro Fukuskima, P. Mahakkanukrauh, Y. Tohno, Tetsuo Iwata, Tsutomu Araki ; Hemodynamic Effect on Arterial
Calcification, 3rd Switzerland-Japan Workshop on Biomechanics 2009 (SBJ2009), Engerberg, Swizerland, 2009 4F 9 H.

Eﬁiﬁf % 5 RC ~VY 524z B 2 B KU HEE, RC =7 7 — )L F, Vol.122, ¥Rttt ik, 2009 4£ 9 H,
Pp. — .

Yasuhiro Mizutani, Uehane Yoshiyuki, Kuwagaito Tomohito, Otani Yukitoshi, Umeda Nrihiro ; Detection of subwavelength
structure profile by decomposition of Mueller matrix, XIX IMEKO World Congress Fundamental and Applied Metrology,
Lisbon, Portgul, 2009 4 9 H, p.618.

- 103 -



BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA

753.

754.

755.

756.

757.

758.

759.

760.

761.

762.

763.

764.

765.

766.

767.

768.

769.

770.

T71.

772.

773.

774.

775.

Hiroyuki Ukida, Yoshio Tanimoto, Tetsuya Sano, Hideki Yamamoto ; 3D shape, color and specular estimation using an image
scanner with multiple illuminations, Measurement Science and Technology, IOP electronic journals, Vol.20, No.10, IOP
Publishing, Philadelphia, 2009 4= 9 H, pp.104014—(10pp).

Yasuyuki Nishi, Nobuyuki Matsuo, Junichiro Fukutomi ; A Study on Internal Flow in a New Type of Sewage Pump (1st
Report, Comparison between Experiment and CFD Calculation), Journal of Fluid Science and Technology, Vol.4, No.3, 2009
9 H, pp.648-660.

Tetsuo Iwata ; (Invited) UV Light-Emitting Diodes and Their Application to Phase Modulation Fluorometry, 11th Conference
on Methods and Applications of fluorescence Spectroscopy, Imaging and Probes (MAF-11), Budapest, Hungary, 2009 4£ 9
H.

Toru Shigemitsu, Junichiro Fukutomi, Tadahiro Yano, Yuki Okabe ; The Performance and The Similarity Law of Small-Sized
Axial Fan and The Possibility of Adoption of Contra-Rotating Rotors, Proceedings of the 9th International Symposium on
Experimental and Computational Aerothermodynamics of Internal Flows, Gyeongju, Korea, 2009 4 9 H.

Yasuyuki Nishi, Nobuyuki Matsuo, Junichiro Fukutomi ; A Study on Internal Flow in a New Type of Sewage Pump (2nd
Report, Influence of Impeller Blade Loading and Volute Casing), Journal of Fluid Science and Technology, Vol.4, No.3, 2009
iF 9 H, pp.661-672.

AR EE ; Oz H T 2EE 57 b2 S 5AET WM ERE, HABEWAE2HCE (C ), Vol.75, No.757, H A
22,2009 4F 9 H, pp.541-549.

Yasuyuki Nishi, Nobuyuki Matsuo, Junichiro Fukutomi ; Loss Analysis of a New Type of Sewage Pump, Journal of
Environment and Engineering, Vol.4, No.2, 2009 4F 9 H, pp.362-374.

%ﬁﬁlaggmlégg; ~HEV, BV AL} 7 ~ BT —5 & 2 Ol - o, Rtk bV 7 v 772, 5, 2009 4 9 H,
pp.186-199.

Kensuke Inai, Kaoru Ohya, Kawamura G., Tomita Y. ; An EDDY-PIC Simulation of Co-deposition of Hydrogen Isotopes
on a Castellated Structure of Plasma Facing Tiles, Journal of Plasma and Fusion Research Series, Vol.8, 2009 F£10 H,
pp-433-437.

Kaoru Ohya, Kensuke Inai, Kikuhara Y., Nakano T., Kawata J., Kawazome H., Ueda Y., Tanabe T. ; Transport of Heavy
Hydrocarbon and its Redeposition on Plasma Facing Walls, Journal of Plasma and Fusion Research Series, Vol.8, 2009 4F 10
H., pp.419-424.

Toma M., Hoshino K., Kensuke Inai, Ishida M., Hatayama A., Kaoru Ohya ; Analysis of the high-Z impurity transport in a
Tokamak by the IMPGYRO code, Journal of Plasma and Fusion Research Series, Vol.8, 2009 4 10 H, pp.1116-1119.

R, N Y, K B, AR AR, I SN, REF 2, ML RS, R e, sE iR 2R, )1 E T
FH A R, ZNEF R, AP 5, RIRF B850, TP VEER, (R B, IR KA LA o b ) 7 AR - HEHEEIT o
f:??@%ﬁ:‘f% YUY T 2L — 3y a— FDBEF, Journal of Plasma and Fusion Research, Vol.85, No.10, 2009 4F 10 H,
pp.695-703.

5%@425. sﬁ 3; RC ~ Y Sl B3 2 B KWL HEE, RC =7 7 — )L F, Vol.123, ¥k a Mt Hikik:, 2009 4 10 H,
pp. — .

Masahide Hojo, Keiichi Abe, Yasunori Mitani, Hiroyuki Ukai, Osamu Saeki ; Online Power System Monitoring by Campus
Wide Area Measurement System, Proceedings of International Conference on Advanced Power System Automation and
Protection 2009, No.P-154, Next-generation Power Technology Center, Cheju, 2009 4F 10 H.

Toru Shigemitsu, Junichiro Fukutomi, Ryoichi Nasada ; Study on Performance and Internal Flow Condition of Mini
Turbo-Pump, Proceedings of the 10th Asian International Conference on Fluid Machinery, Kuala Lumpur Malaysia, 2009 4
10 H.

Hiroyuki Ukida, Yuuta Aika, Keita Achi, Yasuyuki Ishihara, Jou Kuroda, Gaku Kosaki, Syunsuke Suzuki, Yuuki Nagata ;
Robot Manufacturing Class for Children by University Students, Proceedings of Asian Conference on Engineering Education
2009 (ACEE 2009), Busan, 2009 4 10 H, pp.164—165.

Toru Shigemitsu, Akinori Furukawa, Satoshi WATANABE, Kusuo OKUMA, Junichiro Fukutomi ; Internal Flow
Measurement with LDV at Design Point of Contra-Rotating Axial Flow Pump, Journal of Fluid Science and Technology,
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Effect of Rich and High Turbulence Combustion on Emissions
and Flame Behavior in a Direct-Injection Diesel Engine

W ORML,  RFO BT =i

by
Changlin YANG, Yoshiyuki KIDOGUCHIL, Kei MIWA

(14 ¥ 17} Times New Roman)

(12 & 17} Times New Roman)

a 4=7c Pasd
:f EC m (2f7228) (10.5 & 17} Times New Roman) ?E

This study tried to reduce NOx and particulate emissions simultaneously in a high speed direct*

C

injection diesel engine. Fuel-rich combustion was used to reduce NOx emission at initial
combustion stage. High turbulence combustion was used to reduce particulate emission at
diffusion combustion stage. Experiments were carried out to investigate the effects of high squish

combustion chambers with small throat on combustion process and exhaust emissions. Results
showed that in the high squish combustion chamber, both NOx and particulate emissions reduced
with retarded injection timing. Endoscopic high-speed photography was employed to analyze the
experimental results. In the original combustion chamber at the early combustion stage, the high
luminosity flame tended to spread out of the cavity. Fuel-rich mixture burned slowly over the
piston crown. In the high squish combustion chamber, flame rotated violently around the bowl.
Fuel-rich mixture was kept beneath the squish lip, and was mainly oxidized inside the bowl. This
combustion phenomenon was considered to be one of the reasons for low particulate emission in
high squish combustion chambers.

- (1f7Z=R)
Key worfls: Diesel Engine, Emission, Combustion Chamber, NOx, Smoke, Turbulence
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Effect of Fuel Cetane Number and Aromatics
on Combustion Process and Emissions
of a Direct-Injection Diesel Engine

_ (16 & 17} Times New Roman)
by
Yoshiyuki KIDOGUCHI", Changlin YANG?, Kei MIWA?

(12 % 47} Times New Roman)

(277226 GARXF)
Z22H > . Zg
1 cm Abstract (10.5 % 17} Times New Roman) 71
> This study investigated the effects of fuel properties on combustion characteristics and] >

emissions such as NOx, THC, smoke and particulate in a direct-injection diesel engine. Cetane
number and aromatic content of fuels were varied independently. The results showed that reducing
cetane number resulted in the increase of NOx and the decrease of particulate at high load. The
aromatic content had little effect on combustion characteristics. However, increasing aromatic

RE content for high ‘cetane number fuel resulted in high NOx and particulate emissions. For low

2 cm cetane number fuel, increasing aromatic content produced high THC emission at retarded injection

—_— timing. In the case of high injection pressure, fuel properties showed little effect on particulate

emissions.
(1f7228)
Key words: Diesel Engine, Emission, Combustion, Emission, Fuel
4=
(5552 (2f7228) (#3C1 10.5 & {7} Times New Roman)
(BORNI 1f722B) GHEFSCT)  chamber geometries have been employed V. It is
. 1. Introduction < also necessary to investigate the effect of fuel
h'e Direct-injection  diesel engines have been properties on  combustion and  emission
1 |widely used on automotive applications because of characteristics because the study of the modifying
HJ lits inherent high thermal efficiency and low CO, fuel properties is expected to be one of the important
% lemission. However, emission regulations such as countermeasures to reduce exhaust emissions in the
#3 [NOx and particulates have become stringent on a future. In regard of fuel properties such as cetane
B standpoint of preserving the environment. In order to number, aromatic content, distillation temperature
T |reduce exhaust emissions from diesel engines, and viscosity, the effects of these properties on
0 limprovement of injection system such as high combustion and emission characteristics have been
ﬁ pressure  injection and pilot  injection, and investigated ©02 However, it is difficult to make
improvement of combustion process using EGR, clear the effect of each property separately because
two-stage combustion and modifying combustion every property affects with each other. In this study,
cetane number and aromatic content are changed
- — independently as fuel properties with keeping 90%
1 Department of Mechanical Engineering, RS
Faculty of Engineering, The University of Tokushima distillation temperature and sulfur content.
2 Department of Ecosystem Engineering, ) ) Experiments are carried out using a single cylinder
*T?%um School of Engincring, The University of Tokushima direct-injection diesel engine with changed load,
¢ University of Tokushima, 2-1 Minamijosanjima, Tokushima,
770-8506, Japan injection timing and injection pressure. The
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[
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