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Education of Ritsumeikan Japan-Manchukuo Senior Technical College

during World War 11

Yoshihiro TANIGUCHI'?

Now, Ritsumeikan University which has Kinugasa, Biwako-Kusatsu, and Ibaragi Campuses is developing one of
the biggest Universities in Kansai area. Ritsumeikan Japan-Manchukuo Senior Technical College transferred from
Ritsumeikan Senior Technical College was established in order to educate senior technicians by the request of
Manchukuo Government. With the establishment, the Senior Technical College accepted the students consigned by
Manchukuo Gerverment. The great money in trust from Manchukuo Government made the establishment of
experimental and training laboratories, the equipment, and the maintenance of Kinugasa campus. After the World
War 1II, reborn Ritsumeikan University Faculty of Science and Engineering consisted of five departments of
Mathematics and Physics, Chemistry, Electric Engineering, Mechanical Engineering, and Civil Engineering in
Kimugasa Campus. After that, Low, Letters, Economics, Business Administration, and Social Sciences Faculties
joined to the Kimugasa Campus to be overcrowded. Faculty of Science and Engineering should be moved to new

campus, Biwako-Kusatsu Campus, Shiga Prefecture. Now there are 7 faculties on this campus.

Keywords: Senior Technical College, Japan-Manchukuo Senior Technical College, Faculty of Science and

Engineering, Kinugasa Campus, Biwako-Kusatsu Campus
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Jua—nNJEB—3 3L FEE 0 RIZ7English as Foreign
Language (FMEFE & L COLGE)BREE Th 5 HARDILIRDH

Lo

Globalization and Language: A Consideration from the Japanese
Situation of English as Foreign Language (ESL)

YAMANAKA, Tsukasa"

This article argues my opion on globalization of Japanese universities which are forced to face to
be global. Focusing on Japan’s being non-English spaking country, it discusses what kind of issues
might be arisen and how it could become them, by answering the following questions: 1. How Japanese
universities would be when they are globalized, 2. Why they need to be globalized, 3. By globalizatin,
what kind of influence it causes on faculty and staff, and response they are reqired on, 4. Whether they

must offer causes completely taught in English.

Keywords; EFL (English as Foreign Language), globalization at university level, Japanese, mother

tongue, impact

E-mail: yaman@fc.ritsumei.ac.jp (T. Yamanaka)
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X LR DT, BRI (EA) ThD, YRaIa=r—rar0 [HRE) 1T
FH DO TIE/2, McLuhan (1986)23Mi< [Za— L - B L v V] OGN TRT XL HIC, A~
H—Fy NI LOETIHaIa=lr—aly - AT 4 7 OEGHIZ L - T, #ERIIAD L H I
INS L Tp otz RERCEMOBERE B A, LN 2 OMRICEEEDL Z LN TEH L9 1Tk
> T& 7Tz,

RFEO T a—r b % EFRORTEZ LD, ZHUTIXEAREE LA X T SR B DN,
FHIE, TANSORZFEITIE, b T#) T8 ZICHHFEEET. HOOERITA L TAIV H
SRRV L, ZOREDITIE, BT 52 &7, HHREFEROIZEDLY KT 5 Lk
MWIPNZ L ERTEBZTN, ELICEAIADIE, 7r—bizBi 2R L Db Y JFiC
BWT, aIa=7—T3 20 [fhanchor)] X, ZHLM | TROLELEBIZHY, KF
DOIXIRTE 9 e LIXENTFAERRZOBIRBEIZH D VD) 2L ThbH, AbEIRE LTHR
L, By, REIELTEZ TV 2 &, RERITr— kT 5 L1%, 2o ko (8
R Thod, ZOXIREEIE, EIHOEREE. &2 WIHMBESRIZH b 2akE S ki,
ZhEBOWROET BV IC, AROBEWRTORFED N1 %, MEEARHTRFEE LT
DBV ZRHOZLETHY, MO THAREETH D,

3 BERFEFTO—NILIET D2RENH LD H

TIRART= Z & EEMET DifamldET 208 210 7 Z 7 RoOFnE] & 5 548 (Surowiecki,
2005)1%, AR (1] 2R 5 <HEDDHZ LICERE M L, HIFMICHiEE Sz, 2F 0,
REN L ZRETIEH-TH, HARLHECBEMN OB - BEEBETH VTS50, 20
BRI 22108020, TRI=A ML —va3 0% b AN TLARICE > TA%RIZE



1 ]

NEBBAILEND Z ENRMET, BIZIEE YV « T—XOfNTICL > T, 74 ETA%E

T, flx OFAECEY RBEREN SN A b =L RV, TRETHALTES
<®mh1%<ﬁb_ﬁ6ﬁwo_@%%f7m~ﬂwm&i\k%%@%@®ﬁﬁﬁ%%%
W, FITICHET 2N TEDLINL ZZLE RO TH D,

4 REOTO—NIILEIZE> T, BEOEBEIZEDISHBEELHY . EDXSLEREER
Hohnbdnh

2, TR Y . S u—rb L, BEEOHER Y AT A DT XA NEHO ATREME & §
GATE AR - RARNREATHD, TLTIOMTE LELIINE LTEHITORD BD
T2, RFEBVONTTZ 2 — ULk 5 28570, b LI 7 7 — k&
BNDTEA D, £ LIEEIT, REVEZRITNIER L RVFEFTRIER RV, TZhan
O FAEITNMEER AR TS NDIEA I 0] L) ZLICRED b D, TNk~
BY—ERA~DT 72V E Y T4 BEESTZA R, FENDI DI, SLAERFICHRH & 50T
ZAFATHRS NIV E LD D7, ZHUTHA S 200 Mgl 2T 2l ReEo
BRIV, BEOHEE. W, ITER., BMEOITTE LY —E A0, TAEW] T T£ZTL
PELNRNE O] TRIFIUZRLRVDOTH D, BIREIZIL, 295 LEEEE. . 1TEL
P—EADAIETERITIUIR L2, TERTNIXTED XS IZR LR TITN TRV,

5 RET—HMOEMMBEEZZESC LRXBRELGON

ZORWTEAIELL . —EAMES TS, H2 TS EHECT 52 51E, TNAEM)
IR 6, ZOMOWREORRMITY - TEBY., TEiEN ICAZLEES TWD,
FIZBHARANDOFE —SFERIIEAGETHY DN TEBZ T \ETRVEWVB TR,
MONRAYR DN HARFETH D, ELHMICORBEDES SHITAARETHY . ZILE
WEIYDBRNWEETHDH, 7a— bl NOEm TR/l HAREZENDHZ LT
L, BAGEEZHEDRVE ICT 2 ThAen, e LARAGE, AAOHEE, AAZL
O TIEOHREZR VAT & OB Y RUEZL2OTHY | £ ZICZEME O HALE N
ME D AREMENE SN TS, LR > T, KIZH D TH@EPbme 570 &V fEfE—
TELWY, HF-SlTIERVWSRELZE-THE., &En. TEEZ T2 LT P77 mr 73
/?@£9@ﬂ§@OﬁALE¥H%ﬁoé%@#fifﬂﬁﬁQMM%HMT#%@T%@\
NEDEL 2RISR, FE, KPEERAE IFETORHE ZHEETHEMT L E
(556 J N SN T N ES| e e %zf%#% Wz, TURF L - T—Y ) #
B LRI TE TR, IREAVEE L V) B TITHREL TH, XV IERWEMAIEESA D
TWRNWDOTHD, TOBEHORE2—HY [HEETEREL LTI =TT s i
WS EWVND ZEICHD I EITEMATRETIIRNWEE XD, R LIOMEmE., FFETH
MBREZ# 22 [_R&] HENEWV I EmITHTH D,
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yu—)N)¥—3 a3k G5k £72"English as Foreign Language (YHERE & L COIEGE) BB TH 5 HAROBURAD S

ZDO—Ji, IERAT 4 TIK DA =T 4 v 7 TROFEERICTH S S FE TR Z2HE 2~ 5 RT3
MBLNENZIE, THIEESE), AREEFELVIFTHEIL, M T 47 - AE—=HI—DHLD
T, a3a=r—va b LTEBEERVDIMNEREOT T, L LAELOFTEHTHD
NRETEARN, SOMR TR, REAFESHEE L THVWD AN, REEEE -SEL LTH
WD ANAZEEEMICEE L TRBY, Fxnn /v — ULibE TllB 4 2 35EEE 1T, T 0% <X
WOEEL LTSRS, F LT/ — USRIt B T, D LAREOL— Y EE LT
REEARGET Z LA E Ly, R PR TEEFEE L, EEEOMEHICE N T, BERE, §F
BOMNTICTAT T 4T 4 —%FTUTF: 20190 TH Y | Far N ED LT n
(X2 57N OFEFEITZ DO L9 RIEGEEZ WD, T LARFGEEE OEER 7258 LT I2ICIE
NTWBHHR NRELBFINRN) OTHY , SRR EGR I, 1BILD Z L1X7 v — ko
RN BLAFE LW,

BE XA

FIEEE (2011) [HFEHE TS HEFL L ESLOEWNIOWT) [HH, — b AR ] 41,
69-80.

FEPEE (2004) THADIGE & SGREHH | [ 1L LRI R A SUERFJERTHER] 12, 21-36.
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1E2)] IMOOC gaccod > 74 v L7 FX¥—2 U —X [#HFk L LTOSiER : SBldbez 20 LAEZI
<LK EH5] (202041 H 20 B B4, https:/gacco.org/)

Knight, J. (2008). Higher Education in Turmoil. Rotterdam: Sense Publishers.
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Bacillus subtilis © 3553 X OEY) ik £ 12 A E 3 s 2 EHT

Effect analysis of Bacillus subtilis on soil environment and plant growth

FOARHKEAR D, SR D, PR E D) PIRIERRE 2, B A 2,
FARARNA D, A LR D

QYA EPNE E SN iy S et A s/ M o
Department of Biotechnology, Faculty of Life Sciences, Ritsumeikan University,
Kusatsu, Shiga 525-8577, Japan

WAzt WG 7— =7 U7
Meiji Food Materia Co.,Ltd.
Chuo-ku, Tokyo 104-0031, Japan

In this study, primers to quantify Bacillus spp. were designed and Bacillus spp. detection system was constructed.
Bacillus spp. were inoculated into soils which were used for the cultivation of Cucumis melo (Melon), Brassica oleracea
var. italica (Broccoli), and Brassica rapa var. perviridis (Komatsuna). It was also used for Agrostis spp. (grasses)
cultivation to investigate the effect of Bacillus spp. on the plant growth. In all cultivations, the plant growths were
promoted after inoculating Bacillus spp. But dose of Bacillus spp. was different for all cultivations. The leaf area became
double when Bacillus spp. was inoculated three times in the Melon cultivation. The leaf area of Broccoli increased 1.6
times when Bacillus spp. was inoculated 10 times, and the fresh weight of Komatsuna was also increased 1.8 times with
addition of 5 times higher dose. The leaf length became 16 mm longer when Bacillus spp. was inoculated three times a
week in the grasses cultivation. The soil was analyzed for examining the effect of Bacillus spp. No significant change in
the total bacterial number and flora of each plant cultivation was observed. However, Bacillus spp. was presented on the
leaves and in the upper surface of soil (10-15 cm) in the grasses cultivation. Therefore, Bacillus spp. seem to activate the

material circulation by enhancing indigenous microorganisms in the soil environment.

Bacillus, Plant growth, Inoculation, nitrogen circulation

E-mail : kubo@sk.ritsumei.ac.jp (M. Kubo)
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Hi

H

WA MR, SRH ML P RSEL. AREUECRER. EmE O BREL ARG AR @&

=

AT LR LN FEL TR Y 1 KR ETAKR EFA REE TICAEMFL TVD, 2B,
WEIRRIZEB W TR EOERELEFN ZH - TnD, HEPIZEIT 2MAEMIL. BHOMRY AR & it %
TERIZAT O 7o, HIETOWERERIZZKICEET 20, T4, BEERSMEEOHEIZL Y | WHEIERICK
ELFETOWMAEDIL, SFELRRAREMCANMEN 2 & T WMEWEHM L L TR STV D,

Bacillus BMEIZAFRNME, 77 AGHEOARAREFE CTH Y . HHERER CHEREM 267 5, 2D
FEsE A W U, BT A e 2 F7 DG, X BT, Bacillus JEMME X ANMED @O FERIZ TR T D728,
ERSCE pH OMRIREREE T CHAFARETH D . BARROMREWERE FIZAZE L TV 25O, Bacillus JRABE X
xR FEBREE SN TEY . HEDITEESLEROSEICB W TEE TH D 72 O 3 tEA TN 5©),

Bacillus JBME O —FETd 25 B. subtilis 13t MIT HHEEZFZ2WEE LTHLILTWSHIS, B,
subtilis 1%, 7077 —=BRT I T —BRELHBII WL, AEREBERNLT VE=T LA A U ~DIRIC
FhH L, ERWEEROMILIERZEET 5019, F7=, B. subtilis OFifEL LT, B. subtilis (natto) ’MF(ET 5,
B. subtilis (natto) 1KV DR TH D yv-R Y Z ¥ I Uigh S 8ICEE L, HEOMRESEORRIZE S 3
52T, BHEOWERRICHES T, OO LD, B subtilis DFEWFEE LHEA~OBEFRIL, ZERE
BREMBIZTHZ LIk T, HIETOEBERERER LN, EURE~TET 52 LR REn 5,

Bacillus JEFNE X, MR EEHERERAEY) (plant growth promoting rhizobacteria : PGPR) & L COF|H & %0
SBNTWD, BIAIE B subtilis BS13 BRiZ, ~~ M EBICHERET 5 2 L TTORERHE [ LW, B
licheniformis K11 [Z =13 2 U O A b L AMMEE{SFOFBL 22 U CHEMMEZ M LS & 50218, 2o k51T,
Bacillus J&ME OFEE~OEAZR2EMIC LY  AEMOERINAAR LT A b L AMMEZ R LS
LENIZ < BES N TN D,

AHFFETIX, Bacillus JEFIE S HEWIR, HEFIE TERIZH 2 2 B OMT 23 B Te, Ary, Tryal—
BLOa~YFOFEERZ1TV . B. subtilis BN1001 BE19 % HIIZHAR L ZBROZEDAEE, HHEh ORHIE
BUCBT 2 FE R AT o7, o, A XRSHEETH LNV NI T ALHFNE U, B subtilis % H %, FHWIRIC
A L7z BR o> 158 K OMEMIRIZ 31T B Bacillus JEAME DA &2 B B 2MZT 5 2 & ATz,

EBME R O Ttk
(1) FERERK OEEREA S

AWFSETIE, Bacillus subtilis & L"C B. subtilisBN1001 ¥5584%) (MASHEIE 7 — R~7 U 7, HR) #HW
72 BN1001 FREEFEY T 0 BN1001 RO F A MEREH A 2 IV CHIE L7o, BN1001 BRESFEY) & RS
THC BT DT E L7 BRI FE D & 1.0x100 cells/g-soil (2722 K D FH%E LTz, A v ks 38 (3% 1),
Ty a ) =R (3K 2-1, 2-2), ZARET T (R 3) ~OEKREAREL R A& RIS, avY
FREE IR, 1 EBIC 1 BT ORF S B, EAERGFERTIX. A 1RO 7 B L,

#1 Ao UBRETBEA~OEREARL L R
PR ()
1 2 3 4 5

ESN Fe A ([9T)

o w >

0
2
3
6

O
O
O O O O O
]
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Bacillus subtilis DT3B 35 X ORI IR A BT 9 B AT

#£2-1 7nyal —FETR~OEREAREL & R 1 @)
BERHE (H)
3 7 10 14 17 21 24 28

EhR BARE ()

10
18

m o O w »
O O OO0

O
O O O O
O O O O O O O O

# 22 Tmyal) —RELBE~OEKRE AR LB 2 ()
BN GE)
6 7 8 9 10 11 12 13

ES 7SN FNEEE - o ([ET))

m g O w »

O
O O O O
O O O O O O O O

=
O O OO0

K3 ARG LR~ OERRARR &

Fhr AR (B])  Bacillus J&ffE ~ DSP RN B
A 0
B 18 O
1518 . VAN
c 8 O O fEA - K- &

(2) ERALE, RAEY R ORE SN
1. Ao Rk

miROEW - (AR, &), Bt (BEEE, i), B —MEX (BHEBEE, iRk, S—IF%F=274
(FERBPE, ik) 2Bt - B+ B —FERX : X—=IF =274 bk =3:1:1:5 () OEIAETEAEL
TbDE_R—ALEA L L, X2 TEACHERIEEAGE L7202 G A & Uiz, R L-aH
JEE, BIOHHE 1 kg H720 OfEEEE R 4 177,

#4 FHLEZEHIERE EE 1k Y OMERE

AHEEAE MEAE & (g/kg)
MR (BB, W) 50
¥R JOY 727U A, HR) 25
KET (F2F IR, K 2.5
Bk ONIEFERE, i) 0.5

AR A 2D 730Ky MK 1.5 kg (KR 30%) AL, A B> (Cucumis melo) D 4 Bi%E 17K v
MZ1IBETOEM L7c, BYU7ZVORWERET S AT IE (6 H~8 H), Ay hOEEOHD &ITHK
DWNTRAKREITS T,
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WA MR, SRH ML P RSEL. AREUECRER. EmE O BREL ARG AR @&

2. 7wy al —3REEER

NEEM T, KR EfilRoEW - (AR, Za), Bh (BEERE, i), 25/01 0 Bf 0 K
BEM =3:1:6 (Wv) OEIETRALIZLDER—ZA LB L L, X—2A+LHEBIZX 4 OB GHEILEZ
e L7=b D& A HEB & Lz, A THEB 2 06L 77 A F v 7 K v MK 300 g (B KE30%) AT,
7' v v 2V — (Brassica oleracea var. italica) D% 10 KHE L, EHRBEASREZEIC2HERH L2, 18y
M IR OER L, MW ERE (AN - B&fF: - & 12 h, = : 23C) To lRET &7z, ZDO%AE
MEDOREIZ > TTHEBIZVZ ARy b~ WHEBIZISL Y 7AF v 7Ry b~ EZ, 3 14 8
(10 H~1 A) #E5 L7z, BEEOBOEIZESWTHRAKEI T T2,

3. o~ R ER

Ty al) G T FRROATEE B 2 U 7 3 LRy MK 1.5 kg (BKE 30%) Aftlc, HHL
O 1 HEFEE: LRV e 2~ (Brassica rapa var. perviridis) D% 1 Ry MI2EETOTEM L, MW E K
OB - KSR - & 12 hy =R 23°C) TS 5 (ERES 4 8B AT SE (6 A~T7 H),
HEOWDEIZESWTRHRAKEIT> T,

4. EIEREEERR
HHETEBIZZEDAN Y WA (RN TR, A — 7 L—T%, MESEZHE0) & 3% ww) BAELEZ
THEEER L, 77 RAF v 78Ry MIANT, SAEEZHELT17 HRAEBTIELEZAR Y Maih-> TH—IZ
MVIAALTE, ZORSZ 0HE & L THEDERE (AS5MH - B 4 12h, =il 23C) T4EMAFTE
7 (12~1 A),

(3) MR DORIE N

ERERANTLEORENPOXDLEHDOBIEL TVWHEETEHEL, XOEI L L MEDR X (cm)
2o ETOEDHEDRES (ELEOORTHENLEDLN) LMORS (RbEVEHR)
ZRE LT, MEOR S XBOR S TEOmBEEREH L (K1), 3T XTOEOHBEDOE
AHEZ R L, EOmMATHEE Lz, B LW 3 BOREERHKT (SPAD-502, 2= $Togi¥e o ()
HIINE . HE) CEATHIE L, 14720 OFEEfEE R LT SPAD fEE L7z,
I FERE 0> 1y -0 FE R A U E L7,

B 1 EEEHRT

4) ERMEEOHIE
T HES R DB E I Aoshima D D FIEICHE - 7219,

(5) EEMHT

Slow-stirring 1515 THiH L 7= eDNA #&#& 4 DNA template & L THY, £ 5 129> T PCR ISR A FHHE L
oo LT 74 ~—0OREHI 2% 6 12777, PCR i Z Y —~ /%A 77— (iCycler BIO-RAD, 71V 7
F=T) ACTRIGEE, DNA i SH7-, PCR &fhak 71087, MGtk 557z PCR EXZ W
TERKEZITV, HET 25 DNA KR AR O & 2R LTz,
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Bacillus subtilis DT3B 35 X ORI IR A BT 9 B AT

#5 PCR RISIEDMAE

B A (L)

K 16.9
10xBuffer (+Mg) 2.5

2 mM dNTPs 2.5

10 mM Primer (F) 0.5

10 mM Primer (R) 0.5
rTaq 0.1

DNA template (0.1 ng/uL) 2.0

#F6 T4 <—16s rRNA DEEEFI

£ H 5T
Forward 5’ CGCCCGCCGCGLCLCCCGLGEreecaTeceececeecaeeca
(GC clump) CCTACGGGAGGCAGCAG 3’
Reverse 5" CCGTCAATTCCTTTGAGTTT 3’

# 7 16s rRNA ® PCR &&ft:

B i (0) BSHF#] (min.)
Predenaturation 94 2
Denaturation 94 0.5
Annealing 51 0.5 35 cycles
Extension 72 1
Additionally extension 72 3

= 8NN T 2 HEOEMHNRE DRI D FNIER T LT, &7 VIR 16 mL (2, APS (»LA %Y —fi
7 =0 LAQBREET o E=17 L)) 0.06 g ZHMAKIZEME L2 APS ¥ 100 uL 3 XU TEMED (N, N,
N, N- T RhIFAFNLZF LU T )50l ZMZ TR LT, B#EO 2 o 7 VK % DGGE 7 /WA
% > b (BIO-RAD, USA) ZHW T, T ARDBNIARE—IZhE Lidx, 5 REE]E L CAMEARRE Al O
HOLTNVEER LT, B{bBEOT VDT = VE Gy KIS LUV x TAE buffer VT 2 BIF DO ¥eE L 721%,
PCR 4 20 uL & 3 x Loading buffer 10 pL & Zi{RE L, UV /L~T 7T A Liz, 7 /L% UkE) buffer (1 x TAE

buffer) T’z L7= 60.0°COIKENE~t ~ b L, # 91T 504 TikE L7z,

£8 EHRBEARS N KEHMAKTI100mL £ TEE

3 M
27.5% 67.5%
40 % Acrylamide 20 mL
50 x TAE buffer (pH 8.0) 2mL
Urea 11.55¢g 2835¢g
Formamide 11 mL 27 mL
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KMk SEE M CPER BSEL. FRREORER. MRk RE. RATAT. AR ®
# 9 DGGE iXBi5f:

HH WA

VK ENRFH] 15 B

Buffer i /& 60.0C
CEAE 70V

Pk ) Buffer 1 x TAE (pH 8.0)

VIR B AR 27.5-67.5 %

KENE, FLERBKTHRE LE-ObTF O A7 n~A RIFHRICE > TRE L, ZL0 UV BEFIZT
Ny REfER LT, DGGE I L Vi L7232 R/X% — % FPQuest Software (Bio-Rad, 7 U 7 +/V=7) %

FIOTRERT L Al s OARRIME 2 R L7,

(6) Bacillus BHRIEEE D E &

Slow-stirring {59 (2, /E#L L 72 eDNA &K 20 uL 12,

X ) =50 uL AL L, K EICEE
4C) , RiGERELE, 710%=X /—/L 1.0
B )= LB E AR 3 T o7,

(=N

etz

3MEfEET R U 72 (pH5.2) 0.2 uL & 100%™
L72 (15min) , ZO%, w0508 L72 (15,000 rpm, 10 min,
mL Z 0%, =008 L7 (15,000 rpm, 5 min, 4°C) , 70%T

. 20 uL OBHIK TIRME L 7= B D % Purified DNA & L7z, %

D% . Purified DNA IR & f# H L. real-time PCR #1To7-, MUGHLAL. Sfb%2 3R 10, 11 FITRT,

# 10  Bacillus real-time PCR O SiHELA%
R R (uL)

TB GREEN Premix Ex Taq
spo0A (F) 2 (10 uM)
spo0A (R) 2 (10 uM)

EER VI
Purified DNA

10.0
1.0
1.0
7.0
1.0

# 11 Bacillus real-time PCR O X i &cft:

PCR condition Temperature Time
Pre-denature 94°C 2 min.
Denature 94°C 30s.
Annealing/Extension 60°C 1 min.
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Bacillus subtilis ® TIEBREEE X ORIW R FUA T R80T

S
(1) Bacillus BB ZRHI L LT 7T 4 <= — DRRE

BREEH D Bacillus BT . Bacillus subtilis DILFEFNT 2175 Z & Z HAYE L. real-time PCR Z W\ 2T
LHMENLT DT DI T T A ~—%XEE LT, Bacillus JBEIZ R 51972 7T A ~—I%. Bacillus JBHE 34
LR TEHGBRIA 2 1ER & U CPERL L 72, B. subtilis \ZFFEHY72 77 A ~—3r_F X, B. stearothermophilus (nprS)
& B. subtilis (nprE) OYEIEECH % W CTERLL 7=, dpnpr3R X, B. thuringiensis O neutral protease M {5 -fF
W GIER L7209, LK T T4 ~— DA R 12 1277,

#12 ERLESTA ~—ER

- ) 1A fHi Tm &
TIA v e , L%l .
‘AT MEY (bp) ©
spo0A_(F) 2 5°-AYGCSAGCATTACRAGYATCA-3’ 153 509
spo0A  Bacillus J&
spo0A_(R) 2 5 -YGTRTTRWATTTYTTSGCGATRTC-3’ 61.7
3r F 5> CAGCSGTTGAYGCWCAYTAT-3’ 57.8
- npr B. subtilis 567
dpnpr3R 5’-ADYARRTAMGCBKSTTTRTT-3 49.5

MIEAHEREDOER :B:CGT D:AGT H:ACT K:GT M:AC N:ACGT R:AG S:CG V:ACG
W:AT Y:CT

KT TA~—TCTOHEIREMERT D7D, PCR 21T7-72, DB, Bacillus JEHIE & L Bacillus sp. HA3,
Bacillus sp. HAS. B. stearothermophilus HA19. Bacillus circulan. HA12 D&} 4 &, B. subtilis & L C B. subtilis 168,
B. subtilis MI 112, B. subtilis MT-2.  B. subtilis (natto) TAKAHASHI D& 4 @A L7=, & L. spo0A-
(F)_2. spo0A-(R) 2 Zf#i ] L7z PCR OFERZ X 2 2R,

1 2 3 4 5 6 7 8 9 10 11 12

2 Bacillus BfIE 2R & L7 PCR
1: ~—7— (100 bp DNA ladder), 2: B. subtilis (natto) TAKAHASHI, 3: Bacillus sp. HA3.
4: Bacillus sp. HAS. 5: B. stearothermophilus HA19, 6: B. circulans. HA12, 7: B. subtilis 168,
8: B. subtilis MI 112, 9: B. subtilis MT-2, 10: Fusarium sp. 72-1, 11: E. coli IM109, 12: /K



FOR MR, SEH L CFER RS PRREORRS. B R SRR AR ®

2 KXY Bacillus BHIE TH D 1~9 L—2 TOH, DR S 153 bp THIRO R Sz, ZORER K
D, REBRTIL, spo0A-(F) 2, spo0A-(R) 2 % Bacillus JEAHE O EEIZH =, HEVC, B. subtilis A=) &5
% 3r F. dpnpr3R Z i L7z PCR OfEH %X 3 12~

1 2 3 4 5 6 7 8 9 10 11 12

B3 B subtilis I L L7 PCR #ER
1 100 bp DNA ladder, 2 B. subtilis (natto) TAKAHASHI. 3 B. subtilis MT-2, 4 B. subtilis 168,
5 B. subtilis MI112, 6 B. stearothermophilus HA19, 7 Bacillus sp. HA3. 8 Bacillus sp. HAS,
9 B. circulans HA12, 10 Pseudomonas aeruginosa, 11 E. coli IM109, 12 7K

3 £V Bsubtilis TH2H2-5 L —2TDH, Z—5 > MEAKTH S 567 bp T DNA /N RAfER I U
7o Z3LE V. B subtilis THEUIZRBEEN TN EWR D, Ko T, B subtilis ZffT 5570077 4~
— RS LTz ECHIBT LTz,

(2) B. subtilis TEAR A 0V ORFEIZRITTHE

WA E L BICE I A OIEBHPTERL LT WA HERIZI\W T, B subtilis BHEVIRLEIZ KT TR
BEGET D72, B. subtilis BN1001 35884 A v G TIRICHRA LTz, A4 ITHIE LA v v ORF 2R
T MR OEIEL LT, (20K S, EOHMEGFHE,. SPAD EZ 1 B Z & (CHIE L7z, B. subtilis 75TEY)
Hobg I RIET AR L ORI E R SR EOBBREERS 720, 1 HEZ LA n o HEOR
MR ZME L7z, K132, 6 BADEDR S, EOHMEGFHE, SPAD i, THERMEEZ =T,

X4 SHEHHEDARYDRT (£:5H A £:5/4 B)
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Bacillus subtilis ® TIEBREEE X ORIW R FUA T R80T

#£13 6 HBICBITHAIEDORE, EOmME, SPAD fH, TERMEL

6 H D
TR 2
(X 108 cells/g-soil)

6B D 6 HDHED 6 HH D

FIRBARRED g om)  @RATHE @m)  SPAD i

A 0 50 860 26.3 18.8
B 2 85 1290 29.6 18.7
C 3 80 1720 28.1 20.2
D 6 79 1600 31.8 8.2

F 13 X0, B subtilis #EANLTZ2TOERMET, a2 ba—nLTHHEMA LV BEEWEOMHE L EOmE
OEEIMMFRD HHLTZ, SPAD EICIXEN R ONehoTz, Ko T, B subtilis EANIZA B OWEER-T2FF
NAF v AEHIMEEDLAREMER S D B2 b, £, TEERMELIC S B. subtilis 8 N2 X D13
SR o Tz, B. subtilis HEN U CH &2 BRSEMEDRT- NS FTREMEN S 2 b T,

(3) B. subtilis BANR T 1 v a2 ) —DRFEICRIE TR

Ar s LABEIC, BAHETIBIZIBNT B subtilis N7 0y 2 ) —ORRICRIET B L RET 5729, B.
subtilis BN1001 584 7 o v o ) —sg H3ici& A L7, SICHEE L7 vy al) —ofkTE27rT, MY
REOFREL LT, EOmEAFE, SPAD iz 1 M Z L HIE Uiz, B. subtilis BMEWHEE T KT T
B L ORI L R E OBRER S0, LIEMI L1717y 2 U —3E ORI R 5 1E
L7z, R 1412 14 HE OREOHEESFHIE, SPAD i, THERMEEZ R,

X5 14BEDOTayal —OF (B:584 A A:44M4B)

# 14 14 BEH BT 2EDEME. SPAD fH, HIERMELK

. e INIETE 14 1 H O¥ED 1438 H O 14 1 B o LI B
[(E)) A FHE (cm?) SPAD fi (X 108 cells/g-soil)
A 0 1880 60.9 7.9
B 2 2460 64.8 11.7
C 4 2080 66.6 8.6
D 10 2960 64.4 10.2
E 18 2270 61.8 7.8




WA MR, SRH ML P RSEL. AREUECRER. EmE O BREL ARG AR @&

WEOHEBEFHEX, B. subtilis ZALTCETORMETAL Fr— L THDLEMA LV EVEZR L,
SPAD {1 B. subtilis AL THEALN R O N2 oT2, Lo T B subtilis e NI, 7 vy al) —ONE &%
STEFEFFEORELBES T D REMEN D D EF 2 bivic, £72. B. subtilis $ AR & TEERRHIE £ 1 LB
RN otz Lo T, B subtilis Z AL THEN e FHBRENMRENDAREERH D EEZ LN
Too THHORERIT, A v U FIEEROMR L —B LT,

(4) B. subtilis EANR 2 <Y FOEEICKIE TR

AHETERIZINT B subtilis 18 2~ F ORREA RIETEEEAZMRAET 5729, B. subtilis BN1001 5554 % =
TV FEEE TR A L, HellHE Liza~w Y Fokr2rnd, EOREORIEL LT, 1AM LICHE
OEFEAFHEE, 58 B EEREREAZHE Uiz, B. subtilis SREYFES 1581 R IE 8 L O SR nE
O EOBBRERARL-D, 1EBI ST ey 2 ) —RE HEORMERZIE L, £15125#
HOEOmMEAFE, i EieEE, THERMEEE =3,

X6 5HEEDa<YFOEF (E:5M A A:%MB)

#£15 SHBICBIT2EOHEME, #HEPBEE, TEEMEEK

. 5HHDHED S5HEH®> 538 B o T e A

EH AR S - .
HAEAFHE (cm?) H EEBER (g) (X108 cells/g-soil)

A 0 540 8.8 9.1

B 5 950 14.7 11.0

EOmMEAFHE, H BN E RIS B subtilis Z AN LTZRO T BREAL TWRWRE D @EVEZ R LT,
TESRAREEIIRALIZRTH LTV RWRTE RERE(ITA bR o7, Ko T, B subtilis AT
LD EENR THREA RS T E FHEMBRE A RET 2 B2 607, ZNOOFRERIZ, Arnr kT ryal
— I FEROBRE IR T2/ ThH o7,

(5) B. subtilis B#BADBZEDREIZKITTHE

Bacillus JEFNFE AN E AL DR EA I T B ZRIAT 5728, Z A 1582 Bacillus JEFTF X5 X OV DSP
ERALE, M7TIZ4EEOZEOKTZ7T, MMREOHEIEL LT, 1EMILICEGEZIEL, Ay b
OWIZIH > TEAEZXN D EoTz, MY B-TAEOREELWE L, 4 HBICIREELZE Lz, LLTOEX 16
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Bacillus subtilis ® TIEBREEE X ORIW R FUA T R80T

WCEEBIUOAEEEO 4 AMOFEYES, 4 BROREELS T, EY, AEEE BEEOoWVTIND
Bacillus BAIE &R A L 0N L=, X o T, Bacillus BEIZZADORELRET D LEZ LN,

AT 7ot S 0%

X7 4BBEOEEDKRT (E:&M A FR:EMHB AH:564 0

F16 4 FECBTAZ4A0Ey, LEFE, BEAE
EE AR (B)  4BEBOEHORES (mm) 4 HHOAEFRR (g

4 HDOIRERE (g)
A 0 92 1.0 12.0
B 18 105 1.5 17.9
C 18 108 1.5 18.0

(6) FFAFNT

T IIE AW TN T, B. subtilis BEADSHE ZARNEC RIZ T B LZ R D720, A v R D 08
HEO LRy TLvE Taya ) —FEEHEO 0514 B0 LEY TV a<w Y FEELED 0,5 HE O
+38% HIV T PCR-DGGE #£I2 & 0 T 21T > 72, X 8 3 KT 10, 12 (2 PCR-DGGE ZMEF R AL 7 L
BERUKEI O RZ, I BIP1NIHG LRI 32— 2 T PQuest VT 7 7 A X —fift L7 R
BT, £1TBIOI8, 19 &K O Y FikERT,
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FOR MR, SEH L CFER RS PRREORRS. B R SRR AR ®

A B

12345 6789

A0HE B:8#HAH
li~e—A— 2:00a] O#A) 3:2[ (0HAB) 431 0FEE) 5600 0FH)
6:0m (8#H) 7208 (8HHE) 83 BFH) 9:6[8 (8FHE)
8 AurEHEELtEO PCR-DGGE OF /L ORT

8 . .3 8.8 5§ 8 8

B (2[@) — A (0[@])
C (3[@) L B(2[E)

D (6[a])
pem

£0EHE A8EEB
9 AU EHETEDS T RE MO

F£17 Avr#EHEETEO DGGE NV R
DGGE /N ¥ ()

S INEIE

0 H 8 i H
A 0 28 38
B 2 31 33
C 3 34 34
D 6 35 25
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Bacillus subtilis® 1IEEREE B X ORIM R F T R80T

A B C
1 23 456 78 910 11 12 13 1415161718

AO0HE B:SHE Cl143EH
L~—XH— 2:008 (0#@H) 3:200 (0FEHE) 44= OMH) 5:10E O@EH) 6188 (0EH)
7o~e—J— 80l SHEH) 92@ (S#H) 104M (SHEHE) 11:10[E (SEHE) 12:18F (S#A)
13:v—%— 1400 (14#B) 152106 (14#H) 16:4 [ (14#E)
17:10 [@ (143 H) 18:18 [\ (1438 H)
K10 “7wryal—#FHRE+EO PCR-DGGE D5 NV OKT

o
o

100

ELPLLP s o g g S - s 8
BB BB g =g 2

C 4[] — B 2] D 10[al

D 10f] . C 4ff] _‘__E18IEI

—— A O[] A Off] B 2ff]

E 18/ D 10H  C 4

B 2ff E 18/] A Off]

EO0WEHE HSHEBE AH:148
X 11 7ny:J—ﬁ%i§®&7xﬁ~ﬁﬁ®%%
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WA MR, SRH ML P RSEL. AREUECRER. EmE O BREL ARG AR @&

R18 F7 vyl —RETEBT K% DGGE N FH

. NRE
S FeA AL ([T) 0 H S3EE 14 18 H
" . 7 20 11
5 26 19 24
c 4 34 17 18
. 0 30 19 18
. s 13 17 18

A0 H B:S#EH
Ii~—H— 2:0F (0EHE) 3:5[E OEHE) 40F GHEE) S5:5E (SHEH)
12 <Y FHE+TEDO PCR-DGGE DX NLVOEF

#£19 <Y FEEETHEDO DGGE NV R
DGGE /X R ()

ESL S INEIE-
0 H 5 H
A 0 22 29
B 5 18 30

ARG L o~ TR T, B osubtilis BEANGRAFERBEASFMETRERED AN -T2,
7wy 3 =g TR EORMT ORI RGE 5 125 T DGGE /N RS A Lz, 14 38 H
DY RIS A TR Thole, 61T, 7 ey a ) —HE T, B subtilis AT 0EE & D
FRRME 2 iR R < PR o> TW e, ZHDHDZ DD B.subtilis BT TEESHE#EIC R E B8 %2 5 27002
ERbroTz,
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Bacillus subtilis ® TIEBREEE X ORIW R FUA T R80T

(7) Z4TBIZEBT B Bacillus D53

AREERTIL., E4 52 Bacillus JBHE %2 80 UT2BRD Bacillus BHE O53A4 & ii~7z, & 2T, 2018 4= 4
A5 2019 45 3 HF TOEATIEIZRBIT D Bacillus BANE D 4341 % X 13 (2”9,

(a) Bacillus7z L (b) Bacilluss N
6.3 ___ 18 _
L EMEm | ~ 1 Bt |
= | | =~ |
2 =@
£ E
& 1 & 1
X X
y O #FJE-5 cm
o 3
= ! E5-10 cm
1 05 - E05 -
2 MQ) W 10-15 cm
_ N
M
0 - 0 A

4567891011121 2 3
i ()

4567 891011121 2 3

(S OED)

13 Z4HETBICET D Bacillus BRIEEOERMHER RIDEL : 8.14X10% cells/g LLT)

13 £V | Bacillus BAIEITHEMIT LD &, EEEE 10-15cm O HHEHR T, BEICFELTWAH I EN
Do itn, i, ZOKIEMENE Z AT, Bacillus JEBMEBMENZ 3y oo7z, L, #f Lz
Bacillus JBHIEIC X 2 HINIHER SN /enoTz, £2 T, 7T H XV EADEEIZET 5 Bacillus J&HE K Ofif
WradT 72, AR L O Control & B. subtilis % 8 A WA L T 5 R CORBHEREZ X 14 1277,

(a) B.subtilisshnzz L
BRI Iﬁ

10 12
L

3 A 3

2 2

Bacillus/EANBEEL (X 106 cells/g)

Bacillus/EANFE£L (% 106 cells/g)

7 8 9 101112 1 2 3
i (H)

o

(b) B. subtilist® A 7N

HMAN Iﬁ

L

~

7

8

9 10 1112 1 2 3
ke (A)

14 EHEDOEEIZBT D Bacillus BAEE (RIDE L: 8.14X10* cells/g LA T)
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WA MR, SRH ML P RSEL. AREUECRER. EmE O BREL ARG AR @&

14 £V | B. subtilis % 5 A #Ai L725% C Bacillus BIENEE Ch oo, TR0, EAICHEML TS
Bacillus BN E/EDBEH I E L TNDH T ERBZ LD, REMZL Bacillus JBAITE Tod DML, W
DEELBEICRLLICUEND, SADARBTHLH7-DIC, MEEHIZA B O LR R W L R3E
Abhd, TNHLDOEROFEREL, TADT—ZTELDEHDERK 20 ITTT,

20 7 AR BNEE Bacillus BAIE O BR

{7 Bacillus JEMEE (10° cells/g)
LEEZAES 1.99

0-5 cm 0.12
5-10 cm N.D.
10-15 cm 0.38

7220 X0, ZA LT Bacillus JEATHE %2 85O0 L7-BS. Bacillus JBME I SHEDIKICR LS GFEL, RNT
10-15em T HEIZAERB L TWAB Z ERNHLMNE o T,

EBE

BREZH D Bacillus B . Bacillus subtilis. Bacillus subtilis (natto) DORIRFMENTAZITH> Z 2 B E LI=AFSE
ZikATz, SEBR 1 ClX. Bacillus JEMIE. B. subtilis, B. subtilis (natto) % E&T D7D T T A ~— DG %
To72o PCRIZED | AL L7MiEE DNA OB 2SR SN Tc, T2 LTk BEEH O Bacillus
JEAREE OFEHT IS ATRE & 72 5 72, 2, AR -BRETICHE L < HWAEE 72 EICHF 5T 2 HE /2 ME T 5 Bacillus
B O BRFUCB T DN HNERDTEA D, Ha RBEEICE T D Bacillus BAIEIZ DWW T O A%
WD Z LT, MPAEBCRERICEL T, BWEEE 52500 Lk,

FEBR 7 TlX. Bacillus JEAE % 840 U 72B5 D Bacillus JEE O AT 2 38 1=, £ 2T, ZAELEICRBT
% Bacillus BHENA T DIRFRRELTFEER & L7 T A ~—% AV T real-time PCR 217\, RO
Bacillus B OEREZITo 7o, EORE, Bacillus BAIEIL, ZAEOEY HENS 10-15ecm O 1HEIZ% <
DAL Tz, EAEDEFITHFE LTS Bacillus BANEITHCA L 72 Bacillus BME R E L7 & Bbh b,
EHIA XMW TH D, BIZIE, b bIX ARG EM TH LM ERT 2 SN D,
Z OB, Bacillus JEBRIE bfao b & LIRIHEHEND, 202 by, A XBR O & Bacillus B
M LMMOBMRNRSH D Z ENBEZBND, TDT=D, Bacillus JEHIE OWAR L, KOBREFIZ LIRS Ll
VN, 10-15 em T Bacillus JBME D2 < 534 L TWZDOIE, RSO3 7a & OB BEHIZ054A LT
Bacillus JEMBE A O T3 2 L Tg > T, FRIZE T LIERBEIE LB X B D, Bacillus JEME L. AHED D53,
TIT7—EBREICLDZ LRI EORER ETEOWERRICEZKICEAb> T\, 2072, HEROM
W72 ENEER & MENL T D T2 DTN DA D, o, &S/ D224 C, Bacillus JEME XA L CTue,
B2 b2 KRICEAS LT DE Ltz

FEBR 2~6 £V B.subtilis e N2 X D31 A~ AN A iz, £ 7 X0 B0 B subtilis 13T 12 HE
5 10—15em, T2 L BAY ORDOFHIICE < FE L T e, BEDOTEEIMNER AR\ C,
YOOI I3 % e R AR EY) (PGPR) WFIEL CWD EE X BN D, EBr 2~4 2BV
T B. subtilis BENT HHRMEEICH F 0 BE G 2002722 026, B subtilis 1ZHR T o2 F1EL
TUV2 PGPR O & G LT 2 Z & TR E AR T itEn » 5 L B2 bivlz, $£72. B subtilis 1377
TT—ERT 17— B EEEERIC T 50, s e T 7T —ERT I 7 —BIid, FREEROT
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Bacillus subtilis D 3B B X ORI I R 12 23 BT

F=Y LA T DR ERT 2 & TEREROMLIEM~OBIT2RHET D, Lo T, AL B subtilis
IR DR DA T DEFIGER ZRHET 5 2 & T, MO EZIR L TWD v Liveuy,

2E IR
(1) PERETE, TR & B ESR 1. WEIGEBR IR U7 2y - BREERTE & HEEpi/Ey ). AR
BHFEHERE, 73, P185-191, (2002)
Q) W= B, THRSEEHY ZFH L TEIREOER], & MAEY (SoilMicroorganisms) Vol 61 No.2,
P123-128, (2007)
(3) Earl, A. M., Losick, R., & Kolter, R. Ecology and genomics of Bacillus subtilis. Trends in microbiology, 16, P269-
275, (2008)
(4) Kunst F, Ogasawara N, Moszer I et al. “The complete genome sequence of the gram-positive bacterium Bacillus
subtilis.” Nature. 390. 6657, 249-256, (1997)
(5) G Korza, B Setlow, L Rao, Q Li, P Setlow Changes in Bacillus Spore Small Molecules, rRNA, Germination and
Outgrowth after Extended Sublethal Exposure to Various Temperatures: Evidence that Protein Synthesis Is Not
Essential for Spore Germination J. Bacteriol. December, 198:24, P3251-3253, (2016)
(6) Logan, N. A. and R. C. W. Berkeley. "Identification of Bacillus strains using the API system." Microbiology 130.7,
1871-1882, (1984)
(7) Stein, Torsten. "Bacillus subtilis antibiotics: structures, syntheses and specific functions." Molecular microbiology
56.4, P845-857, (2005)
(8) Hong HA, Huang JM, Khaneja R et al. “The safety of Bacillus subtilis and Bacillus indicus as food probiotics”
Applied Microbiology. 105. 2, 510-520, (2008)
(9) Heineken FG, O’Connor RJ. Continuous culture studies on the biosynthesis of alkaline protease, neutral protease
and a-amylase by Bacillus subtilis NRRL-B3411. Microbiology, 73, 1, P35-44, (1972)
(10) Stein T. Bacillus subtilis antibiotics: structures, syntheses and specific functions. MolecularMicrobiology, 56, 4,
P845-857, (2005)

(11) Ho, Guan - Huei, et al. “y - Polyglutamic Acid Produced by Bacillus Subtilis (Natto): Structural Characteristics,
Chemical Properties and Biological Functionalities." Chinese Chemical Society, 53, 6, P1363-1384, (2007)

(12) Mena-Violante HG, Olalde-Portugal V. Alteration of tomato fruit quality by root inoculation with plant growth-

promoting rhizobacteria (PGPR): Bacillus subtilis BEB-13bs. Scientia Horticulturae, 13, 1, P103-106, (2007)

(13) Lim JH, Kim SD. Induction of drought stress resistance by multi-functional PGPR Bacillus licheniformis K11 in
pepper. The Plant Pathology Journal, 29, P201-208, (2013)

(14) BHAREKA S FE A& fh. A AMAED R OE ORIk JP2553727B2. 1990-02-13.

(15) Aoshima H, Kimura A, Shibutani C et al. Evaluation of soil bacterial biomass using environmental DNA extracted
by slow-stirring method. Applied Microbiology and Biotechnology, 71, 6, P§75-880, (2006)

(16) Fu-Chu Chen, Li-Fen Shen, Kin-Fu Chak, A facile analytical method for the identification of protease gene profiles
from Bacillus thuringiensis strains
Journal of Microbiological Methods 56, P125-132, (2004)









HEA

600 MHz #ZH 5 IR T &

WRFEEATA
(BT - etk + KoA40)

AR - B - ’REK B

WoET —~

1) KRR vana 7 (51O Ot
2) KR b NZE AL AW DR & Yt figsr

WO

<EIGIZPED DT, T —~ LICET 2L 3 DB DI A RT >

PEEEA BRI 2 BT 7 F (Ve —2L0) X, "I T
UArmm7 4)vc - d- eMHINDRERZR 7 ma 7 4 VBFEOH CERK
IR o Tl STV D, ZOEFESTOEHRREE TIE, BeiC BEHRIC K - T,
IBEALDOMEA N F 2 VR =)V EALDMT IV TV D D3, & O SRS I F 72 fife
2o TR, 22T, EESTFERVIDERIan 7 4V aihbBRE
TZIZER L. DRI TOREREGE T LT, 2 ORISR % H 5
L7z,

ERNTIE, 1T BNV ARV EEGT D~ 732 U AN IEE & LT
WS TWER, ZOT XTI AT NTHBEESHEITT D 2 & AVHA
L7z TAFIHDEL 2D O TRNEIFIET L, ~F /L AT VT
S L7272 D Z el o7z, Eo, FOERE LT, Bin>=v 7 >0
JECEISHERME T Lz, b DZ End, AT VHOMEICHED, KED
SRR TRIARA WA R LT, BERAR T v MCAD T 5L 20 SUSHEMET
THZ e, TLEBOBRNMENMETT213E, SENLEICHR LR EIE
LT HL 2o T, JISHEME T2 2 & avlo7,

GEIES

FIHER (ZEICEDS DT, WHET —~ LIZET 25 DDHRT)

# 3L

1. M. Teramura, J. Harada, H. Tamiaki, "In vitro demethoxycarbonylation of various
chlorophyll analogs by a BciC enzyme," Photosynth. Res., 139, 163—171 (2019).

2. M. Teramura, Y. Tsukatani, J. Harada, M. Hirose, H. Tamiaki, "Stereoselective
C3-substituent modification and substrate channeling by oxidoreductase BchC in
bacteriochlorophyll a biosynthesis," FEBS Lett., 593, 799-809 (2019).

3. M. Hirose, M. Teramura, J. Harada, H. Tamiaki, "BciC-catalyzed
C13%-demethoxycarbonylation of metal pheophorbide a alkyl esters,"
ChemBioChem, 21, in press (2020).

EfRFEE

1. M. Hirose, M. Teramura, J. Harada, H. Tamiaki, "/r vitro Hydrolysis of
Chlorophyll Derivatives by a BciC Enzyme," SNCPP19, P-8 (B, 2019 4F 6 A).
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2. M. Hirose, M. Teramura, J. Harada, H. Tamiaki, "The effect of esterifying alkyl

group in the 17-propionate residue on in vitro 13*-demethoxycarbonylation of zinc
pheoohoribides a by a BciC enzyme", YAk = — N #F98& X F—, 24 CK

E - o7 —U,3— 2019 47 ).

M. Hirose, M. Teramura, J. Harada, H. Tamiaki, "The effect of esterifying alkyl
group in the 13%-substituent on in vitro 13%-dealkoxycarbonylation of zinc
pheoohoribides a by a BciC enzyme," YAk =2 — F UM% 45%, Wed/Thu-16
CKE - Yo7 —U "= 201947 A).

M. Hirose, M. Teramura, J. Harada, H. Tamiaki, "/n vitro BciC enzymatic
reactions of synthetic zinc chlorophyll a derivatives," %5 3 [EIXFGEAEL « ATk
AR ERE % 2019 (ISF-3 & ICARP2019), P6-01 (/i /&5, 2019 4F 11 A).

ERFR

1.

B T, SEATSEEL, JRE T, REK B, THER 7 =47 4 N A R aff
DOREA N BIVR = MR SUSIZBIT D 1 7L LD 2T VD%
BI. H 1 OREERTFEFS, P21 GLAF, 2019 45 H).

JEWESE T, SEATSER. JHE B, BREK ¥, Tnvitro TO BeiC BEEIZ X 5
g7 v 7 v a ORGSR 527 Bl DEE R X 7-2019 @ X
S & AR DZERE] . P-1 (B, 2019 427 A).

BORDE T, SPASEER. RHE . BRI B, TR CoOlgh 7 =47 41
NA R af O A b F T TNVR=ABEROG ], 5 61 IR ARILE
WiEtiRa. P2-18 (JA k&, 2019 429 H).

E TR

AV

&L

AV
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HEA

WRFEEATA
(TR, - B0 - %)

BT 2R AR T2 - B - BB B

W7 —~ FARM B OB AR RS & O i B £3 5% 2 18 U 72 A RHAI K & AHm A 52
WFFE DR WML, OBSNA T 7 /vy — XRUREZE & E 7 WM

SU6600, @A v 7 A7 4 — R« A A~ y)Lb A VB 20— O X ot
FOPHEB EDS, @A v 7 AT 4+ — R« £ VA K )b A Y U155 L
(14T 7 A fRAT RS EBSD 22 G STl 0, OIEA MBI H O i
MIBIZRIZ, @ITMUNEIR O LR IHTIS, VLR T MRIT-CIAR EIR D 2 T
EatisEofnbnTtng. FEE (O, @, @) zHnwsZ & THRLIEL
TR R OBEEE A LU R ISR
[. SU6600 % W 7= WFFERCR

- AHERL R OBIEE, TRHEORIE

- B Mt o> 3 Ykotfk, FRASTA it

RBERmER OB e
. EDS % AW =HFERUR -

- BHA B O TR T

s MEP ORI L
. EBSD & MW/ WFFERR

» St T AT
- LA AR E B RE S AT
- S AL P AR AT

* WESOT 2 ity 72 &
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H R

SEM % R 7R bk - #8122, EDS & F\W 7o {bF/ k24T, EBSD % H
Wb SR T EARATE CEERMTER R A 2 <157, AEE 1 ARE TORAT
TS OMEEZFIH LI-EEOH SO0k, BT - #5280 _E5 (87) #F,
BRLL - IR, BF - ZR0F, GHEE - ANUE,  LEREF, SILaf, [ - EXE L
FRIOFEAR B, F - WERFROP B, AEaEES A LT B o RE BT
P, BROFESE L LT, Bl - BT O - BB (8) BF o B0 O 451N
— WA LB - BRSO - EEF () PO BI#) O G. Benjamin B1#(C&H
V,2019 44 A5 2019 4 12 H £ T » H#) OFHRRIEK 700 R (1 H
VK 2.5 BERD 12720, BESRITE . BFEEICRIT D Y REEE & TR
RETLIFRRRZ LU TITRT.

(GRXX (BFHEHY) ]

< LHEDH 2 (F M, Benjamin &) >

1. A. Ueno, G. Benjamin, Effect of high-pressure H, gas on tensile and fatigue
properties of stainless steel SUS316L by means of the internal high-pressure H» gas
method, Procedia, 120, 134-140 (2019).

2. B B, vy XUy v, WENEEKS#EE IV SCMA435 6
D15 « 7RIS AT T REAKE T A DETHE, A ARTFINSES 9 Bk
WY OZEME ST AEN Y R Y T AFRSUE, 2019 45 10 H 24
H, BARZH=E®R.

3. B. Guennec, V. Kenteswaran, L. Perriere, A. Ueno, 1. Guillot, J-Ph. Couzinie, G.
Dirras, Analysis of the crack growth mechanisms in equimolar body centered cubic
HfNbTaTiZr high-entropy alloy: Discussions on its singularities and consequences
on the crack propagation rate properties, Intermetallics 110 106459 (2019).

4.B. Guennec, riffi MH, /NAEBIZE, W EME, R SEEH O J5 BRI O A fir il
IRAFPEIZ 9 5 R EE PR RAT, #4EE, 68 &, pp.235-241 (2019).

5. S. Kikuchi, Y. Nakatsuka, Y. Nakai, M. Nakatani, M.O. Kawabata and K. Ameyama,
Evaluation of fatigue properties under four-point bending and fatigue crack
propagation in austenitic stainless steel with a bimodal harmonic structure, Frattura
ed Integrita Strutturale, Vol.48, pp.545-553, (2019).

6. Y. Nakai, M. Saka, H. Yoshida, K. Asayama and S. Kikuchi, Fatigue crack initiation
site and propagation paths in high cycle fatigue of magnesium alloy AZ31,
International Journal of Fatigue, Vol.123, pp.248-254, (2019).

7. S. Kikuchi, Y. Nukui, Y. Nakatsuka, Y. Nakai, M. Nakatani, M.O. Kawabata and K.
Ameyama, Effect of bimodal harmonic structure on fatigue properties of austenitic
stainless steel under axial loading, International Journal of Fatigue, Vol.127,
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