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Processing of Natural Fiber Reinforced Plants—Derived Engineering Plastic Composites
and Their Mechanical Properties

Yosuke Nishitani, Department of Mechanical Engineering, Faculty of Engineering,
Kogakuin University
Tetsuto Kajiyama, Jonan Branch, Tokyo Metropolitan Industrial Technology Research Institute
Toshiyuki Yamanaka, Tokyo Metropolitan Industrial Technology Research Institute

ABSTRACT : To develop the new ecofriendly engineering materials such as structural
materials and tribomaterials based on all plant-derived materials, processing of natural
fiber reinforced plant-derived engineering plastic biomass composites and their
mechanical properties were investigated experimentally in this project study. The
materials used in this study were various natural fiber reinforced plant-derived
polyamide (PA) biomass composites. In this year, we investigated the following three
contents: (1) the influence of maleic acid treatment on the mechanical properties of these
biomass composites, (2) the effect of type of natural fibers on the mechanical properties
of these biomass composites, and (3) the gear properties of these biomass composites.
The following results were obtained: (1) the mechanical and tribological properties of
hemp fiber reinforced plant-derived polyamide biomass composites (HF/PA1010) are
improved with maleic acid treatment. The combination NaClO:z: and maleic acid
treatment was the most effect improvement for the mechanical and tribological
properties of HF/PA1010 biomass composites. (2) The effect of type of natural fibers on
the mechanical and tribological properties of natural fiber reinforced plant-derived
polyamide 1010 biomass composites differed for each property. In particular, ramie fiber
(RF) was the most effective of the various natural fiber systems for enhancement of
mechanical and tribological properties of these polyamide 1010 biomass composites. (3)
The wear volume of the spur gear of PA1010 improved with the filling HF although
those of HF/PA1010 biomass composites decreased with increasing the volume fraction
of fiber. On the other hand, the gear fatigue strength had a maximum peak at 20vol.%.
It follows from these results that the new engineering materials based on all
plant-derived materials may be able to developed with high performance of mechanical
and tribological properties.
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Fig. 2.1 Schematic diagram of four types of surface treatment

in this study.
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Fig. 2.2 Tensile properties of maleic acid treated HF/PA1010

biomass composites.
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Fig. 2.3 Tribological properties of maleic acid treated
HF/PA1010 biomass composites.
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Fig. 2.4 Worn surface of maleic acid treated HF/PA1010
biomass composites: (a) NaOH+S3, (b) NaClO2+S3, (c)
NaOH+MA, and (d) NaClO+MA
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Fig. 3.1 Tensile properties of various natural fiber reinforced

plant-derived PA1010 biomass composites.
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Fig. 3.2 Izod impact strength of various natural fiber

reinforced plant-derived PA1010 biomass composites.

Fig. 3.3 SEM photographs of cross section of various natural
fiber reinforced plant-derived PA1010 biomass composites:
(a) HF/PA1010, (b) JF/PA1010, (c) SF/PA1010 and (d)
RF/PA1010
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Fig. 3.4 Tribological properties of various natural fiber

reinforced plant-derived PA1010 biomass composites.
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Fig. 3.5 SEM photographs of metallic counterface
after sliding wear test against various natural fiber
reinforced plant-derived PA1010 biomass composites:
(a) HF/PA1010, (b) JF/PA1010, (c) SF/PA1010 and (d)
RF/PA1010
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Fig. 4.1 Small spur gear of HF/PA1010 composites.

Table 4.1 Specification of test gear and drive gear.

Test gear Drive gear
Materials HF/PA1010 composites SUS304
Module, m (mm) 0.5 0.5
Number of teeth, Z 22 44
Pitch diameter, dy (mm) 11 22
Tip diameter, d, (mm) 12 23
Face width, b (mm) 1.5 2




Fig. 4.2 The absorbing typed gear tester.
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Fig. 4.5 Relationship between wear volume of cycle
for HF/PA1010 biomass composites using an
absorbing typed gear testing apparatus.
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Development of research discipline on chitin and mammalian chitinases in medicine, pharmacy

and engineering

Fumitaka Oyama: Department of Chemistry and Life Science, School of Advanced Engineering, Kogakuin
University

Norihisa Noguchi: Department of Microbiology, School of Pharmacy, Tokyo University of Pharmacy and Life
Sciences,

Naohito Ohno: Laboratory for Immunopharmacology of Microbial Products, Tokyo University of Pharmacy

and Life Sciences

ABSTRACT : Acidic mammalian chitinase (AMCase) has been implicated in various pathophysiological conditions
including asthma, allergic inflammation and food processing. AMCase is most active at pH 2.0, and its activity
gradually decreases to up to pH 8. Here we analyzed chitin degradation by AMCase in weak acidic to neutral
conditions by fluorophore-assisted carbohydrate electrophoresis established originally for oligosaccharides analysis.
We found that specific fragments with slower-than-expected mobility as defined by chitin oligosaccharide markers
were generated at pH 5.0~8.0 as by-products of the reaction. We established an improved method for chitin
oligosaccharides suppressing this side reaction by pre-acidification of the fluorophore-labeling reaction mixture.
Using this strategy, we found that AMCase produced dimer of N-acetyl-D-glucosamine (GlcNAc) at strong acidic to

neutral condition. Moreover, we found that AMCase generates (GIcNAc)2 as well as (GIcNAc); under physiological

conditions.
. REN I Eha I EY) TR TF UG E STV D

1. XC®IZ [1_5]0

F*F 1% N-acetyl-D-glucosamine (GleNAc) 7% B- li?’“i@i%%‘/%/ﬁ\ﬁk L/fcil’:o L/.Zl”]j/’ .7]7/1
14 fEo LEAKT, (3L AL OB R Th b ML, * }\/]\ U A4 —F (chitotriosidase,
5, FF U, BHEEB LORROINER, HE Chitl) & REVERFHLE % T —F (acidic ‘
AR T ONEL S O MIRE D B R Y C b mammalian chitinase, AMCase) EiEN D ZFOTE
[1 25]71;»x RO B P FF—E A% T 5[4, 6],  Chitl ITRANZY

}Y%T—ﬂz@i, ,\;r?;:/@? U a3 ]\;‘f‘—f‘:l:/ﬁ\%jm7k D*—:lz/ﬁ, %@éﬂfiuﬁgLiﬁ%%%‘—ff%é

IMET A, FRBIE, M, B, o kO [7, 8]0 AMCase l?:, Chitl IZIRWTHER I N7=D
o " L MR F— YT, OB COSESI
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~ U AZBWTRENEHFITHENT 2 2 061
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WONTOHATIE, B FOKE N & B L
TW5[12-14], & 51iZ, AMCase [ZIR[15-17]%
FOBEOEBIZEGT D52 ERENTND[18,
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WL UL TRIINTWD Z & 2HE L7220,
21], AMCase OFEHLL~LL, BHIKOFEELRTHEL
R TH LTV U DRIBERTH LT ) —
NPT 5 Z LD, ZOEEFZEOMICEIT S
BEIDN RSNz, ZDZ &%, &I, AMCase
N, = U AMLRT, a7 7 —YitrEEE o fif
R THDHZ LWy Lz[22], &61c, iz
AMCase ¥ X O OfliE N A A > (Catalytic
domain) (%, pH2.0 TE#ARL, TDOFEMHT,
F1Z (GleNAc), ZAERL, S9N 6 Fk
(pH5.0~7.0) IZB VT HIKRHDOFFF—BiEEE R
L72[9,23,24], L2»L, Z#ETD AMCase %
DD TIE, FHEEG T Cox T —BEE
T HaFRNEN TR,

AWFFETIL, ¥ A AMCase % pH2.0~8.0 O
FHETT, FFURBEEAFa—RL,
Jackson D¥RE L= HFIETEF o4 I~—0DIET
AR % AR L, BE 5K ED T 43 Bl L [fluorophore-
assisted carbohydrate electrophoresis (FACE)], PEW) & S HT
L7z, FACEEIX, @K/ v~ 777 41—
(HPLC) 3 L OERES LI (NMR) FEAT & Frigs L C
b, EFWICERETHY, BEOXFF LAY I
— b TE 5[9, 25],

Fexix, ¥F U FEE% AMCase THrfif L7-FR
(2, EEROMEM(GIcNAC)] (2, EWBE)
FEZFFORIZERD N, pH IKFMICAEKR S D Z
EERWE LR, 46, ¥F24 0 I~—0DFKHR
BRI OO D% B FACE a2 N LTz, Z0DJF
% T, AMCase 7% pH2.0~8.0 O#iPH T
(GleNAc), AT HZ & & A LT,

2. ERRAELE T

KIBE TD AMCase DOFRH, L ERTEHEOHIE

Fox L, BEICHE L2 71ET, REGE T Protein
A-AMCase-V5-His Z % BLL, VU 77 X LM77
HRERLL 723, 24].

X F U BEEVEE, ARG SASE 4-nitrothenyl
N, N'-diacetyl-B-D-chitobioside (Sigma-Aldrich ) %
FAWTHIE L7, AMCase == hDEFH D LLAT
DHRAEITRE - 72[23, 24],

HHZz~T7 R AMCase [ZLBauf ZLxF L,
(GleNAc)s D53fiE

aw A FFTF ATLREERE SN HEE W,
T B0k F L (Sigma-Aldrich) LV L L,
AMCase D% FF—EBIEMHREDEE & L THEH
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L72[23,24], T XRTCORERERKISTIEEIZan A ¥
NXF L (FKIERE 1mg/mL), £7201% (GleNAc)s
(0.2 pmol/mL) (AAbF T3) MW, B L L TH
iz~ A AMCase (0.8 mU F7-1% 0.1 mU) %M
VY, Mcllvaine’s #EMEE (0.1 M citric acid & 0.2 M
Na,HPO4 DIEA; pH 2.0~pH 8.0) &ETFIZHB W T
8 S0 uL TIT-o7z, 37°C, 1 BEfEIsE S E 7,

Jackson {EIC KB FF AV I~ — D NIEMRE
DIEY—A—OXFF A Iv—
[(GleNAC) 1] F T ITBEFE IS THEMR LIZFTF 7
U =~ —(% Jackson |Z &V @i &7z ik
(Jackson 1£) IZHEV [25], IREICAKNGIZ fluorophore 8-
aminonaphthalene-1,3,6-trisulphonic acid (ANTS,
Invitrogen 1) Z#fEG &5 Z & T L, 40 %
polyacrylamide gel electrophoresis (PAGE) % T
57 B L, Luminescent Image Analyzer(ImageQuant LAS
4000, GE Healthcare) #H\\CER L7z,

Jackson I EDKE

FEFRSOG LTl Bt 2 s L, 0% 02 M
ANTS-acetic acid/water(3:17, v/v), 1.0 M NaCNBH3-
dimethyl sulfoxide (DMSO) IZ¥&fi# L7-, £ LT,
17.5 M acetic acid % 5 uL Jlx,37°C T 16 FFfEIX
Je LTz, ZOKIGHIZ 1 M NaOH % 15 uL @i
% Z L THFIL, loading buffer % 15 pL Nz 7=
\Z, PAGE (ZX ¥ /3HEL, Luminescent Image
Analyzer THEHT L 72,

3. MR

pH 5.0~8.0 [Z351F7 5 pH {KERIR B LIEREY D
fRAT

ZHNET, ¥ 7 A AMCase [FATREAIEED 4-
nitrophenyl N, N-diacetyl-chitobioside [4NP-(GlcNAc):]
WZxT DX TF U RIEYED pH2.0 TR &<, B
PRt (pH 3.0~7.0) T pH EF- & & HITHhx (2
LB L EBHE LTV D23, 24], AMCase 2%
pH SMITIRATE L, 72 DX T VO fRED & AT
BHNE D MERETT A 729, Mcllvaine buffer %
VY, pH2.0~8.0 OFKMETanAf X LxF o Eizid
(GleNAc)s #HE & L TR SEIToT2, £ L
T, Jackson (2 & V¥ ST 5 FACE £[25]1%
MW TREDfRIT 21T > T2,

AMCase %, BEVESRIFE T Cans XX F %
SEL, T LT (GleNAc), ZARE L7-(1X 1A,
FEVRED, MK EEMEEL pH & EH S8 2 LK
TLZD, pH6.0 ETROLNAZ(X1A), ZDZ
Llx, ##LZ AMCase %, AV pH &P T, &y
TEXTFUVEEENMTHIENTEDLI L &R
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T, pH5.0~8.0 THMINZEMIZIE, (GleNAc),
DAz, GleNAc AV I~ —~—h— L BE) )R
N RHBOLNTE(X 1A, EWRH],
AMCase [FEDFEBRETH D (GleNAc)s & 4y
i L, F& LT (GleNAc), A L7=(X 1B, /h&
WRHD, 512, pH4.0 LLET, BEEDEWA
U RERH LW B, KEWERAD), 2Ok

RIL, AMCase |2 X203 fREY O pH (KAFHIZ
b, F721F FACE S TORIERY D pH HEAFH)
AERL D TREME A R LTz,
5:ICQIloidaI chitin
Ti-m S
- - [ H
= L
2030 40505070580 ? 20 3.0 43 50 EO 70 g0
pH pH
E;N(SICNAC)G 0
g: ; %100
b= - g 80
3— - é 60
2 —— t E 40
|- - é 20

2.0 30 40 50 60 7.0 80 o .
20 3.0 40 50 B0 70 BO
pH oH

X 1. pH 5.0~8.0 T?D pH KFHIHOEER /N> FD
B, aaA ZLFF D5 EA), (GleNAc), @
SIEB), 7T 7 IXE R R AR LT,

GleNAc Y = — DD =D DB E FACE &
RIZ, AMCase DIFFF/ET, Mcllvaine FEE K %
AV, pH2.0 £721% 7.0 T, GlcNAc A4V I~—
DE RIS TEWBEE 2 T AR5 D
NDHEME D hERMGLTZ, pH2.0 EOHE,
GlcNAc AV A~v—<—h— 75%%*585%6%@5&*
WA RRRBO BN, BEIEZOEW ALY FIRD
SN o (X 2A, A, ZHITK L, pH70
“C/]’ VX aN—v g9 5L, % GleNAc AU =2
—ITOWNWT, 2 FEO AL RS NT-(K 24,
EPH%%J:U\Z'E) HOHEFR S S % pH 7.0 LB D
4, GlcNAc AV I~ —ORBEIE DBV RNER
DO 2A), 512, pH2.0 (XI2A) &L
T, pH7.0 TOHEINRDIKTRFED il LA
FORERIX, Mcllvaine DFEE K Z VY, pH 5.0~8.0

DOEZR)E B EBES LT GleNAe 4V Z~—%
Jackson £ CHOGIEFR T HBRICIIEENLETH D
Z L ERT,

WIZ, FE pH TOREIARM) O AR 2 I3 5
Z e al BT, aOREE TR T D AT IR FERE ©
FONER b+ 5 &, MAOFERETTXTO
F Y T=w—|{ZOWNWTH—-NN RERo72 (X 2B),
ZDOEHIT, WA, OGN % IR Clg
P32 2 & T, RIZERM OGRS S au7z,
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1 2 3 4 5 6 1 2 3 4
(GleNA), (GIoNAG),

B. Pre-acidification method

GleNAc pH 7.0

UL A

T (GlNAgy,

2. FFUFY T —DOBIERR LB
Jackson {£ T DHER(A)

AT A b AR R C O A(B)

7T TIXEEM R AR LT,

BRI X DB EIR DRI R

WRIZ, (GleNAc) ¢ DH TR KT D FF 07
RIENME D AL RO I — AR S b v <
DNDFREE R DB LG ~T-, Fexld, MES,
PIPES, HEPES £ X () MOPS [ZOW TR L=
(150 mM, pH 7.0), & CEER T 5 ATl HEFERS C AL
T5HZET, WTNORER LY~ N
527X 3C), Loz nn, Fx dtkE FACE
B, R U2 E R ICBR AR <, PHEERTO
FEEM DIENTICHEH TH 5 Z E N ho T,

A. Mcllvaine Mcllvaine

H2.0 H7.0
[PH2Y (el

GlcNAc J P
B —

‘Phosphate Tris-HCI
MJPMJP

—-_e= - -

[ f— 2 == - - - -
L — — - - —-:-- . —
3_.‘ —— — — - - -—— —
2 T ——
e i el ® - T
C. MES PIPES HEPES MOPS
slnacM J P MU P MU P M P
e e ed e B -
5 — P —— — — - T —
fm——— —— —— oy -
D — —— — - — - —
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1—daman BB ‘ = ——— |

3. HOLAEREIC BT DB ER OB
Mcllvaine Buffer O F(A)

Phosphate, Tris-HC1 Buffer ®#%H(B)

Good Buffer ™ 5:(C)

(M; GlcNAc D 75yF 8~ —7% —,J; Jackson’s method,
P; Pre-acidification method)

W E FACE {5 T® GleNAc AV S~ —DEEM
(GleNAc), DE&EMZFHMIT 572, pH7.0 T

(GIcNAc), & HOETRE & DO D EMRIEZ B LT,

EAREIE, 50 nmol F THEOH L ALZ(IX 4),
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K 4. GleNAc 2V =~ —iEmim HEdh R o 1R
0.1~50 nmol (GleNAc) o fEEWE OIKENFE R (A) &
Z OIEEHR(B)

WE FACE &% W2 AMCase D% FF—EiE
M D EELAH

W H FACE % H\WT, AMCase D& FF—+
&M A M L7=, pH2.0~8.0 @ Mcllvaine #&fE
KHT, 2 RRFF (Zrf ZLFTF)
ZHEIZ, AMCase (0.8 mU) T 1 FFREA & =X
— b L7z#E58, F& LT (GleNAc), ARk L 7= (X
5A), &IZ, pH2.0~8.0 @ Mecllvaine #&fEjifk+H T,
AMCase % (GlcNAc)s & 1 HffflA > = ~— b
% &, FEIT (GleNAc) (K 5B) MAERK LTz,

A. Colloidal chitin
G‘CEA T (GIeNAC),
5— ; . 6 : TB(GIeNAz)
I— - 2

g
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pH PH
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{GIcNAC), (nmol)
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>y ®EE
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pH

X 5. Mouse AMCase DEFEX T o D4R
auA ZFRF DR (A), (GleNAc)s D53 fif
(B), 77 7IXEDEEMPE R LT,

4. ER

AMCase [~ 7 A DH TRKEIZEM S 1[20, 21,
26], {EMEDOEEN pH2.0 THDH[9,23], THET
DT TIE, RKBROFF L IE %V, AMCase
2% pH2.0 TEIZ (GleNAc), AR T 5 &HiE S
NTUWA[9, 23,24, £7- AMCase 1%, ~ 7 ADH
EWFDSEMET T, W kEER L L CHRET 22 &R
RENTUVH[20-22],

WA 0y = MFFRHEE (H28)

ZNETCOBMBTFHEMITIZL Y, AMCase
mRNA [EHERE RIS L ONtEAIC W TH & b
TRIAIND Z ENHEINTNDH[20], FTF oA
Jad<— (N-TEBFN-F b4V I<—) &, W
N T, BRx AR EE TS
:kﬁﬂ%hfnéuzﬂ FF o EF O
FOFAY I~ =T HE R L OPIRIERE D e
énfwép&mm~vvx1mmmedesoi
TIEERH D Z EDBRENTWVDA, pH B3 E L 72
% & ZEDOIEMIZEEMITIR T 59, 23], Fexld
JRHLZAM S R C, AMCase PMEEIRIRE N, B
DOAREE L1 T H 72 B R B T2 Oy FRPEW) & FE RS 5 W]
etk z& % 7=,

F V) I —RHEOT=OIZILL BRI TS
Jackson JE[2511%, HBYH 1 D& LA & ik L,
i C PAGE THHEL, A A— v — TN
b ¥FF—RICHET A TIL, WEE, LEPH
\Z pH ZEE TE % Mcllvaine $EEK (7 =k
1V VEERRER) DAV LLD, :@ﬁﬁf@?ﬁ

FEMERRER P C, BT S & RRED
o7,

TR A3, AMCase (2 L DiH{bicH k4
HZHDOTIEHARL, FF oA I —DHEOIER G
(X 1) 12, pH5.0~8.0 TAEMINDZ 4PN
L7, b9 —mEEALMEE, pH2.0 &g
LT, LVEW pH TOEBDENMETT D2 &
Th 5 (X 2A),

b OMELE AT 5720, pH2.0~8.0 @
MR CTER SN D GleNAe 4V T~—DiE T
KM % Zh AT, C & D sk O B3I
F L7, L THAIE, SR ERNC IR
Ki@ﬁﬂ%%ﬁkﬁé*&f@iﬁ%@%ﬁ%
PR+ 2 2 EnHKkE, ZoHBE, AL hEL
THERDIE, ﬁ&¢%M@pH%pﬁqoe
WESTHZETHD,

& ITEIARI DAL FAEE T TE o7
2, ZOWBAOCERIET, BIAERY O AR )
filL, GleNAc #F VU d~v—%ZH—D/ X K& LT
B2 Z &N TEZ(X2B), ZOHEIIMET
HY, HEFESHTIC I EH S Dk 7ekE
FRICEAT 22 ENTEDH(IXI), 35, ik
FEIR O SRR A VTS GleNAe 4 Y I~ — D
HEEDME T LN E bR L, ek, Z0
S RARRRIEIL,  HEOCERRATICIREERE & 0 2 5 LA
g%, Jackson £ &EAREWIZFE—Th 5,

%I, Bxlx, GleNAc AV F~—Dk Bt
&%%%wf XFURED pH KIENS R %
?ﬁﬁufbt{IS):&&'i pH 5.0~8.0 2B\ T,
%%/ﬁ D AERIS NI AR, ARk
BT D 4NP-(GIcNAc), HHEESND L~UL L
D b, MW EEALNILE, ZNHDORER

25



%,

avA RELFF kT D AMCase D57 fif

RESI2Y, pHS5.0~8.0 IZB W T, ANREE LY b &

<)
5z

AMCase SHIlEEARD pH 444 T CHERET
LERLTWD, AMCase [XoRERM D D Fiik

OEMETTERL, ¥F U EEE2NMRL, EiIC
(GleNAc), ZAERT 5 Z &N TE 5[30],

23 3Lk

1.

10.

11.

12.

Khoushab F, Yamabhai M. Chitin research revisited. Mar
Drugs. 2010;8:1988-2012.

Koch BE, Stougaard J, Spaink HP. Keeping track of the
growing number of biological functions of chitin and its
interaction partners in biomedical research.
Glycobiology. 2015;25:469-82.

Bueter CL, Specht CA, Levitz SM. Innate sensing of
chitin and chitosan. PLoS Pathog. 2013;9:¢1003080.

Lee CG, Da Silva CA, Dela Cruz CS, Ahangari F, Ma B,
Kang MJ, et al. Role of chitin and chitinase/chitinase-
like proteins in inflammation, tissue remodeling, and
injury. Annu Rev Physiol. 2011;73:479-501.

Hamid R, Khan MA, Ahmad M, Ahmad MM, Abdin MZ,
Musarrat J, et al. Chitinases: An update. J Pharm
Bioallied Sci. 2013;5:21-9.

Bussink AP, van Eijk M, Renkema GH, Aerts JM, Boot
RG. The biology of the Gaucher cell: the cradle of
human chitinases. Int Rev Cytol. 2006;252:71-128.
Renkema GH, Boot RG, Muijsers AO, Donker-Koopman
WE, Aerts JM. Purification and characterization of
human chitotriosidase, a novel member of the chitinase
family of proteins. J Biol Chem. 1995;270:2198-202.
Boot RG, Renkema GH, Strijland A, van Zonneveld AJ,
Aerts JM. Cloning of a cDNA encoding chitotriosidase, a
human chitinase produced by macrophages. J Biol Chem.
1995;270:26252-6.

Boot RG, Blommaart EF, Swart E, Ghauharali-van der
Vlugt K, Bijl N, Moe C, et al. Identification of a novel
acidic mammalian chitinase distinct from chitotriosidase.
J Biol Chem. 2001;276:6770-8.

Zhu Z, Zheng T, Homer RJ, Kim YK, Chen NY, Cohn L,
et al. Acidic mammalian chitinase in asthmatic Th2
inflammation and IL-13 pathway activation. Science.
2004;304:1678-82.

Reese TA, Liang HE, Tager AM, Luster AD, Van Rooijen
N, Voehringer D, et al. Chitin induces accumulation in
tissue of innate immune cells associated with allergy.
Nature. 2007;447:92-6.

Bierbaum S, Nickel R, Koch A, Lau S, Deichmann KA,
Wahn U, et al. Polymorphisms and haplotypes of acid

mammalian chitinase are associated with bronchial

26

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

WEBHIERT 7 v Y = 7 MFgEERE E (H28)

asthma. Am J Respir Crit Care Med. 2005;172:1505-9.
Seibold MA, Reese TA, Choudhry S, Salam MT,
Beckman K, Eng C, et al. Differential enzymatic activity
of common haplotypic versions of the human acidic
Mammalian chitinase protein. J Biol Chem.
2009;284:19650-8.

Okawa K, Ohno M, Kashimura A, Kimura M, Kobayashi
Y, Sakaguchi M, et al. Loss and gain of human acidic
mammalian chitinase activity by nonsynonymous SNPs.
Mol Biol Evol. 2016;33:3183-93.

Bucolo C, Musumeci M, Maltese A, Drago F, Musumeci
S. Effect of chitinase inhibitors on endotoxin-induced
uveitis (EIU) in rabbits. Pharmacol Res. 2008;57:247-52.
Musumeci M, Aragona P, Bellin M, Maugeri F, Rania L,
Bucolo C, et al. Acidic mammalian chitinase in dry eye
conditions. Cornea. 2009;28:667-72.

Bucolo C, Musumeci M, Musumeci S, Drago F. Acidic
Mammalian chitinase and the eye: implications for
ocular inflammatory diseases. Front Pharmacol.
2011;2:43.

Cozzarini E, Bellin M, Norberto L, Polese L, Musumeci
S, Lanfranchi G, et al. CHIT1 and AMCase expression in
human gastric mucosa: correlation with inflammation
and Helicobacter pylori infection. Eur J Gastroenterol
Hepatol. 2009;21:1119-26.

Nookaew I, Thorell K, Worah K, Wang S, Hibberd ML,
Sjovall H, et al. Transcriptome signatures in Helicobacter
pylori-infected mucosa identifies acidic mammalian
chitinase loss as a corpus atrophy marker. BMC Med
Genomics. 2013;6:41.

Ohno M, Tsuda K, Sakaguchi M, Sugahara Y, Oyama F.
Chitinase mRNA levels by quantitative PCR using the
single standard DNA: acidic mammalian chitinase is a
major transcript in the mouse stomach. PLoS One.
2012;7:e50381.

Ohno M, Togashi Y, Tsuda K, Okawa K, Kamaya M,
Sakaguchi M, et al. Quantification of chitinase mRNA
levels in human and mouse tissues by real-time PCR:
species-specific expression of acidic mammalian
chitinase in stomach tissues. PLoS One. 2013;8:¢67399.
Ohno M, Kimura M, Miyazaki H, Okawa K, Onuki R,
Nemoto C, et al. Acidic mammalian chitinase is a
proteases-resistant glycosidase in mouse digestive
system. Sci Rep. 2016; 6 37756.

Kashimura A, Okawa K, Ishikawa K, Kida Y, Iwabuchi
K, Matsushima Y, et al. Protein A-mouse acidic
mammalian chitinase-V5-His expressed in periplasmic
space of Escherichia coli possesses chitinase functions
comparable to CHO-expressed protein. PLoS One.
2013;8:278669.

Kashimura A, Kimura M, Okawa K, Suzuki H, Ukita A,



25.

26.

27.

28.

29.

30.

Wakita S, et al. Functional properties of the catalytic
domain of mouse acidic mammalian chitinase expressed
in Escherichia coli. Int J Mol Sci. 2015;16:4028-42.
Jackson P. The use of polyacrylamide-gel electrophoresis
for the high-resolution separation of reducing
saccharides labelled with the fluorophore 8-
aminonaphthalene-1,3,6-trisulphonic acid. Detection of
picomolar quantities by an imaging system based on a
cooled charge-coupled device. Biochem J.
1990;270:705-13.

Boot RG, Bussink AP, Verhoek M, de Boer PA,
Moorman AF, Aerts JM. Marked differences in tissue-
specific expression of chitinases in mouse and man. J
Histochem Cytochem. 2005;53:1283-92.

Aam BB, Heggset EB, Norberg AL, Sorlie M, Varum
KM, Eijsink VG. Production of chitooligosaccharides
and their potential applications in medicine. Mar Drugs.
2010;8:1482-517.

Masuda S, Azuma K, Kurozumi S, Kiyose M, Osaki T,
Tsuka T, et al. Anti-tumor properties of orally
administered glucosamine and N-acetyl-D-glucosamine
oligomers in a mouse model. Carbohydr Polym.
2014;111:783-7.

Azuma K, Osaki T, Minami S, Okamoto Y. Anticancer
and anti-inflammatory properties of chitin and chitosan
oligosaccharides. J Funct Biomater. 2015;6:33-49.
Wakita S, Kimura M, Kato N, Kashimura A, Kobayashi
S, Kanayama N, et al. Improved fluorescent labeling of
chitin oligomers: chitinolytic properties of acidic
mammalian chitinase under somatic tissue pH
conditions. Carbohydr Polym. 2017;164 145-53.

3 EMDOBFFERE

ORE -+ 558

1.

Wakita, S., Kimura, M., Kato, N., Kashimura, A.,
Kobayashi, S., Kanayama, N., Ohno, M., Honda, S.,
Sakaguchi, M., Sugahara, Y., Bauer, P. O. & Oyama, F.
(2017) Improved fluorescent labeling of chitin oligomers:
chitinolytic properties of acidic mammalian chitinase
under somatic tissue pH conditions., Carbohydr Polym.
164 145-153.

Honda, S., Kunii, T., Nohara, K., Wakita, S., Sugahara, Y.,
Kawakita, M., Oyama, F. & Sakaguchi, M. (2017)
Characterization of a Bacillus thuringiensis chitinase that
binds to cellulose and chitin, AMB Express. 7, 51.
Okawa, K., Ohno, M., Kashimura, A., Kimura, M.,
Kobayashi, Y., Sakaguchi, M., Sugahara, Y., Kamaya, M.,
Kino, Y., Bauer, P. O. & Oyama, F. (2016) Loss and Gain

of Human Acidic Mammalian Chitinase Activity by

10.

@

[EI B
1

WEBHIERT 7 v Y = 7 MFgEERE E (H28)

Nonsynonymous SNPs, Mol Biol Evol. 33, 3183-3193.
Ohno, M., Kimura, M., Miyazaki, H., Okawa, K., Onuki,
R., Nemoto, C., Tabata, E., Wakita, S., Kashimura, A.,
Sakaguchi, M., Sugahara, Y., Nukina, N., Bauer, P. O. &
Oyama, F. (2016) Acidic mammalian chitinase is a
proteases-resistant glycosidase in mouse digestive system,
Sci Rep. 6, 37756.

Kimura, M., Wakita, S., Ishikawa, K., Sekine, K.,
Yoshikawa, S., Sato, A., Okawa, K., Kashimura, A.,
Sakaguchi, M., Sugahara, Y., Yamanaka, D., Ohno, N.,
Bauer, P. O. & Oyama, F. (2016) Functional Properties of
Mouse Chitotriosidase Expressed in the Periplasmic
Space of Escherichia coli, PLoS One. 11, e0164367.
Honda, S., Wakita, S., Sugahara, Y., Kawakita, M.,
Oyama, F. & Sakaguchi, M. (2016) Characterization of
two Listeria innocua chitinases of different sizes that were
expressed in Escherichia coli, Appl Microbiol Biotechnol.
Ohno, M., Bauer, P. O., Kida, Y., Sakaguchi, M.,
Sugahara, Y. & Oyama, F. (2015) Quantitative Real-Time
PCR Analysis of YKL-40 and Its Comparison with
Mammalian Chitinase mRNAs in Normal Human Tissues
Using a Single Standard DNA, Int J Mol Sci. 16, 9922-35.
Kazami, N., Sakaguchi, M., Mizutani, D., Masuda, T.,
Wakita, S., Oyama, F., Kawakita, M. & Sugahara, Y.
(2015) A simple procedure for preparing chitin oligomers
through acetone precipitation after hydrolysis in
concentrated hydrochloric acid, Carbohydr Polym. 132,
304-10.

Kashimura, A., Kimura, M., Okawa, K., Suzuki, H.,
Ukita, A., Wakita, S., Okazaki, K., Ohno, M., Bauer, P.
0., Sakaguchi, M., Sugahara, Y. & Oyama, F. (2015)
Functional properties of the catalytic domain of mouse
acidic mammalian chitinase expressed in Escherichia coli,
Int J Mol Sci. 16, 4028-42.

Ohno, M., Kida, Y., Sakaguchi, M., Sugahara, Y. &
Oyama, F. (2014) Establishment of a quantitative PCR
system for discriminating chitinase-like proteins:
catalytically inactive breast regression protein-39 and
Yml are constitutive genes in mouse lung, BMC Mol
Biol. 15, 23.

FRRER

EE

Okawa, K., Ohno, M., Kashimura, A., Kobayashi, Y.,
Sakaguchi, M., Sugahara, Y., Oyama, F., Loss and
recovery of chitinolytic activity by amino acid
substitutions in human acidic mammalian chitinase., The
66th Annual Meeting of the American Society of Human

Genetics (ASHG) (Vancouver), 2016 4% 10 H 21 H

27



10

Wakita, S., Kimura, M., Kashimura, A., Sakaguchi, M.,
Sugahara, Y., Oyama, F., Functional analysis of acidic
mammalian chitinase under physiological conditions.,
The 66th Annual Meeting of the American Society of
Human Genetics (ASHG) (Vancouver), 2016 £ 10 H 21
H
Kimura, M., Wakita, S., Ishikawa, K. Seckine, K.
Yoshikawa, S., Sato, A. Okawa, K., Kashimura, A.,
Yamanaka, D., Ohno, N., Sakaguchi, M., Sugahara, Y.,
Oyama, F., Protein A-mouse Chitl-V5-His expressed in
Escherichia coli possesses chitinase functions comparable
to CHO-expressed protein., The 66th Annual Meeting of
the American Society of Human Genetics (ASHG)
(Vancouver), 2016 4 10 H 20 H
Tabata, E., Ohno, M., Sakaguchi, M., Oyama, F., Gene
expression analysis of mammalian chitinase transcripts in
pig tissues., The 66th Annual Meeting of the American
Society of Human Genetics (ASHG) (Vancouver), 2016
410 H 20 H
Oyama, F., Okawa, K., Ohno, M., Kashimura, A.
Kobayashi, Y. Sakaguchi, M., Sugahara, Y., Inactivation
AMCase by
encoded by

of mouse introducing amino acid

substitutions single-nucleotide
polymorphisms in human AMCase gene., The 66th
Annual Meeting of the American Society of Human
Genetics (ASHG) (Vancouver), 2016 4= 10 A 19 H
Honda, S., Wakita, S., Sugahara, Y., Oyama, F. ,
Sakaguchi, M., Analysis of chitinases from nonpathogenic
bacterium Listeria innocua., The 66th Annual Meeting of
the American Society of Human Genetics (ASHG)
(Vancouver), 2016 4% 10 A 19 H

S. Honda, Y. Sugahara, M. Kawakita, F. Oyama, M.
Sakaguchi, Comparison of degradation products from
various substrates by Listeria chitinases, The 14th
International Symposium on Advanced
Technology(ISAT-14), 2015 4= 11 A 2 H

M. Kimura, K. Ishikawa, K.Sekine, S. Yoshikawa, S.
Wakita, A. Sato, A. Kashimura, M. Sakaguchi, Y.
Sugahara, F. Oyama, Characterization of Escherichia coli-
produced mouse chitotriosidase, The 14th International
Symposium on Advanced Technology(ISAT-14), 2015 4+
11A2H

M. Ohno, Y. Kida, M. Sakaguchi, Y. Sugahara, F. Oyama,
Gene expression analysis of chitinase-like protein, YKL-
40, with mammalian chitinases using qPCR in normal
human tissues., The 65th Annual Meeting of the American
Society of Human Genetics, 2015 410 A 9 H

F. Oyama, A. Kashimura, M. Kimura, K. Okawa, H.
Suzuki, A. Ukita, S. Wakita, K. Okazaki, M. Ohno, M.
Sakaguchi, Y. Sugahara., Expression and characterization

of catalytic domain of mouse AMCase in Escherichia coli.,

28

12

13

15

16

17

18

19

WEBHIERT 7 v Y = 7 MFgEERE E (H28)

The 65th Annual Meeting of the American Society of
Human Genetics, 2015 4 10 A 9 H

K. Okawa, M. Ohno, A. Kashimura, Y. Kobayashi, M.
Sakaguchi, Y. Sugahara, F. Oyama, Biochemical analysis
of chimeric human and mouse AMCase proteins
expressed in Escherichia coli., The 65th Annual Meeting
of the American Society of Human Genetics, 2015 4 10
H 8 H

M. Kimura, K. Ishikawa, K.Sekine, S. Yoshikawa, S.
Wakita, A. Sato, A. Kashimura, M. Sakaguchi, Y.
Sugahara, F. Oyama, Enzymatic properties of mouse
chitotriosidase expressed in Escherichia coli., The 65th
Annual Meeting of the American Society of Human
Genetics, 2015 4% 10 A 8 H

A. Kashimura, K. Okawa, K. Ishikawa, Y. Kida, K.
Iwabuchi, Y. Matsushima, M. Sakaguchi, Y. Sugahara,
and F. Oyama, Expression of mouse acidic mammalian
chitinase in periplasmic space of Escherichia coli, The 1st
Innovation Forum of Advanced Engineering and
Education (IFAEE), 2014 4= 11 A 2 H

K. Okawa, A. Kashimura, Y. Kobayashi, M. Ohno, M.
Sakaguchi, Y. Sugahara, and F. Oyama, Characterization
of Escherichia coli-produced human acidic mammalian
The 1st Innovation Forum of Advanced
Engineering and Education (IFAEE), 2014 4% 11 H 2 H
M. Ohno, K. Tsuda, M. Sakaguchi, Y. Sugahara, and F.
Oyama , Comparison of mRNA levels among Chitl,

chitinase,

AMCase and reference genes in mouse tissues, The st
Innovation Forum of Advanced Engineering and
Education (IFAEE), 2014 45 11 A 2 H

M. Kimura, K. Ishikawa, K. Sekine, S. Yoshikawa, A.
Sato, K. Okawa, A. Kashimura, M. Sakaguchi, Y.
Sugahara, and F. Oyama, Expression of mouse
chitotriosidase in Escherichia coli, The 1st Innovation
Forum of Advanced Engineering and Education (IFAEE),
2014411 H 2 H

S. Honda, Y. Sugahara, F. Oyama, and M. Sakaguchi,
Expression of Listeria innocua chitinases in Escherichia
The 1st
Innovation Forum of Advanced Engineering and
Education (IFAEE), 2014 4~ 11 4 2 H

F. Oyama, M. Ohno, A. Kashimura, K. Okawa, K.

Ishikawa, M. Sakaguchi, and Y. Sugahara, Biochemical

coli and comparison of their properties,

Analysis of Mammalian Chitinases, The 1st Innovation
Forum of Advanced Engineering and Education (IFAEE),
2014411 A1 H

A. Kashimura, K. Okawa, M. Kimura, K. Okazaki, M.
Sakaguchi, Y. Sugahara, F. Oyama., Enzymatic properties
of the catalytic domain of mouse acidic mamma-lian
chitinase expressed in Escherichia coli., The 64th Annual

Meeting of the American Society of Human Genetics,



20

21

22

2014 4-10 A 20 H

K. Okawa, A. Kashimura, Y. Kobayashi, M. Ohno, M.
Sakaguchi, Y. Sugahara, F. Oyama., Expression of human
acidic mammalian chitinase in Escherichia coli and
analysis of its properties., The 64th Annual Meeting of the
American Society of Human Genetics, 2014 4F 10 A 20
H

F. Oyama, M. Ohno, Y. Kida, M. Sakaguchi, Y. Sugahara.,
Cross-species gene expression analysis of chitinase-like
proteins with mammalian chitinases using qPCR in mouse
and human tissues., The 64th Annual Meeting of the
American Society of Human Genetics, 2014 4F 10 A 20
H

M. Ohno, Y. Kida, M. Sakaguchi, Y. Sugahara, F. Oyama.,
Analysis of the expression levels of chitinase-like proteins,
Yml, Ym2 and breast regression protein-39, in mouse
tissues., The 64th Annual Meeting of the American
Society of Human Genetics, 2014 4% 10 5 19 A

P

HEAREE, BAIRAE, KREFSER, WOBE, /U
M, =7 MUK IT 27— BB TRE L
YL L E DOREFFMRE O RN, B ABE(LES
2017 FERSORAR), 2017 4 3 4 18 A

KN —B, Ky &k, #A M, Ko B, #
JROREE, /L SRR, b R &~ T AOBEMEWILIE Y
FF— B OREHEMENT & i, 5 30 [/ HARFF U -
X Mo aREDITT], 2016 428 A 19 H
ANLSCRHE, KREFER, REPRER, KIN—B1, Bk
B, %Eﬂlmh, BRI, ABE, ERER, v v
Z BRI DEBREIEFLE ST T — B ORI L EEM
%@HE,%ijaﬁx%y-%##y%%k%
[JI#kH], 2016 45 8 H 19 H

fip HIESE, ARFRFR, AT, OB, BRER,
INUSCRE | AMCase (2 & DB~ F kSRt F 05y
fREEED OFFHT, 55 30 Bl AARFF > - ¥ M Ea
K[, 2016 48 A 18 H

SRR, KEFEW, WOEE, /MMusckE , 7244
BT D FTF S — BRI FRE LNV O, &
30 [ HARFF U - F b UEEREDIBGR], 2016
F8H I8 H

AHEARRS, EHREERE, /LK, KO8 , CK
uE/K4H Listeria innocua % —EOMHE, & 30 [A]
AARFF - % b e Rk, 2016 4 8 H
18 H

AFPRER, WHERE, AR, BER—2ZF,
B, VEREEE, FERIEAE, WNEGE, CERERBEER, /MU
W, v AX N MU AV A =PI AERASIET
TXFUREENRT S, 56 30 B BARFTF L - F

Bl

10

11

13

14

15

16

17

18

19

AT 1Y = 7 NI # (H28)
N R REDIEET], 2016 4 8 A 18 H
RIN—B, PRI, KREFER, WOBE, EHRE

B, DU, XATEERAHLIZE hEv DR
AMCase DOREIER, HARREZLFS 2016 FECE
FR 28 4 ) R 2x[FLIR], 2016 423 H 29 H
KEFERy, KREHME, WARTEH, KI—8, B3
i, WO, WEREE, MU, ~7 20FICE
W AEBRMEIEILIEES F I — B ORI L IEME, AR
(L2 2016 EFECT-RK 28 4R ) R [FLIR], 2016 4F 3
H29H
7I<HHj< W mESE, B)IRKE, BER—2,
A, VEREEE, MEAMEAE, OECE, EFEFEEE, /L
X, ~ 7 AXF N NI ATVH—BORBEEDOY 7
T ALTORE, HAEIZFES 2016 FECEK 28
YRS [FLIR], 2016 453 A 28 H
KREFERD, EEMEKR, WOBE, EHRER, /U
B, WAL TS —E L X FF PRSI ED
BT RBUFHT, 5529 FF2 % ik
2,20154-8 A 20 H
ANIUSCRE, BERTIEAE, REPRER, RIN—B, $aAKIE
R, TRHNES, R HESS, MRES, KREED, K
HEBE, ®IRER, KIBE CHRE LI~ U AWM
HEX T T — B O KA A > OME, $29[F ¥
FroeF Y UFERE, 201548 A 20 H
KBRS, WOBE, NMUSCHE, EEER, “RoT
==X 757 MK (CS-g-PAM-
PAA) DEEEFFME, H290 FF - X Y UES
£,20154 8 420 H
i BESS, KRR, AR, WO, B
H, /NMUSCH, Fluorophore & W= 4 j’fﬁ“
WHERREOSWR, F£29H FFo - F hh U
K%=,20154-8 H 20 H
jtJIPEH FEERTIETE, REPEAD, WOBE, BRE
B, /JNUSCHE, v hE~ U ABEHILEY TS —F
DOF A FROERL L Z DT, H529[E FFo - %

£l

YRR, 2015468 A 20 H
**T#ﬁﬁk AINRKE, BR—22, H) T, HH
l:luu, EEE% E, *E’:K*TBHT ijil:]&:l, Bﬁ’%%;

INLSCRE, ~ T A% R R AT HE— t@kﬂ%%f‘
DOFBLEZOMWE, 5290 FFo % FP g
K42,20154-8 A 20 H

ABEAKES, BHREEE, /LUSTHE, WO BGE, Listeria
JBX T — B fREY L, 29 B FTF oo F
A== £3,20154-8 H20 H

KEPER, EEMEKR, WOBEE, &FEAEE, /U
Me, B h&~U RMkICH T AMLEXT T T —E L
XFF—VREL NI E DI L~V OIEYT, 4
EIEMET 3 KPEfHEEHE S RO T & (TR
KREFERE) 201546 A 20 H

AE AKES, EIR OB, L ek, WO B,
Listeria 13k % F 77— OMREMEANT, B ABRZ(LFES

29



20

21

22

23

24

25

26

27

28

2015 B (CERR 27 &) ke () , 201543
H29H
ANL SCRE, AT BRTE, AT CREK, RN B, SR

[, VR SR, B IERS, MR EFRE, KRB LD,

QﬂJﬁEJQE%$,7WX&@@ﬂﬁ%%+~
BOMBE R A A L ORBE TORE L ZOMHE, H
AEFALFE 2015 FE CERL 27 ) ke (4
) ,201543 A 28 A

KB L0, W MR, W0 B, BR OFR, /MU
XM, v U AEBICBT DX T —ERREY N
B OB RN, AARREZ(FS 2015 FE
(Frk 27 #E) K= (Fl) ,201543 5 28 H

WOBGE, IR, ABEFARRS, EHRER, /N

SCWE, NNEMIER, fiFE 7 a7 I 7 —8D R AL
COEE, AARISHEER TS 26 FERSGE 63
), 2014 459 H 24 H

BRER, S8R, AEdE, /LS, ¥ M
CHBRDOEWIRBHRRA~DIEH, B 28 BlFF -

F YRV T A 201458 A8 H

AR, KN —W, MRER, KRR, KRB
&, EEEE, /LSCHE, Acidic Mammalian Chitinase
DOff K A A O KIGH TOFRER, 28 mFF 2 -
R URTT L 201448 A TH

KBRS, WOEE, /MU, EFER, ¥ My
DRy ) —D 7T 7 NES, § 28 [HXF
Vo % Mj‘///n“\/‘?AJOMESFJ 7 H

fip HIESS, @ E A, A, RI—B, RKAB
&, EREER, DNUSCHE, BHEWILEX T -0
pH {KAFH) T L 3 fRPEN DRE, 5 28 BIFF 2 -

RV URTT L 2014487 7H

KIEFEW, EHBER, WOESE, ERER, /MU
g, ~ v A CcoOFF I —EB LTI —EHEy
INTE DB~V OfENT, 5528 [BIXF T - F M
VIUURY T N 20144E8 H 7T H

ANLSCRE, KEFSERD, FERBEEE, RI—8, Al
KE, WO BCE, BRER, WIES 7T —Eo#s
TREUENT & KIGE CORHB, 28 EFF 2 - ¥ b
PR Y TN 201448 H 7 H

30

(O
N

ey

BT T e Y =7 MR

# (H28)



ot T4

TEEBERT PP T2 R
FORHR TR B T2 4

WEBIERT 7 1 Y = 7 MFgEERE E (H28)

vITxy FEMALEHEERFAROD-OOERNHAR

Pl KRR
PaEp St—

Fundamental Study on Thruster using Synthetic Jets

Kotaro Sato, Department of Mechanical System Engineering, Kogakuin University
Koichi Nishibe, Department of Mechanical Engineering, Tokyo City University

ABSTRACT : This is a fundamental study on the jet vectoring control by means of adjusting the synthetic jet Strouhal number

(frequency) without slot shape change with time in actuators. This work involved introduction of asymmetric slots with various

beak lengths in free synthetic jets for various frequencies, experimentally and numerically. Furthermore, the behavior of synthetic

jets was compared with that of the continuous jets. In our experiment, velocity measurements for both types of jets were performed

using a hot-wire anemometer with an I-type probe and a traverser, and flow visualization for observing the behavior of the jets was

performed using the smoke wire method. Through the experiment, typical flow patterns and time-averaged velocity distributions of

synthetic jets for various beak lengths and Strouhal number were demonstrated. The time-averaged velocity was measured at a

reference point on the slot centerline to evaluate the degree of the bend of the jets and the obtained data was used in the Strouhal

number-beak length map.

Keywords: Vector control, Synthetic jet, Continuous jet, Two-dimensional flow, Numerical simulation
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VT 4 v Ve y NI O/NU LR L O R
WCHELTWDZ D, HEERoREL LTHIfFshT
Wb, T 4y 7Yy OIERFTENFEIZ OV TE
BLZE 20 FRINBMHER 2SN TED, BEIZ—EDORMRE
BFELNTWD [1-4]. — 7, B TOv T 4 v 7
Pxv ML DIREHEICE L THLEESRED T D
N[5-9], AL~V TY T 4 v 7 V= b EEGET
OREEE L CTHEMT DI, & 57 53 EOMRAMET
HD. PlzEEm LA ) VAR OAR, BREET, Wi
Iz ERZRTF S, 20T B T m I oW T
TAA Yoy NHAEI#EZBERE LT BT 4 v
Vv hEY TV MIHAWDIRAN R ZIN TN H[10-
12]. #51%1%, Smith and Glezer [ 10713 B fli 722 FE 7 i foe M it &
BT AT N7 4w V= b (BT Vv )
L OO ETHER, x%yyl/b@@ﬁﬁﬁ’
FtyoeTr vy FOFHRICONTEHERm LS. 2
ITE, vt T 4 vV ey FEAWARZLETAALA Y
= v MHAEEIITRTH S Z ENHLMNTENT. Luo
O [NIFAA Y=y bOFAFIHEDOZD, 250 ) X)v
WHEY TV FEARL, TR 5T 180° DA AHEN
BTN T 4y )V 2y NV Fam—

HEBRR L, T OFEEREROHIE S EZ A5 A S
RO TH D Z L E/RLTWA. —J5, Smith and Glezer [13]
THET 2 o0y MLV ERINDNMAHZEE L
IVRT 4 v 7Yy b CIEMEET T M SARIC K
DIREINDZLER LT, T7b6 2 2 CHEMERIENALHE
BEALTWLE Y =y MIIZERT 5 Z RPN EN
T3,
LZATHEBOEMTIa T Ao RICREEND LD
WG OBMBIRICKESEETHZ ERMOEN T
B Z LD ERERoMER T A BT A T oMLz
kT4 v Ty MOERBEFMEICKIZT RN
DI PR DB A AR T LR B 720, /yt%4/
7 Yz v N OEBICFIE T RIFIERIFREE R O I
wfﬁn\<oﬁ¢%§é%vcwézq]Jﬂfiiﬁ&b@ﬁhb
TN—TICEDHMEERRNT, 7V =y FEHEH LW
Yok T 4 v Yy MOFHEHIEFIECET D5
Y72 B2V [14,15]. $Rl2 2 vy NERO R ETEIFET B PE DS
MEVEHETT B L OV R B A XIS B2 B BT o
W TCHRHEIRE L e I TV,

AT T 4 v Ve y bERRA L HEESRE
DT D DI TH Y, FRCHEERR O LEHIEIZ
LB ORI FEZERET AL THD. 22T, <

31



BIZLRIERFFRAn v MoK W AEREhz2key v
T AT Ty MOERFTHEE R DV TEEBRIONT
BT 2 O CTHETd 2. & L TERNIZE Oz
FESy AR FHANES KOVl o FT AL & BB ARAT TR D AL To R
ERY MVERL, YT 4 v Ve POFEEICKIE
FTLBIELES GExPFE) B L OMmRITE R (REhFF
%) OEBIZER L GEmz BT L. 72, 2 bR
A G R O FRENEE & LR - KR A 2 & THAEA DR
BIZOWTERTDIEEBIE, YorET 4y 7Py Ml
FeOMWEERHT 22 L CHMEREE(LEEDL L
MEWFTREENFEETH D Z & ERT.

2. ¥LRES

bo : Slot width [m]

c . Beak length [m]

C . Dimensionless beak length (=c / bo )[-]

ly : Stroke length [m]

Lo :  Dimensionless stroke length (=1y/by) [-]

Re : Reynolds number (= Usobo /v)[-]

t : Time [s]

t* Dimensionless time (=Uso T/ bo )[-]

T : Cycle [s]

u . x-axis directional velocity [m/s]
|u| * Absolute value of the velocity = [1 + 1?]'?

| 24 ma| * Maximum value of velocity

Ugo : Characteristic velocity of continuous jet [m/s]
Usq . Velocity oscillation amplitude at the slot exit [m/s]
Uso :  Characteristic velocity of synthetic jets [m/s]

v :  y-axis directional velocity [m]

y-axis directional supplement velocity for jet

w entrainment [m]

w : Slot height [m]

Xup . Position of vortex pair along with the x-axis [m]
Yie Position of jet center along with the y-axis [m]

Greeks

% : Kinematic viscosity [m?/s]

W : Vorticity [1/s]

w”* :  Dimensionless vorticity (=Usobo /w) [-]

Subscripts

c : Continuous jet

s . Synthetic jets

0 : Outlet of slot
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Upper inlet (v =-0.05U )

Rigid wall (no slip)

7

Slot (u = U sinwt )
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Downstream bound
(constant static pressure)

2005,
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Lower inlet (v =0.05U)
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HELTWD, ZOYrET 4 v 7Py ORI AT =R
LILTOEIICEZBND. AEMETIZA T v F3IER
IR TH B 72 DR ET AWIE O x TR o0& E AL
BIEWABLI, stFR2shiTER S nzn. Thbb,
REEtE 0 OIE A 2w b T T TR S5 01
RUT, KEEFEID OfIE< BIXLOFEIZ LD BE B2
O o3sdlE i, < b LRI TR EN S, EHlO)K
BEEtEI Y o2 THIOERFFE Y O Xk v bETH IR S
NHZ LT, EVWORIZ X 2FBEEE T y HIA T & O
DEFEOXIICRD. ZTOME, WAL T H~EITT 5.
TD%, W T aERA KT ATy MEITMET S
TRIOEFHE Y O XV RVIALRFTRN DB E 1T A
0y MU~ & LI, & 5L B LA iyl
OEFEHE Y BN ER SN D Z b8, iR x Jrm~

34

DHATEIT D LD, ZOY A 7 AR IREND
L, K BIFLERIEMHRAr y bEBLTAERINE Vv
YTy Yy ML, Ar vy b THICHEHEY OFEEER
T AZTERT D X 91D, Dk, < BIELMNETH-
WCAERR S TR B Y O IT R & 22 R R A2 5] & 3A
FhdEHHEND. AT Y ML o THIEEZ S
N DTN OMRIANLERE R CIE A ST, Oy L
ERIZE > THEEEL2ERT L2V 8T vV
MEFDHELTHD EEZBND. LRACKEED X HIC
A — VR ST E B S I B W THE R O i RiZE R e b
ELES CHAINT2ICLER-THEMLTEY, 2o
HELTLKBIFLES C BELRDIFEELAIN DX
D x HENEDOENKELIRDEDEEZLBND.

BJ 61X 5 £V BARWERE S Sr=1.67x10 -2 (f=
10Hz) CTRET DV BT 4 v/ V2w hOTR—/NF—
VBIEBITH D, (a) AE—2 UA VB X DAY EEIZ,
(b) FHEIC L BRSPS E~NY frT, (), Gi),
(i) ICENZEN C=0, 3, 5ITRTHRERERT. KX
At OFE R R, FEBRRE R & BUEARAT RS 51X e T 7 )
WELTRHR —#HZ R LTW5, () dFAay b C=
0 TP Sr=1.67x102 (K 6) & Sr=5.00x102 (X5) DOfE
REWLET 5 &, BRET HRICBHE R ERIRS bR
VW, AR, ARy b G) C=3BLT Gi) C=
5 OFERICOVWTAKEK 5 Z g9 5 &, Sr=5.00X10
2 (5) TIEMERIZA 7 > MR OFERFEDFE L ST
TrEIZiEER L TWDOIEx L, Sr=1.67X10-2 (X 6)
TIEEREIT I KIET S BIELESOEEIRIZE A
ROV, T72bb, EiomE 3R bIFLE
S C T ThL, MRS S IZbikFLTWnWD 2 L
Bbond. Lo, H—dFrray MRz
t7 v Vey NOYE, BEREEREST S L THET
FHHIETRETH D Z ENHLNTH S.

X 7TICEBRTELN x/ bo=5, 10, 15, 20,25 28T 5 x
TR EE S A E Y. (@), (), (o) X



(iii) C=5 (iii) C=5

(a) Experiments (b) Numerical simulations
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(iii) C=5

(a) Experiments (b) Numerical simulations
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(iii) C=5

(iii) C=5

(a) Experiments (b) Numerical simulations

Be6 voeT 4Ty b7 —RE—2 (Sr=
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(b) Synthetic jet (Sr=5.00x102, f'= 30 Hz)
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ABSTRACT : Mangroves are increasingly seen as carbon-rich ecosystems and their reforestation and
rehabilitation are very important as global warming measurement. The mangrove rehabilitation sites
at the abandoned shrimp ponds and new mud flat areas have been planted in southern part of Thailand.
The present research aims to study soil chemical properties, carbon storage in soil and biomass,
biomass utilization and food cycle system in these rehabilitated mangrove sites. Soil was sampled
from surface to 2.0 m depth and biomass investigation (tree height, DBH and weight) was performed
at all sites. Consequently, total carbon stock in mangrove planting sites was gradually increased with
the increase of elapsed year. In addition, stable isotopes (8'°N and §'*C) in marine organism such as
shrimp, shellfish, crab and fish in this rehabilitated area are monitored. The concentration factor of
33C by the measurement results in all samples indicated the diversified recurrence in rehabilitated
mangrove ecosystem, but it was difficult to elucidate the detailed mechanism. Lastly, the pyrolysis
gasification properties in mangroves as biomass resource was investigated.
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Fig. 2 Sampling sites in mangrove afforestation and virgin
forest of Nakhon Si Thammarat (NST) in Thailand (2016)
( a) virgin forest, b) new mud flat, ¢) abandoned shrimp

pond).
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Table 1 Latitude and longitude of soil sampling and
measurement in five mangrove planting sites at the
abandoned shrimp ponds (NST).

Planting Investigation Elapsed

year year year Latitude Longitude
[year] [year] [year]

1998 2016 18 N08°31'02.18" E100°02'37.97"
1998 2014 16 N08°30'54.90" E100°02'50.40"
1999 2016 17 N08°30'59.67" E100°02'38.16"
2000 2015 15 NO08°31'15.87" E100°01'44.37"
2004 2014 10 N08°32'23.50" E099°59'17.30"

Table 2 Latitude and longitude of soil sampling and

measurement in five mangrove planting sites at the new
mad flat soil (NST).

Planting Investigation Elapsed
year year year Latitude Longitude

[year] [year] [year]

2005 2016 11 N08°37'11.88" E99°57'25.37"
2007 2016 9 NO08°37'17.87" E99°57'22.57"
2007 2015 8 N08°37'20.36" E99°57'25.44"
2009 2015 6 NO08°37'19.86" E99°57'24.83"
2012 2016 4 NO08°37'11.88" E99°57'25.37"

Table 3 Latitude and longitude of soil sampling and

measurement in twelve mangrove plots at virgin forest

(NST).
Area Plot Latitude Longitude

1 N 09°15'21. 92" E 99°49'00. 66"
Zone [ 2 N 09°15'21. 78" E 99°49'00. 36"
3 N 09°15'21. 48" E 99°48'59. 98"
4 N 09°15'21. 32" E 99°48'59. 71"
1 N 09°15'21.91" E 99°48'59. 63"
Zone [ 2 N 09°15'21. 76" E 99°49'00. 22"
- 3 N 09°15'21. 84" E 99°49'00. 52"
4 N 09°15'22. 01" E 99°49'00. 58"
1 N 09°15'22. 29" E 99°49'00. 58"
Zone [ 2 N 09°15'22. 28" E 99°49'00. 28"
3 N 09°15'21. 99" E 99°49'00. 15"
4 N 09°15'22. 42" E 99°48'59. 68"

2. 3 N"MATR=HIE

BHEARGRER X (1998, 1999 4FHEARFER X (Table 1), 2005,
2007, 2012 4EHEARFRBRIX (Table 2))2 T, Hi EERICER L
TWAHRFBEREZRET S0, v Iun—71cBT
LM EFANA A~ A BOWEEIT o T, A ik LT,
TR =7 BT AREALGE,. K. B, )0 EER
L HEE ROV S B DBH)DORE 21T - 7=, 7RISRk




STV B HIEXREFEIL, 7 % 737 & )V (Rhizophora
apiculate) & A A 73 & )L X (Rhizophora mucronata) Cé %,
FIZ, Pak Poon (2 % BRIXIZ T 1990 FITHEAMR L 7o~
yra—T7RREICOWTY, LR, BiE. e B
(DBH) L VS A A~ 2 & PEEIT > 72, JRAEM(Table 3)
WZOWTIE, N A~ 2AEEREFITHLT. ek
BELDOBH)ORIE DT 1=, FFEEKRNTIE, 4
B A AE(50m X 50m) N D AT A (T XN F e X
(Rhizophora apiculate) . 7 7 5 > & /v X (Xylocarpus
alatus)) % 5l L 7=,

2. 4 LE{EFEHESW

KA T Y 7 HHERENT o LT, R (K
(IM KCl) =1:5(FEH#ZL)AFRE L, 1 FFER E 5 %200
pm), EEAR{K%E pH, EC A — 4% —(F-50, HORIBA) K (!
A A > FBEMR(1512A-10C, HORIBA)% iV T pH, EC, Na
AFRELRE L, BICHERB 2 #EIFEICT
110°C T 24 B #7)8 X% NC 75 7 4 ¥ —(SUMIGRAPH
NC-22A, NC-OSANZ TRF - BHREHROPEEITo T2,

2. 5 AERHOEELHEBIT
EWEMHBED I LT A BB EN D E R D
KERTFAE HL(813C/812C) B DNBSN/SMUN) I, A RE R D 1<

DL EERHTT 5 b Chisd T 7488510725, Fig. 3 13,

FRUE K O~ o 7 m — 7 BB s A 7 o, AR 1]
WL TW DRI DREZATV, HRIORIE LERAEREL P o
L TE FIAL AR 2E 3 (31N) e VR (B1C)D oy T AT 720 45
BN 85 CO1EIR#/#H(ISUZU DRYING OVEN 2-2050,
Isuzu Seisakusho Co. Tokyo) T 1 3 [H #2151 . FLEATHK b
U7o, 228 RN HLRE 3 B B o T IS BR L i, 38R o
G2 ORISR ma AL S ) E4T o 72, 7 dohliiak
$BHIT Fig.3 THIRT Sy F— L HIK D~ 7 m— 7 oA
A~ ZARHEIWATU TR EAT 72, 3B O % E AL
RZE RGN L O FE(BPC)D /3 BT ICIE, & E R LR
P &5y M (Flash EA1112-DeltaV Advantage ConFlolV
System (Thermo Fisher Scientific Japan)) C/7->72,

Mangrove forest
3 (Pak Poon )

Gulf of Thailand

Pak Phanang Bay

Google

Fig. 3 Fish and mangrove sampling sites at Pak Poon

mangrove estuary (NST).

WA 70y = 7 FFTEREE (H28)

2. 6 BHMEH R

EERIEE I B EOBRIFICAT VLV ARG E % B
L7 HEIE T B PR CROSE WA B) TRE/R AT A R
HARALTEY, 2 KRB BN A T 22808 1]
HE T B(Fig. 4), M@ TIIREMER — MBI 7 A,
INEATARSELILIZED TR A SINBR ~B B st
B INEAL 72, IR DL O IR EEZE b A @ D EVE T
FOEHHIL, @D F —Ful — X0l EtT o7, AL
XTI T AL TRIGEINC R =V &, Zhvaeh
HIUBERE R 0 2 D BEL 7=t . HAS LTV 7 3y 7 ZalIR L
7=(Fig. 4), FBREEMIE, T AR 600 3B LU 700C—E T
RIEWEFHK[ T (T NI TADI) R OT VT +KFER
FR FICTEMMLE, F- 1 BRI A58 &
139 1 g INEMRERRI 10 23, 74T AR 1 Limin,
ARBAAEIE 0.2 mL-liquid/min U7z, B A& OFHIE
TCD HAR/u~ I T\ ZLB0HTICFESEKRFE, — Wbk
FL AR BRACRFITOWTITV, BIREE RO
ML EBR % OB ERIVRD T,

DarfeR  QFEH @QF—40H— @250 )2 Ry
GREF O©OFAN OATULAREE @BEXF
@HHB(AUEYDe—x2)DTINAE— DHAYLTYLF iy
@rEFff DaAF DHSHE GUoTUsTriwd KT

Fig. 4 Experimental apparatus of rapid pyrolysis of biomass.

3. MRRUEER

3. 1 Ty /n—THERERETO/ (AT REFAE

AR X (1998, 1999 FA HAFER X (Table 1), 2005,
2007, 2012 FEAEARZRBR X (Table 2))I12 T, Hu_ERICER L
TWHRFBBETCEEZRET DD, v~ 7un—71T8Bi)
% BN A A~ R REOWE %247 - 1= (Fig. 5).

Table 4 (ZI%, BEETE &AL O HHERE LB Co~
v u—T R RB DA AR, v =T %
EALCE, B L RO ERNEAE R, LOBHE., MW Ee
(DBH)DHE A B 27~ L7=, Table 4 H1, BIEEH 11 L0
TOFRHERE LRESRRBR X COT —4Ths, X
W CTHEARAE S D BN D FR S A A~ AR D B N % Tl 778
k7= (Table 4), MEEEFHE LM 25 FBLIZ~ 7
00— DIEASA A~ ZARITIEFITREVEEE RL, FFICIR
DIEITIZBIT DR EORFE B EREEHER T DL R,
F RIS T, bR 25 FERB L7 T — 2 ThDH 1772 kg
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LW IREFI LT H LR 2 5D E7RD %’uﬁ%%ﬁ%ﬁl:
CRBUTBMENBH THAZ LR THLELIZ, BESY
KRR ERE R OB BEASOBEBRPKENZ LS50 072, i
7= . Satyanarayana 5D E 905 AR A 1,000
trees/ha &{ﬁm@“é}: 25 FEHLITIE, 3,609 tha EOHFERDN
B, BUl BRI T 5 R A 4~ A5 (247
t/ha) 2022 LU CIRF T WU MG DAL,

Fig. 5 Measurement of tree height and weight in mangrove

planting site.
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Table 4 Measurement data of biomass in fresh weight in
mangrove planting sites at the abandoned shrimp ponds

and new mud flat.

El;g:fd Total Leaves | Branch | Trunk Root Height Girth DBH

[year] [ke] [ke] [ke] [ke] [ke] [m] [em] [em]
26 2644.1 125.2 455.6 1568.4 494.9 20.2 62.5 10.0
25 3609.2 157.6 314.3 2379.1 758.2 23.3 61.8 9.8
18 841.8 63.0 173.0 292.8 313.0 10.5 35.0 5.6
17 633.4 33.0 77.0 81.4 442.0 7.6 32.0 5.1
16 670.3 50.2 152.6 231.5 236.0 9.5 36.0 5.7
15 509.0 37.0 89.6 217.1 165.3 133 44.5 7.1
10 717.9 63.8 114.0 181.5 358.7 7.3 28.0 4.5
11 86.2 12.2 24.7 224 26.8 8.2 19.0 3.0
9 35.7 5.6 8.7 8.2 13.2 7.5 14.7 2.3
8 38.4 7.5 12.0 12.5 6.4 8.2 15.5 2.5
6 9.1 1.7 2.7 3.5 1.2 5.0 7.5 1.2
5 32.0 7.0 9.0 7.0 9.0 5.2 15.0 24
4 273 3.9 4.6 44 14.4 4.1 8.7 1.4
3 24.0 3.7 4.4 8.5 7.4 3.0 8.0 1.3
2 10.8 1.1 1.0 2.2 6.5 2.0 5.5 0.9
1 6.3 1.0 0.7 1.6 3.0 1.7 12.0 1.9

3. 2 Ty n—TJHRRRETOIEELEEETE
ARG X IZ T, LHERE 100 cm £TO 10 cm O
EIRESF ISR T DR, B {b3E B AL (ORP) & THERS
100 cm £CTO 10 cm f8:& 100 cm LA 50 cm 8O EIES
JFENZH1F B pH., EC, Na J# % i L7=(Fig. 6).
SARETRAE Lo TR T 1999 FREARGER X
TP ORP JIERMF it THERE BRI DIZONTAD
2 LAE PN H LIV, BIDRENETL THDZ LR b
STz, FHHIHERE L HERER X G, A4 TR B DAE AR
% 4 FHICTRE THICCEIOIRER R CTXz, 78
FEOWE T THIRHERL 3 FEB ORI T DT —4 N2 T

MR IIETOIRIBIZZR > TODTEDFER R TV,
TR IE A AE MR X2 I\ T, AR 10422025 18

BT DHEAR X O 133 pH(KCI) (Fig. 7). EC(Fig. 8). Na
AF PR EE(Fig. 9L, KBTI TGRSR VIZE
W LD A & 8 L7z, pHKCHK T 132 8 £
JEREALICEEIRN 3 5EE 2 EC KT Na A4 B 12
BARDZEBCRB R ENRINEE ZEND, ifcﬁﬁm@éi@
17, 18 4EDFRBR X TIETIT EC & Na A4 B EE IR VR
ZHEFR L7 (Figs. 8, 9), JRAEMFHAX Tk, 13 pH(KCD)H?
1.9-3.6 L7290 HHEVES 50[cm] LA CITIEH IRV MEZ R L
720 BC I ARRER X EUTVMEZ R UTZ23, Na A4 R B I
RVMEZ R LT, 2T ~r 7 a—7 RO LI HEK T
ADWD ERAIWED B AR DOZER - RFHIc L b D THDHE
E2 DN, B, FEHEE IR O~ 7 m— 7 AR
FEARAER N B WORBRXIFE pH, EC. Na A4 VR E MR
M Z R L7z, 2005 43 BR X (REARAESL 11 4F) oRIEET
BRI pH AMEWEZRL ., AEAEGE CHER S 7= A h
MRS RSN T B REIRE AR L COAZENRFIRE RSN
720 Flz. BC, Na A U8 FE IR SN BB X 131
LB L TODTZD EVET Th o7, IS, TXTORER
XIZT EC & Na AA Vi I IRB W TRiVWFEBIE A iR S
77



Fig. 6 Measurement of soil pH, EC, and ORP and soil

sampling in mangrove planting site.
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Fig. 7 Changes in soil pH(KCl) in each depth after mangrove

planting at abandoned shrimp ponds.

WA 7 1Y = 7 MFFEEE 2 (H28)
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Fig. 8 Changes in soil EC in each depth after mangrove

planting at abandoned shrimp ponds.
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Fig. 9 Changes in soil Na concentration in each depth after

mangrove planting at abandoned shrimp ponds.

3.3 T/ o0—THRRREDOLEPIRREHETME
T BRI~ 7 u — T RIS X % QR AR
BEXTOTBES MBI RFBEFBEORERE R %,
ZXFh Fig. 10, Fig. 11 {Z7"F, Fig.10 TIXFEEH0-10
m)iC THDOES IV b EIRETH Y . 17 FEFE T
MT DM EMERTEZ, I~ 7 a—7238725
L7z # — (R DB T, kLievr T n—7
DOEEE EHICAELRY ¥ —niFRmio T, HEMAEY
IR S NAER LAY BN R 2 I BEICERBR ST
SHHMZERL TS EEZBND, BREHRIIONT
T 17T ELBORBH CIIEREAENE L HABRKD
BREHEOWWR D oS, EEPICOMA LTS
EEZZ BN D, JRAEMRE AR T L, &S TR E 40-80
[em] TR KAEE &V | JIHAI(Zone 1)) 5 [2{fl(Zone M) IZ 7>
T RSB FERE N S HIm b e H R 72 (Fig. 1), -
HEEH TS 74 FBRLAFEL, AED O SRIE(L
BB LN 2 WD IRFEAENEM LT B 2
bivd,
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FC FUER RSP CoRFEE A EFig 1T 85
JEEE T ORMRBRIX (Fig. 10) & Hile U CIEH ICE UV ME
THDHI LNl
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Fig. 10 Soil carbon content in each depth of mangrove

planting sites at abandoned shrimp ponds.
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Fig. 11 Soil carbon content in each depth of mangrove virgin

forest.

3. 4 T/ O0—THRARRRICEIT S RREEETME
A REARGRER X (= AR e, B AR 1) ) OV
EMIZIBI 5 R B B RO TS A A~ 2RO
PRAEE B2 BE LR R, £ Z 4 Fig. 12, 13, 14 D
Xohote, . NA A~ R OFREERICE
FENDIRFEARITH R TS A A= RTRBW T,
TNEI 045, 039 LRE LT, o= UBBAEERT
DOAEARGRER X O AR FE 1L 1764 A/ha, JFAE MR A Hidsk
DOREAFEIEIX 840 A/ha TH Y . FHMELEOW AR
FEIE 1500 A/ha & Uiz, 7o B FAEMIEA - T oA A4
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TRZBITAEEREEZITO 2RI TS,
TN TEM L 72 8K o M & E 2 (DBH) O il 2> &
Allometry 2% FIVNCTHE B3 - i RO N A A~ XA A B
HU7, F724EEH L7z Allometry I35 AR BRMH AL
WD TEERERTE Cd D Rhizophora apiculata @ Allometry
F(AGB(Hl &S A A~ A #)=0.235DBH>*?, BGB(#i
S A A~ A H)=0.00698DBH2®! (r2=0.98, n=57))*% H
WCHI Uz, = ERFEAEEM OB AL T =T 10 FLL L
R L, BIAROBBUCE, AFREZ ST &0 ket
BMXTOEPHTETNEN, FRBRXTHS 16 FL
18 4E DR A 0 R 5 [E E BT B3 - TN A A~ R
EBITHIMLTWS Z ERbhoTz, MHRRBRIKIZH A~
JEAE AR AR HiUsk CIERARICIE Y BARRIR 2 I L 0 RE
BEMEL ., 2O DR K OBIA T O R KIRER
ERLVDIRVMEE ol b I D,

T B FE AEE A AR BR[O FR R SR E I 10 4R DA
B, AR 2 SN LT T A R H R L AR 18 4T
O ILHEHRFEEED R AMEE 720 268.8 [Mg-C/ha] & 72
o7, FEFANRHER TOHBIKHES TR M ORE A
FRBRX & Lol U Cimds o 72 25 (Figs. 10, 11), 5 (2 582 s
(ZoneI) T HEH R BFHMENHE R L LY 1896
[Mg-C/ha] Th o 7=, FomRBEZEHEEITOWTH I
(Zone 1 )7 & FEfill(Zone I 2> 1) T kR SR EH N % ffe
B L7=(Fig. 14), & U THRAMGEAHIE ClT—= © & FE K
FEUAT AR GRIR X D Fip Kk 35 [ 7 £:(450.6[MgC/ha](18 4Ef%
W)OK) 4 (5LL EORFEFEE & & 78 o 72 (Figs. 12, 14), K
RIS T U7 R A bRtk i, BESR o0 JRA bk o> -3
IRFFE(H 400 [MgC/ha])®® & bl 5 L IEFICE L. K
T U RS 10 4520 CLHuRe 9~ 5 & | 4505k [X(268.8
[MgC/ha])iZ 2 E (154 [MgC/ha])®® b EVMETH - 72,

Z U CHHIHERE U CIIMAMRE N R W ERBR X (T & R
FEEEITINT 2 Em AR L, 2005 FERBRX(1 Fi%
i) Tl 398.6 [Mg/ha] & KIEIZHIIN L 7= (Fig. 13), fthodr
HYERT I CoMEH TIX, MARFEL 5 T 160
[Mg/hal?), FEFRAEEL 10 4F Tl 232 [Mg/ha]?® & AAE ARG
BRIX OREFRAESL 2 4E(312 [Mg/ha]) DRR S T A 2 T
DD, REBROREBTEROR S ZHRTE T,
F IR FBHERE L > HAEAMREE 10 FLUFED B R [
TERN SR T & 72, THEORIEE I E TIdHh R E0 THEAK
D2 END 1MAETH L, v b OB R I
ZEMNREHE LTV A ATEEMEDS R S iz,

PLEDORERN S, = UMM & F MR LT o
<~ rua—7RERICBT SR, HTE N A A K
O P O RFFEEROFRFICIIT 2 HMEiERT 52
EDHk, FAEMBBRIKICRIT 5 RFBE EROME HAE
AR DAL D 72 5 IRFEEERE DM HIAE
LT EHRINT,
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Fig. 12 Changes in carbon stock in mangrove planting sites at

abandoned shrimp ponds.
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Fig. 13 Changes in carbon stock in mangrove planting sites at

new mud flat.
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Fig. 14 Changes in carbon stock in mangrove planting sites at

virgin forest.

3. b AEBEHPOERRREGAKLESH

~ 7 a— TR ORI ORI W TRERAL
REEDHTIC L DFEHE, EMZHRMEICEE T 2o &
THOTHETH DL, EERREWKT D2E2TOEHOE
ERFMRLIT, € OAERZOEEE ORINALIZ SR
IND, WARKPOMEA A 2ERRE LTES LR

WA 70y = 7 FFTEREE (H28)

W77y b ORERFMELIE, 3PN H=+3~+
10% Ch 2, DI, TNEHET L8777 k
RO LERFNMARIIL, T OAERERDAEFER (K
T~ v 7/ m—7 BN LR EVMEIC 2 D, BT
HRICE > TEPOEREHRL )7, AN TH A OA(L
FHSSIC E W ARE L R B RIIRLT =T L L
THSMZHEIL L. Z OB IR 2 2R IT PN ITE
H, HEH SN B ERIT UN ITED & W ) RINLIE B2 ks
2%, ZOEMWNC X DRMAESENE, ORI L THif
F DRI LITAY 3.3%0/TL(Trophic level)& < 72 5,
@Z» BN R, MEEM(—RIEEE)» O mIRIEE
FETOIFE AL EDEWITILIT D 2 & ARERAYITKR D
LILTWD, kR 7 FMEIZ/ X2 7 7 F L 1(Fig. 3) TH
L7zl T, HkOBEE R IR THLELEDL
WCIRAJRE L THEETH 5, Table 5 1M DL E
FIN RSB L OERORE 27, 3UEHA O 55N 1L,
10.3~12.4%c DHFiPH T & - 7=, Plotosus lineatus (Striped eel
catfish) [ZEh f ks L OVl & B 1T 103% Td » 72,

Ablennes hians (Flat needlefish)® 8N fE (% 12.1%o, Lates
calcarifer (Barramundi) @ 8N fE1X 12.2%o. Eleutheronema
tetradactylum (Fourfinger threadfin)® §'"N fEIX 12.4%0% 7~
L. i@ 42 FFRNL A OR) 3.3% TOL 23OHEE T 5HE
BLE 4 BREORYEEHOEIE L2203, RERE R O2
B RFNIREEO §ON DO AW SHRF ML K T D,

ZOBERNL, BEELERT LTI BHEREEENTOTI
SRR (0 fif) LB, BT /B EL C, L-alanine,
L-valine, L-leucine, L-glutamic acid 72 &S5 E T/
ek 2 <G AL, MENICHFEET BN VATIT—E
(Transaminase) 2 &0 7 3 F D Wi B S D3R G5 122 LT
ST 2D, PN 25 07 M EM 0T =
TRRFELTREIA~PEH S, RO BN R
T322E00, AREH O PN IRV MEEZ RLZZ LN
HEERTED, 2015 LRERFFETHOMTLIZRUEHTIE SN O
EERULIEZH =R B H O T /2L L Tl Methionine,
Phenylalanine 23% 2 b7z, 26D 7 L/ BRITARH IS D
WHERFRIZB W T T IV ERBE DLW, R#Hishs
TIMBERMEZ T RN TERYE T 57 IO R TR &
DRI Z5T, SN OEWMEERLIZIENE LD,

Fig. 15 ZT7 I/BEDORBLT I/ SR K QWA VAR =V R Z R
E

AFERPOIL, (R EZTNCEDREAES . O
KL TR E ORE R RN R LITEYE#E — BT
#9 3.3%0@ <7RHESN TN, A HT LD % 34 AL AR
MEINDITAEFEBRDOIE B H ETORYEHO BRI DN T
IEH N T HIEIFTTE D o2, AfEICLvZ 7
EHERR T I BEOFIEIZLY RO RHZERH LN
127257,
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(a) L-alanine, L-valine, L-leucine, L-glutamic acid etc.

R C00- R C0o0- SR,
N ———— B o
P’th-. Transaminase T + SNHC
K i Pyridoxalic acid St
et Y _ Deamination
L-amino acid Keto acid

(b) L-methionine ribose-adenine

- + -
- coo P coo
+ Methionine .
NH; adenosyliransferase NH;
L-methionine S-adenosyl-L-methionine

(c) L-phenylalanine

coo-

L-phenylalanine

[efele)y
/@,Al/ }
. NH;
Phenylalanine HO

monooxidase .
L-tyrosine

Fig. 15 Mechanism of deamination of amino acids through

biological process.

3. 6 REHEHPORKRRCAELS T

R0 T 7 F P DRI L TR 7 F O §13C fHIT,
Table 5 (Z/RT, /X7 7 7 F UBIRERICAEBT LTV D A
Z /3 VX (Rhizophora mucronata) D E 1.5m FED §13C
fEIE. —32.1% T > 7o, [FABIARDH R 24—25m O -
D SBCEIZ, —293% ChoTz, v 7 m—THA
THERICAER, BEEE Y ¥ —& U CRBEIZICE L L,
INHDY Z—IMEWE O RE T KEEOWE
720 KA~ O YR & L HEH A~ O ZFE R HE T (Carbon
sink), ZKHEEAERER TId, KPR ~EEMILHL 72 240 6K
HEEMEIT, STHEMTZ 7 b OREDEEE LT
WINFIH S, BICBM T 77 S BT 7 o7 b
VEWMETHOEMEENME D, BIZINICHS, JEA
iy, EAEMAE, A, REtABEEHREOHE
BB, EMERBRERRRPERL SN, v n—7
ERER DO RY)NE(Food web) & 725, fHEHE — AR O
RN E D ZE 2 JRARREL E R L, BC DIRMREIZ D
VN TIEAY 0.8%0/TOL (Trophic of level)(0.8+1.1%0)2) DE A3
fEH &%, Table 513, R 7 T L ERINLIRLRSE O
8BC xR T, meb | VIREZR LRI
Rachycentron canadum (Cobia)® §3C fHIX—14.2% T, &
VT, Plotosus lineatus (Striped eel catfish) 2 TN Ablennes
hians (Flat needlefish)® §3C X —15.9% TH - 7=,
Rhizophora mucronata O 1.5m OIEIZFB1T 5 §'3C i —
32.1%0% JEME R R LE RN AL & LT ITL @ 0.80%0 TR
B35 & Rachycentron canadum (Cobia)?® TL 1% 22.38 B
B Plotosus lineatus (Striped eel catfish) & (N Ablennes hians
(Flat needlefish)® TL (% 20.25 E¥pELL | L HEE &b,

2015 FRERE LICBEE SN EREt~ D~ > 7
T — TAEAR A SEhE L 72 X O KIS TEREE L2 =BT
X, Uca sp.® BCAEIX—11.90%0. Grapsidao sesarmit crab
D BCAHEIL — 14.30%o0. Leucosiida sp.® BCAE L —16.10%o.
F 2= BTl Odontodactylus scyllarus @ 3C fEIX
—16.40~7.90%0% 7~ L7z, 71 =0 Uca sp. DIEFGEEIZD W
T w7 u—7@E L DEIT 14.90% TH 72 Z &b,
ITL @ 0.80%0 CEHAT 5 & TL OffIE 2525 L 72 5, kW
C. Grapsidao sesarmit crab ® TL [£ 2225 720, Zi
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SOH=IIHETH D Z ENHEER TS, FIZZ OFE
T EWEEOEMIIH D ERNEZ LT,

Table 5 Concentration of carbon and nitrogen stable isotope

in fish samples.

Sample Scientific name / 8°C-VPDB | 8'SN-Air
No. common name [%o] [%o]
Plotosus lineatus
(Thunberg, 1787)
/Striped eel catfish
(young fish)
Plotosus lineatus
(Thunberg, 1787)
/Striped eel catfish
(adult)
Rachycentron canadum
(Linnaeus, 1766)

-16.5 10.3

-15.9 10.3

-14.2 10.6

/Cobia
Ablennes hians
(Valenciennes, 1846)

-15.9 12.1

/Flat needlefish
Lates calcarifer
(Bloch, 1790)

-16.8 12.2

/Barramundi

Eleutheronema

6 tetradactylum
(Shaw,1804)

/Fourfinger threadfin

Scomberomorus

commerson

7 (Lacepéde, 1800) -17.1 11.2

/Narrow-barred Spanish

mackerel

Parastromateus niger

8 (Bloch, 1795) -17.5 11.5

/Black pomfret

-16.0 12.4

3. 1 RERMBGKICE DTS O—THlEMOKFIRAZ
EOFE(E

D DO KFI AN ZRIL, AREE CIRARROH L CRli Rl
HOHVIINAREELRL-bD L ERSINTND,
MOKRARRIT. KA X7 Z o AR LTW5,
OGN ELH L THE. COLBEREL 2DIEERE
BOREEXE L BT, [ILavF 7 2 AREL 8D
FEHREGHRFE LR 8D, LRIz ¥ Z R
PR RIZZ2 > THHR LY COLBENREGL 2D 2 L1
7 RALa v F 22 ZAOBEANT T 5 A R EE D
HWIMZEEFT B 70D, —F . WHOEBGEE TR =
XU R AHFHLTED, KHLBRERE IS M T
KKIFEZL 2D, —EDOFEMETIH, [iLlar ¥ s ¥ A
PEWZ E, B ERGEE TR < WK FI R R IT &
WEIRIZH B, ARFIAZRITEA RN E R E & e
ASZHIETEJNFTHE TH 528, MWK D IR HE L E FINL
K 813C BEN BWAEARF AN FEHET D HER T A
THEL 0 EEE CRHHA STV, ok, BEKFA
hRIT, EEREEE R X0 2 ATE S ZET
BD, RIBLEFRME 8C ZHWDITIEORKME LT,
WROEDIHAIND, MPYONRE RO L -
AN BEIFIT I TR E E SUGIZ B B3 2 M — D B%



3%  RubisCO(ribulose 1,5-bisphosphate ~ carboxylase
Joxygenase)lL, 3CO2 £V & 2CO» ZEFEmIZ[F LT A1
MRS END COREMETT 2 L, BCO» b
M2 <ML T 2 & 9127 %, WD BC SR HET
5 LT EOHAMIFITI T HHEN CO IRE DK A
HETZD L ELICRHBOBBMTHD EARED,
HLBEHUE) 0 BC REEE S <. RALEZBE 2R LTK
FHZEEZRmOTND ZERHLNITRSTND, RE
REFNARHIZE > TRENDDIF, KFIABEZDL
D TIER S BIEAKFIAZETH 5,

[RIRE AR D A A /3 & V¥ (Rhizophora mucronata)%E D i E
725 1.5m & 24-25m 236 1F 2 BCHEIE, £ E 1 —32.1%0,
—29.3% T o7z, Hi bk 1.5m DIEH HIE, BIARDEML
B CONA I K 2 ZRHORE TR < . BIEAKFIHFROK
W ERB X HND, Table 6 13~ > 7 m— T Hihalkl
DLERNMIRKFE L T OERRE LR, —FH, A4
ELXORE S @ E ORED A ITD THEETH Y |
BIEARFHDE LB N EREZ LN, AR TRE
[ 1 ST B 53 2 ME— D% RubisCO (X, 3CO2 LY
b 12CO BN UL T DM H 5, IERLE K
IZE D AA N EALFEND COy LMK T2, 3CO2
HEMRANCHR D AR YLD EATRE R, EITIRE RS
FAZ 0 KRED CO2 KA B Y A FURBEFLIZAE
MEN2 Z L6 BCO bFEMAYIZIR Y JAZ, Hi 1 1.5m
D FBCAEIZHE R 28% LA L7zZ L3 EZ BN D,

Table 6 Concentration of carbon and nitrogen stable isotope

in mangrove samples.

Sample Scientific name 8'3C-VPDB | §'SN-Air
No. [%n] [%a]
Rhizophora
1 mucronata (1.5 m -32.1 3.35
height from ground)

Rhizophora

2 mucronata (24-25 m -29.3 3.25
height from ground)
Rhizophora Apiculata
3 (1.5 height from -293 3.97
ground)
Rhizophora
mucronata X
4 Rhizophora apiculate -30.8 485
(hybrid)

Rhizophora
mucronata

6 Rhizophora stylosa -29.7 7.88
Bruguiera 29.1 -0.323
gymnorrhiza
Rhizophora
8 mucronata (trunk 1, -26.5 1.08
wood)
Rhizophora
9 mucronata (trunk 2, -26.6 0.800
wood)

Rhizophora apiculata
(trunk 1, wood)
Rhizophora apiculata
(trunk 2, wood)

Sample 5, 6 and 7 were collected in Iriomote Island, Okinawa.

-30.1 6.16

10 -26.9 1.47

11 -26.9 1.59

Other samples were collected in Nakhon Si Thammarat, Thailand.

WA 70y = 7 FFTEREE (H28)

PEFE R 3 D 7(Table 6)1%, H ESH 1.5m 2 HER
ML 723BEED §BCHZ R T, WAL b HE L 72 Hilskic
B 595K 29~30%e DHEIFH T o 72, 7272 L. 8N I
—ETIE L VBRI LD AR ED OREEN R |
BHANTO ZIRMAHHZBEBR L TN 2 EnEBEZ 6D,
AEES 8 226 11 1L, A A S & /v F (Rhizophora
mucronata) X (N 7 % 7NF & )V ¥ (Rhizophora apiculate) D
SBPC AL SN fHZ/RT .2 BHFE & H1C §PC HIXIZIEM U
TholeDd, SNEIZOWTIEREREZ o T,

~ o7 —TRWBEEOARLGHERIT. v /e —T A
MDA L RRVEIZ B U CHENT 2 10 2 72 D113 T
HELMBTHD, WEETO~ 7 —THko 4
MZERME DO FM OGN, KRB ERNLE LT D §13C
E LT —26% % UM L UCTHEMA L Tz, fiATHiE
WZIEWLE O A AN B L FEET §3C & LT —32.1%0 & 1K
<L AR CBAR TR EWLEDO A A/ b L FHE T
3BC L LT—293%CThHo=Z b, BRI AWT
W2 81C LT —6.1%02> B —3.3% DFHIEA A 5 2N 72 o
2o Ak, 33C L LT—30%fEEZ VB Z T, BC o
LR ~DRHEIT D72 < &b 4 BEBS(TL: trophic level)
W2 ALY, EYEYFIZONVT IV EEL T
LT ENTED,

3. 8 BEShIzIERBERY Y/ O—THEHROR
WIESH
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B CITIAMRIC R BB A H OIS 2 LixTE )
o7, ZORKIE, SRR X Loy ERERKT DAL
T BOEWIZEY . RERNICFEET D7 X BRAGH
DIRBERO L DT X KIS EZ T TWTr I i e
O TRWT X/ BICE AT BN RS —E Tixk
<. SN BIFREEWOHEEIZFE CH - 7z,
—J. RFEOODPMELRID DL, ~ v 7 a— TR
. BEIC TR B O B @S A Z O Ik T S
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EHEIIA SRS TS Z E LR T D,
PLEXY, farvvd~FonRs =X Tt~y
Ja—T7HRHRE LT, 2R EM OB HEEICE
ATNDZEEFHLNTH DD, RER»BIXFEM A
EEHE DO DI IEEE £ TORYEEHEOHEE T H
KT EDITHEMARTE LT - REAIDBPLETHD Z &

Doy iro T,

3. 9 RUITO—JORGBHRLBHEDORE
HMORRD 5 o~ a—7(FF e X
(Rhizophora mucronata) , > & 7N F & Jb ¥ (Bruguiera
cylindrica), & VX ¥~ I (Avicennia Marina), ~ Y 7 3 %
(Sommeratia alba), < -V 7" % (Sommeratia alba)’>— 7 (§
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Fig. 16 The quantity of gas, liquid and solid residue of
various mangroves (6001, 70001, 700(] + steam).

WA, R LT B\ R 0 A D R A RLRR & i 5 L 7=
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Fig. 17 Composition of produced gas in various mangroves

under different conditions (60007, 7001, 70011 + steam).
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Fig. 18 HHV for produced gases from various mangroves
(60001, 70007, 7000] + steam).
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Synthetic and Medicinal Chemical Studies of Arenicolide A with

Antitumor Activity

Shinji Nagumo, Eiko Yasui, Department of Chemistry and Life Science, Kogakuin University

Osamu Kitagawa, Department of Applied Chemisty, Shibaura Institute of Technology

Kosuke Dodo, Riken

ABSTRACT : Arenicolide A and C are secondary metabolites of Salinospora arenicola

possessing a 26-membered lactone ring involving 14 asymmetric centers and three

characteristic conjugated (£, £)-diene units. Among them, arenicolide A shows moderate

cytotoxicity against the human colon adenocarcinoma cell line HCT-116. Our study has
achieved the construction of 26 membered lactone by using ring closing metathesis

twice.

1. [ZC®IZ

TE, AXa—R"—=F AL TOERIZL->T, b3
OHRATHWM, VoI FP, v T LWV o R
FEHAEDOFAENTI L 72D | TNOBELET 2 RKARY
DOWRIZHBELNEE D L5 1Thho T, LAY E
IR WERIEMHIIRZ R B X 52720, H2DWVITKEE
DB ERND IO, LAY &I ENIC RS ¥
ATOZRRBWEELET H, TNHOHITIE, BAR
JRYLETRIR 78 Rk % IR T2 U — MMeam & LT
HHENTWDIHDOHZ, LZATHS K 7 7EHL
LTHBNTWDT ba KM% OBEOAFERDEE
MAEMTHSTEND b H O WA EET
D ZWRBCH LR EE - TN D,

ZORHOE—ANETHDLI) TAN=T KFEAT Y
7 AMFEIEFT O Fenical (%, 4 OWREHGRE KL
DRk x e TR ERE LTS, B ZIX.
Salinospora tropicana NHL=—27 72377 ki

BLHHY 2 AKRT I NA (Fig. 1) BDHEEESL TV D,

ZOLDIFMIEBRIZEWTARE L oo 7o X X TE DSy
fEZH 5 208 70T 7 Y — LD S R EEEZ RT 2
ERFEINTWD, Flo, 28X F o —T 77 V—
LRICEET DA 4 — e LTALSFHENTED,
FI-SHMEEMEOIRFIE L L THRARBEAED 5T
W5,

Salinosporamide A
Fig. 1

Fenical # %1% . [A Mk © i # B Salinispora

Arenicola DIEFERE NS 26 BEET 7 b L S ICEE
BRI ENTZMEEZFET LI 7 =374 FA, BXW
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Tl=aJi 4 FCxZRHLTWS (Fig 2), 205 H,
Tl =274 KAZITFERGD RT3 25 R RE O
TEBAENED S 0 FHL Y — MG & L COMIFRER -
TW5h, Tb=a 54 FAMNFTHIESEEERTICEL
Tk, ERRFEAAFCL Y EERERT (EGF) & 0#l
TS 5 2 LIFHE SN TV DA, EOEASF 525
DYEFREFF DOFEMNIC DWW CHSRIEH B2 2 - TV R0,
FO—oDFEE LT, TL=a5 1 FAOUEHRE
DFEEELEHIN O OPHEENR + 0 TRNWZ ERBIT b D,
LMo T, OVEMERE OfF oS B X 5 &
WA RS D LT, AP EAIC KD HHE 3R < EE L,
BxliIrv=a7 14 REOAGHEMHEELIT> TN D,

Arenicolide C

Fig. 2

2. EBMEE

201 5FEOREZITHENTD, FAITMHARA X
T AEY K UAT ORI T, £/ A MrdEiEdT D
R 2L T TV D (Fig 8), flx Dt 7 A k& LTI,
Cl1-C8 B Z Ak A, C9-CI18EZ A k B, €19-026 &
T AL MEC2T-C36 T A PHD4DEBZ TV,
BN AL BOOLTEARZ ATV COEREAZEL A
ISEATH, Wiz, KEEZ 7 b D ET/Va—LE »
LFA2AML., BEBRAZ IV ARIGEITH 2L T,
26 BB 7 b G &5, mAIC. MISHENICFH YT 5 H
EITBRARAZEVAERITHIZETTL=aF 4 FADOS
BREERTDH>TETHD, 201 5FEEITIE. 2
DHIL, BT AV NEEEM LT, £2T20 1 649
. BEZ AV A BOARKE TS OB EZ MR Lz,

3. C1-CBETALIDER

BEICAR L TWAH 12T Vo o BRESITA L=,

MOMfR#, ErIZ LV 3~ (Fig 4), Bk,
Wittig USIZ L VIR T D LT %5, VU LVED
BrE%, Bk, Wittig KB, & BT AT VKIS
W C1-C8 T AL M(B)ZARMLI,
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Me Me

OH
PO.26 ~_..OMe
\:O?%z/\'J PO
E
[

Arenicolide A

Fig. 3
OH
a b, c
§ s _coMe (H/\VCOZM'E_.
OMe
OoTBS 1 OTBS 2
OMOM OMOM
d, e f
(H/\/\OH (‘\(WCOzMe
OTBSOMe OTBSOMe
3 4
OMOM ) OMOM
(H/\/\/COZMe g-l X X CO,H
OH OMe 5 OMe

C1-C8 Segment (6)

Fig 4: (a) Pd(0Ac):, P(2-furyl)s, B(OOMe)s, THF, 81% (b)

MOMCI, DIPEA, DMAP, CH:Cl: (¢c) DIBAH, THF, -20 °C

80% (2 steps) (d) Dess-Martin oxid. (e) PhsP=CHCO:Me,
75% (2 steps) (f) AcOH, H»0, 84% (g) Swern oxid. (h) Tebbe
reagent, THF, -40 °C, 42% (2 steps) (i) NaOH, H-0, MeOH

3. C9-CI8EF AL IrDER

BEFI DO FIEICH > THR LT v a— 7 b Lz
#. Horner-Emmons MIG%1TH Z & CZARF U E=/L R
NIRY 8 BT, NT VT AMMEAEIE T, B(OMe) s & X
IRSHIE 2 A, TR URBFIT AT L L AR, SR
R RAIZ A DX U EOBESUSPEIT L, MR T
DY E/DHILENTE T, TNETARKNIE, =FRFx
REFZ AT VOHRTHRHN L TE R, 4H, 20X 5
TARFVEZ VALK ACHEATE L Z LB DM
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E =LAV Y 9 OKERFLAMOMIE TR L=k, #
i AR FEAITATT 2 & TAAKR L 10 U=, (LAY 10 &
TATFE KM ED Julia h v PV 7 T2 245, i
I, Bk, Wittig ROR&EITS 2L T AT L
13 ~E 2, X5 DIBAHET 21TV, BT Vv
Ta— L 14 12k LTk, Wittig RISEITH 2 & T
15 28K+ 5 2 enTE- (Figh),
Q OH a, b § X_-SO,Ph c

OTBDPS OTBDPS
7 8

OH OMOM
X SO,Ph d e SO,Ph
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MeO MeO
OTBDPS OTBDPS

Me . OMOM OBn
.9
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TBDPSO  OMe Me
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—_
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TBDPSO OMe OH OMe

Fig 5: (a) IBX, DMSO (b) (Et0):P(0O)CH:SO:Ph, NaH,
toluene, 79% (2 steps) (c) Pd(OAc)s, P(2-furyl)s, B(OMe)s,
THF, 80% (d) MOMCI, DIPEA, DMAP, CH:Cl: (e) Pd/C, Hs,
AcOEt, 64% (2 steps) (f) BuLi, AcCl, DMAP, THF, -78 °C to rt
(g) 5% Na(Hg), MeOH, 57% (2 steps) (h) PtOs, H2, MeOH (i)
(COCD2, DMSO, EtsN, CH:Cls, -78 °C (j) PhsP=C(Me)CO:Et,
THF, 50% (3 steps) (k) DIBAH, toluene, -78 °C, 93% (1) MnOs,
CH:Cl; (m) PhsP+CHs Br, KHMDS, THF, 0 °C, 83% (2 steps)
(n) TBAF, THF, 82%

4. 19BBS VI FUDER

Cl-C8 B/ AL F 6L (9CI8ES AL 16 AT
72DT, HEABEICEY INEDZ AT AL EITH T2, &
BIICBOGIEHEIT L, 5507 16 255 1ib{X Grubbs fif
B X APHBR A Z & v ARIGITAT LTz, Z DR, 62%
DILRTAMETH198BRT 7 b 2BLZ LATE
oo LA 16 1. K2 T < NERIC b E D T v
FrEALTWS, ZRICHLELLT, AZ BV RTR
SO T NV RO TTET Lic, 2, #HiicEk s
NETATr AT, B T AT THoT=, T L
1L 'H NMR A7 L CRER LTz,

WEWEF 7 1Y = 7 MIFJEHRE E (H28)

Me

o) OMOM | ve a

o+ —_—

Fig 6: (a) MNBA, Et;N, DMAP, CH:Cl:, quant. (b) Grubbs
2nd- CH2Cls, reflux, 62%

4. EX.))

201 6FEEORBPEMITT, CI-C8 B AL F &
COCIS®Z AL hEGRT D ENTE, 7=, R
ARV VARG ERHAT S Z LI, Fnn o0k
T A2 b OB LT,
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Development of Efficient and Integrative Methods for Multi-omics Data and

their Application to Individually Optimized Cancer Therapy

Yutaka Fukuoka, Department of Electrical Engineering, Kogakuin University

Tomohiro Umezu and Junko Ohyashiki, Department of Molecular Oncology,

Tokyo Medical University

ABSTRACT: In this project, we are developing a fast processing system as well as an

integrative analysis method for high throughput measurements, such as next generation

sequencer (NGS). We are aiming at applying the developed system and method to

individually optimized cancer therapy. To achieve the goal, the following three issues are

addressed: 1) Effective processing of data from NGS, 2) an integrative method for
various high throughput data to extract more useful information, and 3) new
biomarkers for accurate diagnosis. In this report, we described our work in each of

the issues.

1. [FLC®IC
ANADOEEGIZE B BAUBFEZLHEML T
% (Fig. 1), 2012 O THHKITA 36 17 A, 2010 4
DOFFBFHIT 80 T ALL L L HEF ST 5, TR,
W, BB E OIS BEICES LTV 53,
HCEBE 7 TETHRONOBRBIRTH 5,
Fo. ZLOBEDBHEBABOBIERIZELATH
%o FUBS AR DIEIN RN B - 2 5 B RO ERIE
BEOBEBEIY S LU AMIIC BT 5 RS O
ERCTHD, LiendoT, BEE %I LB AH
ARIRL, BMREZREST572DI20F, BEEIC
DOWTH ) MMEREMGET D UERDH D, TDOLII
BEEANDT 7 2MMEREFIA U iaw 2 IRIEREA A
R EGEbIRE & O, ZOFEIANTLINATND
WG URMEARTL S A BB @A Ta R D 8L & H 5

60

900
800 d
700 e
H 600 _s
~E0 L pee=T | ELEH |
ol - R REE |
400
< _ﬁ
300
200 . . .
1095 2000 2006 2010 2015
P

Fig.1 Trend in the number of cancer patients
(created from the statistics by the National
Cancer Center).

L. UTO3HBZENRTDHIEEZAME LTS,
(1) wHAR—2 v — (NGS) - 7 —F 8=
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(2) B W0 SBRI AR ATER L, BT — ¥
RN 2 HIEEZ BT T 5,
(3) BH%E L 7= bk 2 23 AR e S 00 7 — & 123
L. IRARK (4 ~F =7%) OIRRDIHES.
IRAART 23 A A B foe AL IR R A S A SE O BT B A
F~—h— T D,
ABFFETIXLL T DR 7HE SV TRFZE A
R HIEL T D, £9°0 NGS 7 — % O L
LA FNTIEORE & PR 2D 5, RICHEE
T2 EDOER LT ATV, IBRDRHEFE DD
DR ASA F~— T — ORI 21T 5 BALHITIE,
BEAF O % BB U TR 20 IA I, BBl sA
F~—J—L LCTEMEEND Z L2 HIET,

LIF Tk, I ETOMRERRZ T LI, (1) NGS
T — X OFNRAVPLINE, (2) BT — 2 OFERTIE,
@) A ~F =T WHEDRICEAT DA~ — I — D

RIZONWTIERD,

2. NGS 7T—% OhFEHINIEE DS
2.1 [FLoIz

NGS I DNA O (T T =  FI v v by,
TT7 =) OWNESE L THWHNCFAMDEETH
% D, NGS OB X o TIE A O ELES 2 %5 A LA
ICIRIES D Z LR HTREIC R o Tz, HAERLEI OWRTEIC &
5T, BEEANOBBHEZRSONANCLLDEREMD
ZLEBRTED, Ll 30 A 2o otk
ST —% X, LIZLIET I3, b - A —F—Dt v
TT—=R LR T=RRETRAR MRy 7 Lo
W5,

IEIL TR - 2mFE#HR (Y — F) 2750 DNA
GRES) vy 73528 T, U—RnEz
PHHK LRI TH DN ENTE D, T2
bbb, vy 7 EIFBRESNICTFHE S TED T
WS HEMETH 5. NGS Tid. DNA % 300 HiHFEEIC
HEILCHRAMD DT vy B 7% CPUL DK T
119 L. 30 [BOEEND 300 HIEE ROT H1EEE
A+ A S BT T2 037 0 ORFRNGE L2 D,
ZOFEEITY — R LIATbRA0T, WAL 52
LT THDH EEZDND,

BT 1Y 7 MRS E (H28)

GPU i Graphic Processing Unit DI/ TH Y . &
DLOWEY | HGABEFAICEE SN ok v TH
5, 4. GPU % BB O BIICH WS
GPGPU LW\ O HAliAER ShTHY ., 7/ AF#RL
HEIUO LT 2B EhTn5,
GPGPU Z AW C e~ vy B 7 %75 2 & THLE
R & BT 5 2 EMTEH LB BND, AT
IZ. GPGPU IZ L B mEidb o —BpE L LT, v v &
VI ERITH Y7 RNy T O—#% GPGPU kL7,

—J . HERINOERD D b R e b O &g
MR T D FIEB L STV, £ < OIFET
T—HEZR (SNP) M LTV 228, RO
EERBFET HDT, ZOHFNLEKRO S 5 15H 4
HT2003HETH D, RFRTIX, 2 FIFM TR
HEROHERINT 2 HIEIC LT ZhRMITH A
THRZ M TERVBREI LTV D,

LUFNT, 2 2O FECDWTHPT 5,

22. IYEYJ®GPGPU L

CPU GPU

)
|
|
|
TOI5 LERH ) BISERHAD
|
|

BBRT—HOAEVEHER T—9ERIMBAEVEER
BREZIMBIAEVERR BIRROXEVZHR

)
WEEETLU. BREWMN
BRERY

| XEUDRR XEVUDRR I

Fig. 2 Flowchart of GPGPU processing.

GPGPU 7't 75 2 o 7ZiZ, NVIDIA #hasfit L
TV D CICHDRREABRFEEREE Tdh 5 CUDA & v iz,
GPGPU T7'm 7T L% FATT DR OO AL %
Fig. 212777 2, GPU @ 10 IZH¥ 5 f4ix CPU 2
79, GPU & CPU IZAEY # 44 LTz,
ENENLERAEY ZHRTOILE DD, Fi-,
WBIFRICIZ, AE Y Ok, 7— 2 DX TFE L DK
MbEbsHLDET 5,

v BT DD 7 Ny T ThHDH Burrows:
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Wheeler Aligner (BWA D Y — 27 7 A L& AFL
T, —#% GPU HlicE&#izx/z, BWAIZ C 53T
EHINTEY, 70 s I EiEEE2TIC CUDA
TORHIENAIEETH D, 4 ENE, BWA DD 5 5|
AT v 7 AT HEBO % GPU TRET %
FowcESHmAY,

0 coror$ 5]$cord|r]
1 oror$c P— 0|coror|$
2 ror$co V-t 3|or$caor
3 or$cor 1|oror$|c
4 r$coro 4|r§corlo
5 $coror 2|ror$c|o

SG()=(5,0,3,1,4, 2
Bli]=r$rcoo

Fig. 3 Example of BWT and SA.

BWA X Li HIZE > THEINZNGS DY — K -
F—H vy IYT5EY T NURT TH DI, Suffix
Array (SA) & Burrows-Wheeler Transform (BWT)®
EFMAL Ty B T &2ITD,

SA DYERUFLEL FOFIETIT S, £, G2 biiz X
FHNDOKRRBIZSEIFHFAT 5, Fig. 3 O THE—&F LIch
% & 912 coror DARBIZ$EIFEAL, coror$ &35, K
2. $WEFAIR D EFTHFHNE—LFF o7 b L,
ENEIUCA T v 7 A%AHT 5 (Fig. 374), ZiLh
6 DO I EEEEIEICY — M5 (Fig. 3 /), £D
BE, $IXEDT AT 7Ny R BAENSRD b O L
b, Y= EDA T v 7 ZADEHIN SA TH D (Fig.
3D SW7 SA ThD), BWT 1L, ¥ — FMEkOBESID
REDOIXTINE/LBEDOZ L TH D,

Fig. 31”7 L 912, 355 coror 2> 5 SA & 1ERK
T5L, 80=(5,0,31,4,2 70, BWT %DOIF
Flix, Blil=r$rcoo 725, 727201,
B2,

ZhbicEsE, BWA IR (1) 2HWT, %50
LFENLEFENC v B &7, R (D) W

W) LFEFIDNER D> TND (v BT RFET

1=0,1,...,57T
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LTW3) BEIC, aW LW LFAE~ v e 74

HEHEEZRL TS,
} 6h)

R@W) =C@ +0(aRW)—1)+1
ZZT,RW) LRW) ZW THBELA T w7 AD
B/MEL BREEFELTWD, 72771, W RZELFD
BAERW) =1 BEXORW) =n-1 %% (n T
$ZEOTXFHNEREDORE S TH D), C(a) 1TLFHI4E
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0(a,i) 1% BWT #OEHIT i HHE TICIT a M
By 208 Ths,

il LT, coror Dor vy BT 52 L xEZ

R(@W) = €(a) + 0(a, R(W))

%, Fig. 3 5 TDr OLE)S, R(r) =4, R() =5 T
D LWbmnd, —H, o KV/PMINIFIT el
DEFHROT, Clo)=1Th D, Zhx (1) ITRA
4% LR(or) =2, Ror) =3 &72%, SOT i=20 &
X3, i=30LE1THLHOT, bEOILFTHID 1,
3EHICor BB L¥brd, ZoXHiZk (1)
EFRHWCTEZEMICY Y BV 7 2{THI ZENTE D,

BWA ©Y—27 0275 AT, SA)E BWT OXF
B &0 IR Lk 50 % GPGPU TurFilfk L7z, B
BOF =2 &M LT, CPU DL THELEITIHE &
GPGPU {k L 7= 56 O BE % ik LT,

fER % Table 11277, Fig. 2R T X912, 2K
DFATRERNTIT, ATV HROT — ¥ ZWOREH b &
EFNTWD, L7eio T, 2FETRMA kT2 Lk
AT, SRS OHBE KT 5L CPU ©
TO%FEE DR T~ v BV JHMBINRET LTWDH Z &
RV PYIRV M

BERED 7 7 1200 HHHETH Y | 30 I Z FFo
bR LD LA XPUNE VDT, CPU & GPGPU
DEPHZSNHDEEZ BND, b N LD
AT O AT L 02N K& < 720 . GPGPU (2

Table 1 Comparison of BWA executing time by
CPU and GPGPU.

EFRATHEH | FHEE O
() (1)
CPU 4.82 0.17
GPGPU 4.71 0.12
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B DBET0F 7 EOBENERECHRIT 58
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5L EBIRIL, NAAN—Ty M T —Z Zia
WENT 3 2 IR E TR L T D, AIFFERSR % vk A
DS AR EALTRIIE DB IG5 Z L 2 Bfa L
TW5,
3.2, HYA & microRNA

microRNA (miRNA) 3% /37 8% a— FL7an
22 L FFRE DRIV RNA TH Y | £ < OB T OB
AL TVD LR TS 119, JTE RA

BT 5 miRNA OEFEIDEH ZHE D, IR S DA

ATbND X HICR>TnD 1B, 2D XS 2HT,
HeLa #ifa T 90 @ miRNA %/ v 7 ¥ 0§25 L il
JuBEsE & 7R b= RICHENA T D W, DA TR
7% Bl ARk 9 miRNA 3%\ 122190 50%LL B o
miRNA 235 AN BTE T 2 FALE T8 2 161D Fd
Ao IR A« AT 7 —=<IZ8B\T 41 O miRNA 73
A —HRFEERT WL RIEIL TS

miRNA L BB OO T 5 2 Lick
V. MDAIZEIT D miRNA O&FEIZELE LIt
A EFFELZR, £ 2T Fx ORFZEZ L —7 T3,
JT R RRNEEE (= DU T RS & EEFR O 7 T miRNA
Litfst (mRNA) OFHE~A7aT7 LAICE-T
HIE L 1920 il 2 A RN 92 2 & C miRNA 2338
(BT 2 2 5B A R AT L T- 2029,
3.3, HAIZEITS mRNA—EZFOHEERAD >

AT LEmEafEAT

4 13 miRNA OEEIZ AT 572912, miRNA &
mRNA DR EAEH 2 KRBT LT & 72 20, 20
HC, 51O intron |[Z7F(E9 % miRNA (intronic
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WY EZHWE, LEB-ST, Bm & pm DAY
AFtTC ol TH D, TOFTRERLDOERERZL
7z 20,

Table 2 The total numbers of the significantly
enriched functions of the differentially
expressed target genes for all differentially
expressed miRNAs.

R
ESHEN
3.0 2.0 1.5
74 103 134
0.01
0.49+0.86 | 0.47+0.99 | 0.51+0.95
p 62 90 119
0.005
th 0.20+0.48 | 0.20+0.55 | 0.19+0.49
24 39 52
0.001
0.29+0.62 | 0.13+0.34 | 0.21+0.54

£ EBOIRBZA L7 miRNA OaEE£ L, T
BHEICZ LGN D8 ETHRIEOKO T & vt
REER LTS,

Table 3 Examples of the significantly enriched
functions of the differentially expressed target
genes of miR-130b.

& =7y MREFHERE pfE
regulation of apoptosis 9.5X10*
regulation of programmed

1 0.001
cell death
regulation of cell death 0.001
intracellular protein

0.001
transport

2 | cellular protein localization 0.002
cellular macromolecule

0.002
localization
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R LMt A e O A M & AR 5 72
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117,
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FBLT — ZITRHBOERU A I HE D LARE LT,

1) % mRNAIZOWT ¢iatEEHET 5,
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2) TatH LI FHIMED x% D% EHT 5,
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T2,
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2)

3)

4)

5)

6)

7)

e,

ZORER. x=100 DHFAIEL. AEEND DRITITIE
EhETR< x=50 BAICITAEMRERIT 1072~10* O
FiPH, x=30 LEITITABMESREIL 1065~1046 OHFHH &
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7= & Z A, ATP binding, protein kinase activity,
intracellular receptor signaling pathway, cadherin
binding involved in cell-cell adhesion 7¢ & OFERED
Hahiz, M b A LBRHLEETHY 3.3, 1.
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BT 2720, PIEZHEIT 572D/ A F~—
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A Call Admission Control Method for Accepting More Voice Calls in Emergency Situation

Ken-ichi Baba, Department of Information and Communications Engineering, Kogakuin University
Sumiko Miyata, Department of Communication, Shibaura Institute of Technology

Katsunori Yamaoka, Department of Information and Communications Engineering, Tokyo Institute of Technology

ABSTRACT : In emergency situations, telecommunication networks become congested due to large
numbers of call requests. Several lines in telephone exchanges are generally reserved for
emergency calls whose users communicate crucial information. Moreover, we consider that the
holding time for general calls should be positively limited. In previous work, we proposed a novel
call admission control method which can accept both required emergency calls and more general
calls by utilizing trunk reservation control and holding time limitation control. In this paper, we
implement the method on a trial system in VoIP networks and we evaluate the performance and

the effectiveness of the method.
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Measurement time | 60 [min]
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High-speed and High-precision Hybrid Position/Posture/Force/Moment Control
for Multi—joint Robot
— Basic Study: Position control of AC servo motor with simple adaptive control —

Qingjiu Huang, Department of Electrical Engineering, Kogakuin Univesity
Xuedong Chen, Huazhong University of Science and Technology

ABSTRACT : There are more and more needs for surface contact works, such as polish,
grinding, paint, inspection, etc. with robot manipulators in recent years. In this paper, to
achieve high-speed and high-precision surface contact work by robot manipulator, we
propose a separation method of posture components to solve the problem of the rotation
order, and a method of introducing the impedance characteristics to hybrid position,
posture, force and moment control to eliminate the interference between free space and
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constrained space.
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Fabrication of Near UV Transparent Conductive Film for GaN-based Integrated Surface Emitting Devices

Tohru Honda, Department of Applied Physics, Kogakuin University
Ja-Soon Jang, School of Electronic Engineering, LED-IT Fusion Technology Research Center,
Yeungnam University,
Mitsunobu Sato, Department of Applied Physics, Kogakuin University
Hiroki Nagai, Department of Applied Physics, Kogakuin University
Takeyoshi Onuma, Department of Applied Physics, Kogakuin University
Tomohiro Yamaguchi, Department of Applied Physics, Kogakuin University

ABSTRACT : The target of this project is for fabricating near UV transparent conductive films (TCF) for
GaN-based integrated surface emitting devices. The detailed research topics are the followings; (1) the
fabrication of high-quality II-O and III-O compound semiconductor thin films and the control of their electrical
properties, (2) the improvement of light extraction efficiency using transparent conductive films with dispersed
metal nanocrystals and (3) the realization of GaN-based integrated surface emitting devices with transparent
conductive films. In this year, we focused on the researches of (I) the fabrication of CNT-doped Ga20; films by
molecular precursor method (MPM) as a TCF, (II) the fabrication of Sn-doped a-Ga20Os3 films by mist chemical
vapor deposition (mist CVD) as a TCF, (III) the feasibility study of the fabrication of integrated surface emitting
device structure by selective etching using inductively-coupled plasma reactive ion etching (ICP-RIE) and (IV)
the feasibility study of the fabrication of embedded-type integrated surface emitting device structure, concerning

mainly on the topics of (1) and (3).
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Fig. 1 Photographs of CNT-added Ga203 precursor
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Heat treatment

Fig. 2 Procedure of Ga203 film fabrication by
Molecular precursor method (MPM).
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Fig. 3 Photographs of CNT-doped Gaz20s3 films
fabricated by MPM.
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Fig. 4 Transmittance spectra of CNT-doped Gaz203
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Fig. 5 Surface morphologies of CNT-doped Gaz0s3
films measured by SEM.

Table I. Resistivities of CNT-doped Gaz20s films.
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Fig. 6 XRD 20-6 scan profiles of Sn-doped Gaz20s3
films grown by mist CVD.
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Fig. 7 Surface and cross-sectional SEM images of
Sn-doped Ga203 films grown by mist CVD.

Table II. Electrical properties of Sn-doped Gaz0s
films grown by mist CVD.
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Fig. 8 Transmittance spectra of Sn-doped Gaz203
films grown by mist CVD.




6 T T 7
i i
f 1
—~ 5 F ;; J
S8 P 4
> I !
~9J A L z, " !'
£ s :
3 e b
= 3 F i '
(e} 9 l‘l 1
= M
o2 F al /
> to! e
% L td ! u"
<1 Ry .
0 YY1 LIS SPPPPPRTY S SN
A [ [ -]

Photon Energy (e '_)

Fig. 9 (ahv)2-hv profiles of Sn-doped Ga20s films

grown by mist CVD.

Ty F U T RIO BRI T AR b, R EER R
£ED7=® BHF(/N v 7 7 — R 21T 5 7=, £ D1,
T NIV TTT 4=l LRV EITo T2,
P, LU R NofEn kR _E o7z % HMDS(Hexa Methyl Di
Silazane : 6-A F )L 2-L T HFNEAE L a— ML DB
fille, A 23— hOSFMHFIE Slope @ 5 B—RIEEE -
4000 rpm % 20 Fp—[E[#E5%% : 7000 rpm % 0.7 B & L7z,
FEDH%, RV ANTHD AZS214-E 84 L, AY
va—h, FUR—=T &[Tz, A a— FDOFMEIT
HMDS LRILT, 7YU_—2% 100°C T 2 HyRfT-7=,
WICKRIE~ A 7 T TERIMR T 30 I T - 72,
WIZ BB K T & %5 TMAH(Tetra Methyl Ammonium
Hydroxide)iZ 1 43filig LEB AT -7, WEZICHR A hX
— 7 % 120°C T2 MiT o7z, 2O LR Z— %]
% U 7= 254K % ICP-RIE %£{& C ICP 777 200 W, RF /XA 7
AT 160 W, Cla H AP 20 sccm O F T 15—y F
VT EITo (K11 38),

Ty FUT%, TyTF U TR EEEHTHIE LT,
T2, TOFUTICEDT ATV ORBEWRT DD
12, GaN DFEEBREE /AT %2 CL B E CHIE L7,

SEAWeT y F o 7 OFM1E, EH GaN 2% 560 nm
BEHNDISKMETH DN, LED V2 DT v F o JES
X70mmIEETHo72, ZHIE 2 DOHERPEZ HND,
1 DHIFRAEBLEREN T+ THLAREETH D,
BHF (2R THFHSCIRIEZR EOLBMRHEEL T k
W2, =y F ¥ MbEERDONE D MER R TIE
REENTE TR, 2 DHIIWEEROWREETH
%,LED UV = "OFEMHEIZIZ Mg K—7 GaInN/GaN %
FREEDR SN TR Y, In-N #H 2 & GalnN 2N E £
NTW5, 7B REEMN 20°C 75 200°C OFFHIZE
W, GaN F= vy Fr 7 b— MIRERFEIZ 2 OA
InN (XEEERFERD VIKECIIo vy F 7 L— FR3JE

WENET 7 r Y =7 ME#EE (H2 8)

Mg F—GaInN/GanNiEisF —]

Mg F—fpAsGan — gn{ns pm
SEBTHF
Si k—JnféGaN |1.5pm
GaN @ 2.0pm
GaN e — =5 30nm
Fig. 10 Sample structure for selective etching

usinglCP-RIE.

Ty FT

T =
B ——— B

TMAH

Hg H-, I-line

"L U AZ5214-E

o

=

FAPUVIST A~
5<% IwFT
,3%,3%%
Fig. 11  Procedure of selective etching using
ICP-RIE..

AR, S OFEBRTIE, LED V=TT vy F o7
REDIREIZ 20°C 2R E LTz, £DTD, =y F 7L
— "R EEOBE A EETRESEDLIAALLE LD, =
O F U TN BT E RSO TII RN EEZ T
Do

ABlDTyF 7 TlEpHGaNBE T v F 1 7 nE|
HELIZEEZBND, L, TyF U IRk LR
DIEEY LR LEREN RS R D720, &E&
B BEL LT 7 74 THRE T v F o 7238
THZENHEL RS,
%E@%yﬁ»fﬁ%%#ﬁ@ifiy%yﬁﬁﬂL
Lo 7272%, LED 7= DbV IZ GaN BT 5
I/%/7@%%%ﬁ%btomlzuwN%LmIV
Fr 7 LIHEED SEM B, £/ 7n~v7 4> 7 CL &
(A~361.5nm), L CL A2 FL%&sRd, CL LY
Ty F U T BT OIVICERR S DR ICTRE MR e o T
LONRDMNDE, ZIUTT v T U I L o TE N Z A
—VEZF T OREBERTE SO EBFLLND,
CLAXZ hvERZE, 361.5 nm 15D GaN O/ > K
%G, 500 nm A5 700 nm WX THOA Tr—L I %
R VAPBRIE N, ZNHORNITT v F TR
LEMENTEY, = yF o FHBICRIBEIC L DR
HEITBR S e oz,

UEDOFERIY, =y F o2k bRy REFEom
EIXRED L b oo, R Y — 7 138l ST,

89



WENET 7 r Y =7 ME#EE (H2 8)

7Ty Ry Mo~ ralRkb Bl S o
722 Linb, ICP-RIE Z W BIR= v F o 72k b,
TR A~DEBEZ L= £ F LED OERLMNITZ (a)
B AREME R ST,

Fig. 13 Emission images (a) before and (b) after

installation of LED tip into micro-cup structure.
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Study on Strong Ground Motion Perdition Method for Large Earthquakes
and Its Application to High—Rise Building

Yoshiaki Hisada, Department of Urban Design and Planning, School of Architecture

Tetsuo Yamashita, Department of Architecture, School of Architecture
Mako Nakanisi, Architecture Program, Graduate School

ABSTRACT : We investigated building damage near the surface faults of the 2016
Kumamoto earthquake to know the characteristics of the strong ground motion near
fault, and the effective countermeasures for seismic building design. In addition, we
carried out the seismic response analyses to develop effective retrofitting methods for

high-rise building using the Shinjuku campus building of Kogakuin University.
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Fig.1 Results for investigating building damage in
the Takagi area for the 2016 Kumamoto
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Table 1 Results for investigating building damage in

the Takagi area for the 2016 Kumamoto.
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Fig.7 The three retrofitting models using the oil
damper (D44 stands for the use of 44 dampers).
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Study on self-sustaining living environment support switch based on needs
survey of neurological disorder

— Reduce the number of electroencephalogram electrodes of ALS patients —

Hisaya Tanaka, Department of computer science
Hiromi Fujimori, Faculty of Business Administration, Aoyama Gakuin University

ABSTRACT : In many cases, we use a physical interface such as a keyboard or a mouse
when using the computer. However, the physically handicapped such as ALS (Amyotrophic
Lateral Sclerosis) difficult to use current computer interfaces. So we have studied the BCI
(Brain-Computer Interface) as a new computer interface. BCI can operate a computer by
analyzing the EEG. ALS patients can easily operate the computer because BCI does not
require the movement of the limbs. But there are some problems in the current BCI. For
example, it takes time and effort to attach electrodes. It took more than 5 minutes to
attach the 8 electrodes. Furthermore, it is also a problem that the hair is dirty by
electrolytic gel. Therefore, it is possible to improve the usability of BCI by reducing the
number of electrodes. In this study, we examine the number and placement of the
electrodes to be used for character input BCI. We determined the combination of the best
electrode by classification rate of P300 and backward elimination method. As a result, we
confirmed that the evaluation by the classification rate of P300 was improved when we
reduced the number of electrodes from 8 to 7. In addition, if the number of electrodes is
three or more, classification rate of P300 was identified to be an 80% or more. High
classification rate of P300 was confirmed at vertex and the back of the head. Therefore,
placement of the electrode was found to be near vertex and back of the head is preferred.
From these results, we examined the number and placement of the best electrode by
comparing classification rate of P300 and the percentage of correct answers of character
input.
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Fig.1 Principle of operation of BCI
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Fig.4  Optimum electrode position of each subject
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Table 1 DR and correct answer rate of ALS
patients

K = e

mwsil  DRle R R

8 91.0 3 100

7 91.7 3 100

6 90.4 3 100

5 90.3 3 100

4 90.0 3 100

3 86.5 3 100

2 83.3 3 100

1 76.1 3 100

100 100 100 100 100 100 100 100
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#a 40
30
20
10
0

1 2 3
e EEER

4 5 6 7 8
BATEL
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Fig.9 DR and correct answer rate of ALS patients

Fig.10

Optimal electrode placement of ALS
patients
(Orange: Used electrode, gray: Reducing electrode)
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Development of Evaluation System for Artificial Joints by
Mechanism of Lower extremities Representing the Joint Kinematics

Yoshimori Kiriyama , Mechanical Systems Department , Kogakuin Unversity
Hiroshige Hashimoto , Mechanical Engineering Department , Kogakuin Unversity
Yasuhito Takahashi , Orthopedic Surgery , Tokyo Medical University
Kengo Yamamoto , Orthopedic Surgery , Tokyo Medical University

ABSTRACT : To evaluate artificial joints, it is required for the lower extremity simulator

to reproduce the loading condition or joint kinematics in vivo during daily motions. In this

study, a new simulator for prosthesis has been developed that has the hip and knee joints

and muscle tension during motion are applied via wires as the muscles. The simulator has

eight muscle tension generators, and they are controlled along the time. As the result of

validation of the specification, all muscles reproduced the anatomical function to move the

joints. Also, the simulator showed the physiological range of motion of the hip and knee

joints. Moreover, the simulator can make the posture during gait. Hence, the simulator is

expected to elucidate the mechanism where the artificial joints are broken mechanically.
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Fig. 5 Lower extremities.
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Fig. 13 Joint motions depending the muscle tensions (1).
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Fig.16 Joint motion during gait.
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Table 2 Muscle tensions at the maximum range of motions [N]
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ABSTRACT : Our group has synthesized NASICON-type glass-ceramic solid electrolytes
as a sodium superionic conductor. These glass-ceramics are thought to require rare earth
element, such as yttrium, in their compositions, although the rare earth element can be
exchanged with other rare earth elements. In this study, we tried to synthesize them
without rare earth elements, but with Fe of high abundance and low costs, by melt
quenching and glass-crystallization method. Nas+sx,Fe1-+P,Sis,09 (x = 0~0.5, y = 0~0.2)
glasses were prepared by melting stoichiometric mixtures of Na20-SiO: glass and
reagent-grade powders of anhydrous Fe203 and NasHPO4 at 1400°C for 1 h. The glasses
were grinded, and the resulting glass powders were crystallized by heating. Those
samples were characterized by scanning electron microscope and X-ray diffraction, and
their ionic conductivities were measured by the AC two-probe method. Obtained samples
had NasFeSisOi2-type crystal structure. We successfully synthesized them without rare
earth elements by substitution with Fe. These crystal lattices were shrunk due to the
difference of ionic radii (Y3+ = 0.104 nm, Fe3* = 0.069 nm). This fact suggests that Fe3*
was replaced at the Y3+ sites.

1. XLC®IC

Na20-R203-SiO2 (R = Rare Earth) ZfEshb 7 =
. MR IO RIEOBOBME LI L - T
NasRSisO9 (N3 %), NasRSiaO12 (N5 ), NagRSisO1s
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Fabrication of photovoltaic lithium-ion-battery of all solid materials and large capacity

Hiroki Nagai, Tomohiro Yamaguchi, Mitsunobu Sato, Department of Applied Physics
Yukihiro Kudoh, Department of Information and Communications Engineering
Chihiro Mochizuki, Division of Liberal Arts
Li Lu, Department of Mechanical Engineering, National University of Singapore

ABSTRACT : Lithium ion battery (LIB) has many advantages such as long cycle-life, low
self-discharge, and high operating voltage. Recently, we successfully fabricated a novel thin-film LIB
that could be charged by light irradiation. This novel, translucent, and solar-chargeable LIB was
attained using titania (anode) and LiCoO, (LCO, cathode) thin films prepared on a conductive glass
substrate by the molecular precursor method, which is one of the wet processes used for thin film
fabrication of various metal oxides etc, and an electrolytic solution involving LiPFs. The charging
voltage of the LIB was 1.38 V with 30 s-irradiation of 1 sun (100 mW cm™); the self-discharge
voltage for 30 s was 1.37 V. In this present work, we examined the fabrication of an all-solid-state
photovoltaic lithium ion battery using a polymer-gel electrolyte. The pastes of each active material
were prepared by mixing carbon, polyvinylidene difluoride, and N-methylpyrrolidone and stirring for
48 h at ambient temperature. The 2.0 g of titania paste was dropped on the FTO pre-coated glass
substrate (40 x 66 mm? area) with titania thin film and coated on a 36 x 53 mm?area of the film by
doctor-blade with 600 um space. The 1.5 g of LCO paste was dropped on the identical-size substrate
and coated on a 36 x 53 mm? area of the film by doctor-blade with 400 um space. The gel-type
electrolyte was prepared by mixing the poly(pyridinium-1,4-diyliminocarbonyl-1,4-phenylene-
methylene hexafluorophosphate) with LiPFs. The electrodes with the active materials, titania and
LCO, were assembled into a sealed sandwich-type battery. A charge/discharge test using a current of
10 mA was performed with a DC voltage source/monitor. Averaged potentials of 2.57 and 1.54 V
were observed by charging for 10 min and discharging for ca. 10 min, respectively. The 1-sun
irradiation was achieved using a solar simulator and the voltage change was measured with a DC
voltage monitor. The averaged voltages were 1.28 V during 1-sun irradiation for 10 min, and
discharged with a discharge time of ca. 7 min by a discharge current of 60 pA. The capacity of this
all-solid-state LIB is 26 mA h. These results indicate that this device can simultaneously generate and
store electricity by irradiation with solar light and may be applicable for various electronic devices.
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T LCO #HAMKZEE{TE 7, FTO R LITH LT
F & =T AN, LCOBEAROHEHBARIL, N E126.0
mAh, 33.6mAh7Z-572, 0.2 mA EERAIFEROFAE
JEVE, EEEINEE 1.21V T, BRERNT 112V 208
L, LIBELUTEMELT, 7, 1sunSEDHZRE L
72 1.03 V ¢, BFFTIFIZ 1.00 V 27" L, PV-LIB & L C
FHiEL 7,

UElnkiiz, K7 %—=71—FKEHWTFTO 71 =2
~%w7x%WL , FH=THEAM, LCO HAMRETE
%Eké‘éﬁﬁi%ﬁ/ﬁkbfco F7o, REFLO DT
ﬂ&ﬁwﬁﬁg%ﬁﬁbto_m%%ﬂAﬁf 26.0 mA
h EWHIFEANRLNVICET HHEGREY bORARE
722 [EFH PV-LIB 2 /EHL L 7=,

2235 3CHK
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BRAEBEMGHRMHICFALBRIEBRRESZEREBEN DR

JICHEERE B
A s

BB TR E D D X o & L EBIC L o C, A, B, melk, Mt C otk

BERAESDH L BT D, RIFFETIE, BIRELBELEHRMEBHIETR A ST, # LU BEREMEER
Bl ) MBI T 2 2 L 2 HIE LTV D, HEEEIL I E TS, RROME H REkE L
W& ARDIGHEMBIOWFFEN S, o-Fe203 OITHAREGHA TR 280 [ie T 240 &
MG ER S D B CHE IO A1 5 2 £ 2% H L7- (Hashimoto et al. Dyes Pigm.
2012, 95, 639. Hashimoto et al. ACS Appl. Mater. Interfaces 2014, 6, 20282.) , =2 C
AHFETIE, o -Fe203 ORGEFICRMEILE L LTAl 2HATHZ LT, mEEROEER %R
L7, BRIIICIE, Al Z[E0R S B 7 ARAE KR {b8k (2-1ine ferrihydrite) Z &AL, Ziu
ZRIMAE S L CEDOHZROIMBVLERIZ X - T, Al [EHA o -Fe203 AR L7z, Z DR, T
== KRR A AT D a-Fe203 Z/ERT 5 Z LITK I Lo, E/EL L 72RO AT,
TP VA R BE 2 2B L, L%, ax, b (5 &, ARk, HEOWEZRTHEE) 8%
NZENTRMOK 1.3 /%, L.54%, 25 THY, AL PRIEWREER LT, HEPRRE, 1
PRAHEE, BEROTUE, AL WONE, ROBAROBERGREE, RIBKKORIEITIE, REEIE, WRRE R L
Bix o7 A= — 5B LS TREIZ A LT & 2 A, AL IRINE 30%DFEHZ B W Tl b @
Lk, a%, b¥EG O D Z & A BN o 7o, TS, FER L 72 RO B E A2~ & 2 A,
TARD A~ Z A D Z@mENNERT 28 REMEMEL R THERP LN R o7,
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ERREBHICEDITEILI 7 ALY TFT OEBEIEIL

WENFTEET  HEHE
FRI

ITEOT L7 bu =7 AR T 2REFHEROEE VG, HENZ 2% (TFT) #EF
DOEFDEBEEL A EAFREN TS, JEROMZEE LT, miEALE R bSEs 2L
THERE B2 0 AN H B 03, Z O FIEITEAL 8RO SR AR AT RE 72 Fl s & $0 72 5 1]
5. ZIE TOMETIE, BBEHAMET 2L X —0E<, o6 flioA 41l d &
TAT ATER L, BAbA T DALY T AT R R—T7 LA B%E In-W-0 2 VW C,
KIE7mtE AT (150 C), N TFT FEREOND Z A /AL TE 2. —FHT, #7X
TUDR=TENEL DL, A FURERITRRT DA A4 U BEL R BE T 0 BB E MK T
T 5720, BB DR EH T CIHMEIR 7 v & 2 TOMRER BICIRR R H 5 Z A2 5T LT
7.

ZO LD RO, MOFEEROT-DIZHEfH L Th o 7= Si Heil %, 8- TEk® TFT 1 H
L& 2h, BNIRENSEOND Z L2 MARRM Le. 20T, RS H CHMIEES T
B (SAM) TEMisNTHEY, BEEIX 1.5 cn®/Vs (SAMZ2 L) 75 17.2 cn®/Vs (SAMBH D) ~
E10fEBLEbm E L7z (Fig. 1). fEm EOFER E LTI SAMIZE D R—E L 7HRNPE 25
DM, AN=ALOFEMIT 02> TR0,

SAM DFERAHER AT 2B A TH D7D, WROKREIINLERA A FEAREITELD R
—EU LB LT, KIER7 e AR LFX—OHBICEIRTE 5. 2D 9 2, BUTORFE
BB & O EMED EV. £, BUERARERKE T 0 A THLH72H, IME - mAEANCE b7
BT RN X—DOMHBEIHEINFATRETH D, 2N b, W ROT A 2T v RCBITHHTE
a2 F ORI, B X OERRMEMAIMO 7O DN T 7 AT v 7 BROERCERTH Y, ZhE
THREETH ST v & A TOD TFT
FFEMEm Bl R&E oA N7 b &
bz b9, ;:5

AROTEE LT, BHOREES
NH-Z B EBEEELEEOBANS 2
B L, FRb -84k & SAM DR 7
R AFRRAREZIEHLT, &5k W b 2w
% E B T 2 —F T L TOPREW

Fig. 1 (a) Typical Ip-VGs characteristics of oxide TFTs with and

TRER L) TFT & RSt LT <. without SAM modification. (b) Schematic cross-sectional
diagram of a bottom-gate TFT structure.

(b)

(a) | FLAUEE: 40V

SAM® s BALYE Bk
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EICLED IS VUCHBIZRIFT 25V OinEROEE

P TR 2R
YSES S

oo IW IR EMM B 2 RS I K VR L, B2 S, 2oMaoMEt2BiHhses2 L
THRICHOWAEEE N TORMNEIT> TWAE. ZOREIC L DIARN T2 HANWT 7 7 v VliE
BiTol-. 7T PREOMRDEDIC, 7T Y ETFmNSHEET HiEEE K& < LTHEB
EAs RKES<T D, Z0LET7 T NAEEILZAT LA SUSXM7 IZBW TRz -
TWiz. REFETIX, 77 NEMREZ 7 7 > ML 5728, LRI T 7 2 Do E sk
DR ZEAT O TEORMELITV, 77 AENE OUGE (7 7 v Mb) O OfEt 21T - 72

M I IXERR Imm OFINROBM, A— AT F A FR AT > L A8 SUSXM7T % 7=,
ZOMMAEEMIEIEL, £ 30mm ([CEIHr L CEAEIN THORE T & Uiz, 88N Tik—xt o F
TR TEMICRBRA 2/ AL, A AOTREZEE (HEMTE), 95— FHFOTEZBE (B
Bl TH) S¥HZLTrofz. I THNRZY v 7 TREID HEHL TV LY Z2REERS A
(mmé L, ZOhAEEZD L THRESNOIMEIOREEZDHZ LN TE L. 2k m IITRA
Fs KOME Fl & bICE—& L, BEEM - BEMll TR TE LTNTL AT 72, BRiEIC k- T
BB SN DHRE S D 7 T Pkl & BRSO TGRS 7 T v MCT 5720, 7T
THNE SN R TEMICEEA TS 0.6mm O& R A Bt S, 77 0 O E R LikiE
MTZFEM L. 70y 7THOTZY » T b RS £ CORE S ZMiiMRES Fr&
L, Fr=0.28mm, 0.37mm,0.46mm,0.49mm 5 X T 0.583mm DOt 5 fEOWK TETINT%
1To7z.

BN, PR TR 2 AWFIcHc OB LRIEZ A2 7 7 & VEEN L 2T 76 Ofs
. B LEME (R 2 K& LTH, BB ENNS< 5720, 77 0 UREZHKR
SELH7DITE, BB REE KE < TE DA RIERSFAET . BEhn Tz 3ER A PEBIC
28 (v R A= CEIR) ITRD LD, BT R0 3 TP, ML % £ TRIREZRER
S OTEBWTE D T TEENREL 2513 8/h &< B TRIEZ K& TH2 L
T, HWEAEAL, BBARFHAAOMEOBEREARE 2D, 2T X0 Wb £ /s &
KRDHOTHEMEIINSSTEDLBDLEEZEZOND.

WIZ, 77 o INESRE AR T D XD REEEN LA To 7. ZHUT R > Tl a2 7 7 v MT
T ENTE, SHERBEZM ET 52 ERAREL oo Te. MHRE S Fra/ &< Lz
RBRANE, FrOREWVEBRA LY, 77 IR R O RARE 20, REBELIZLL,
LV T7Zy NeMEIZIN T TE D Z BT,
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FOTHRYI ERELIEHRBKA D =X LIZETL
EEK S IR D E R ER AL

BRSGLR HR
B PR

ACERPUT B TR AR WK LI 2 ERf 2 Ip TET n v A TR EN TV LR, etk
ADHFALD T DI EAMEZ A ESEH 2 ENEETH L, WAREKESCKLEIZA NSNS
WRBEBIZIE, EICARY T I RREDORY v —HAHAN LN TV, LA Lo bt 431l
[ 2 AN 9~ 2 R SR 70 5 AR S ] S 20 & 72 0 | B IEIRME A 1S DD ATREMENSE] & & 72
S T&E Tz Z< OF LWVIEMBOAf & TR CH R BEZ BT 2 I IRE#E L £ < v I 2 b
—a VNS KDEGR M BIA 7 ) —= v I EN D, AETIE, B Thd 2-7 =
1,34 F XY TT Y — L QBRI EROHREEICER L, a2k L & & 0FKME L%

WEAE (Z DV TIEFA 4y 78 1 EINEMD) 2 -V TR L7z, E70 K0 AR O R & WERROS
R, R &R 2 i 5 & & TR O BEREEA 21T o 7,

2-7 = =N-1,34-FF YT Y — ABRIRMER, SNEER, NEEREZHEE L TOKPZERTE 2 &
’Kﬁkbméﬁ%?W%WWLNEMDmié%myi1v~yay%ﬁoko FHEBT I 2
L— g URER K0 BRI BRI ORI FLN 238 L C, K TN SE T 5 2 & AR
Sz, MFLHP T, KR T A Jr’#ﬂié:m%%é}%ﬁ;ﬁk LZANLIHEB LTS Z & PR S
Teo Fio, TREE DOJEIMKGAMEZRDT= & A, [JEINTHH] L TR EDHINT 5 — i 72K
FRBR O DNBER S T, FEIHRIFED RO 7= MK BRI, —ARA722%E (ROK
I LTS mVMIE E Ar o Tn, T, F%mgmﬁ#ﬁbmmk@ﬁkbfﬂmfgéﬁ
PEER LTS, E72, BRI BB TS SO AGEIBIE 2R - 728l & L Cid, BRIk IU &R
FFOMILERK G FREDOT A X THY . BEMALNIKGF Tl S b & KFERHE K
WCEVIERF X< ZEE L, #RE UCHILNOREREEZBE T2 2 L@ IEBEEL 726 L
TeeEZBND,

RL 27 FEEE D FE TR RIS

[1] Hayato Higuchi , Hiromitsu Takaba, "Evaluation of water permeability of novel
supramolecule membrane by non-equilibrium molecular dynamics", 2017 International
Congress on Membranes and Membrane Processes, 1 August 2017, San Francisco, USA

[2] Hiromitsu Takaba, Invited Speech, "Theoretical Verification of Novel Nano Porous
Membranes with High Water Permeability", IUMRS-ICAM 2017, 27 August 2017, Kyoto

3] SEERMSPEE B0 £N). SHRTsER 2017 (201745 A 26 B)
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BESBHEHEICE 31 —FERADOHELEEXRY FT—2
BRFEICET H0%

fhduslE TR 2%
5% fE—

T, 770 RYh—v X, SHREEROGAMEZ E O OERIZ LY | 2 — PRI F R —
ERERE, AT D2 ERARRICRY S9od 5, A M L—URFEERICEIT D kIS E D S
OHDHN, FHARFTEERAIENT5-0120%, @mdery NI —2 La—FRFET o1y FU—
7GR TR T X DB DRLETH D, T0D, BERSVTF AT 4 7%y MU —27 Ok
ZAREE L, DORHBET R LFX —DRy NV =7 ZRBTEL2NRy N =V ZMHETLHZ LN
HRFSNTWD, EHIZ, 2—FOERITISR D4Ry MU —7 OFRRHEFES LT, ko
Xy bU—7 ORREHRIGIETIXR <, BESBAGIEZEBT 52 LB 6D,

Z 2T mEPDEREE TRV F—ThH Y | MR OREN FRERIENE CTHIE SN T AT 4 v
7Ny BT — 7 Bl a v o Z kAR HiIE A "TRE 72 B By BRI EEEAE 2 IV T 22— BRI
JG Clemdlia gty N =7 ERZR(ETE 28Ry NI =7 2RBT D, =T AT 4 v 70Fy b
T — 7128 T B HNZAOE) 24 TiX RMSA (Routing, Modulation Level and Spectrum Allocation) & FE/E
AL, /SR DR & Z ORRIKIZIT T DARE B G O o720 R L THIY 2 TDOuE A=
AT MVERET D, O RMSA ZWEUNCAT O Z LT XY | A B U7 Al e 270 5 Koo E Y
BTHEFEHRL, ZAny FOFPFIHAZMNL Z LN TE 5, AT RMSA 217 2 56, £ ORI
BT N7 74y 7 ROUTIS TR OBIRE X > b U — 27 NOFT27 ) — DR~ D ZLi 7%t
JGRFTRETH DD, MO NNADREERN T 7 F U T OREMZEIC LV EITTHZ LIck o T, &
RUTAm Yy PR FPRITETARABERBENSNDIHENH D,

Z T, AT TIR, ANRAELRICKH L TA R Yy FOFTRIEETRIO 2 DORBEOTRIZITV, T
FNTRE L T2 BRI PRI Z T o7 Ay FEHWD Z LIk V| HRICEDEROFEANZ XS E D
NABREFEEZREL TS, LrL, BTN TAr Yy hOIRTHRIZITOBRICT TP %E
TR EDEREHIEBRE LW D, NRRAERICHT 220y FORTRISRET 256076
b, Iz, BEEREZGET IS, HIEHT L — 2 ~OAFHEKE <720 OEREERIZ B Tk
BERNT_NERENDH D, £ TAHFETIE, NRAERITH L TR TREZIT O ZAm y b AR 55
(2. PHRIRRRE &AL TPAIRRBE ORI 2 B8 LI BB Y R RE L, £, NRAEROT 7T
YT BIT HBEERNBEFIE A UGE LR IR R A RB LI 2 DOREFIEEMNND Z LIk
D JPN25 bR B ISR TERFEHIIRM AT THEICR L TR 63 4%IRI8T 5 Z L N TE T,

[11 Yuya Hiraiwa and Ken-ichi Baba, “A spectrum allocation method based on distributed control plane in
elastic optical networks,” in Proceedings of IEEE 17th International Conference on High Performance
Switching and Routing (HPSR2016), June 2016.

[2] Ryosuke Shinozawa and Ken-ichi Baba, “Spectrum allocation methods with multiple sub-optical-paths in
elastic optical networks,” in Proceedings of IEEE 17th International Conference on High Performance
Switching and Routing Workshop (HPSR2016 Workshop), June 2016.
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DI BAFEMEZ R LS DRV ABTCTLHEETZ DKM & BETHEOBIGE(RE OAH LR
WL, 2Nl LT 2B A X DNERH D, L Laeins, WETHED X kR
WO THE T, BEAF OIEERRRIE FIED FEHI F M3 0302 T ODVEEFNAD S i3 &< ATbi
TWR, & 2 CARBIE Tl NRINREE & A RT3 L R OB & O INEE 2 5l
L. ZONEEDOZEAGIZ LV EEDREBRAHORE I 20T 2 FEELBRT D, 2T
TEERBBORE L a2 i b LUBRNIZEBT 2 LEOGITZIAAITADBRREA#EZ 52 LIk
D RETEOFBAEFEMED R L BUGEREOT@REOUEICHRKT 2 Z L2 AL L TIF%E
ZFEM LT, 2 0 1 6 FEICEHIT HHFIEEE & LTI | & AV ERRRE DR TIE
(ZDWCHE RIS A Fhis L7z, BRI OB ICB W TiE, (R O BIERE RS TX %
FHEY Y OFHANEE 2RI 5 & & biZ, Kinect e FDE—T 3 P EHOTEESED
WREZ IR T 2 FIEIC OV T U R EITV, T — 2 UUEE T o7z, T ORGSR, IHEE Ik
O VEEEDBE LIZRICH R ENDH Z LI LY | BRI REE T > TW - E AT OHEE ik
REDBEREI T, £io, FEEO LFEBIGIZEW CUIHAMEOE I GPS At v oF
DT 2720 T2 DI IEME 2R FHRAIAMT 2720 2 E 3B T2  BLERZERIC R 2 3Hl CITEENRE
BTHEFSET DI EICERARH D EHE 2. VR 2= ECLHEHRY & EE/EEH OBEZHELL .,
VIal—varT5Y7 =T ORRFEEZBM LTz, VR ZE#] Lo TEHEBOFBIZIBW T,
3D EF /L OVERIE ArchiCAD % FIH L, y7h?:7§¢@%%iUmw%%wkoﬁ%m
DIEMAFEDOTHBRAIT) & &L BT MFEEN I L— L HOT — 2 ERRNICBALTZY  FEMA
B OB - e A B 2 M R 2B E ST A A DREZ T 12,

IO —HORFRIZ LY | BETEOMEEMIRICK LT ICT #ifi 28 AT 2 FIEAMRKIT OV
THFZITV., BLEOEEICB W TIIHE o OFH HELZ B S L, BFEZEM EToE
23 N 72 35 G I3 AR 25 B CRHIIT 2 2 LM AlRETd D 2 & il L 72,
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IRNF—F LR MNEKREHEARZEAL-
N—FT A RVEEDKEEIL

ISR R
R

AL CTIE, WIAROWRT 4 A7 EBOBAMCTH L 2HHDO =RV X—T v A Mgk T
(BT v A MRS, A 7 vl T v A MESGEELS ) ICoWT, R I 2L —v 3
vEHAW, Lo EIT o1,
(a) e (B & W8T v A MERGLER TR E By MU R 2 A G b - 7Tk, RBRAR
CRLER AT RE 7R JBIR IR DS 2 B B 2N T 2,
(b) &1 B RE U R DRGSR LIS &2 -l o~ A 7 a7 o 2 MERGEER TN TIE, 102A/m BL R AR
NEFEE T 20 GHz UL EORIERIR 215512012, AV LV bV 3EIRFEF DO H LR & BRI
ZH O NCT 5,
FRURET L Y . DL OfEEmAME bt
(a) B b8 — KD K v b % ECC(exchange coupled composite) R MMI L, BRSO
FibE 1.09 T & L7ca. LBt o R MEERZ 93 k]/m’I23 52 LT, HEKRRy b
D 1/2 @Eﬂbuﬁﬁﬁ%ﬁfﬁf‘t v hTT—L— h%& 012 CT& %, £/, BFMEEHD 302 kJ/m* DRE,
IR O faFnfg A 0.81 T LA L, BIFMEEHEA 604 kJ/m® ORf, IR E O fa b 2
L24TLL EIZT 2 Z & TR~y REER (640 kKA/M IZBWVWTHE Yy h=T—L— h&0IZTX 5,
(b) A LEAREZ LENG 2BIEEER LI-3EAY Y NV RBIER 20D 2 EICL - T,
FEPRJEIR AL 30 GHz & HAZA K& < kMY | F7-, EABRBEZ BIEELLF O 0.912X 10" A/m?
WD EMTE T, BT A U IEANEOR#ESA iRl 0.5 T, 2I5HES 10.0
kJ/m’, PRSI 1.25 nm TH D,

AHFFENC BEILR L 72 % % O SC
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