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Effects of canopy structure of overstory larch on evapotranspiration in an eastern Siberian
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The boreal forest ranks as the second largest biome on earth and is the most sensitive forest ecosystem
to the global warming. Therefore, Lmderstan.d‘ing its evapotranspiration (E) which is the key factor of the
ecological cycles of water, energy and carbon is strongly required in recent years. Among the boreal forest,
the Siberian boreal forest approximately occupies 44%. In eastern Siberia, the study area of this study, the
forest is dominated by deciduous conifer (larch), which is different from other boreal forests mostly
occupied by evergreen conifers. Therefore, the eastern Siberian boreal forest has unique canbpy features: 1)
cold—deciduOLls phenology and 2) sparse overstory with dense understory even in the full foliated season.
However, it has not been studied much compared with the other boreal forests.

The canopy dynamics of the dominant overstory larch in the eastern Siberian boreal forest might
influence the forest £ mainly in two ways: 1) interannual variation (IAV) in E due to the changes of foliated
season length, and 2) partitioning of E between overstory and understory due to the changes of overstory
canopy structure. Thus, these effects were investigéted using the ecohydrological data obtdined in an eastern
Siberian matured larch forest (62°15°N, 129°14°E, 220m a.s.1) near Yakutsk in Russia for 2003~2006.

The AV in E might be caused by various hydrometeorological conditions such as radiation, vapor
pressure deficit, soil water content (SWC) and physiological characteristics such as leaf area index (LAI),
leaf ared density(LAD), and lengthh of the growing season. Former researches have focused on the
hydrometeorological conditions and concluded that IAV in E was mainly controlled by SWC. However, these
researches have not clarify how the TAV in the dates of leaf expansion and leaf fall could affect the IAV in E.
In this study, the effects of the IAV in leaf expansion and leaf falt on E was investigated for four consecutive
years from 2003 to 2006. The results showed that the IAV in the total Z for the whole growing season was

mostly related with the IAV in E during the full foliated period (mid-growing season, largely in June, July
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and August) despite the existence of the considerable IAV in the dates of leaf expansion and leaf fall. In the
years with higher total £, £ in the full foliated period wés consistently higher throughout the period, The
higher E was mainly correspondea to the consistently higher SWC.

The large £ from the dense understory indicated that it is essential to understand the E partitioning
between the overstory and understory. Thus, focusing the full foliated period, the effects of the canopy
structures (LAI: leaf area index, LAD: leaf area density) with the principle ecohydrological factor
(photosynthesis capacity) on the forest £ were examined using a multilayer soil-vegetation-atmosphere
transfer (SVAT) model. The multilayer SVAT model developed for a tropical forest by Kumagai et al. (2006)
was selected in this study because of its detailed description on the various ecohydrofogical processes. To
adapt this model to the eastern Boreal forest, the model was modified in two aspects: 1) modified the
radiation penetration submodel to adapt the sparse canopy structure, 2) developed a submodel to estimate the
E from understory. The modified multilayer SVAT model was validated using the measured £ for both
overstory and understory in August 2005 when SWC was higher. The model analysis assured that the effect
of LAD on the E partitioning was negligible but the LAI greatly affected on the E partitioning. With increase
in LAl, E from the overstory canopy of larch increased about twice as much as the decrease in E from the
understory vegetation and thus E from the whole canopy increased.

It is concluded that the forest E in the eastern Siberian boreal forest was not much affected by the dates of
leaf expansion and leaf fall of overstory larch but dominated by the forest E in the full foliated period, and
controlled by SWC. In the full foliated period with high SWC, the LAI of the overstory larch was a major

determinant factor for the E partitioning and E from the whole canopy.
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HRT2EBITINWVEMBER TH 2L, #EREBLOEELELZTROTUVHEKRTH D L
FHENTWS, EFKOPT TR RY TIFTRED T~V BELETLIHRARTHD 2O, DHREE
EHEOAMES AT S, DEERICBOTHRENBE CHREREAENRERHEEEZHEITDOLEV D
HT, BRHHERKTEDR TOWAMOIETHREZE LI BAd, LiznoT, YU 7
BB OREL LV Z TRt E0b T DR, ZOA4RE - KL - IBFEIZIZE AV EHLMNZ
STV,

FIC, KBRXTIERRYTIAFRLEED T~y OREEEICERL, TOEEIK-B -
BRBOE L R AEBRICEDOL I REELRITTHEHLNCTIZ L HE L,

F9, s TEBY 2 — Y ZIEMDO AT <YM (62°15°N, 129°14°E, 220m a.s.l) T 2003~2006 4
B SN ARAKATT 43 IEL, VI VYDORE - WEMOLENR D T~ YKy ORRBE R
CRIFTEBIZONWTHRI L, TOMKE, DI T~ YORE - WEHMOEIZLD T Y DE
BRG] - OB R I T~ YRS DOERBBICEZ DEBIINI NI L, DB T2 Y KRDDARE
HEIREHPHOERHREENMoARBREICKE SN, ZOMMOARREIT HEKS DX
BEZTDHZEERLMNI L,

WIZ, BI7= VRO EEENRBERICRITTHESL, £E SVAT (Soil-Vegetation-Atmosphere
Transfer) &7 /% BTN L7-, BERAMICEIYRE SN2 SVAT €7 V& BT, 1)k
ARSI HIST B0 ERY T T L ERR, DREBEAE) L OERBBRY 7ET LV ZIEBEML,
JEEFHRICHEATX 5L SVAT EF A EZHE LI, ZOETAEEENREENM TH D 2005 4 8
AOBRMT —% CRIE L LT, EEAEE - EHEERDS LEY T~ B L OKRKIEO KRR
BRI THELET M Lz, TOME, BRCIEBY T~ Y8 L OHEREAEORE R
FIFEE LW, DEEEEBEORETH L ERBEELEOEAN LBY 7 <Y B LOMKEAE DK
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FEWEBICRITTHEIT/NES VI L, DBAERKY 2 BEERORE Th 2 BRI RO LA
KBBICGZDHBIKRE L, ERBERESHMT S L LB 7~y OFEBREITHEM, HKREE
DERBEIIWO L, LEI T~V OREREOLI TEBELEDKEREOLLD 2HERETH
LT EERNLT,

LLEET BT, AR, RN U TGO XD B EE LA, B TRBEELZAETD
BRICBIT B EBENEEBCRIITTEELALNCLE LD THY, BHKITFER L UEHER
BEMBYORBICFETIMEDHERLRD D, Lo T, AREIEL (BF) OFLERD
EMeHATIHIHLOLRD D,
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A X EH FUNCTIONAL ANALYSIS OF PIWI SUBFAMILY GENES IN THE SILKWORM, Bombyx mori
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20-30 MED/IH &7 RNA L Lo TCHEIN IR BEBETFMEEZ RNA /vy
LIS, RNA A LTI BWTHLEZ2EE 2H 5 Argonaoute 77 I U —|TBT 5
Piwi 77 7 IV — X EFEMIEANT small RNA IZX > TEHZRBRL. =P XF o v i
FA VT2 ToTVDHEZBIALNTVD, MEEBENTIIVa v Va NIRRT Y AR
WT Piwi #7773 ) =V RXT 47 AOEFEMND LIXHENRZBEIRE ST
LN, BEEBEAMIIRBITD Piwi 77773V ¢ VX7 4 7 AOEEMRBENFTIN
TeFE D72, £ DETVEY T piRNA BEBREGFARER L., TORBIHEEL TV HiEE
MRAMIE L LV EFEELRY, —F, T4 2BV T piRNA BEBETFHIRE L., BEIHEEE L
TW3EEZ LN BIPEBFOEEMIL BmN4 BEET 5, AT, T OREMIE BaN4 %
FAWT, piRNA BEICLZ2Z V2R T 4 v REAEEHEZEMT DD, A4 3BT
piRNA BRI CTHIELTD LE XIS Piwi I A IR T 1 7 OBEEMRITA2IT2 o7,

E9T. VA2 Piwi BEFOIa—=V T ERART VOB EITo, T4 21X 2 5D
Piwi #EfxF Ago3 & Siwi 2FH, TN OIIHREDOYHERB IV 5 # 3 B ESHBRITBWTA
FEERE THRWREBRMPRD bz, TORBAY —IIMOEMIZRIT S Piwi BETFORBE Y —
veE—ET A, bz, EEME BmN4 B WTY Piwi BELEFOREIRD . Piwi # >
NRIBEOHMBPHNBELHERAIC L THANC LA, MBEPICERRICFEE L, 2 b0E
KDL IT—REIC piRNARFREAS L TWD & ENDIERL O nuage & R72 DR T . nuage <
—H—D VLG o 7 Fve—%LAGa»r»o7, LL. BiFC (Bimolecular fluorescence
complementation) % AV 7= Ago3-Siwi M OMHAEIEFMBITICB W THE/EHA T 7T VLG &
EBELTWEZEDE, B4 2 Piwi #2327 Eb nuage WHEETBZERNHL M E Roie,
F0,. Va v Pa un_ATIBWT, piRNA BEBEBRGFET R ATHEEN LV e b T VAR OH
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FICBhL o TWAZEPRESNTWVWS, £Z T, RNAI 2HAWVWT Piwi #fzF&2/ vy 7 & v L
72245 BmN4 WBWTTF e AT7EHREN LV e hF 2R TRAST BL W SART1L DIKE
EHERRBDOONTE, LER-T, I aBWTHravPa y "o bRAKICTr A THREHL b
o bS5 URRSUOMENIT Piwi BEFHPEELTWBH EEXBNS, EHIT. ZNbD Piwi ¥
VRIEPRIED 2R T 4 v RBEETHEICEE L THZNEPERDL O, HPL L OMEE
AR X UVOEBEEMEBEEOMITEITo7c. TORME. BmN4 IZBWTHA = Piwi ¥ N7 HiX
HP1L EEHCEBEEICEERRIT L BERNICBWTA A = Piwi & HPL # 2 RI7EPMEEMA LT
WBZ ERBLMNERoT,

PEDREREIY., BEMK BmN4 IBWTHA 2 Piwi & U7 BDZ < ITHIIRE P IR
LTHEETBHN, —HMOEMBIZANT HPL L OMEERAZN L TREFFEELHRICEE LTV
TEEBHLMNITL, IA 3 Piwi FUNRTER I T UMEERHIB L TWIETVERE L,

B

X EBEDODHERODEE

AFHICE, 26 < DEFEZAMOATERRE CREAIZIEEI L. RNA silencing 12 & Y EEF72 & OFICH72RT
MNHT ) DERGETAEEOFLRTE LTaLN TN Pivi 3777 2 U —8EZFAZOVWT, A 3ot 5
FEFRER S OB 21T oo b DTH D,

F79, RNAsilencing OFUINEF & LTEOAIVTND Argonaute BT DA AFRER T DI m—=1 7 %{T0N,
EOBEFIERE TTICHERAY RT-PCR (K DFBETEIT 2070, FORER. DA 2Tid 4 2D Argonaute =
FBEFEEL, FDHH 2 008 piRNA BEICED 2 Pivi 3777 S V-0 BT ABEF THAZ ERHE LML A
ST A 3 Piwi 777 2V —EEFTHD BmAgod BLU Siwi (IDEMITIST B ERE{ETF- ORI, 5 —
> LRI AR B R L OVERA DO WIHAE M COMMNFEERITD bz, Fio, oEWTIE Pivi BETFHRIE
L CW B EEREHIRAIIAEE L722VDS, o SBEEHIAA BmN4 1R\ T Piwi B FORIRMBTRD bihiz, I T.
BmAgo3 BETN Siwi # /7D N RIGEREFFRE UCTER LR Y 7 o —F/Ubids BV = fastua)z -
0. T EEEEHRE BmN4 (238175 BmAgo3 BL O Siwi DFTEEEE LTz, FORE. A= Piwi F2%0
EVIEEES BmN4 (ZRWCHIFRE IS OERL & U TIRET D 2 EMBBE e ootz, T b DEERIO—E]
VEfthoDZE < DA L [FIEIC Nuage D<——Td 2 Vasa HRER F(VLEODFEL 7TV & —E LI=h, Fofho
%< OFERLIY VLG DRTEEL—B LM oTe, Lichio T, A4 IHEEEHE BmN4 1[idb7e< &b 2 FBEM B
Piwi 77 7 2 U —%ETIBRIFET IR &N, KIZ, BmN4 128115 Piwi B{mFOREEEEBT 5l
T AHHOIT, BmAgo3 BE Siwi @ RNAI IZXD /v 7 FUEIT, TRATRHENL ho bR v
® SART1 BI TRAS] DFEBRADEBONTERIT, TRATHRRENL bo TV RRY Udvavday
NIZRWT Piwi & /7 BIZ L DRI EZT TN T EBMEEINTNDE, T4 IR THT a2 7K
BEL bo b SRR L THD SART] BET8 TRAST 1E BmAgod b L< I3 Siwi O v &40 & D 368,
BERE LU, ZORRIT. TulT7TERHL o TR U THSD SARTI BETN TRASL 28 Piwi & 23y
ETh5 BmAgod BLD Siwi 1L AIHIEZITTWAZEERLTRY ., Tu A TEOHIENC Piwi BEFH38
BEEZ TN EERRL TS, Lo T, B aBEHIE BmN4 I[ZI3HEEET 5 piRNA BESIFEET S
TEALME R0, PEERET DL HA TIIATERE TR FEERT S Pivi BET BmAgo3 BET Siwi 23
TEEL. HA SRS BmN4 (X2 BBETORGFEFHA L. #5575 pRNA BEEZEFL D Z L%
BN LTz,

HENT, piRNA BHEXF D BmAgo3-Siwi RIDMHEIER & FAE~DFEE RNAI IZX5 /v 7 F U BiFC
(bi-molecular fluorescent complementation) %% FIVNTHEIT L7z, BmAgo3 & Siwi OHE/ERIERESN OB 0
D, HFEPID & 2 THEVER LTV AN BNCE N TVWRY, £ 2 G, BiFC B2 AT BmAgo3-Siwi ED
FEMER & EORTENLER L 2 A, ZOREY 7T /WL VLG OFFES 7 F/vE—E L. BmAgo3-Siwi M
FREVEAIL Nuage PCHE/ER L QW2 Z LR ENT, S HIT, RNAL 12X - THEEHIAE BmN4 (230N T
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piRNA BHERFTH5 VLG, Tudor, Spindle-E, Armitage, Yb %/ v 7 # U Liz& T 5 Nuage BHERT &5
Z BIVD VLG, Tudor, Spindle-E / v 27 &0 ARV T BmAgo3-Siwi DFEDENBSHERS NIz, —75., i
D piRNA HBRITH D Yb-body ORETFORER S LEZ HILD Amitage BE YD i3/ v 7 #7572
T BmAgo3-Siwi DFTEICEER B X 720072, Ybbody 1333 ¥z UASAZ TGS TNEA, bA =
IRV TR EDIFESRE SHTVYRY, £IT, 7 Yb HUliEE AV TSR BmNA 1230 TR @ 21T
Tpotr, FOFER. EEEAM BmN4 (21X Yb (X o TR SN AIBEITBE I, BEEHA BmN4 (21X
Yb-body BEDREEMRITIEIE LR WATREMEN R S, U EEET B L b4 I EEEME BmN4 128\ T
BmAgo3 & Siwi & Nuage IZRVTHESER L. £DETED Nuage HERTFIC L > THEIND Z L EHAL)E
L7z,

Bk, A3 Piwi Z v 37EE HPL 2™ BOMBAER LS~ ORI OWTIITE T o7, 5%
FOETEY =T 4 v 7§l e RNA Y1 L FOEBERZERISR SN TSP, BEERAEMITINT
{333 U¥3 YT T Piwi & HPla OESARFHEERPRESNTNDDLTHD, =bIZ, BmAgod BL
Siwi DTV 2XT 4 v 7 IRBETHEINCES L QW A EDETIL D fodic, #BlRs~Tu s n<eF oz s
JETHD HPlo BLO HPIR & OFEEVEMR ZOEEHHNEMEDARHTE Insect two-hybrid assay, BiFC 15 LT
Repression assay /A7 A&V TIT o7, EOFER. BmN4 ([ZBWTHA = Piwi & 237 Bid HP1 -FEFRICER
B EBE RIE L, PNCRBNT A = Piwi & HP1 & U S0 ERHEE/ER L TWA Z LA LG oo, Lk
DFERIL, A 272 EOBZEERAMIZBVY TS RNA T Lo S SRS N E AR E RIE o
EEBELMNCLIEDLDTH D,

DB BIT. ARSI A 20 RNA silencing HD—2Th D piRNA SIRIC VT LY L THENT Uiz
LOTh-TC, T, KIZEHD RNA silencing SO E 54 BN -EETH B, LoT. AHIEEITE
+ (B DR EEIEHR1PHD D LRDD,

BB E5 b #b

A (RFE - EFS) X R B B (R

E VAN | L (%)

EEI VAR S AEEEFEO6 1 95

ARG O H A FR24%3H27H

EALR G O ¥ FARHIEE 4 5858 1 JHRY AW EIRRERANT &R E B A I

AL Gm X H A Taxonomic Study of the Japanese Species of the Tribe Erythroneurini (Hemiptera, Cic—
adellidae, Typhlocybinae) (AZAREY 'S £ A 3 /N1 RO P EFHIFFR)

WX A EE (F &) B M v B &
@ & & &% ZHNA & wHoROHm K E A

W oX nmn ' o E §

Y4 Z & AT J)NA §E Erythroneurini V&, ¥¥E - EWHE - IINAR - e X3 INA BRICE
5, AHEBOPFTRODRERETHS. bAIINTE, FE2~5mm OB/NT, BEALARAT
HHA, AANABEEORTHIEIEHELTWD, TRTEAN TERD 5G4 &%
WG B ENWDERNIERER2SE, TRUDERTIYF BRI INA drboridia apicalis 73 &,
BEEREIINIEILMENTNS. AHERNIME EBBOMRMEICLD 7RICHEI N, H#HE
T#9 5,000 F (DIETRICH & DMITRIEV, 2006), HATIL 6 #& 157 F (KAMITANI ef al. 2010) 2359 5
NTW2. ATHIY T AIINA KL, MBIKEBEZRS T E, BB Sk, 1AREDIC
DLW &, BHEOEZIRD 1A Ik, CuP IREFFRMIREDARNST, BREEBR LTV
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LMD 6 IRERBIEND. £io, FEHBORFEE LT, EFEROEL T /= 1 S sr a1l 3
~5 ZADMIZEESDT &, EHHHHEICHENFKETLZIENHTENS. FTLT, HRAT 164 B
#92,000 7, HATI4E 2EILENS.

HAMESSY ZEAIINABRICEET 2082588, Marsumura (1910) 1K 5 Ci#h S A E
0, K 25 BRI REFTIC L o TR, s Nz, T 0%, BAEREIT Dworakowska (1970),
ANUFRIEV (1972) FIC L o> THBRF ENZD, TNEREBRDO—HOBED A TH D, £72 MATSUMURA
DY A TERAOBRENZEEAETH o7z, Z0D, HASHDE K DERICED < QN
IMKNETHDEEZEZT.

T TAMHETI, BEREIYI S EAIINTKDOWTSERESEEZHRLE LEFEEREL < ik
B LD AT, BOERUEIEZT o, MRICE LT, MarsuMura IV ¥ and4 7
BARICMA, BARBCLIVEONLE OELZEITHEMRFREZLZTY, EHRIBCOENS
Wiz, B - BEHOEZZRBY, BF  HNEREEDE, &8 SHOWEMNRMZHEREICL
7z

AIEITVE, Alnetoidia, Anufrievia, Arboridia, Diomma, Empoascanara, Kapsa, Lectotypella, Leuconeura,
Seriana, Singapora, Tautoneura, Thaia, Ziczacella, Zygina @D 14 JEISHI SN T WD, EKEFFEOHE
R, Anzygina, Motaga, Salka D 3 J& & Arboridia (Arborifera) & Diomma (Dilobonota) @ 2 HiJ& % ¥
T\CHERR UJ=. F7z, Leuconeura V& Kapsa D>/ ZATHBH T EZRBOE. £LUT, FHET 17 E
DRFTCEEE 6 MO AXRFRBEEZRDZ. T 51T MATSUMURA I X D QD B TELHEL & NIEAREH
EINTEZ 5T, Anufrievia akazu, Arboridia jonella, Zygina rubriclavus, Zygina satsumana, Zygina
bisignatelle D3 &HD THEEL, TNE—HE2ED SHEOMBEFEL4FOY ) ZLEZRDE. £
72, Empoascanara maculifrons & Seriana sagittata, T 5 2D BHAD S ODRFEZEZEEL, TNT
L Empoascanara alami & Seriana DB EDMEAE TH S ERO/z. FTH, 7FFAIAN
A J& Arboridia V&, TNFETAXFTII T AT IANA A suzukii &¥a T ) IJFF v A3 aNnN
A A jonella ® 2 BMRERAINTWEZ LZMEAL, THR2EBICHOELUZ. MA T 2 MORFHE
fE, 2 DY/ ZLAERD, BROPEBORERETHS. LIk, HAESS AT INA
e 16 J& 59 MICHEHET 5 &N TEL.

WX BEORKRODEE

< &7 b A d 31K Brythroneurini 1E, ##E - EYHEE - I a4 F - 23 a (M HRCE
T5, AEAOFTHREORERETHS. b X3 a(EmEHE, K& 2~5mm O/ CEFE2EHR
THHN, FAaNABRADOPFTHIERICEHELLTND. TRCERMETERE) D EREL &%
U2 E WO BRI ERE LD, 7 F?@%H&757—”‘/t 2 9 384 Arboridia apicalis 72 &,
BEEHLINIELEEETNTNDE. REFIIATH E BWORIEIZ L Y 7THEICHES L, #i7
T 5,000 B, AATIEGIE 1STERABODLN TS, I ThwF T AT a (KL, gy
BEER L, BEO SR, 1A REBIHELRVT &, BEOEEIRS 1A IR, CuP k%K
SHERRE 27N BT, WMBERFHRLENWI LICL D 6 EERBENE. £7-, SEMEREDE
e LT, AR DS f2 i3RI 3~5 ADMIEER o Z &, AREEEICIIE SR ET
HZEMHITOND. TNET, HATI4EN2000FE, BATHURL2EINMONTE .

AARE<FT b AIaNAIRICHET 5 0EFIMEIEL, MATSUMURA (1910) I LK BE#bibE
D, ¥2SEIMFREIZL o TR - THiShiz. 0%, HAETEIZ DWORAKOWSKA (1970),
ANUFRIEV (1972) 2 L o THEIRFT S NED, TENDIEIKRBEO—H DB DA TH Y, ¥ 7= MATSUMURA
DEATIEEOBREPMEEAE ThHoTe. 0D, AREHDS K DERICES < QR
MUHECTHD EEX T .
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FITAMETE, BAEYE T A I a NS BONTIEREBEPLE LEERREEZHE L Lk
B LED 2T, BYEROESELIToT-. WFERICE LT, MATSUMURA I L7 s v D& A7
BARICIMZ, BAREBECLVELNEE S OREAZECHEMLREREARZZTY,, ER2BELENS
Wi, B - EROZZ RIED, AF HNERZEDICER - HHEOMIBA RS E FHEIC L.

FOFER, KIRIZIL, Alnetoidia, Anufiievia, Arboridia, Diomma, Empoascanara, Kapsa, Lectotypella,
Leuconeura, Seriana, Singapora, Tautoneura, Thaia, Ziczacella, Zygina @ 14 BDSH I TN,
BT124Z Anzygina, Motaga, Salka @ 3 J& & Arboridia (Arborifera) & Diomma (Dilobonota) @ 2 #J& %
FESR L7-. ¥7=, Leuconewra V¥ Kapsa D) =L THHI LEROE. £ LT, =iz 17 fEosk
HEHMEL 6 FEORAFRGELRDT. & HIZ MATSUMURA IZ XD QO A TH# SHIEMARTRHATE &
XN TCET 5T, Anufrievia akazu, Arboridia jonella, Zygina rubriclavus, Zygina satsumana, Zygina
bisignatella D3 %O THEL, TNo—ME2EL SEOFRERL 4BOY /) =LExRDE. &
72, Empoascanara maculifrons & Seriana sagittata 2 TEO BAN L OREEEBTEL, ThEN
Empoascanara alami & Seriana DR L DRFEETH D LWWIc. FTH, 7F T EAIAN,R
Arboridiaty, THMETCARXF T ET e AITaNA 4 suzukii a3 v ) T7FT AT ang 4
jonella ® 2 EPBRAEN TV LEMAL, SHIC2EEICHELEL. MA T2 WORTHE,
2DV ) = AERD, BRLEBOKERE LR, ERXY, A BAE<H It AIaNglk
%16 J& SO FRICEHE L.

UIEET DI, AERITEARESZ T A :/wﬁfw:omf IR IR IEARL ’%%%ffﬁiiﬁ”i.#
B E T o T %; DT, BRASEFBIVCICHARRFORE #‘—??‘Zﬁﬁﬁ% DEBLERBD

LoT, AFEEEEL (B%) ORMEBIEENHDH O LB '

Jao g
R4 - ORFE - EFS) Py & (PE)
EC VAON it ()
B VA ) ABRIEFEG6 205
EALR G OB R 243H27TH

ARG O E A
# AL Gm X E H

FAORAEE 4 5858 1 IHZ Y EMERRERAE  EMERAEEREETR

Phylogeography of the assassin bugs (Hemiptera: Reduviidae: Harpactorinae) in East Asia in—

ferred from mitochondrial and nuclear gene sequences (X haY RYU 7B LUVBELF
—TVRCKDBETTEY DA ADDFRIFMEZNAR (WALTE: B HAR
HarpactorinaeHi#}) )

wm AR E F B #HEE M r B &

& & # &% ZHN & EOIE

Jio— R

woOX N ' o E §

Pleistocene glaciations had considerable impact on phylogeographic patterns within and among closely
related species of many insects. Compared to Europe and North America, researches on the phylogeography
of insects in East Asia remains quite limited. Most population genetic studies have focused only on localized
regions, such as Japan, Korea or China, and those on disjunct taxa across the East China Sea or the
Tsushima/ Korean Strait are very rarer and merely restricted to Japan and Korea, or J apan and China. To our
knowledge, this study is the first to discuss the phylogeography of insects over such a broad region in East.
Asia. Of harpactorine assassin bugs, A4griosphodrus dohrni and Sphedanolesies impressicollis are the

widespread species in East Asia, which make ‘an ideal model for the study of palaeoclimatic effécts on

— 700 —




insects. Here, I present analyses based on three mitochondrial genes (COI, Cytb and ND5) and one nuclear
gene (EF-1a) to investigate the population structure, historical demography and ongoing gene flow of each
assassin bug species in East Asia.

Agriosphodrus dohrni, a large-sized diumal.harpactorine assassin bug, is distributed in Japan, China,
Vietnam and India. It is found on trees planted in areas of human habitation rather than in natural areas such
as forest environments, and is a potential biological control agent against some important agricultural and
forestry pests. This reduviid was first recorded from Japan in 1949, and was speculated to have invaded
Japan from its native range in China at least 60 years ago. I used the above four mitochondrial and nuclear
genes to track the invasive history of 4.dohrni in Japan, and investigated the population structure and
phylogeographic patterns in its native range in China. Consistent with the hypothesis of recent invasion,
extremely low levels of genetic variation were detected, with two haplotypes for the COI gene and only one
haplotype for the Cytb, NDS5, and EF-1la genes present in the populations introduced into J apan. I postulate
that there has been only one intrbduction probably from East Chinese populations in Jiangsu and Zhejiang.
The native populations in China are divided into three distinct groups, which occurred at least 0.83 Mya
during the Calabrian Stage. The results suggest that the populations from East-North China and South China
have separate evolutionary histories most likely molded by the Early Pleistocene glaciation event, and
derived from the same ancestral refugium, the southwestern plateau, following postglacial expansions..

Sphedanolestes impressicollis occurs in Japan, Korea, China, Vietnam, Laos and India. It lives on
grasslands and trees in lowlands and low mountainous areas, and feeds on a wide array of insect pests such
as leaf beetles and small lepidopteran caterpillar. A survey of two mitochondrial DNA genes (COI and Cytb)
and one nuclear gene (EF-1a) in Sp. i;71p}-essicollis was carried out to determine the population history
around the East China Sea. The results demonstrated the current distribution and differentiation of
components of presently isolated this species in China, Japan and Korea likely resulted from a combination
of vicariant and dispersal events, and those from Japan or Korea were particularly sensitive to range
fragmentation and refugial isolation throughout the late Pleistocene. Three refugia seemed to be located in
the lower elevations of south-western plateau, Sichuan Basin and eastern China, respectively, and another
refugium was situated in the southern Korean peninsula, Tsushima, and/ or southern Japan. This assassin bu g
from Southwestern or Eastern China migrated into Japan, Tsushima and Korea via the East China Sea basin,
while it was exposed several times during the early to middle Pleistocene (e.g. ¢. 1.6-1.3 Mya, 0.63 or 0.43
Mya). Vicariant segregation between Chinese and Japanese/Korean populations likely long predates the
Jatest rise in sea-level of the East China Sea basin (< 16,000 yr bp). Mismatch distributions and neutrality
tests indicated that Chinese populations probably expanded their range during the Penultimate interglacial
period in the middle Pleistocene, also those from Japan and Korea showed significant drastic population
growth in the late Pleistocene. - ‘

In this thesis, the last small part is related to the biological study of another harpactorine assassin bug
Sycanus sichuanensis. This species, a large diurnal natural enemy of insect pests, is redescribed here. The
male genitalia and morphological characteristics of nymphs are described and illustrated for the first time.
Some biological characters of this species, such as life history, predatory behavior, mating and molting, etc.,

are noted based on laboratory rearing and field observations.
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The primary aim of evolutionary ecology has been to explain the divergent patterns in
life-history among and within animal species. Insect parasitoids are one of the most diverse
groups of insects with divergent life-history strategies, and have been shown as an excellent
test organism in evolutionary ecology. Also, because parasitoids often play an important role in
suppressing pest populations in agriculture, revealing the life-history characteristics of
parasitoids has been the primary approach to assess their importance and effectiveness in
biological control of agricultural pests. Since the environment is instable in time and space,
parasitoids have life history traits that are adapted to the environmental changes.

ltoplectis naranyae Ashmead (Hymenoptera: Ichneumonidae) is a solitary endoparasitoid
wasp that attacks a variety of lepidopterous pupae. This parasitoid is widespread and abundant
in rice paddies of Japan and other East Asia, where it is an important natural enemy of
lepidopteran pests such as rice leaf folder. [ naranyae is typically synovigenic and produces
relatively large yolk-rich eggs throughout the relatively long life span; adult females must gain
nutrients to sustain their activity and egg production throughout the lifetime. 7. naranyaeis a
destructive host-feeding species; host feeding allows the female to nutrients for egg production,
but hosts fed on become unsuitable for oviposition. The present thesis aims to examine: (1) the
cost and benefit of different food types in adult diet of female . naranyae; (2) the effect of adult
body size on reproductive traits; (3) the factors restrict the development and nutrient carried
over before adult emergence. Finally, the interaction of these lifetime traits that lead to a
variable life-history strategy of I naranyaeis discussed.

The longevity and fecundity of female I naranyae were enhanced when feeding on
carbohydrates; they lived more than 1.5 months with a sugar source, but no more than two
weeks without it. Dissecting experiments revealed that both the egg production and maturation
were improved when sufficient carbohydrates were given. The fecundity also increased host
fluids were artificially provided. The egg production however was best enhanced when both
host- and sugar feedings were allowed. In addition, the females produced larger eggs when food
was sufficiently available. Female /. naranyae offered with host blood only produced relatively
smaller eggs than those with carbohydrates in their diet, indicating it can modify the
investment to each egg and regulate reproductive output in response to different food

conditions. Curiously, the longevity of [ naranyae was shorter in the presence of hosts than
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those deprived of hosts, indicating the presence of a trade-off between reproduction and life
expectancy, i.e., cost of reproduction.

Body size of female I naranyae positively affected their lifetime traits from different
aspects. The longevity increased as the body size increased, no matter food source types or the
availability of host pupae. Larger females carried more eggs in their ovary. Moreover, the body
size positively affected on the size of eggs produced. Larger females tend to produce more
female offspring. Although body size itself had no effects on the fitness of their offspring, larger
eggs required shorter developmental time, suggesting production of large eggs is advantageous
under larval competition.

In this dissertation, I employed two indexes for body size of I naranyae, which are body
weight at parasitoid emergence and forewing length. Although these two parameters were
significantly correlated with each other, the effects were not. The forewing length seemed to be
a better predictor of body size of female /. naranyae; while in the study of fecundity and egg size,
the body weight at emergence was better. Large size benefits parasitoids directly in competing
fitness functions, such as survival and reproduction, but it is also assumed that large size
would have negative impacts on some life-time traits, such as energy consumption, mobility
and development. Forewing length is directly correlated with ability and consume of flight and
other daily activities, so it would be more suitable in the test of life span. On the other hand,
the body weight of an individual can directly reflect the capability of resource acquiring and/or
storing. Hence, it may be more suitable in the research of nutrition acquisition and allocation of
parasitoids.

The egg size of . naranyae is variable, is positively correlated with hatching time and the
size of the hatching larva. Because the super- and multi-parasites are common in the field,
faster development may be the superiority to overcome the competition of both inter- and
intra-species. Thus, when food is sufficient, 1t should be adaptive for I. naranyae to invest more
in each egg.

Life-history strategies of I naranyae are complex and flexible, and they are affected by
both internal (i.e. body size, egg production, age) and external factors (i.e. nutrition both prey
and non-prey, host availability, environment). These factors combine together and interact with
each other to influence the traits throughout life time. Such flexible strategies would allow 7.
naranyae to cope with variable food conditions, competitive environments, and different types

of hosts they develop.
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v — W —RKFIWCIVBREL, TNOEE ST THE LN BCyF, £ [ %3 84 f2 47 1o
Rl TR BB EK3IDER LD simple sequence repeats (SSR)‘?;—jJ‘—
RM282 BX W 103141 O IZ gLEI3 . $Tc B K 120K K i © SSR = —H —
RM5479 BE W Fl12163 O IZ gLEII2 BX W qRIEI2 %A & Lz,

Lk ofERIiCE S&, qRIEI, gqLEISB X W gLEII2/qRIEI2 B + 5% [
H & = F R # (nearly isogenic lines;NILs)& . & R H 2/E MK Lz, NIL ® LEI
EREME L7cHE R qRIEL, gLEI3 BE W qLEII2Z DWW T 1D QTL S LEI W &5 LTWw3
TENPoT, qRIEIVN LELIKE 5 LTW2Z8id. QTL B OfF £ 613 52 T2
MDoTeB NIL ZEMR -FMLEZLICIVR Bahiz, k. TN D LEI o8 43
QTL BRBE WM ZLTHRMB IZH WTWDHI LB b olc, gRIEL, gRIEIZ2OD NIL
BIVEBIRKEOTMBE RS, gRIE] L qRIEIZOM i k7 25 5 7 g2 4 2
R &N, ‘

LEI & RIE KB ELTBY. BB RORErsTLEEEF 12 E%?ﬁﬁn‘%m
QTL vy F_R—A/u—=2F %1F o272, 10000 (@ & L = © BC,F, #£ M % =%
BRBELT—DIBHRICLI-TEMO QTLEBR 2% +Fu bp ©F /4 38 :ﬁszlo
AU ZOEBICBNT 17 BOBETFTRFREIN.ZOI5LD 2 DiE# Kk &4 T
EHEL . BEOEKEMETRERLTIVWERL2/E, Z20D20DE 5 F % SNOKELI
(SK1)¥ SNOKEL2 (SK2): L7, SK1 & SK2 IZiZ2>MDFAA> putative nuclear
localization signal & single APETALAZ2/ethylené response factor (AP2/ERF)
MEE L, SKIBIO SK2%E A LB E FHLBEIBEECTIT.EARKEHE T EH
B fl B A KL, SK2ZE A LB E X SKIZE A LB ELVE M E E XK
X<, SKI1 & SK2 W A EE A L@ EG, — 2T 2B ALELE K IVMHE & B K ED
=7,

S X AR OWT, O TLEIERIEDZ DDE F 2 A WTiH & fig
T &AT >Teb D THD, TORE R LEIE RIEIZB 9753 2D QTL EEHERLHL. R
FNONILCEBERRE2EIZLNTEL, F. A FKI2ER KRB O QTL Dwy
NR—270—=v7ICE0  BAFEICE T8 EF SKI & SK2ERBE T80 TE,
TNDHEBE SN LT R AR OM KT FTARIS Do T E M F R NE
e FEIND,
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E] BEEOBRODERE

MECEBICRANRBIARE 7S 7TRoE 77 OEM Tld, BAREIEITNDA XL X
FUTWB, AL, B ICE DAL D L FICHE > TABICE L5 M IEL, KB 2R N DTS
HLTHY, TNEEARME (floating ability) EFF A TND, THET, VAR AR 2
WRBELHIP, BAXECHE T8 ETEEBESNTRLY . BEICOWVTHHE TR
oo AFETIT. BAXOHHBEDOAD =X LFERHICHTEERERL2E D, BAXMHEI
2@ EFBITET o,

BARET, HEBERARHIEMBRIENDZODERIZNITAIENTED, AR T
EENENROEE QT M L LT, B IE & & M (Lowest elongated internode, LEI) DAL
BE B & #E E (Rate of internodal glongation, RI.E) ERWE, BABEE A XLHTES P
655 (T65) LB B R AR & TE THDHBhaduaz2 KB LTHEONEF,EMA %AW TQTLMR T %
1Tol-fE B, Y {FE3L121C, LEIOAML B IWCEE T 5QTLs, qLEISL qLEIN 2% H LTz, $7-, B &
fK1&1212, RIE®QTLs, gRIEIL qRIEI2% M H LT, qLEI12E qRIEIZ2YE[R Uk & (K (85 124
Ehic, WTNOQTLLBhaduaD T YA EA X EE ETHH M BTN, Ee Bhaduad?
bV A R DR E A 5 FEKhao Maled Lek (KML) Z#:8 LT, QTLARHT 217 o 7= £ . LEI
WB 3 5QTLAE 3D, RIECE T5QTLZ 128 H L, ZRHDQTLIL, Bhadua THR H&h 723
DEICH HEN, WFROQTLEKMLD 7YV A 1% 11755 Mo v,

WAT. qLEI3, qLEI12 B XN qRIEI2 B — DAVFTVEFELTHEE O E T 21T
o7, %% QTL 4815725 Bhadua DY R WT B ICEH Uiz BC,R B K %~ — 5 — &3k 1o L& 3%
L. Zhbx B ESETHELNIZ BC,F, EFZEHMITICHRA L, TR R, ek 3 0K
£ @ simple sequence repeats (SSR)~—% —RM282 & £103141 DRIIZ qLEI3 %, FhcYefa ik 12
DR @ SR U D SSR ¥ — 4 —RM5479 & 112163 DRIC qLEII2 WX qRIEI2 %R & L, Bk
D BRI S%, qRIEI. qLEI3 B X WqLEII2/qRIEI2 B T AR EEETF R E
(Near—isogenic lines;NILs) *EFE R E(E L Uiz, NIL @ LBl 5 L7=#s £ . gRIEL. qLEI3
BEW GLEII2DWTND QTL S LENICE S L TWAZEEZBA LI LT, gRIEL 25 LEI IClE &4
eI, QTL BT CTIEHBA L TR o7 NIL 2{E/R -FFM 922V R B ENTE, 77,
LEN 2R84 2 QTL TN IR SL LTHINAYIZE WTRY, gRIEL, gRIEIZ2MD NIL BLUEFE-
FHOFFAMFE RS, gqRIEI LgRIE1IZ2 ORICIT L AL NS DT RE M 28R e v,

LEIERIBEWEAELTRY, BEEHREOREDSTEREEK 120EHEHD QTL Dy TS ~—
Ry —= T % {Tol, 10000 BELL LD BC,F, EMAHR L. BB ELY —H—EKIZE
STHMO®O QTL BMIMEZE 4 kbp D5/ AEBICKVIAAR, ZOESICIE 17 B 0O EF BT
e, ZTOILO2EITHE A EHETHERL. BEOBAKELE TIERBELTW M ott, 202D
DB s % SNOKEL1 (SKI)& SNOKELZ2 (SK2)L L7z, SK1 & SK2 IZ1Z22DR AL putative
nuclear localization signal & single APETALA2/ethylene response factor (AP2/ERF)SfE1E
L7co SKI BE SK2 2B A LB FHEBRIBEAETIX B8KEE T TEHREBENE KL,
SK2ZEANLTfEEIT SKIZEALBELVE MM EBRNPKEL, SKI L SK2/E H &AL
BEIZ 12T OEBALZBRLIVBEESKENST,

UEBETDIC, ABFRIT., B4 XMHICHEL CLEIERIEO2ODEXRZAVWTEGHRT %
fTWILEILRIEICE 7723 2DQTLEB AR ML NILLEB R K E2EHLTQTLOKHEZHS
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MNTBHEELIC, BB ERIDRERMRBOQTLE Yy R —2 /a0 —= FE I VB A 3B 5 & 15
FSKIESK2EL CTHEELZLD T Y ERFORBICE S TAMMBEOLAILELRD S, &
ST, AEEFEFEL (BE) O E2BI2EBBHILbDERAD B,

A EDOVOT B
KA - ORFE - EFD x EOF KR RN
¥ oo & oE EE (B
o R ®F 5 AEREHEGC24%
FAEGO AN CFR24F3H27TH
FALRG O M FAEHAEE 4R 1R AYERRER AN YRR AR
# AL Gm X E H BEYY I A EDEFLISL R OHERE
i X AR A E & # &% & @A {7/
® & # & N B OB E O S N GO S

wm X AN B O E §

NN Y <AEDR 2 %id, FIASNTIEHEREESNTWS, BEREICS LUV 2
EBICERYBEMINDZ EBREHI T, TNLbEEDIEN 2T tBFAENRNVWEETHY . BIR
ELTEASNTYWRN, ZOREFY A THRETFREREE L COFDFAE2ED LD, &
AT E S L ICH T RERT Y~ A TORBHMERREROBELBENE L, BaX P TE IR, &
BN LT 2 7 DI RN R Lz,

BBl 30 EREE CHLBEBORERET T IEE T, RV YA TZEHBAR L LTHETS
T EMRTOILTWER, SFRREENR LT T, ZHEAT NI ARARETHoZ &b, —E i
FREENT LE R, BfTOXRBERTH, 4~5 mm BEIZHTY L, —HTHEL2LARWVWED
WIS A PERDZ D LTRERE, BB LR biThhd, L L, RECEASND, BERGEN
Bonenw, (EEREFET A LE TR L TIRAEENELNL, EREBICEL 1o,
ZIZ T, TREELRLTEFAERE L, RECEEINRZNWI L EZEREG LT HEE VD
D EFEHEFRBLET ORI & X - 72,

BERSIAF v INTVANTORAGRICE DHEBT Y A TORBLMELINET A0,
G XY ERVTHBEBRERET-E L5, VYA EOMOBRIT. F1 2, B
Y., FEUYDI TR NERBHEILRE T, IVTTHAEE 26 LD 30 %EfEH L TR
RICRETDHERERLENTHDZ EBHHE L, TOEBOHEESL LT, ¥R EFOREEE
DD L THEBRL, REIEREBETAIZ L 2BVIBELEN bGHRA ICEBERIBICRITTAZ EXH L
DI 0Tz, RIS HEHRE» O 2 TRPBEREENMICH D2 ENHHALE, ZHICEVEXA %
ETKAEARD 7~ 8 AT, WHEKET0 % whbEKE S8 % wh. £ THET D Z LENFHET
HDHZEERLE, EbIL, arTTERBERICRET LI HETIE., BRI FOBRERTEL R
B, EERMITENS 1 t 72V 143 FEICEMEI N, E{ERERTEDZ LE2R L,
B A D — RS ORER, BB Y~ A TOMENT., FAEERBRORICRENIHEAE.
FAERS . HMEHE. MRS OERFS T, fAE: LTHEEGTHAHE ThHoz, LizdoT, HV=
AEDWHERKT LB OKLERIC, FDFIE SN2 WEENLEEAEAICA T AN TEEREA
BB ENALNCRY, FOER, ERICHAT TOEMMEHNERTE L,

WICK BB TERWEEIL, FBICINEEREIT ) ROBBRGF LR FEERET VAT
FXEHANWTHS Lz, TORBE. Y <A 0T TR T OINEGE R E G lE R a2
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BHDHZEPHERTE, EFMNTERTAEZOOERARIT 0015 mY(s-kgCGk)) BB L=, 7. =
DFERBICBWTIE 50 ~ 80 CTERAEBEENBWVIEEELEERE L, VYA TDOF 7 2k
SR WEHEBEROD., HRABEIT 60 CTHREERBE Cho, b, MEOMEEFN/NE
WELIBRIEIC B W CREEIRE 80 TH LM L. ERFH CHRIEEZ L, BRI ERAREEZET S
W CERIRE 55 CTRT T 2BIBBRENEZ TH o7,

EhiT, WMIBBEGZEIC X AEEND OB ERE L, 2EICERME AV T, BE%Ic
JEHEBLIMALER 29T 5 23, BEFIIIMS OERENR A DN S O DEEERFHN 1 Ny F 60 ~ 90 5%
ECERFHOEBLENTETH 722 & ROFEE L LTEEFELRF ThokZ &b, 57,
BENLOFEEHED—FEE LTERATHA A EEHA LM L,

PUEET I, AFRICBNTH Y~ A EOMEBIR COR B LR, MBGGIRE M & EANELE
FEEMFAL, AR POBRWKAEBE CEHERE L, SN N2ERLRE a3
ECNBMEREBEENERCE A2V Y v A OB 2R Lz,

E EE OB RODETE

NEENEY YA ETORN 2% RFASNTICHERESI N WD, AR iX, BEE
PV AEEFERELELTREL. FEHBELTCHEDFBELZ2HD 72D, ERENZ2 H &
WLEEKaZ A N CTEHEAERAREZERTAIAHBFEEZMHA L. oG REEERO
BMEZITobDTH D,

T RBIBEODRVWEFTNERT, REXLEEBENRZ2WVWI L 2ERKEHF LT3
BEYS YA TORMERABEEROBERZIT o CVB, BEASSXAF v 7 AT AN
BIFARBEBECTE. RGBT X BV 2A0VT VY SA EOEBBOBEL LT,
BEHROEBESEOLE CHENETTINEMICIRETIHRZEZRVERLEN b,
B W EBEREBEBT T AL EMBE LTV, 2ERTITENHES BB IS B = &
FREHL, NWEZOKLHHE TR, BREZEOLBAICIE 7T~8 BT, MHE/AKE 0%
Wh. N EKES%w b ETCHBTEDIILEFEITIL TS EFANREEFEL LT,
BEY YA EFETUIVICLTEE2LDODI LT FICHI0%BRMB L., N7 2NIZEE
FHE L CHERAMZITI L L C.EHARFEORBEEFERI &2 R ICm T
TmEHREeE LTEBRLTWS,

W, REEBREITARVEAICHBIN 2 NALREZT > MEHEHAERFE2EHE LT
Wb, BT YAIIFERANVC, VWIYSNAETOHERNDRILL T3 ITE, 7
VEMIALERRWIERARTHLDIE, FOED, REMHICEREBEEL 80CE L
TEBE CTHEZ LT, BEMIEREBEEZERTEIR T 5CTRTIIRERERS
HCTHDIEERBLNPICL TS, ThWbDFEZRAVWTH YA 2B EBEFAE L -H
Bz, FERSO—BOTORFRE., BARAEERBRORICTINIEEAE., EIEWHIZ
NOKBEERET, @ LELTEHALTWVWEZ EERL, &I, BEEEREOEIFES B
HFTHDHIEERIELTND,

UFPET A, AR ILIREEY YA TOXRBEBEROCHEHORZMBOBEBRERIC L3
ERAMLARLAMNEREZHEE L O T, BEAELARSY BEXRZECELET HME
HAEBLRD DL, Lo T, AFEFEIEL (B2) OREUL2EIEREZETI LD L
BB,
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K4 - (OREE - EFE) Mohammed Said Elsayed Desouky (=7 h)

EE VARONE - I | i ()

ER VAV ) AERMERE6 2 55

EAR G OB AN ER2443H27H

FARG OB ARG 4 558 1 %Y AV BEIRREREN YRR EE I

¥ A im X EH Screening of Inhibitors Targeting Quorum Sensing in Gram—Positive Pathogens (£S5 ABgE
REHED IS ALYV TEENE UZBERDER)

wmo A & A (F &) W o L — H
@ & # K7 W T # = o= o 7

S
=

B

X A & O E F

Under the current status emerging antibiotic resistant bacteria, notably methicillin-resistant
Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci (VRE), quorum sensing inhibitors
(QSIs) have been attracting attention as antiviruleénce agents which disarm pathogens of their virulence
rather than kill. Gram-positive bacteria have a common QS system using cognate cyclié peptide as
autoinducer. E. faecalis has fsr system to control the expression of two extracellular pathogenicity-related
proteases, gelatinase (GelE) and serine protease (SprE), by lactone autoinducing peptide named GBAP. S.
aureus has agr system to control the expression of a series of virulence factors including exotoxins and
hemolysins.

To aim QSIs targeting f5 and agr system, efficient high-throughput screening (HTS) system by
using agr reporter strain of S. aureus in conjunction with gelatinase-induction assay for E. faecalis fsr
system was established. As a result of screening of 909 actinomycetal extracts, five extracts, 608, 609, X33,
Y51 and Y67, from three actinomycetes strains efficiently suppressed both agr and fsr systems without
significant influence on the bacterial cell growth. Two compounds, Y67-1 and Y67-2, were purified from
Y67 and their structural analysis suggested them to be known cyclic peptides. _

As a result of screening of 54 compounds in a library, it was found that decatromicin A and B,
okilactomycin, rishirilide A, abyssomicin I, and rebeccamycin markedly inhibited the expression of GelE in
dose response manner with ICso equal t0 0.7, 0.7, 8, 7, 8, and 16 UM, respectively. However, in the presence
of exogenously added GBAP, their QSI activities were mostly eliminated, suggesting that those compounds
block f5r system via inhibition of GBAP biosynthesis.

Interestingly, an epoxide compound, synerazol, efficiently blocked agr and fsr system with ICsg
equal 40 and 0.4 uM, respectively, while its analogue, pseurotin A, which possesses diol instead of epoxide,
showed no QSI activity. All of the other tested conjugated epoxide compounds, e.g., cerulenin, fosfomycin,
glycidyl methacrylate, and styrene oxide, also showed the QSI activity at the sublethal concentrations.
However, in the presence of exogenously added GBAP, these QSI activities were abolished, suggesting that
epoxide group targets AgrB/FsrB involved in the biosynthesis of cyclic peptide inducer.

These new QSIs would be useful in managing GelE related E. faecalis infections or serving as lead
compounds to offer the new drug design strategy or may have potential applications in the development of

new anti-virulence drugs.

— 713 —



E] BEEOBRODERE

AF VY UIEERET FURER AV 3w A S UTHEBIRE 2 & OFUAE Y ElHE E o B 5E 5 R RE
BENDIES, 74T 2V THEANT, WEERSEDLZ L, TORERMED S Z kS
HEVSEBEN L, BAITHEEOHBEE LAV LS FORBLER L LTHESATn
%, VT LABHEMENE T, BRATF FE2ECHERFLTHIAT LBV VU IRERLT
WB, BB fir REEETNB /AT bV U REEL, GBAP EALSHTNET 7 h LB
EOHELTF RICLVETFF—E (GelB) £V u77—E% (SprE) ®ZoDHaSFEIER
W77 —EOEEZRIELTND, BT FUKBEIL, agr REMENDZ I/ AT 2T
REBFL.BEMEY s v ERRER- 1A T) VR EO—EOFRERFORRLHEE L TVWEB,
AT BHRE O for FR L OEET FURE O ag REEH ETH I 4T Ao v STRER %,
WA D RRBEDH 5V ITABIAMN B LERME L, A2 ) —=V SRR To 0k
HLDTH D, ‘

9, BHAT RUKED agr ROVAR—F—RERAWVWDLT vEASREBEREOE S FF—EHE
HEZIEEL 757 ved BREHBDET, 74T LBV VU IRBRIONAL AL—TFy h RS
VoV SREBE L, TORI ) —=U T REAVT, MAEEEROMES, 5909 7
NEAT Y —=22 1L, 608, 609, X33, Y51, Y67, LLLEE 5 ERBHIE OEMEICEE L 5 2 312,
agr BLOfor ORI AT 2V U VRERETHZ R RH L, Y67 OERIEMHY 6T,
2 ODLAEMW Y67-1 BE N Y672 BiFH v, #MEMRITORBR, MERANORRTF FTHDZ
LSRR S LT,

TNT, ALBMT AT TV —HAEDE S4{LEMD AT ) —=2 7 DFER, decatromicin A 3 L O
B. okilactomycin, rishirilide A, abyssomicin I & L T rebeccamycin 23 fsr 7 45 A ¥ FRICH
LM AEEME S BT 52 AR SN, £/, TRF U{LAW TH B synerazol 1 fir 38 L W agr
DEI AT 2w T RERELE, LML, synerazol DTRF VENIMAKSBEN P4 —L 3
L2 oo {b A pseurotin A XTI B DI AT LEVVVITREEE RS FTE Moz, T2,
DRKT R ALEH TH 5 cerulenin, T L HEEEM=RF (&% Th 5 glycidyl methacrylate
B LW styrene oxide b 2N HD I AT Av vV SHEEEEZR Lic, UL &hb, =R ¥
ENI AT hvr v TREOSFEBICEBRICEELTWS Z BRI,

Dllb, A Z VRIBINTEZI AT e FHER L EOERABECET MR, A
TR O BEFEAS FIRE & 72 B IBERE OB A T P U RE 2 L ORPEICH T 5 H 7z LS RIEFIBA R O
— BB EHFEEND, Lo T, AEIET., THABEMFEORBICHEETHMECH 2ERKLR
DB, AEEEEL (BY¥) ORMNEELIEEEETLILDOLRAD D,
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FALREG O A
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SERORAIE 4 458 | BREY AW IEER R

"EVRRERL AR

KEFEHAA ROBEORRERRVCETIVEMICE T B KEREMOEFBIERFEEL

HICBT B3
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TOTADERTHIAEBIVEFOMIAERICIE, T b ALX OEELZHBFEL - enh
PO BEENTNDE, L LEBAE, 7VT7 TREEOECKLICHENEEZEBEAEE LTS,
FD—FT, BATIHE— ALY OHOMBEIIRS L, KEAOHELHZ, kM 0%k EE
BT 2HBEOMNEEZED D Z LIXKOBEREEINCFET LD LEEZDND , ARHIT TR,
OH¥ZFERHILEREREWEE S Z NG LERERZEYHTZ &, ONFEEoFNMEZ EHD
L, @KEFFREC LICEFORKFICT 28RBEEET & DE3 20F#CiE - TS
1To7,

KMIT AR THE—EBFREZEAETHY, BEBIOGELZEMEICENRTWE N, LEEND
L, HREOHMBEIRDENTVWE, BEHEEOKGEELZEY, REICL > T IV EVEE
BFEEDRELEET 27O, KEEOWMELWENLETH D, £ T, KPR E AV Oil
Red O¥:@BIEIZ LD N U T ) u— U (TAG)LHTE DB R &35 7z LS L 2B TAG
S8 & Oil Red O P iBEIC X 2 KMHEMTE OREEE L OMBEGREMRIT Lt 25, Reamis
TAG S EBOBICEEREHEBENRD N, ko T, LEEIC L D% TAG DHTEDRESTIZART) L
77o 7. TAG OEBMERE D AT o —VBREEDEEDENENE TAG S8 & OBF
PR, WTNLHINE TAGEER L OMICEEZMEBESIRD bz, BEHESEDMELRET
HEE. Th b ORKEERRTE A HEHEMNTREINT, TAG iX Oil body DETIEET 5, BEIEE T
HBY PEEPLIL Oil body MR EEE*RIET I —EROKLS TH D, > T, TAG/PL s
F& < AT Oilbody A R KREL 2B EEZLND, HIWHRLY ., NIFWnE&] O TAG/PL
NI E L BB DB EN SN TH D 2 ERRE SN, EEIC, NIV nEE ] @ Oil body
YA R EENBELZEIA, VA XBRELE T&EA] CEBELTHEEILRE»2ZD
Epyb ., TAG/PL I X Y Oil body YA ADMEENFRETH 2 LE X bk, o, KPEICIZY
—ENRL L EENTWD 2D, KRN FICIEBEER®A L <R Y. BESEWVEEZRT, =EEH
SEOKGEEHOZDIC, K XR—EFEEOFEEZETAXKAEORERLETH D EE X,
FIT, MNEWOENBEICLD Y NV EEEEORE LRS-, TArFLEA LV 3,6-UT
TF—  EEEL LUTHEMAL, ¥RKEZEEARRICEEL, BONERISEDORINBE & 7 &
Y —FOBRERIY., MEHEY N—EEEERET I N TE T, ZOFERKIREZY
TOYS—VEMRBEZTEEICL, SEOXKEEDO Y N—EEEREORMEMICEMTEDLHD
tEZ BN,

BT D EEME O T BT, KE U EOIRERBHEOHEEEICER L
Tro HEZURIVBEIMEI VAT e —VEBERTERZAETLIZENHMONTVWEN, ZOFZK
SOBEWIIES>TVWARW, —F, KE71S /eI rou-7 2=y Mz VAT o — Vg
EAETEIEIZENBEESNTVWD AFETIE KL RV EF0rsrar ) VESICER L,
EEABEEOMEEFIA LT, Krb 7V B L, 73 BEIESITLEE DA,
HiE a-/m 7 ) U ThHEZENHRENT, TDHK o7 BT Y % 100 mg/kg Body Weight Ti&
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AVATR—VEEZEXIHESD Ty M4 BRRARE LIcE 2 A, EP~OFE2T o FHE
WM EN L THEI VAT e —VREZETIEDI I ERRENTZ, Ba VAT e —/LETE
IREE(LIEERD—R TH B, K-/ m T J U RERE{ILET NV THD 7R E KRB~ T 2O
TLEERICKIETHEERF Lz, X w T ) VR EOERLIFAECIBRMRARE L -
A, MIEEEREICELER NP o7, DFEFARIEFERBIRE LK CRBREEICB T 5 BRI
{CFREEENFERED Lit, ZOFREY, Ko-r a7V U EEERBNICIIREL S 2. Bk
BALEDERZMEI T2 Z & RS,

K ERFE LT OEERMLTH D BEHIIEZ S EEEENRE S L TWD R, [BIFMERY~A X
WWERIETHERBIZOWTIEALMIZENTRY, £I T, BEE 37%EMER % 100 mg/kg Body Weight
THESD T v MMZ 4 BREBEORE Liztk, MR XEF Tz, TORKE, BERIET. B
FER OV B B O g AR A X & T, R~ OIEIEEEE 2 NS Wi, £, inviro DERIC
FVBEER Y N—BIEEE 10%EET LI LEMRB L, THLODRRID ., BEHLY A —EEH
DEEFEZN LT, BHRREME L, BBHREY A A2 T2 Z EBRENT,

LLE, AW TR, THERBA XOBINEOHRB RO a-7/ 07 Y > & BEFOATEE BHEREN
BT 2HMANEONZ, TRHODHMRIIKOEEL ZOBEEEFRATHI EEZLLNE,

WX B EOEROEE

ARSI BER A A X ORJEZBERE L., EOICKTLBORCHEET D e-F T ) v uks
JFERHZ LR TH 2 BFFOAEE BRBENFIER 2T VB TR L2 D Th 5,

KBTI ERBIUCRELEEEICENTE Y, #HEEOBIMIE RO LN TWE R, £FEERD
2V, BRI TN Er— L (TAG) EBDARGEEZ RV, KEILL->TEVEWTAGESEDLTE
IR T HT-OITIE, BEREBIUVBREIOEWVKIBEEDOONERLETHD, KB DOIEEDIF
EALIERESIUHHBICE SN TWD D, AR TR BEEEICER T 288 D TAG %
0il Red O BeBEIEIC L VR - BEHREZ L. RATEEHN T L TCTACERL Lz, FDE
IERERICE D DBE LT E O TAC HTE L BWECHBENE b2 &b, HEIENTE 011 Red
0 Yt ikiXE TAG B B MFEDEBIESL LTERTHAZ L ER LT, £, #¥/B TAG X 011 body
EWVWIFNVH IR THILEFTEEN TS, TDVA XL TAG DMEANITREYEATAHEEZEZLNT
W3, 0il body KWFEETAEE CHIEMYATa—/L (PS) BIOU V8T (PL) OEERE. TACH
L O'PL DRERFEEEAL D ST 21TV, TAG B & & OMBEMREMR~/=, PSEE. PLEERB I UITAC
RERFBEHEESF DY /) —NVEEDEIGIX TAGE R L BWIEDCHERH - 7=, 222 Th, MHInngx)
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Procyanidins, which are the condensed catechins, have been clarified as absorbable polyphenols,
but their health-benefits still remain unclear. In this study, for the aim of prevention of cardiovascular

diseases by polyphenols, effect of apple procyanidins on vascular tone was investigated. Procyanidins
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extracted from apple seeds ranged from dimers to pentadecamers were used for this study to understand their
potential role(s) on vascular function in thoracic aortic rings from Sprague-Dawley rats.

The first attempt to clarify the underlying mechanism(s) of apple procyanidins on vascular function
was performed in a force transducer experiment using constricted thoracic aortic rings. Apple procyanidins
caused a dose-dependent vasorelaxation effect on 1.0 pM phenylephrine-constricted rings in an
endothelium-dependent manner, while less vasorelaxation was observed for other fractions including
catechins and phenolic acids in apple polyphenols. The ECsq value (a concentration required for 50 %
relaxation of constricted rings) of apple procyanidins was estimated to be 11 pg/ml. In experiments using
inhibitors regarding vasorelaxation-related signaling pathways, a complete abolition of procyanidin-induced
vasorelaxation ~was observed in the ©presence of soluble guanylate cyclase inhibitor,
1-H-[1,2,4]oxadiazolo-[4,3]quinoxalin-1-one (ODQ). Either non-specific K™ channel inhibitor, tetraethyl
ammonium chloride (TBA) or nitric oxide synthase (NOS) inhibitor, N°~-monomethyl-L-arginine (LNMMA),
reduced the vasorelaxation effect to some extent, but their combination caused a complete abolition of
vasorelaxation power. These results strongly suggested that the vasorelaxation of apple procyanidins was
associated with NO/cGMP pathway and/or hyperpolarization via the activation of K* channels.

In order to clarify the involvement of apple procyanidins in vasorelaxation-signaling pathways,
subsequent experiments were conducted using rat aortic endothelial cells (RAECs). Experiments using a
membrane potential-dependent fluorescent probe DIBAC4(3) revealed that apple procyanidins (1 - 10 pg/ml)
induced a significant hyperpolarization of RAECs. The effect was significantly reduced by the pretreatment
with TEA or specific inhibitors against several sub-types of K" channels (iberiotoxin, glibenclamide,
4-aminopyridine and BaCl,). The hyperpolarization in RAECs was also inhibited in high KCl (50 mM) or
Ca**-free solution. A direct and real-time monitoring of membrane potential on RAECs using a MED64
system supported the hyperpolarization by apple procyanidins and its abolition by TEA. In RAECs treated
with apple procyanidins (10 pg/ml), a 2-fold enhancement of eNOS mRNA expression was observed,
compared to basal. These findings strongly demonstrated that apple procyanidins may play crucial roles in
promoting Ca>*-mediated hyperpolarization in RAECs via the activation of multiple K™ channels such as Ke,,
Ky, K;; and Kap.

Effect of the number of polymer chains of absorbable apple procyanidins on hyperpolarization of
RAECs was, then, investigated. A procyanidin dimer (B2, epicatechin-(4p—8)-epicatechin), a trimer (C1,
epicatechin-(4p—8)-epicatechin-(4B—8)-epicatechin) and a mixture of tetramers and pentamers were used
for this study. As a result, hyperpolarization of RAECs was observed only by procyanidin C1 (5 - 50 uM),
while no effect on hyperpolarization was observed for (-)-epicatechin, procyanidin B2 and a mixture of
tetramers and pentamers. This suggested that the size of trimer may be of importance for hyperpolarization.
Extensive experiments on Cl-induced hyperpolarization using K™ channel-specific inhibitors revealed that
the effect of C1 was affected by large-conductance Ca**-activated K* (BK¢,) channel inhibitor (iberiotoxin)
as well as store-operated Ca* entry inhibitor (2-aminoethyl diphenylborinate). In addition, C1 induced
intracellular Ca*" ([Ca2+]i) elevation via store-operated ca* entry. These results indicate that Cl-induced
hyperpolarization was involved in the [Ca®]; elevation in RAECs. Western blot analyses of Cl-treated

RAECs also afforded useful information on its hyperpolarization mechanism that Cl-treatment caused a
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significant enhancement of phosphorylated Akt/eNOS, suggesting that procyanidin C1 was involved in both
Ca?"-mediated K* channel activation and phosphatidylinositol 3-kinase (PI3K)/Akt pathways.

In conclusion, the present findings provide the first evidence that apple procyanidins induce
endothelium-dependent vasorelaxation through NO/cGMP pathway and/or hyperpolarization via the
activation of Ca**-mediated K* channels. The candidate in apple procyanidins for vasorelaxation or
hyperpolarization of RAEC membrane was a trimer (C1), by which BKc¢, channel and Ca2+—in_dependent
PI3K/Akt pathways were activated in RAECs. Taken together, this study strongly demonstrated a potential of
apple procyanidins in the regulation of vessel functions, and the physiological benefit(s) of absorbable apple

procyanidins should be addressed into a new functionality of polyphenols.
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Since the onset of hypertension and its related cardiovascular diseases has been markedly increased
during the last decades, much attention for life-style modification as an alternative therapeutic strategy has
been paid. A successful example is the development of anti-hypertensive foods that contain angiotensin
I-converting enzyme (ACE) inhibitory peptides. However, recent researches claimed conflicting results
between anti-hypertensive effect and ACE inhibitory power. An extensive study on peptide functionality
revealed that small peptides, like Val-Tyr, could improve vessel tone that determines the vessel resistance,
enabling the study of potential role of small peptides in vessel functions to be performed.

Forty-four di-peptides and fifteen tri-peptides were synthesized to evaluate their vasorelaxation
effect in a force transducer experiment using constricted aorta from Sprague-Dawley rat. Among them, a
di-peptide, Trp-His and a tri-peptide, His-Arg-Trp showed a potent vasorelaxation effect in 1.0 uM
phenylephrine constricted aortic rings with ECsy values of 3.6 & 0.1, and 1.2 £ 0.1 mM, respectively. The
removal of endothelium layer did not alter the vasorelaxation power of both peptides. Given the overall
vasorelaxation behavior of synthesized di-/tri-peptides, the structural factors responsible for
endothelium-independent vasorelaxation were as follows: 1) His and Trp positioned at either N- or
C-terminal, 2) positively charged amino acid in the middle of tri-peptide and 3) imino proton of uncharged
His.

In order to elucidate the mechanism(s) underlying endothelium-independent vasorelaxation of
Trp-His and His-Arg-Trp, further experiments using vascular smooth muscle cells (VSMCs) were performed.
Since intracellular Ca®" concentration ([Ca2 ™)) can directly regulate vascular tone, [Ca2+]i in VSMCs was
measured using a Ca”" specific probe, Fura-2. In the cell-line experiment, Trp-His and His-Arg-Trp
significantly inhibited an elevation of [Ca**]; by 10 uM angiotensin (Ang) IT stimulation (A[Ca®"];: 48% for
100 uM Trp-His; 44% for 100 uM His-Arg-Trp vs. control). An ongoing experiment using CaCl, as a
stimulator revealed that Trp-His suppressed the increase of [Ca®™}; by the influx of extracellular Ca™,
suggesting that one of the possible roles of such vasoactive peptides in VSMCs may be an inhibition of Ca**
influx route across VSMC membrane. In addition, Trp-His and His-Arg-Trp showed a significant reduction
of [Ca®]; in VSMCs when Bay K8644 (L-type voltage-dependent Ca** channel (VDCC) agonist) was used as
a stimulator. Taken together, these results provided evidence that both peptides having vasorelaxation power
may be involved in the inhibition of extracellular Ca®" influx through VDCC. To clarify whether Trp-His
could regulate [Ca2+]i by VDCC-binding, the combination experiments of Trp-His with different types of
VDCC blockers in Ang II-stimulated VSMCs were investigated. As a result, the power of [Ca®"]; reduction
of Trp-His was abolished by a phenylalkylamine (PAA)-type blocker (verapamil), while no change was
happened in the combination with a dihydropyridine (DHP)-type blocker (nifedipine). These results strongly
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indicate that Trp-His must bind to an extracellular site of VDCC, as DHP blockers do.

So far, no researches of natural peptides on the regulation of [Ca2+]i in VSMCs have been
performed. Since the regulation of [Ca®™]; by natural peptides must be of great benefit to develop a new
preventive food against vascular-related diseases, preparation of hydrolysate containing vasoactive peptides
and identification of candidates responsible for [Ca*"]; reduction in VSMCs were conducted using glycinin.
Although no bioactive response was found for non-digested glycinin, it was the first finding that the glycinin
hydrolysate obtained by 1.0 wt% thermolysin for 5 h showed a weak reduction of [Ca**}; elevated by Ang 1T
in VSMCs (inhibition at 0.1 mg/mL: 19.2 & 6.6% vs. control). This implied that bioactive peptides having
[Ca”]i reduction power may be newly produced from glycinin protein by thermolysin. By reversed-phase
HPLC separations 11 peptides were successfully identified from glycinin hydrolysate, among which
His-Gly-Lys (subunit G3 281-283; G4 305-307) showed the potent [Ca™]; reduction power in Ang
TI-stimulated VSMCs.

In conclusion, a series of this study have pointed out the extensive findings that di-/tri-peptides
having heterocyclic amino acids have a possibility to improve a developing (or developed) vessel resistance
by the relaxation of constricted aorta. Mechanism(s) underlying the relaxation by small peptides would be in
part the control of intracellular Ca** level by their binding to an extracellular site of L-type Ca** channel,
like therapeutic Ca®* channel blockers. As it was evidenced that some blockers ameliorated the progression
of atherosclerotic events in vessels, vasoactive small peptides must open a new area of functional food

sciences in preventing vessel-related diseases.
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kacin ISK-1 (S FEAT 4 v o [RADVISK-1] ODEERERS L CREFRAEE
ICBAS BHITE)

WX A EE E &H & &K B L W =

' & # & K N Ak wEER bl = BR

w X N r®"R o E B

NI TVFVEMEAR AR — A ETERTIHEERTF FC, TWEEHOERESR S
REDERRT, B4 MERRONAITF I AV VR INETINRR I, ZOMEHEER.
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{5 NukA DA END T WL VIAED, NukA X NERBERO Y —F —f@EiE & C RigH D7 =4
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NukA 7 R@EBTOoBEREN2E) VBIV M rF=vEEO) VB, (2) %
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I EE P HEELTVWA S ERN T ENTE,

NukT i ATP K FER O EH X Z21T 5 ABC P VAR—F - HE=h, N:Fﬁ
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E A = Study on novel bacteriocins from lactic acid bacteria, circular and leaderless bacteriocins (F
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BEETDINEMENTT B NI TV F U8 EOENICHEBEERCRESE» b, FRRAA 2
FVFENSRT 4 TE LTRWICHFENTWD, F7o, N T VAV EEABRERS S, HEER
= —p L LTORARFEENTUVWD, Leuconostoc mesenteroides TK41401 & Weissella
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BARDHE AR MVER U AR TIE. b 2 B EETIHE AT U A iz o0 T,
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Leu. mesenteroides TKA1401 DEFIK LEN OB LA D I/ a~ b7 T 7 4 —2F B L THBRE LT,
SFE 611559 DAY T VAV UERTF FEBe, TORBRAITIAVUERVWTT I BE
FIFRAT 24TV, BN T-E ol & B2, degenerate PCR &% FIWTAN S TV ¥ o D& EE
FEFIEIRIT Lz, TORR, AN TFIVFT T 61 BEOT I VBIPLR5, NKiEE C kRl
DT I )BPFEE LEBREEEETOHEFRR AN TV AT LHBAL, ZNh%E leucocyclicin Q
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RpHREDA LA LTHBWEEMEIR Ui, £7, Lactococcus sp. QU 12 RAAEFET 2 BEN
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NRIFVA o THDHI L ﬁ§ﬁ?éﬂf:o Weissellicin M 3 Enterococcus faecium 150 HSAEE 3 5 BEAN
DY —F—1L AT Y A enterocin L50A & LSOB ICEWHERIEEZ R L., TNENDOHELES
BEETF S BEVAARMEE R Lz, Weissellicin Y, M & bIZIEFICEWRE RS bviRL, &
1T weissellicin M I ETEE BB, 74D ) EBETIZBWTHEWEREMEEZR LT,

LC/MS T & B EEFEHT & real time RT-PCR IZ X DERERIT OFER ., weissellicinY & M D AEEIIAh
DRI F VAT EERRY, EEERENZEEIEE T TRB LT, B0 RERS OBILITHE L
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TR L > T, BE LUUVTHIBI SN TV, W hellenica QU 13 DX 5 R~V F TRy 5
VAV EEBEOFICE, BEREOEMICHIELT, BEOARIT U F L DEERHE LT
DH0OMRH DN, REEBOBEVICHIE LEZN L DEESHEAIND THEN L 2T,

6 DDHETE LA FOEETF D weissellicin Y & M O EREFE2 ST/ 4 kb D4 AFRFIFIC B H
Eh, 2hb®? 5 B enterocin L50 @?’Eﬁi’éﬁiiﬁfﬁ% EFERMMEE R Ui orf2-5 Dife % RREREBR
W&o THEMT LTz, ZDF5HR, ORF2 & ORF4 MES /30 B & HER I, ORF4 X weissellicin Y
EMOMmFITHR LT, —FH. ORFE2 IE weissellicin Y DA U TIEZ R Lz, F7-. weissellicin
Y, M & enterocin LS0A, L50B D% B S MEMEIZE VIR ZEMMERE2ETHIZEBHALMNE -
oo EHIT, weissellicin Y IZHT 2 B EMERT ANV T —HREH I NTF FHEHICE 20 TH
725, weissellicin M @ B BIHMEIZ T RNV F—DEEIZD D HTRTF REEHE £ > TV dho
Too T weissellicin Y & M @ B EfHE#SEIL. 714 00T 440l TRETICHRES
NTWAMD I SADNITFIVFrDbDEITRRD, HioRTHE#EE L E 2 bz,

LI EDFER XY, Leu mesenteroides TKA1401 1XFTHBIK /N2 7 U 42 leucocyclicin Q %, W,
hellenica QU 13 13 &H ) —F — L AT T U A weissellicinY & M 2AEET DI EWNRENTE,
& 512, leucocyclicin Q & lactocyclicin Q DA ZEMPERELHLE A 27 RV DEV, weissellicin Y & M
WBITAESNANF IR T ) A U AEREEBES) —&— AN T U AT 0B B2
LIl WTEH MR N T b SN ENEEEFT 5 leucocyclicin Q & weissellicin Y & M i3,
NAFTVFERT 4 7L LTOFBAREFIN, BRERGHFEOEZNENDOEERITTEER 7 —
FenP~OSEbEHESNE,

B BEEOHERODETE

ABEPAETIRESNTF R, A2 T VAV VI RAERORLERAEYE
LT, BRAaBROBHTORAPERL TS, ¥, NI T VI U EEALRE
HREBEHRICBTLIAERERSY —F - R E~DODHERARRHEHFEsL TV B,
Leuconostoc mesenteroides TK41401 & Weissella hellenica QU 13 I EER® & THh
ZEDDONBESNTTABE TCH 2, KMEILT, b 286 P EET I IHT NS
FUATVOBERE, HHEEOMRB . EARBEORELENH L LT, N F
VA DORBEBERT., HBEANI NIVRCREEROMEIT, EERBETFHO
fEtr, EFEZHOMITZIT o1 bDTH D, '

TKAI401 O RB EEL»D FBO I/ 0~ b7 T 74— KXV 5 FEE6115.6
OR TV F Vv rEFRHLE, BEANII T IVF VI VELNESST 2 ) BE
NEEWE, KNI T VATV VOBEEEFORINEZHELNICLE, T bORKE
IV AN T VAT 6L T I BEENLRD, NKKL CRIEDT I/
MAEARTFFEASLEBERBELZE TLOIHERKRAI T VAV & HEH L,
leucocyclicin Q & fiv4 L 7=, Leucocyclicin QIX/AKEEH O 7 7 A B HME TR L T
BMALMBEEEZA L. AR pHR K LTEHEWEEH. %278 L7, Leucocyclicin
Q 1 Lactococcus sp. QU 12 BAEET 2|IK N7 7 U A& ¥ lactocyclicin Q 125 L
T 70%LL EDFERMENH D, TK41401 #E1X lactocyclicin Q I % L T & VW & 2= i 4
FRLER, 200N F VAV VOHRBEARY FPVITER > TV,

QUISHDHEIE EHED» b, MO/ B~ bS T 74— 1Lk, 45F& 4925.1
& 49684 D 2BEEONI T IV ERR L, TOHST I RES 2 EIT,
MERBBEFORINZBOLICLERERE, ThHIE TR EH 42, 43 73 ) BELE
MOLRAHENI TV F v ThH Y weissellicin Y. weissellicin M & fy 4 L 7=,
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ITNBIEAZT VLAV URBEERICBEEFRERLONLD N RO Y —F—EIEF LT
BLYP. BREEANTELESEGELE RS, ) —F —LAAIZFTUFLrTh
HIERFENE, — i, V—F—EBITHEHEATEEINRDI AN TV AV
PREEAZR L TEEFRZOLDDORREBESGZ S AR, S TWOERD T A
H—F—DRBEAL D, BEOEDICEETIN, RV —F — L AN TF
VAo B MERLHEXICEL CoMRBITEETH D, Weissellicin M &
Enterococcus faecium L50 W EET B Y —F — L 2,27 F Y F ¥ enterocin L50A
BIXIOLOBREBWMHRMEESR L -, Weissellicin Y, MiZ & b ICHEREICEWVWTEHE
22 R EFR L, &L IT weissellicin MIZTHBEFEENKS, 748V E£HTIZ
BWTbHbEAWERE®.REZE L TWi,

LC-MS KWk B®EBEL Y TFTALHA L RTPCR W EBEERBMFIC L U .
weissellicin Y & M OABERFMO NI T VAV LT ERY EFEKEN 2 HH
HZTTRELT . BHORERSOEMKEIIGELTEELILTHB IS = &
BRI NI,

Weissellicin Y E MOBEBRBEFE2E LN 4kb D5 ) MBI FIZ, 6 >DDHE
At ECTFRREHINE, T 6D 55, ORF4 X weissellicin Y & M D5
IZ. ORF2 IX weissellicin Y D AWK T AHAMEE2EET A ENTFTENT., F 2.
weissellicin Y K T 2 B EMMER X AVNX —EKENRZEHIZISZ b D THY | —
% . weissellicin M T T XNV EF—FEFEHNTHD, HOXTF FOHH % # -
TWhh»oiz,

LEEST I, KT, BRERLDPODHMINWNTEABELEAET D, B S
HZVEY —F LA WVWIBENEBRERTTIFFAA T VA IO T, #
B EMEOMARLEELOFHRERZAREFABLEDOTHY , D FHEYW R DR
BllHEET AMEHIEZLRDD, o7, AFEFEIBEL (BF) 0%
BHrEREAETHILDLRBY D, ‘ :

Wb & & C
A - CARE - [EFE) - KX 8 F (Enw
oo & oE BE (B
4R F 5 LAARERE6345
FAEGO AN CFRk24F3H27H
TG O BN FARAE AW VEZY EMERREREN YRR

=S VAl & H Functional Analyses of the Third Complement Component C3 Isotypes in the Host Defense
System of Carp (Cyprinus carpio) (#AEEIMACIT A VI A T DA EABHEHEEICE
(T 2 HERERRAT)

wm iR AE &R A E ®H #H# & R £ M
® &) #EBR A B SO S B

wOX N ' O E §

WERIE, BEEFHEEEOCOL ST, HECHMORM. RYHMEOBE, BYEEA~DH
MERDFHES, BMOFE#RE BIEAORE, B MEDOEMEIR &SRR AR EEgEEZE> T3,
80 FEDIRMES Ry LB X O S, HRGERE & BB RS W 4K

— 733 —




WEy PU—272BHRLTND, TOHRTYH, fMEE 3y (C3) i, EREBEFBHEDL L F A
T HEMEEMEARBEHRT T, BELEND LN FROF AT AT LA HE UENED Lo T
7T E—ITREET D,

C3DFZF=ATNVOREHE - FEKISIE, FAZAT/VEMIA bR 100 & CRBANCAIE T S
L RFUURE (B His) Lo CHE S, EHEMOKBE~DELEENTEL hoT
W5, il His #F 35 C3 (His 44 7 C3 IXHEREHASPETOEY TRES L TWB A,

BAEOMERICIE, SIS TSN His 287272 Non-His ¥ 7 C3 BEEL., D F
FTATFET 2 ) ECERENICEEGTAZEFAMLNTVS, ZOXIIEREL L THEESE
BUNELRDIEED C3 2 A2 LIXHEEFABEOBEICHEDORZETH DN, B E AR H R
B3 His A4 7B IO Non-His # 14 7 C3 DEL LI DWW TIRIEEACHBAINTE BT,
FEAEN-OL I BREHRD C32HAPEDENBERELRAPARLEIETH 5, .

oA Tl His ¥4 7 €3 (C3-H1) & fifiiiE His 7272 Ser IE#: L7 non-His # 4 7 (C3-S)
N, MEFOEELRT AV FATELTRESNTWVWS, EITEAFETIE., INnb 2 DA
C8 7T A VEATEHAHICEITDHE ) 7 u—T 8K (MAb) ZHZ L, WEOEES(LEF
VRIVBVROVTHRATSI L AR E LTS,

P, Bla C3-H1 BLO C3-S THRE LU ADMIEMIEN G, Eikick > T, C3-H1
L C3-SICHRFRMZ MAD (FhFR7 m—r4 SHILBEIWECT) 28 L, T4V EA S
3;015F~77/EV7@#K 3HI11 % C3-H1 @ o g4V D C3d fHIE & =9 5 IgGi. 5C7
12 C3-S D BEEERIT 5 IgGea TH D Z L BB L. E DA ZEFIGME ié<ﬁmén@moto

i MAbs AW T, fiE Z2iEMET 284 BN EMICK T2 C3-HL & C3-S DFEEAT ML
EIRAT L7 & 2 A, BIEICEEA e C3 TH D C3-S MR, C3-HL £V bIBEWVWEEX2Z b
R L SHIBA L, BT, C3-S kA DOJRIEE Aeromonas hydrophila ®° A. salmonicida
WCHEATEEZ D, MERRCTAEEZOEKRPFEHBEBICBWTEEREHEZES Z&n
T ENT, 72, C3-S 2, EFEFMIEICH T 2 MBBEMEEICEVWTLADES TH D Z LR
®E N,

F7m, EROLIBRIKDEHNEY~DFEEAT bré, CFHLIBLIVCS-S DFFTRF /L
ENUTEKERE - T ) EADOEAFREL PR LI 25, C3-SRFA AT L0 RM
N7 I JECBEBESNRNTWBRIZE 225 T., KBEICEATENIZHLEES TEA2Z ERNBE LM
footr, Lizdi- T, C3 ODEYP~OFESFRMIL, TNETERTHoEF AT AT LDOERELE
LAV DREARREICEEBINIOTIER, R AN =TI FRERN b, MAeEDETE DKM
R yF R = b, BEEEERBIERBITA2ENDOMEBAYFICL > TRESND Z EBNFRRX
iz,

Ebir, L 2D MAb 2AVT oA MEROF C3 7 V& A FOFEEREEMIT L= b =
A, mnﬂ#kﬁrfW@ii03s&#Abt2%%@@%%%ﬁbfwé:aﬁ%%bto:
@iDECB@AWim@%%@Ti <HEEFIDR 2. EORGEBEOMBAZ, EEAEOMHE

B3 C3LEDHIEEMNRERLMHETAILOOEERAN LRI EBHFENS,

WX EBEEOERODEE

R TR T MR B EE K EETROEE FBICRE Lo BYEIC X 2 A 0B EMNFEKR X 2
M & 2o TR Y . BYSEDDIRM RFREZTEL T 572010, AEDGEBBOMBANEE TH 5,
MEREEEREEERRERT L LTHIEL, TOFRLESTHD C3 NEME AP HVER %
T3, BIBREORERBHME LT C3REFHZELLTNDZ LB bR, &L C3
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DEEMRBAEBERHC R T BRI DWW TR L A LSRN TR BT, WEAENSZ DL > %KD C3
TAVEATRBADENWFENEROTAREETH S, T THRIFETIZ. aA 2T LB E LT,
C3 74 YEATEFERICHITDE) 7 a—FAf W(M%)%Wib\jEMbﬂ0374/§
A POBEEDNLE S R BLVSVTRIAT A Z LB E Lz,

if\24m%$@£$@C3747&47T&6C&H1kC&S%%&p INbTHRE LY
U A DRIEHIEA 5. HT C3-H1 MAb (2 m—r4 8H11) BL UL C3-S MAb (7 m—24 5C7) %
Wﬁbto74V&%EV7%iUIEF~77/€Vf®#ﬂ\ﬂﬂliCBHMDaﬁW@C&WE
& B IgGr. 5C7 13 C3-S @ B4 EFRHT D IgGea L FEL. Immmﬁ;*# SRR 4= < 72
W ERHA LN ERoT, '

M MAbs & AV T, s E LS 2 Be RIERRDICHT 5 O3-H1 & C3-S DfFE A MvE
fEAT L. C3-S ®F28 C3HL LV biRAVEDITEE TERZZLERALNIC Lz, £7-, C3-S jdHkk
A RE S Aeromonas hydrophila % A. salmonicida i b & TE 5 2 & | BIER MBI T 5 415
FEIRTEMEICRB W THEADHR D TH D Z &b MIBERRGII X9 5 75 = DAL K MBIV T C3-H1
LB EEREEEED ZEBNRBRENT,

E72.C8-H1 & C3-S BF AT AT NEML & LTENENKBRIEEL T I/ BICHFRIICHESET 52
ENEHBNTWBN, T A V& A TORBDEHRY ~DFEE AT MVOEWE, 20X 5 2B
EL_ALTORKAFEETIRATES, MEDREOHRBNRSTFNF— & FHREECREIZ
TAHENSDBELTFICE - THRESND Z &R LIL, ZORRIT, FAZATLVOERELVVD
EOREMEDN C3 ODRYBHEBRETZLEVWIINETOEREET LOTHY . ZHLLI-AEIFE C3
T AV B A TR A R O AR = 72 FTREME 4R L,

62, LF 2 O MAb # AWCRELEER L O A SIRIEIC K > TaA mEHR O C3 71 Y
B A FOIFIERREF MR L, C3-HI NHRIEMHEMTOEFE C3-S A LEHFEAEEHE LTS
SLERELE, MEFTHOIOLS % C8 DEAETHAL, 55O IBMELED THDTHORRT

D HEOHIRRISEEOMRRIC 22D B LB/ SN B,

L EEST DI, AMSUEH SIS Lice /) 7 m—F A hilkE Yy —r 8 LT, :4%¢h > C3 7 A
VEATOMRESLE S R EVASVTIRIAT A L LI, C3 A v —DFERICE > TAERMED
FUSHREICH LWRBAIRT T2 b D TH V. KIEELZE, mW%ﬁ%*#%TéMﬁ%é%m
Bo EoT. AREEEEE (%) OXLEAIEHREETELO LR
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£D £ = DY

A - CAFE - 57D w B & HE GEm

N VAR O R = (B2

E VAN S EEEREF6 3545

EEVEFSENNRERT] 2443 A27H

AL G OB A SEACRLANES 4 558 1 RS EMBEIRRERIAN  EERER A H I

A X EH Study on the Biosynthetic Pathway of Polyunsaturated Fatty Acids in Unicellular Marine Eu—
karyotes Aiming for Industrial Applications (EEEFIAZBHiIE LB FEERMEYMOSE
TEAFAERERE SRR ICRI T B HF)

iwm A &R B F & & 87 H# K &
& ) # &% B B E M ez ¥

w X BN’ o E B

n-3 REETERIENEE (PUFA) TH B A 2920 FZ U (BPA) BEUR R ¥~ i
(DHA) 13, #4x REBEREFELTNAZ M b, IHEFOEENARICEE > TE TS, =
DD PUFA 1, BERMZ EFREE & LTRR I VB2, AEEEOMA 2 & 0 S e
SNTND, TZT, AEICRD 2L REEIR L LT, DHA 72 ¥ D% 8 PUFA DAFELE - BREEENE
DTEWD, FEV Y FaFBCEEREE o TWD, T DMEN Y BET TEMITRIET 5 =
& T, A PUFA DRBIRARRBAEELFREIZR DT EXEFEIND, LELARL, SEY LT
= THITRB 2B FREEMCET 2HEITIT LA LR, PUFA AARMEKROSEM S RHTH
Do AWFFEIE, FEV U FaFEHEFA L CPUFA 2 EXRAET A LA IS L. DAL
72 DT E AR DRRZE & PUFA AR AR OMIALZ BH L L,

WMOIT, JCV rFaSBOREERRADOEIEEZTo%, £ S VF 25N TRETREY
Tue—4F —ZWETD®, house keeping BIEF TH 5 BF-loB{EF ORI K%
Thraustochytrium aureum ATCC34304 ¥R2> O BB LTz, Z D EF-100& (s F R BRI & BH0 TRk
mFeAWe, I FaTHOBEREN F—2BE LE, =7 baRL—T g UiEick
- C Thraustochytrium sp. ATCC26185 ¥RIZE A L, FEHIMMEDOHER, PCR LV ¥ T oo F ¢ v i
Lo THEBRBEORE LR Lz, TORE, RECI-TI ) v F o SHEOBEEBMNARET
HDI LWL oTe, BT, BRFEHAT F—ICHBIAL Z ATEREEEEZ 22 & (EGFP) iz
F % Aurantiochytrium limacinum mh0186 #5338 X Y T aureum ATCC34304 #RIZEA L7 L = 5. EGFP
HEDHERNER T IHEGERERE L, ‘

WIT, MEANIZ BPA 2EB L TNAHZ EXMBNTWD BT b IS Reafn{hizs
(desaturase) BfnFZHBEL 7z, MERIEMBIT L2 A, BEL-BETITHR7T 73 Jida
— F93% 1,314 bp ® ORF %8 L, MIAMHIEDAI2 desaturase BT & AR MEREERT LN
Lo Tn, BEERT & HEFEEER: Saccharomyces cerevisiae \ZE A LT-fESE. C18:1%° % C18:2%%12 1=
LHEd HA12 desaturase TEHEZERTZ ERA LN o7, Flo, U XA AN EDAI2-fatty acid
desaturase Az F % A. limacinum mh0186 BRICEBR I VR ELHEDERERIC, T LA ik
(C18:1%%) ML= L = 5, 22~ Z—HE A (mock transfectant) CTIXE LAWY ) — LEE
(C18:2% 12) DAEFNHERENT-, T~ OREEIX. A limacinum mh0186 B THEL L= Al12-fatty acid
desaturase W34 LA VERE Y J—VERICEH LE T L ER LTV, DL EOERIZ. SEBER LR
HEHEBREAVDZ LT, JEY UFa THIINEEETERR S Y, BB AH Sk % (eR4
BT EMHERIEERLTWS,

TV FaTEE, R A NEaEESRE (PKS) WWEB LeESERICL > Ty e =/ CoA %
HFEEE L L TPUFA R EEGR LTS LB X T3S (PUFA synthase f&#), L>L. BE®D
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BEREAEYWDO L SIC, TEY F = TIED desaturase & JEITMREEREESE (elongase) 7 HHERL X 5
standard fZBEIZ L > T PUFA AEHK L TWAE I DITHEETIIR Y, LT, T aureum
ATCC34304 #RIZIR VYT, standard #EEKIZ 1T 5 PUFA 44k D EBESE T & 5 Al2-fatty acid desaturase
BRTEIEE Uiz, €O/, BHEK T, zLI//r VERDEFREL Y J —IVEER XU O T PUFA
DA BHER SNz, Lo, DHA EIZ AT R DRy o lz, BT REEERE O I8 15 BE B E
&, Al2-fatty acid desaturase ¥ f=1 % FE i, éﬁ‘é TEW R o TCIEIEHAK LRSI R, DL EDK
BiX. T aureum ATCC34304 ¥ €1, standard #2# & PUFA synthase & DT OB RERE L TR
D . DHA I HBEBEIC L > TAERENTNWBZ LERLTWS, T VY »F 2 FHEIZIH VT standard
BN Lo T PUFA DNEARKRENTWD Z & BAKRIFFIC L - THIDTIEFEE T,

WX BEORKRODEE

n-3 REEREETIEN B (PUFA) THAETA a P Fx B (EPA) BIO F‘Z*f/\iv‘ﬁ-z‘/@ﬁ

(DHA) 1X. MIFEESREEASOEBERAZELTND I b, FELTOEERAREICEE -
TETWD, ZIbDPUFAREICAMERER & L TEE IR TWS R, ﬁiéﬁ@ﬁ/}%ﬁﬂ%ﬁ%
LD MEETABASNTVNS, AMOREEE S LT, DHA 72 ¥ 0AF PUFA % #5879 i I
RKEWCEETHAI ) Vv FaBICEEREESTWE, S Y UVFaSELPBETILEMICEE
THZET, AR PUFA DRBRRNZABAENTERICRD ZLPMBEEINDN, TEY v F 2 58
BT B BETFHRERBTIIREARE THY ., PUFA £AEBRKOHERMLABTH D, AT, St
Vo FaSEBPEERENE LTERTIEDIC, FORBREHE 2 IBESHRROBER S PUFA
ESRBEBORBEEMNE LTS, |

B, TV UvFaIATERAAER T ¥ -2 WRETH7-D, EF- 1a@{x%@%ﬁ;}ﬁmﬁ§
% Thraustochytrium aureum ATCC34304 2> L EBE LT, Z 0 BR- 1B G FREFEHEE & =5
WETEAVTHERRSNY 5 —2HEL, TL2 baRl—Vas v BICE->TIE Y v Fa 5
iCEA L, EAITHESOESE, RUPCR L HF 2T 0y T 4V 2 X 5 EARET O REET-
TR, RECLSTCI ) v Fa T BOBEGBRI TR TH D ENRENTT, BWT, ARKE
Ry Z TSR TEFEEIY 7B (GFP) BEFRIEI VFaSHTRETLZ L 2
LI, RIC, VX TEIPDOAR-TIF a7 —EEETEEEL, FERRERNY F — TR R,
Aurantiochytrium limacinum mh0186 \ZE A U7e, BWEEGREDOEERIC, V1 VB (C181%°) %
WLizEZh, BT F—EAETIERONZNY /— VB (C182% 1) DAERPER S,
U EDEENS, SEBEE LAFEERZEEAVIZLE T, SV VF 2 SEIC/IRRETFERE
SR, BB AR EE T A ERFER I ENRALNITR o7, ‘

TV T2 FHII R F A FERBERICELLEEBRHEICL > Tyr =/ CoA Z HEEE
& LT PUFA £G4 LTWVWAHEEZEZXLNTWS (PUFA SRBERRE), L2L., BEOERAE
MO XS, IEMAHRMIESRE (FVF27—F) LEFBRYEEERSE (Znrbr—2x) bl
ﬁk‘:é?}’béx & /&“_ }‘7@7‘:% uJ;OTPUFAﬁ‘E’DAﬁ{ZéﬂTU\ZDﬁl iﬂﬁﬁﬁ‘f ifib\o_%\df\fzaureum
ATCC34304 lICBWT, A¥ & — FIREIZBIT 5 PUFA £ ROEBEZ THHAL-THF o T —F
EEFFEAERIETHRE L, ZORE, BETHEE T, TLA VBOEREL ) ) —LE
BXOZFO TR D PUFA OO NHER SN, L2 L. DHA BICEERELIIR N> 70, &
CFREEROIEBRARIE. AR-BVRT VYT 2o —EBEBGTFE2EATIZ LT T, BEke
& cEE Lk, SLEORRIE. T aureum ATCC34304 T, A ¥ V& — PR & PUFA & AlLEE
$WW@mﬁﬁ%%brxbgmmmiabf%%mior%ﬁénrmaca%ﬁbrwéo

DEDX I, KGXIIZ I v F 27 OBEHRBRROBH & PUFA A5 HREEBIZOWTRELE
HbOTHY . E%%&abﬂ% (BEEERLFE. IBEENLDS) CEETIMEHZERETH D, Lo T,
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RATREE L (B%) OXUEBIEREET S b0 LB,

(RY7)]
4. REE-HE) b B Z (EAm)
%4 o f M ML ()
%4 % B EARMWEEG 368
SR G QRN ER2443H27H
MG OB CEMEAE AR LY BN BRI

A dm X EH Studies on an evaluation method for bioaccumulation of chemicals in fish (BEEICH(T B4t
EYEDEYRHEEFMEICEET 2 R)
m XA EERE E B # B KO M OB

Wl & WwR¥ #o® b % PN
wHEE  E O E R

woOX N B o E F

BRESICBWTEED IR R TRENTIREL . TORELFA DD, TAETIE b2t
MEOEFEEROCEESORFNICET 2R ((BFE) PHEIh., £WEFEREE (BCF) 2 5000
FU LD EORLE - MATEE L BRI TS, —F TIE, #BEEESTFIIAREINRD
Lo, ZTEEHROFEZROEKEENEST v RBILAMERHEREINTWER, DR
BEM IS A BEETESFEOBRERERL TV I ORERTH S,

ZIVE THEYBEREEFMIZ. BRI T O KEERRICI > TELNAEBCERAWVW S TE 2,
TRERREE SR TIRWEE KD B IOV TIE, BRERORBEIREH S TWE, $. 8Kk
EHEHEIITOREEMEPER LA, RWEHIC X 2 A FEHENES ShAKEHESE (BMF)
WEBFERRKD G TWER, TN OBEBICH ST 2 EFBRBEIEL I T RN, &5
Bx AR TELERENRTWS 7 vy BRLAYH, BESLL F2E0H L OES LRE S, 2
TDlbEYE L B 2 HENRAYBEREEZ TR T EPAMEL 2o T3S, —FIT. BCF 13{LEY
BoHBEAFHERETEZRE LB EEEMEBIC LI D FHTFRE S SN TWBER, 7 vyFR{ILEaWmizon
Th., APRENE & DEBFEROBRIITSICRF S TWRWY, BLEDZ &b KRR TIE
B E D A EEEMERRIE O R Y. 7 v RALEY D EDIEREME L B ZMER O BIR %
BALnETDZEEFENELE,

ARFETITET., HAEMEYEOHEERRIC I 2AFEEMETIMOF YU MERIET 5720, o
A (Cyprinus carpio) \CBKMED R DFBHRRAGKBEOFEE I WELENLEEL, BHbhi
BMF & BESR D7k FBEIC & 2 BCF & OFEBEME T, £DORER. BCF, (JEE&E THITE L7 BCF)
DOEEIEL. 810 (X FFT 7 v) 2356 27,000 (~FHrsouXEr) THDH, BMF, JBEEE
THIE L7 BMF) O#FEIL0.0340 (X FFT7ml) b 143 (44-2AF LU ER(2,6-F-tert-T7 F
N7 =) —A) T, MHFICIEBVWIEOHE (= 0.873, P<0.01) 3% 0. HKFEEHE OEEER
BRIC & 2 B R R O SRR ST,

Wi, fERBERBRIC X 2 HKEEYEOSEB~OEFEREEZRIET 2720, NIP 24-V7 1
O7z=ld-=fa T o= —F) BEFUENE L TaqICEREE L. A~ D LY BE
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The content of this thesis consists of 8 chapters. The main findings of the study are presented
and discussed in chapters 3, 4, 5, 6 and 7. Chapters 3, 4 and 5 focus on demand of local rice in
Brunei. While Chapters 6 and 7 focuses on the efficiency analysis of rice farmers.

Chapter 1, Introduction, explains the problem statement, rationale of the study and
provides an overview of the research. Aims and objectives are also discussed in this chapter.

Chapter 2 aims to depict the current situation of the Bruneian economy and its quest
toward economic diversification. In this chapter, the agricultural sector and rice industry in
Brunei are also discussed.

Chapter 3 studies on the consumer willingness to pay for locally produced rice in
Brunei, an assessment of the Dichotomous Choice — Contingent Valuation Method (DC — CVM).
This chapter also attempts to investigate the factors that are related to the consumers’
willingness to pay for the local rice.

Chapter 4 attempts to solve the second objective of this study, to assess consumers’
preference using Choice Modeling of the quality of rice, in particular the attributes of rice, in
order to inform relevant parties about what kind of rice is consumers’ value.

Chapter 5 examines another method to understand consumer preference on local rice
attribute. This chapter uses Latent Segment Model to investigate consumers’ taste for rice based
on their motivation, preference and attitude.
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One of the most effective ways to increase rice production according to many scholars
is to improve the efficiency of rice farmers. Chapter 6 uses the Stochastic Frontier Model to
decompose the technical efficiency level and to determine on how to improve efficiency among
rice farmers.

Chapter 7 presents another part of the efficiency analysis, which investigates the profit
efficiency level among farmers in Brunei. Also investigated in this same chapter are key factors
explaining profit inefficiency and the estimated profit-loss per hectare due to said inefficiency.

Chapter 8 the conclusion, discusses policy implications that this research can convey to
relevant stakeholders. Recommendations toward appropriate actions for the future are discussed
as well.
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This study aims to analyze the impacts of component factors to gross agricultural
growth and production efficiency of staple crops and individual farms in China, and
identify countermeasures to improve agricultural productivity, with sufficient, safe
supply of agro-products; rational, efficient and proper application of production factors,
and sustainable, friendly effects to the environment.

In Section 1 of introduction, Chapter 1 demonstrates the background and objectives.
The main points include the importance of identifying major factors contributing to
China’s agricultural growth in latest decades; significahce of improving efficiency of
agricultural production, in terms of sufficient and safe supplication "of agricultural
products, due to the largest population and limited farmland, water, etc; the urgency of
studying farmers’ ‘application of fertilizer and pesticides, in the dual impacts of
agricultural chemicals on both supported agro-growth and menacing environmental and
food safety simultaneously.

Being the principal part of this thesis, Section 2 is composed by series empirical
analyses. Chapter 2 conducted a factor analysis of Chinese agriculture development in
1983-2006, from the perspectives of inputs change, institutional transition and
technological progress. The result of C-D production function shows that increasing
inputs of chemical fertilizer is the most important factor, following by technical progress,
increased fixed assets, fiscal supports and transfer of agro-labors.

In Chapter 3 and 4, production efficiency of wheat and corn in Hebei Province are
measured, through an input-oriented DEA model with the assumption of Variable
Return to Scale (VRS). Within the sampled counties, most of the farms are measured as in
the status of increasing returns to scale. Outputs. slacks show that comparing with
technological adjustment, much margins lie in the socio-economic optimization.
Meanwhile, different form liquid inputs, larger slacks exist amongst inputs connecting
with agricultural infrastructure. Fgrthermore, Crosstabs Analysis confirms the
- significantly relating returns to scale of wheat and corn; as well as technical efficiencies
and relating returns to scale within both wheat and corn; corn is more efficient than
wheat production, while enlarging the farming scales is more important to the wheat.
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Using the similar DEA models, Chapter 5 develops a framework on agricultural
production efficiency of individual farms. The data source is a survey to 99 household
farms of Hebei province, conducted by the authors. Similarly, most of the inefficient
farms can improve efficiency through enlarging their farming scales; ratios of net profit
has a larger average slack to be increased than the absolute value; irrigation costs can be
saved with the largest margin; large slacks exist in fertilizer and pesticides. The empirical
analyses in the second stage indicate that reducing the numbers of agro-labor improve
production efficiency; the public services did not improve the efficiencies, unless
conducted together with farms’ efficient access to the credit.

In succession, Chapter 6 and 7 study farmers’ behaviors and perceptions on applying
agro-chemicals, including the total amounts, main components, possible consequences of
over application, based on another survey of 560 household farms in six provincial
regions of eastern China. Through the adoption of multivariate and binary logistic
regression models, these two chapters identify the significance of enlarging farming
scales, increasing farmer’s migrant employment and incomes, in terms of their
appropriate behaviors and perceptions on using agro-chemicals.

As the last section, in light of the proceeding findings and reviews of current status
and prior literature, Chapter 8 raises comprehensive policy recommendations,
concerning enlarging the farming scales, improving the contribution of agro-technology,
p-romoting migrant employment of rural labors, channeling more funds to agriculture,
increasing the value-added of agro-products, and strengthening public education and
management on safe agro-production.
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Joining the Dominican Republic, Central America and the United States Free Trade Agreement
(DR-CAFTA) is the most transcendental policy change in the history of the Dominican Republic. The policy
change introduced by this agreement, among others, brings about rice trade liberalization. Thus, Dominican
rice farmers are concerned about the impacts of this agreement on rice farming. This is due to the great
asymmetries among the Dominican and the US rice sector regarding farm size and rice yield.

Under the trade framework provided by the DR-CAFTA, on the other hand, it is expected that
export of fruit and vegetables of the Dominican Republic to the US market would increase. Nonetheless, to
undertake this opportunity, oriental vegetable farmers should overcome management issues such as farm
planning, product quality and safety.

Accordingly, this study addresses the following two specific objectives: 1) identify and evaluate
farm management strategies and policies for the Dominican rice sector, and 2) analyze farm management
strategies and policies to improve oriental vegetable competitiveness.

The findings of this study are primafy based on the data derived from a cross-sectional survey
conducted in 2008 on 93 rice farmers. The sample farmers were selected from the main rice producing area
in Monte Cristi province in the northwest region of the Dominican Republic.

As a prior step to accomplish these objectives, the study adopted two alternative trade scenarios to
estimate the impacts of the DR-CAFTA on the Dominican rice farming. The estimation results indicate that
significant drops of rice self-sufficiency rate are expected under both pértial liberalization and free trade
scenarios. Not only partial liberalization scenario but also free trade scenario creates drastic changes on
producers’ surplus (losses) greater than US$200 million per year; whereas the changes on consumers’ surplus

are expected to be greater than US$300 million per year. Further, the expected effects on total net welfare
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changes are small, less than one percent of the Dominican GDP in 2006 (US$35,890 million). Overall results
indicate that the FTA will put significant pressure on Dominican rice farmers, forcing inefficient and smaller
producers out of rice sector.

Since identifying and evaluating agricultural management strategies and policies constitute a
fundamental step toward overcoming some of the negative effects of the DR-CAFTA on the Dominican rice
farming, the study reveals the main economic and agronomic strategies of rice farmers to cope with such
effects. Reducing rice production costs, self-financing, and expanding farm size were identified as rice
farmers’ main economic strategies while land-leveling, quality of rice seeds, and increasing rice yield were
identified as the primary agronomic strategies of rice farmers to deal with the negative effect of this
agreement. Further, expanding farm size, the key components to reduce rice production costs, and the crop
enterprises available in Monte Cristi province were evaluated. The evaluation results suggest that rice
farmers were characterized by increasing returns to scale, and therefore to expand farm size would be a good
strategy in the short run. Whereas the key components to reduce rice production costs were fertilizers,
machinery service cost, and paid interest on operating capital. At the time, paste tomato was identified as a
suitable candidate enterprise for shifting from rice farming though training on paste tomato crop
management is required. To undertake such strategies, the transformation of farmers’ association to a
cooperative would be a promising strategy from farmers’ side.

Considering that improving the technical efficiency of rice farmers would be one of the agricultural
strategies that could assist rice farmers to overcome some of the DR-CAFTA’s negative effects on rice
farming, this study provides measures of technical efficiency and identifies the factors influencing efficiency.
The study documents that technical efficiency of rice farmers in Monte Cristi province could be increased by
15 percent given the set of inputs and the available technology. Years of education, source of credit (rice
sector moneylenders), and contact with agricultural extension staff constituted the key factors to increase
technical efficiency of rice farmers. Therefore, policies intended to improve rice farmers’ educational level,
access to institutional credit at preferential interest rate and to managerial information are important to
increase technical efficiency in Monte Cristi province.

With the aim to support oriental vegetable farmers’ decision making process of farm planning and
using linear programming techniques, the optimal farm plan from a profit maximization perspective has been
identified. The optimal farm plan suggests to produce 44% of eggplant, 31% of long beans-green, and 22%
of bitter melon. The optimal solution provides useful information on expected gross margin, labour
requirement schedule according to crop enterprise, and marginal value of limited resources such as land and
labour. However, since this optimal solution does not consider capital and risk factors such as weather and
market, the identification of a model considering such as factors would be a future research goal.

Further, considering the applicability of the farming-systems analysis and planning support
database system (FAPS-DB) in the Dominican Republic, this study documents that the concept of this
system is applicable and suitable for vegetables and oriental vegetable farmers. Nonetheless, to adopt the
FAPS-DB system in the Dominican Republic, data, administration of the system, institutional settings, and
regional issues would be the key factors to be considered. ’

Likewise, the role of educational programs, institutional settings, and information and
communication technology tools on the development of integrated production in Almeria along with the
consideration of the necessity of integrated production for the Dominican Republic have been described and
analyzed in order to provide insights for improving the competitiveness of Dominican vegetables in

international markets. The study reveals that the successful implementation and development of the
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integrated production system were brought about by information and communication technology tools,
educational programs given to farmers and technicians, and cooperation among stakeholders. The adoption
of this system allows farmers of any country, including the Dominican Republic, to assure product quality,
safety, and accomplishment of good agricultural practices and good manufacturing practices.

In closing, this study have estimated the quantitative effects of the DR-CAFTA on the Dominican
rice farming and identified agricultural management strategies and policies to cope with the negative effects
on rice farming and to undertake market access opportunity for vegetable farming. Nonetheless, it is
important to do further research to identify the implementation strategy and the sources and amount of

economic resources needed to implement the suggested policies and strategies.
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Agricultural cooperatives have been working in Peru since their creation in 1969.
However, this corporétist idea was gradually deemphasized in Peru, having as a result the
disappearance of the cooperatives and land division. In the Amazonian territory, the coca leaves
production was the main production after the bankruptcy of the cooperatives based on tea
production in 1982. Furthermore, in the past, the jungle geography favored the intermediaries
as they had boats and trucks for transporting the gathered products, becoming a monopolistic
marketing channel. Under these unfavorable conditions, the Acopagro cooperative has
contributed to the shift from illegal crops like coca to alternative crops like cocoa. The purposes
of this study were: 1) to compare the marketing performance of the Peruvian jungle
cooperatives and the intermediaries; 2) to i1dentify the socio-economic characteristics that
influence membership in the Acopagro cooperative; 3) to analyze if the years of cooperative
membership to the Acopagro cooperative influences the volume of the cocoa production; 4) to
identify how physical distance between the different distribution communities and the
Acopagro cooperative headquarters influences the members’ perception of the quality of the
services that the Acopagro cooperative offers; and, finally 5) to determine what factors
influence non-cooperative members to potentially join the Acopagro cooperative in the future.
A survey of cocoa producers was carried out in December 2009-January 2010 in Juanjui, San
Martin (Peru’s largest cocoa producing region). The survey involved interviewing 243 farmers:
103 cocoa farmers who were Acopagro cooperative members and 140 farmers who
commercialize through intermediaries. Econometric models and multivariate data analysis
methods were used in order to estimate the socio-economic and marketing characteristics of the
households who commercialize through the different marketing channels.

Even though, previous studies illustrated how agricultural codperatives were
significant for assisting small scale farmers, in general Peruvian associations and cooperatives
neither have any effect in the- production nor in the marketing channel performance.
Furthermore, just descriptive'researches have been conducted regarding the importance of a

farmers’ cooperative for the rural poverty reduction. It is said that researching different
situations contributes to find the keys to the success or failure of cooperation. Consequently,
fact-findings are more than decisive to form a general concept of cooperatives and associations
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in Peru. Numerical outcomes in this particular research demonstrate that 1) the Acopagro
cooperative members performed better agri-marketing functions and are better paid for their
product; 2) small scale cocoa farmers who possess willingness to receive technical assistance
among other features, would like to participate as members; 3) the membership in years has a
great positive impact on the cocoa production volume; 4) geographical distance between the
cooperative headquarter in Juanjui and the communities has a greater influence on the farmers’
opinions about Acopagro; and finally, 5) cocoa farmers who are willing to belong to Acopagro
cooperative in the future have similar characteristics to current cooperative members.

This analysis in the Peruvian jungle region for contrasting intentions between the
cooperative and the intermediaries proved that the former facilitates small farmer participation
in the commercialization, giving sustainability to their communities and people involved.
Emphasis needs to be placed on expanding economic and social opportunities in rural areas
through the agricultural extension education. Accordingly, the Acopagro cooperative should
support” adequately the training and supervision of the communities’ "agents. Further, the
cooperative has to strengthen the trust and loyalty of the farmers toward the gatherers in each
village because the gatherers are the link between the cooperative and the farmers. Finally, the
cooperative should appeal to farmers who commercialize through the intermediaries promoting
the policy of distributing the cooperative’s surplus income end of the fiscal year. All efforts
should be made to elevate the social status of the cocoa farmers and improve the economy of
Juanjui, the rainforest region and the country as whole as the cocoa crop has a great potential.
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For sustainable and profitable agriculture, efficient application of regional natural resources has
been a promising strategy. In mountainous countries surrounded by sea such as Japan and Indonesia, salty
water of sea and cool water of mountain streams can be expected to have potential to produce value-added
vegetables through induction of environmental stresses by. efficient application of plant physiological
functions and characteristics of these water resources. This study was conducted to examine respective
applications of deep sea water (DSW) and mountain stream water of regional natural water resources to
produce value-added vegetables by soilless culture.

DSW was supplemented into the standard nutrient solution to increase electrical conductivity (EC)
caused salt stress to tomato roots. Salt stress into roots can induce plant adaptive function that can be
expected to improve fruit quality. However application of salt stress that is not well managed (EC level too
high, duration too long, at wrong time) causes adversely effects such as reducing yield due small size of
fruits and occurrence of blossom end rots (BER). Multi-trusses cultivation could be increasing yield but the
growth stage of fruits differs between trusses. Thus application of salt stress should be investigated to
establish effective method for optimum production of tomatoes. The results of this study showed that an
intermittent method of DSW was the effective method to apply salt stress to tomato roots in multi-trusses
cultivation. Supplemented of DSW to nutrient solution that was applied by intermittent during cultivation
(two weeks treatment one week normal) at EC level of 10 dS m™ enabled to produce value-added tomato

(high sugar content and acidity, a thicker and more resistant cuticle, enriched essential minerals for health).
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An intermittent application of DSW that started when fruits 1% truss were at rapid growth stage increased
28% of yield. ‘

The low temperature stress to roots causes a depression in root water absorption, and resulting
water deficit can induce the plant adaptive functions such as osmoregulation and antioxidation. Therefore,
plant responses to the roots low temperature stress can be expected to produce high quality vegetables with
the higher concentrations of the healthful substances such as sugars and ascorbic acid (ASA) as antioxidants
and with the lower concentrations of the harmful substances such as NO; and oxalic acid. However
application of low temperature stress of 5°C to spinach roots in long term resulted in excessive growth
depression and consumption of electric energy. However, plant adaptive functions were not well
demonstrated when spinach roots were exposed to 15°C. It is suggested that 15°C was too high for spinach
roots to induce plant adaptive functions. Furthermore, high temperature treatment of 30°C enhanced
favorable effects of low temperature stress. In other hand, temperature of mountain stream was varied
between 5°C to 10°C during could season to first week of April. Thus in perspective of energy conservation,
mountain stream as regional natural water resources could be used for chilling nutrient solution to create
moderately low temperature stress of 10°C to roots during cold season until first week of April. Thereafter
the combination of a moderately high temperature treatment of 30°C and a moderately low temperature
stress of 10°C was considered to apply temperature stresses to roots for production of value-added
vegetables without significant growth depression. Results of this study showed that application of
moderately low temperature stress of 10°C for seven days subsequently to moderately high temperature
pre-treatment of 30°C for three days could induce absorption depression in roots and adaptive functions of
osmoregulation and antioxidation in shoots. This short term application of temperature stresses enabled to
produce value-added spinach shoots with high content of healthful substances such as sugars, ASA and Fe
contents with low content of harmful substances such as NO;™ and oxalic acid without significant growth
depression.

These results suggest that the efficient applications of deep sea water and mountain stream water as
regional natural water resources to roots in soilless culture on the basis of plant adaptive functions to

environmental stresses enable to establish sustainable and profitable production of value-added vegetables.
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Forest ecosystem services make important contributions not only to human well-being but also to the
existence of all species in the world. Of the global forest area, 80% was publicly owned in 2005; however,
the forest area managed and owned by individuals and communities has been expanding. As in other
countries, decentralization and devolution of forest management has been progressing in Indonesia. Since
the fall of the Suharto regime, there has been political and economic reformation (Reformasi). Agrarian
reform, which attempts to fairly redistribute land, has also been revitalized after 32 years suspension during

the Suharto regime.

— 757 —




Current trends indicate that the area of forest owned and managed by local people and communities will
increase in Indonesia. The Privately Owned Forests (POFs) (Hutan Rakyat), which are considered as final
form of ownership transfer to people, also form part of ecosystem of watershed with State Forests (SFs) in an
integrated fashion. When usufruct and ownership of forests are transferred from the central government to
people, thus, it is important to understand how people can sustainably manage their forests. However, before
this is possible, it is necessary to understand the association between people and forests during the social
transition process and consider this in forest policy. Cross-Scale Institutional Linkages (CSIL), which
comprise vertical linkages (across organization levels) and horizontal linkages (across geographic space or
same level of organization), must be considered to analyze optimal resource management because many
cases of resource and environmental management are cross scales in the increasingly globalized world.
Accordingly, this study focused on teak (Tectona grandis) which is the most demanded tropical hardwood
distributed from the local to the global markets as the vertical linkages, and SF and POF managements which
are different land tenure as the horizontal linkages, in Java where teak timber production has been among the
top three producers in the world and the forest management models has been imitated throughout Indonesia.

After the literature review in Chapter I, this dissertation is structured as follows. In Chapter II, I
describe three important aspects of forest management in Java: 1) teak and tropical hardwood crisis of recent
years, 2) SF, and 3) POF. In Chapter I and IV, I present case studies of SF and POF based on field research
in Indonesia. In Chapter III, I analyze the changes in the local social economy and forest management
arising from collaborative forest management (CFM) in SF. This analysis showed that while CFM has the
high potential to ensure a stable wood supply and local economic prosperity, there were still challenges to
obtaining the satisfaction of farmers and equitable benefit/cost sharing. In Chapter IV, I focus on a
small-scale POF, which has been increasingly considered as a major wood supplier. To accommodate wood
demand and ensure sustainable forest management, it was found that POF owners must negotiate both
economic challenges, such as urgent money needs resulting in immature logging, and social challenges, such
as forest shrinkage caused by traditional inheritance and recent migration of people to urban areas, for long
periods. In Chapter V, I discuss the findings of SF and POF comprehensively from the standpoint of CSIL
and show the typology of issues on forest management by people in the transition process. In Chapter VI, I
summarize the association between people and forests during the transition process, and conclude that forest
policy taking fully into account the transforming people’s livelihood modes (e.g. migration of rural
population) and impact of globalization on local forest management (e.g. timber legality verification for
export) simultaneously is crucially important in order to accommodate market demand and manage forest

sustainably.
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kq%ﬁ%@%ﬁﬁm%ﬁﬁlﬁéD@%@%hﬁﬁ#m?nmﬁitﬁb%ummuTKka

L EEEFRDONE oI, T ENDL, Ry U AREAESEICRIET IS ARD
_%@i&éw*&#TWéﬂho

%%u\X%Mﬁ%%@ﬁﬂ@%ﬁ%ﬂ%iUW%%ﬂwﬁé;wa ARy 7 U R AL

B RESEDBRERELIR A 7 U 2 — VI X B EIEM & B BRI L, TORE. A 1A%
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OFERBENTEEE., 2EAFBREEMOFMIZL DX REREVD OO, FHMHE T EVE IR 56 5
8cm?, FHELEH N 6cm2 THY, MEFOHMICEEEITROONR o7, £7o, NEENICEL
T b R ELIRAIC LR CERA B IR SRS O b o & N RE VS, EHMEIIHERIRE BB L0k
EALEF & HIZH 6mm2 LIFEAEEDL LT, MEOHMICEERIRO b7z, —F. KT
A7y b OEARITRELEN T AN TERBRRRE P RE Lok,

WX BEOBERODEE

B, AXLHLEM OBBICBWTRETIREENOMBILERTE LTHy P23
ok B RS AR B HT IR E L FOREEMHEIZOWTHRFE LESDTH B,

P, REENPHLICORREIRBRITIA v Ty FOBMLE Ay b7 L AMBLEMEOBRE B
EMCT B0, EEMERAWTABRBER LUONERFHEZELIRTRIA Iy P EE R
Lo EDREER, 1B LIAN O SRR AAERSEM: TN EBE DA RIT 10% U FIBES T3 50
DOREDOEKRRITMEBAT ST LA EEDL LR &, BEIEERNE < AR BBV &MIFE L ik
FRBIEIWCIEHKSNA FTA Ty PEITKRELS, 220, BAERENDZ LERLE, £, &
v N LVAMENC X ARBEHO NI A vy NEIX, REETHIAABTRELRRICL2EEE
v MUBEDEE LIEIERRETHD I L EFLMICLE,

b/ qa %k&@z#uﬁ%ﬁﬁ%mvw'm@@%%@ﬁﬁﬁmﬁ#a%xgnt%@hﬁ2mc
ALERFER] 30min, 60min, 90min DEHFTAMEICAR Y M VAREOEEZE LZBAD NS4 >
Iy bOFRE, BREOREENE LONRBENE LR LTS, TO/RE, BEEOR
HEVIRLEBICH LWThOLB A LMl shd Z &R aEhiz, £, FIA4 Tk y
PEAES TOTHRAENMFHDRICKERENIR oAV &, LERBMBAE < 251250
NEREIN AT 2 Z L 2B LI LT,

iz, EHMEKBONRTYFRRENVAFTOFEEER L. T/hfvzﬁﬁmgg%_&‘
?@@aﬁ#(éﬁiﬁ)@%@%ﬁ&bfwé FORRE, WThoEERXS &b RBIIC
FORESED BN, EERSDOEWCEIAKREZEERD bNRNT &, Fi. b\@‘;}m@i%i
SbEBREOREENIEN 1AL Y 10em? U TIRIMADNIZZ &b, &y PV ARELES)
Bl RIET R EKREORBIT/NESNWI EEHALMMT LK,

B#IC, AXLFLHEEM OREENE JUORNBENLOBREIZONT, Sy M7 L ARELE
MEMROBRBBEREA TV 2 —/VIC X DHEM E P EBREES e, TO/RE. REEh, N
WEhEI, BRERBICKERBVRRLNARNI LERLTWVD,

utgﬁém\iﬂ%i\Z%D%%Eﬂwﬁﬁ%ﬂﬁiﬁﬁ&bfﬁtmﬁy%7vzﬂ@%
EREL, TOBEESFBEBERT DL LEBICAEDRERETDIZLICEY., HEELV DD
CERETERMEATREL 2B L EELMC LD TH Y . ARERTHIC & > THESD 5
EELIMETE D, Lo CTANEEIIELE (B%) ORMIETILERDD
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UL B3 @h o<
KA - %S - EE £ B B X @RS
E RN VAONE " S| Et+ (B9
E I VAV S S EERMEEHG6 485
FAE LSO Yk 24F3H27H
ARG O AR A S5 1 THRZY AMBFRER PN Ea &R TR HR
AL Em 3 E H EEMDELEEFIA L/ZhERGTF v+ RIVBEERT 2 v ILOFRIICET SR
WX AL E (EF B # & /NI #
(F &) HEHE H R k7 HER R B = #

woOX N B o E §

B ER IR A D DARBBEE T 16 FLUELOHMMEET 2, TV LOOHAEES
LT 5701 260 BAL EOMARBEENLELINDAICHELLT, TN TIN5
FERIZDTH 0.13%RBETH D, 2FY 15 FLULORYIM., ZEOHEHEREBLEZRE LN,
BELZMEEID2EHER2VTI 2B LR, B, EfishkcHETI L, BEEETIIRY
EENZhroEHERIC L » THE? b OREERERS SND I LB H 5, ‘

CORERDOOEDIEAFRE QUERLEH D, ik, YR LHMIEOER ThERG F v X
NFEET B & TA A VBRI IE S v, DR L~V OFEBEMNRFRHEAEE L, FRL
LT, LDEXK QT MEBMNIERT A Z & TEIHNAEREZ ERIITEEREERATH S, BE, B
£ 10 EMIcAH e &b 9flOTay I AR F —IRFEERZ ORIEAIC L 2R EH O 7= iz digE )
LR, b L IIEAFERAPEEICHREND X512 ol,

DlbEnz b, BMEEAREL G IIIETEREM CEAFRME QT EED ) 27 2B L, MIEHE
Jo ottt & HIE R 2 B/NRICIN X 72\, F D72 DITAIZERFZE 0 B B P CE 3 R Ef{L S o
DHIEFFERME QCERRT VY VOB H{bEMEEREICRE L, Thb 28R4 5 FEHD
BIENMIE L SN TWA,

AR, S FEMFOEMRP RNy F I T TE2II LD LT IBRABRENEFOREN G, ke
o hERG F v RNVHEEEWET —F (LUTF. hERG 7 vy AT —4), RO LHMBOIEEE
fLFEfERE 0T —& (LT, APD 7oA 7 —%) BEBEIND LR, TR bZ AV =5EH
BREQTERIARAIDOTERAA MBTRDONE LI TEE,

AT, BRICBITA2EFFREE QL EERT VI vy VR aV Ea—F CEBEICTFHT S
TLEREAREBELL, TOE—EREL LT, LD hERG Ty AT —%, ECIC APD
T v, T —F ORBBEHIRINEERITIR o7, £ PubMed #3E THUE L7 350 ORI 5 % e
L. FEETHAMESR. hERG 7 v A F—F, L APD 7 v A F—F %N Lz, (L&
WIERITR ZR TR SN TV D AR TINE L, (LEHEFHIE PubChem F— % X— X THE
L, DA, R CALFEFEETHIICbEDLL T BRAAME CHNESNTVWIHEERH VY,
FDX D RAESEZET 5D TOAMIE, —EICER SN % SDF X SMILES 7 % —
< v 235 FingerPrint & W5 N4 TV —BROXFINCEHR LE, T DT A —<y NEHRIZE
T, WE Le(bEMBFRIC OV THRIEM R ESHEERIE LT, L EDORERE, 250 Eo{EHicon
T, 578D hERG 7 v AT —&, XN 393D APD 7 v AT —F 2INE LT,

Wic, IR LI TORBRT —F I OWTHERT —F N~ A ZHE L. hERGAPDbase & LT,
Web X — 2 T/ABE L7, hERGAPDbase M F 725 & L TiL, :f-“‘"ﬂi?ﬁ?ﬁ/’i Liibamz sl &
LT, AR TINE LT —F2REL, 7V LEL LI EBESBWESICT V¥
T CHRRT D, (LAY OELIEX tanimoto MR EFEA L, BiC, REFBRE» b &(LEWIf
32 hWERG 7T v AT —FRAPD 7 v AT —FIT 7 EAHRKDZET TR, £EERT
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— & DF Yy rua— FRERT —F BRI INTRFR/RIL~D PubMed V 7 2L TWE, Th
b DOHsEE % > hERGAPDbase 1%, AR (LRI des ., WHEEPIEEIZ L - T, {LEWI > hERG
Fx XNVEEEEDOY A7 2 BRICHAET D02 F I L R =TT 4 HL - 2—F -
AVE—T 2 A RERFOT—EIXN—ATHDLEAD,

Fio, (LEEEFEND Y ORE hERG 7 v A F— F REHRTE 202 RET 201,
hERGAPDbase IZE &K INTWNELTOEMMO{LFMEDTEEZEH L., {baW i 0ELE
& hERG F % F/VIAEEMSE L OFBEZERMICONT Lo, TORKE. WAEARMEE BV oER
Fek (n=24) OEA. {LAWEOELER tanimoto 3 =0.8 DEAI1E hERG 7 v &4 F—4F
RFEBI(REL R2=0.6 THEBITAZ L BRFRENT, Fio. T 7 VIV AF /IR E V- %E
B85 — & (=40 D4, LA WM OELED tanimoto $R¥(=0.6 DHFETH hERG 7 v & A 7 —
ZRIEMET 52 ENTR I (FBEGAE R220.67), B EDOKENL, hERG 7T v/ T—4 %
KREWNE L, FNOEFHEMICOT TSI LIC Lo T, HEDLEMDB D hERG F v F/VEER
FUVRNEHDIBREFEMTE D I ENTRENT,

WX BEOBERODEE

DIEIFFRAIIE LS 2 oBfAEE b o T LMLV IRT Z LI K> TR EZFEERE I T T
wé ZORRAE LV LIEOMENT., O MIEOMBEZN LEBREBEMICL > Tl o
. DEEAINHET D T L 2 BEMICIEBAE L VWV, WL DERE L CRIRES Z &
BEOBEVS, LHMBORSEI b BSEBNET T52FE TIET IR LERQTRERR &
E%éﬂ\it%fm BREORMOPOBEBRIZE > T OBENEETSZ L2 L0ENQT
BfRERE & VW), TE, EELOBMERICX 2QTHIBOIERZRER & ¥ 5 REARKIZ X 5 IE 14
VFER S, TOEAFRME QT EREMRE OFERE LTIE, ZHICE 2K F¥y 31
D—-2>T% 2hERG(human ether-a-go-go related gene) T ¥ R/KERHFICEETH D LE X
HILTWAD, ZHICHEY, FERERDOERBICBW TEELEFHLEDICT 2 EAFTREQTEES
RT Uy VOFEBER LI TWS,

AR TIIEFELERCRE L RIEIERO—>TH D EHFERME QT IEF & iR B CEET
57D ICEELERLEDOT D O EAFRE QT EERT VY VD H {LEMEEHEICTH
THEDDT—FRX—ADERLEDRFEOREEIT o b D TH B,

T3, PubMed b, EAEE 25 (LEWDLERGTF ¥ R AEFEME LWERGT viEA) F—4,
WL BHIE B ENFFFRAFFR OBEIEAPD 7 vt A)T — & OB ZINEEZITR 272, 350D
BERICAERET L. 260DOIEWITONT, 578 DhERGT v A F—4, I T393DAPD
ToEAT—FEWE L, (bEBWIZONTIE, HEbBESAVSLN TV S Structure Data Format
(SDF). Simplified Molecular Input Line Entry Specification (SMILES) 7 #—<~ +. 8k
UMEERNE AL RIET D7D A TV — A DFingerPrintfTa N CUE L INE L =2 THE
BT —Z I DOWTEHRT —4# ~—2, hERGAPDbaseZ#4 L, Web~<—x AR L7,
hERGAPDbaselE 1~#7§>?‘*;Eb7l{b/\%%':&:nj Ll T—FEREL, BEIhTWB{LE
%%MMMM@ﬁ RV, BEEDEWIEFBIChERGT v A F—F  APDT v A5 —&_ 3%
~DT T HARA LV N ERFITHEEREO,

WS, ZDT—F =% A, hERGAPDbase IZ B STV 3L TOLA W D2 D
BUEZEH L, (LAMRAOELE & hERG F v R AMRETEMEE OME BRSSO L, 20
FER., WEEBANRMEEAWZERT — & (n=24) OEA. LG OELRIED tanimoto (B>
0.8 DIFEIL hERG 7 v &4 7 —F NG R2=0.6 THETHZ &, 77U Y A H o LI
%%%%wtiﬁ?—&mmmw%é«m%%ﬁwﬁwﬁﬁmmmmm%&QQG@%@ﬁ%hmm
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T oA T—EBHEETHIZEEHALNC L, . :
PEET B, AR, EESERLAMORHLERABRE QT EERT Yy VDb B
SMERE L. ENGEHERT AV AT AOBEEFR LEODTH I AL ALV T +<F 4 7 A,
HEAMFEORRBICES T HED 5 ERLERD 5, '
Yo CABEEIEE (B%) O¥MEBIEREETIbOLRBD 5,

A EOFE Z
G4 - (AR5 - EES) fa A B F B
E VAN S| et ()
- VA VS = 2 AERIEFHE6 495
ARG O H R Rk 2443 H27TH
ARG O FAORANGE 4 555 1 HZY  AVERRERSN BETERTYHK
AL X EH AREFIIVT IOV EHN L FERERRANOHMBRNERIX (CEE T 5 EEAHIEEE
iwmo R A £ A (F &) WE e AL B
Bl A # Bk ot B VN i

w X A '’ o E B

AP VE A FBFERSY 2N B IVT Y VRGO TV D E0 5 BRI (PSV) N D HiE A
BRI ET A RENHEEEEESMCTH I L2 ENE LT, OSmall GTPase Rabba & RIET
% glupdZERDIEHF QY 7 =0 X 7 LA F RZHEF(guanine nucleotide exchange factor: GEF)
BRIBT D glupbEROMTZEITo /2. BT, @Rabba & GEF OB AMITICH T HH¥EZHEE
TBEDIC, glupd B glup6 ERIKDFEREZT 72,

DGLUP4/Rabsa M7 )5 > BTERA DM EIC BT 2 BEEZ A S NITT 2728, Rabba 2K
BT D glupd BRE MBI Uiz, glupd 25 BRI OB MEMMITICE D, RER TR
N UEBRER R -/ 0T o ERERT A EEERCPMB)NBRE SN, 3 RED glupd BRI
IKBWT, PMB BNEELZIENS., glupd ZRICBITS PMB OJEARIE Rabsa O KIBICHEET
BN LE, BT, MIlRNBEOSY—AI—F NI EeRE S S BRA Ao ESL
— Y — BEMEEMRAT L O  PMBIZON ARV PVC DY VNV BB THREERLET &5,
glupd ZEREIZBNTINIEKRDY PVC N6 OHIIEAEBENEEINTNS Z ENRBINE,

GLUP4/Rabba OHIIERN BEMEZFHN/-fER. GLUP4/Rabba W TIV Ik, T DRk 5mE /N
@ (dense vesicle: DV), PSV RUMIIBEBEICRE Lz, £z, MBEOHBEME TH S B -glucan H°
PMB IZERE L7z, ZN5 DHRIT, 1 FHALICPR W T, GLUP4/Rabsa IXFAMI@cRITZ T R
A M= ARK EGRZERICESELTVWSE ZEERBL TWS, glupd 28 T1E, GLUP4/Rabsa
DRIBITE O DIV DED 5 HZE L/ O PSY N OBMENRBE SN, T OME. /D13
JAANEDPWEIN PMB 2k L7z &&F X /2. RT-PCR f#ITIC k> T, 41 XEEPICTPE< &
5FED Rabba FEOI/NEETHI I EEZHENI UL, INEDHEENS, VT U P RTEEDH
fa M B % 12 1d GLUP4/Rabba L@ Rabb # NI EBHBEESE L TWAREEMENRIEB I N,

GLUP4/RabbsaldZILT 1) VRIEREZ TV IEN S PSVANELMETIBEERERFD1DOTH B &%
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=21z,

O INFY) ETERE D D) DEM S PSV ANDHEEEBZHSNICT 57280, glupsd 25 R I
VEFR T3 glup6 ERDENTEFT o /2. GFP 2B S ELWERD GEFBETFICX > T glup6 T E
EEBEEET DHBEREZTO ZHE. AREEREOEFITBWTIILTY D REDERE
BHOAR S FARECETF 28, AETF T GEF RO GFP ¥ >/ HORRNRD SNz T &
N5, GLUPGBRFILGEF ¥ XV EE2d—RULTWBIENHLN TR, glupbZs BITE,
DR ZEIRITICE D, AERICBWTD, glupd BREFRICT T PHBALOZ 0T >
ZHEET D PMB OEFEENRD 5Nz, BT glupb6F R PMB NI T SEKR PVC DS >3
V&, B-gluican ZFTHENI ED glupdBREFCTHoM, GEF ¥ XV BT Rab 773 U
—DIEMICERFTH D, 76> T, GEF I2X 3 Rab ¥ 2N EDOIEM(GIE. ZIVF U 2 RiER&ED T
WM S PSV OMIBAEREICEETH D EER U, XA FIC 6 D GEF OFREDVNE
FElizZEns, ZIVT U VEIEEED PSV ANOHIIaNEEIC GLUPS/GEF LSt GEF RED S
% Rab & > /87 EOIEMALICHE 59 5 FIAEIEZ 2 X /2,

® GLUP4/Rabba [V GLUP6/GEFBEETF D mRNA IIRE DI, B, X0BRETHREMNE
DENEIENS, MREFIIEEEMBICR T2MENKREICLELETsEELE, 2T,
GLUP4/Rabbsa 1N GLUP6/GEF BmF DoEEHEICBIT 2HELHENTT 22D, glupd K
W glup6EBAKDHEREZAE Lz, TOHRE, MERRZKITBNT, UL DODENEEICH
MSLUTW, T OfERIE, GLUP4/Rabsa KO\ GLUPG/GEF 134 D& E A O ICH W THEES
BIEERBLTVNS, I5IZ, MAEARICBWTHE. RE. RIEVPEILE. CORRIWER
CBWTTF T OEBENHAOLEZ E2RLTHRY, GLUP4/Rab5sa O GLUP6/GEF 138 F
DFYT U EEHREECB N THEET A EERB LTS, 5T, GLUP4/Rabsa & 0!
GLUPG/GEF W FOHR ST RBEMEICBVWTHHIEANRREICHEEL TNWBE EERL =,

B EEOHERDEE

RKEVE, A FFEFEEY NI E T )IVT Y VEiBRED )L JE»n BE?ﬁﬂiﬁﬂﬂ(protein storage
vacuole: PSV) A\ DI i Ic BT 2 MENHEHEEHOMCT 2 L2 EME LT, Osmall
GTPase T& % GLUP4/Rabba & R8T 5 glupd EFERORBBOFEIT. QF 72XV LI F R
#i K F (guanine nucleotide exchange v_factori GEP)ZERIET 3 glup6TROEREDEIFET> /=
HDTH Do :

DGLUP4/Rabba 417 )) 5 U > BIBKEE O MG PRI B 13 B MEEE B S AT B 7esd, FS 28
HxRIBT 5 glupd BROBRBEMAT UTe. glupd 5 RAEILHIE ORBEOEATIC LD . B2
BTV A BE & A IE O [ (paramural space) i IV RIERAE K a-707Y CEEETDIE
& fk(paramural body: PMB)REHE SNz, 3 ZHD glupd BRAEICBWT, PMB NEEL T &
N5, glupd ZZRICBT D PMB OFAIE GLUP4/Rabsa D RIBICHEE T 2 2 &2 5 Nic L,
Wi, MIABEOY—H—8 YN BE RS W AR A RO E R L — — MR X D |
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PMB 13 TV 4k B OV B Rl X & (prevacuolar compartment: PVCO)DIES VN7 BEET B %
ﬁbt:&@BgMM%EK$MTjw9%&@ﬁmﬁ%@ﬁW?U>ﬁ%%@%%ﬂ%%ﬁ@
EINTWD EHE L, GLUP4/Rabba OHIEARBEME 2 N/-fER, GLUP4/Rabba iZT)L >
. TN DEERBEEMNE, PSY RO BET S LM M Lk, S, MIaBEOH
BB THD BTN PMBIcEET B 2R L. CNBORERELD. £ XERLICB N
C. GLUP4/Rab5a IEELAIIEIC S5 2L U > BIBRGS O /MM EBICEE LT 5 LR
7o glupd Z5E TV, GLUP4/Rabba OKRIBITE D TIVIEN S HEE L 28 /NED PSV A D%
MNEEIN, TORER, WENNIBHBEANECDWIN PMB 2K LI EEXT, N5 DOHR
M5, GLUP4/Rabsa 1327 )V 1) M RiEEGEE T DHhH 5 PSVALHET2EEREF TH S &%
gLk,

@ NF Y SRERED TV DR 5 PSY A #EHHE I 50T B, glupd 58 EFIIAIC
RTS gup6 EROEBRBOMFEF o/, HEMO GEFRETC X > T glupb EREEHHE
T 2B EREET O RBENS . GLUP6RETFIZI GEF ¥ X/ BEI1—RLTWB I &%
B 512 Ui, glupb ZEFALOBBSENMEATICED, HERICBWTS, glipd TREFRIC IV
FUUHMBERDS 0T S EEHT S PMB OBFEEE S MLz, EIC glupb BRI PMB 1
LTINS ROPVC DY V0B, W B-INH L EETHEND A glupd EREFALT
HBHEERH LU, GEF ¥ /)87 B E Rab 77 2 U —DEHIMCEFTH S, > T, GEFITX
% Rab & >NV BOEMEALIE, Z0VF U RIERED TV N5 PSV OMIENEH%ICEETH 3
EEELUT,

DLEET BRI, RRIEA XEF ST > OB BEREAOREI R 55 TR Oy %

MARERALNMILIESDOTHY, MYMIENFEBIVCEYRET LECHET 2MEH 2 %K
ERDD., Ko THAMEHEIEL (B%) ORNEBIEREETLERD S,
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R4 - (KFE - EEE) B E F (hE

EE VARONE - T | i ()

EE VAV ) AEEMEREE6 5 05

EAR G OB AN ER2443H27H

FARG OB ARG 45508 1 LY AVEEREREN BETERLEHEK

20 i X EH Studies on RAD2/XPG family endonucleases, OsGEN-L and OsSEND-1, and on the clamp
molecule, OsPCNA, from Oryza sativa (4 & (Oryza sativa) H3ERAD2/XPGT7 73X lJ—I
¥ BX L7 —tH0sGEN-LEOSSEND-1, RUY S > 743 F0sPCNAICEE S HEFE)

WX A EREA E & & & 0 F B M
@ & & & kW E B — #Hor ek Jt
iZSCo SN A G
B X M OFR 0 B B

The DNA metabolisms in the plant cells are the interesting subjects. However, they are currently less
understood as compared with other living organisms. The main subject of this doctoral thesis is the
molecular analyses of the RAD2/XPG family endonucleases from the O. sativa cells.

The 5'-flap endonuclease activity of OsGEN-L was characterized in detail using the highly purified
protein. The gel filtration analysis suggested that OsGEN-L exists as monomer in solution. OsGEN-L
cleaved the 5'-flap DNA at one nucleotide aside to 3’ end from the junction. OsGEN-L showed the
cleavage activity for fork-structured DNAs with a gap in the lagging strand and the DNAs containing
three-way and four-way junctions with the optimum concentrations of MnCl, and KCI different from those
for the 5'-flap DNA. OsGEN-L can release one branched duplex arm from the Holliday junction (HJ) by an
asymmetrical cleavages of the two of the four strands, in addition to the common property of the HJ
resolvase to cleave the junction point symmetrically, to produce the nicked duplex. OsGEN-L cleaved HJ
at symmetrically related sites located 1 nt to the 3’ side of the branch point preferentially in exchanging
strands. The products of HJ cleavage by OsGEN-L can be rejoined by DNA ligase. The PIP (PCNA
interacting protein) box-like sequence was found in OsGEN-L, and the physical and functional interactions
between OsGEN-L and OsPCNA was proved by SPR and cleavage assay, respectively. The mutants of
OsGEN-L were also obtained to test the activity comparing with the wild type protein, and the importance of
the C-terminal region of OsGEN-L for its activity was demonstrated. These biochemical characterizations
of OsGEN-L support the idea that this enzyme is an important enzyme involved in multiple DNA repair
processes in rice cells.

The full-length protein of OsSEND-1, overproduced in E. coli, was purified to homogeneity. The
biochemical properties of OsSEND-1 of its ssDNA endonuclease activity were determined. OsSEND-I
seems to be a kind of sequence-specific, rather than structure-specific, ssDNA endonuclease, although its
functions in the cells remain to be elucidated.

A high concentration of OsPCNA was prepared, and the obtained crystal was subjected to X-ray
diffraction analysis. The three-dimensional structure of OsPCNA was determined at 2.51 A resolution.
OsPCNA forms a ring-shaped homotrimer as its homologs from other organisms. The interaction modes
between the subunits are discussed in detail for the further understanding of the clamp molecule in the plant

cells.
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These results provide much amounts of information to understand the DNA metabolisms in plant and

will contribute to the progress of plant molecular biology.

WX B EOERODEE

Eir, BEOEBGEROZEEEZHMFLE L FRICEZ TV =HDIT, DNA EE#ELH L
TW3, B ETOFRICEY ., HEICIIHRL REERERFETHIENSD > T 5, DNA EHE
FIXCD LT 54 DNA REBEBOF T, Z< DX VT —ERNBELINDE, TOFT
Rad2/XPG 77 X U — L MEEN D EBEOT X /VBEINETFT—T72FTAHXI VT —E L LT, DNA
DR EEEZRBR L TUMTIERLSMbNTWVWS, FXHXXiE. BEEw. 8w o
Ed L B U C, X D RMRIEZFED IS BT 5 DNA EE#E OB IZRIT T, A X (Oryza sativa)
e Rad2/XPG 77 2V —BFE TH D OsGEN-L. BEOEOMEY V7 EITDOWT, SEMRLE
{EERHEE BT EI T2 TebDTH B,

OsGEN-L {Z. 72V BEFIPLFRIND L IIC, 5-7 7 v 7HEEDNA ZFEEMICRB B LT
Sy TS EDETAESE (77 v 7T KX VT—E8) THEEEDLNTEEN., KHX T
BB L7 OsGEN-L # Vv X7 B2 HAWT, TOEBEFREZARICT L, I 5T, 24
[ZHRIT A2 D B Z LI X 5T, OsGEN-L 7 DNA HEMEBR X CER Y + — 7 BBITLIEBEIZAEL D
MO 45 i3 DNA 2 b BB L T o A2 W+ 27E%EF T 5FELRHA L, 2 0 Mo #E1E DNA
/X DNA AHREABR X OFMEEL LT . EBREOLFMEZ L > TKRIT A Vr 7 ¥ay (H) & HEE
Nd, “NEOETHIESEIL H VY AR—X TR, BBRZFPHECHEBICE > TEELbD
ThBH, AHI T, OsGEN-L A HI UV AR—2RE LTERENAIAMEERZLTET D & &Y
RAEFEEBRICI o TR Lz, THEESBEFRD HI VI AR—XELTREINZND TOH
ThbH, Fiz. HIITHTHEROGETRERICI X, fthod HI U Y /u_— P34 L7V Pl oo B i
HEbRITERCHIZ L ERRALE, Sbic, “HEEORR S DNA FBEICT B in vitro SIHFR
IEDOBEBEISGEEITRBZD2 OO0, A ZHIBRNOBRREIZIEVGEFETTOSGEN-L ILXk2d5-7F7 7
B DNA & HI #% DNA OUIMIRIGEIT-> T, MEIFIRAEDOHRTHMENDIZ 2R,
OsGEN-L ¥ XAz B W T, BEORHEK TH Z L E2RE L, £L T, RO HI U YL
N— 2 E LT OBEEICINZ T, OsGEN-L ¥ F T2 LR OMBEOINERSEL LER T +— 7 1
TOBERICE > THAZBRICENDEZ R LI,

DNA ETCHEET 5% < D& /37 ERF X PCNA (Proliferating Cell Nuclear Antigen) & FE{X4L
BY U TRDOSFEFEE L, DNA HETEHE S VIR ETBR T 5. AL TIHE. OsGEN-L 2’FE L
<A REMD PCNA LEEMIIKET AL, TLTTZ7Z vy FX 7 V7 —EEMIT PCNA
DIFET TlRE éhé#IﬂDVNN~X%%KtonMNA@Ub%@EMK%%¢6$%
R L%, S5, OsGEN-L & PCNA OFEEMAICOWT IV IESBRET IO, #HENLTMRA%
%iﬁbbT\KNA@%%M%ﬁw\%QBKﬁﬁﬁwﬁﬁﬂﬁﬁbto%@%m@%ﬁ%h{
OEW (v b, BER. SHE) BED PCNA OFELEL L TWeER, 7 2=y MR DOHEEEHR
BEXBRZY., TN U IIBEOEEHEICEETITHAI L WS Z & a#Him L. PCNA 9FD
BELERCET I EBREZRDI

KL TIZ., EBIC, A XMBET D Rad2/XPGC 77X ) —X 7 L7 —F¥DF T, £IZ OsGEN-L
&ﬁUbt%DMO®@$T%60$m®4&W&héﬁih&ﬁb\:@&yﬂyg%éﬁﬁ%
ELTHO CEECER L, T0AEMEEEFTC, £OFREE. OsSEND-1 3 —4A 4 DNA F 8
BT RX L7 —ETHDI . OsGEN-L DL S-7 T v 7 HI #HiE DNA 2 ERICR
HIAMEERE LRI EETRLALT7 72V —IZBT 5 OsGEN-L, OsSEND-1 D D> DEEFE M,
S NIETRRDIEEERT O OWTHER LT,
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PEETHIC, KRXESTFERFER I CRCFREFNHFZORRICTEET2MEDH 2EELR
DB, LoT, REFEEIIFEL (BF) OFAzHEIEREFATOILDOLBD D,

5 E0 ZRC

KA - ORFE - EFS) B B EWF (BER
H it ()

E-R VATV ) AERERHE6 5 15
EXVACECNONERN) SERR244E3H27H
ARG OB SEALALRIEES 4 4055 1 LY AMEFERERAN  EATEFELYHI
# A E X H W2 LEERFORE & ZDMBEERIRO D FEECEHT 2K
wmo A & A (F & W A B f

@& & # ® H oM & ® B W B X 8

® X m & 0 B &

AP TIEET, £ P EBBREFHIEK TIG-1 fiE2EH L L0 F A 2 27 7a—Fic
X I RMEENEERFOREZB I L o7, ZTORBRE, BOMELEHBECEEOR, 3
16 BEOMITEBES v RV BEAE L, INLDF YRV EILDVBTT —F X — R % 5
IV N T 2 EET R MRS EEEET (Senescence-Associated Genes: SAGs) & L7z, &,
ZNSEEFRY -7 v b ELEER RT-PCR BT % T\, MgEIcfE ) ZREBEE(L 8L
V. ZORER. Thb 16 BEOMEELEEEETZ, BB BV TRBEERS 2 v I2E &
WO ZNENDOEGCTFICFEEORBNLEMEZR T LB Lok, HEELE & bicZ
HHE T 2 EBETFTRINBEAVEEDs—2— & LT, REBST2EBEFIIMBEERDRAISRY —
Ty b B5VIRBEANDOIGAPEEFEING, InsEELEERTEFICOWTIE, HERERX A
A - REOFIEHICHE T 2HEEIBFEIN T b DB H L, ERIEEHERES 257 A OB
FHEFRIL TR I LERRT 2D LEELB I LB TE, | |

EE, ROEMICE bRV ANVCEBEDPENMT I I EBHFEINT LS, BVl s 3E:R
2 ECEEE D 3N S ARIEEL - BTE LD &L HEEEDZBICEE L T DR OB E SR R T X T
wB Rl E NI, AP TR, 16 BEOMBEMEERET > 5 T VO OREE - BRI
DEBEEFELTHISILS ATP6VOA2 IWEB L, HFMB@BIT2 B I %07, 1. &\ TIG-1 fHjE
I8\ T ATP6VOAZ BREFHRRZ /) v 7 ¥ v v 35 e, MilgElt~—»—Thb 3 p21 KU pl6 DF
g, EEER-H 77 ¥ —F¥ (SA-B-Gal) FHEIEDHER, & 5 ITIIMIBHEEEHDET &1
S BIaE LR ORBEIMIH S » L D, ATP6VOA2 BEFEED ) v 7 ¥y v asiila#E{2 5K
TR LS ER 0T, T, D ATPEVOAZ BEFHBED ) v 7 ¥y villfacik, E{ik
THOLND X ) R INVVEOER-DEILE ZDFERE L TOMBEABEBEOEIRD 5k,
T, #E1b TIG-1 $HLIC B\ T ATP6VOA2 BETF 2 MEIFER L - HE. MEOFESD SA-B-Gal
EHICE L CHEMERERD L E b, PRIV EOME DERE WY DT EoEE L
AR EEEEEOE WHRENOEROERPRO SNl D EDRERD 5. ATP6V0A2 MSHljEE
LT INCHEORBICRENEEZH-TWBE I &, DE D, ATP6V0A2 DiREE LI
5 RIS T A5 TN O S - B D RIE E 2 NI S BEREM OB R B FE T L, 2 nh e
BEEREEOFRRELED I BbDEEZL LN,

EPE TR SNBSS, MEREDFHPHRE, S5 ZDFHERA A =X 1 DFRFIC
DD ) EERLEREFREL ) 2D LEFEI NS,
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E] BEEOBRODERE

b IEEMRMESFHEEE. EoEOETEEDINZOERRIE2 KECEZ, PR TRATEN 2
TEFILRBICE S C EBHMoN TR Y, TNERMEElLE TS, ZofMiEaEiz, n@pExEss
BULDHET2RALEFERECELLZ I EVPHLPICRDDDOH 50, ZOHBODT A D =R
LT OV TRHRBHALEO NS v, KwXXid, flEZEL7 250 20FHX =L niconwT
ATz T, MEEEERT2RZET 2 L L bic, MEEMEMEET ATPase, H* transporting,
lysosomal VO subunit a2 385 F(A726VOA2)DMREE M T 0 7T & & SV EORE iR~ DS
i onwTEEZELZ DTH 3,

9. b PEEREFMEE TG M2 AW 70T A S 7 AMT7 Ia—Fic & b e
LEERTFOREZTW. E MR L ZMEMTREOREL 2 16 BEOMAEIEEY v .28
ZRAEL, TNOGDFZVYNRITBEILDWTT—IR—ZABITEIT VW, HST 2 8EF 2 HaE L
EEEF (Senescence-Associated Genes; SAGs) & L7z, I, ZNSDOEEF2 Y —F vy & L7
E & RT-PCR HT 217\, flgE(IcfE ) RIRBEBEEZEBE L 72, ZDRER, 2Nns 16 EBEOM
faE B ERE T, BAMEICRB W THBEERD 2 WiEES L Lok ZN T NOBEEFICEFD
RHOREERTIE2HEO»IC LT, MgEhe &b ICHKEHERT 2 86T R MBIEEE DR
BEERT E2RZOv—H— L LT, REFRST 2 RETRINBEEBOMES — 7y F &5\
FIBEANDIGAVPHRETE S I L 2EBE L, IO EEEETICOWTIE, MERK X
FAFZA - REOREICET2HBEPHFEINTIEIBDLE L, EREEFHERY X7 4 OBk
MWENZEBERILTLEHDEHBEI N, 22T, 16 BEOMEE/MEEEEF» 5 T &
DHEE - IR ICED 2 BIET L LTHION S AZP6V0A2 IKEHR L., BIT2{T o7,

T, B TIG-1 MBI B W T AZP6VOA2 FBR % /) v 7 ¥ v T35 &, MilgElt~—b—ThH 3
CDK A4 ¥ & B % —CDANIA X CDAN2A DFEIEH, BEEEB-H T 7 ¥ —E (SA-p-Gal)
EEOBR, X 5 I IEEHEEDORT & wo kMIgEMBORBEIZRT I LD 5., AZPEV0OA2
DOFREETPEMCHEZELEZFEE T E2HL2IC L, FwT, b TIG-1 Mgz \w» T
ATPEVOA2 % FRFIFIE L - R RO EED® SA-B-Gal THEICE L TRMEMEAZRD 2 DD,
W 2 RBEHICBW TS TLDFEW TIG-1 MiIlE0REZEET 2D TIEE»r o7, ME
DREBED S A7P6V0A2 FHREZEA 0 77 2 0WHICHEOEE 2H > TIEWBE DD,
ATP6VOA2 B TRELRMEMERAZERLI ZDOTREWI L, 5103k RilEE{h=EH
BEINZNFNMITICHIHIN T B ER2BAS»IT L,

Ko, LEEBEEF/ v Iy - BEIFRRS AT AR, ATPV0A2 D TN EDOREE - #EE
TR AR R BRI L 2, ZORR. BUMIEICB W T AZP6VOAZ HEBRZ ) v 7 O v T 5 L
ZMBETAOND L) B INCEOIE - oL ZORRE L THERASY v ) 7 EORHEEEE
DENERD T, I 5 IENMMBBITB T AZ726V0A2 ZiEHIFHTRT 2 &, INIEOBEFE~DE
By Vv RIERBEBEOE HEEANDEBmOEREZ R\ Lk,

LEDFERD S AZP6V0A2 DSHfEE 7 0 7 5 &4 OETIHICEE 2 EE 2H->Tw3 I &,
X BITIE AZP6VOA2 DEBUETH, INPEOBECHEOBE, ZICH) & v 0 BEEEESE
OEEEE, MEZMoRAEFECEFST LI L2HLICL 7,

PLEET 2, AU iEZ EERF O RE & MEEMBEERT & LTD AZ726V042 DA
2TV T T L, THIKBFINVIEOREE - BEHEF~NOFLEEZASLICLbDTH D, MEH
HMIZORECEMT 2MED 2EBETHLEROONE, Lo T, KHEEIEL (B2%) 0%
MNEBLEREZBETHLDOLRY 5,
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This work aimed to develop the methods in the metabolomics for biological samples and
in the environmental analysis for chemical samples by optimizing mass spectrometry-based
analytical techniques such as gas chromatography-mass spectrometry (GC-MS), liquid
chromatography-MS (LC-MS), Fourier transform-ion cyclotron resonance-MS (FT-ICR-MS),
and matrix assisted laser desorption ionization-time of flight-MS (MALDI-TOF-MS).

GC-MS is one of the most effective analytical tools to determine metabolites in biological
samples. However, a drawback could be found in the step of sample preparation, namely in
the extraction step. In the present study, since the white-rot basidiomycetes are well known to
possess a solid cell wall showing resistance to effective extraction of intracellular metabolites,
Phanerochaete chrysosporium was utilized as a model organism to restudy about extraction
protocol for GC-MS based metabolomics. The protocol was estimated based on the number
and amount of intracellular metabolites and on minimizing deviations. The developed
protocol performed great yield of extracts, good number of detected metabolites, reducing
lipids contamination and high reproducibility.

Metabolomics is a comprehensive analysis of metabolites. Comprehensiveness is also
crucial for environmental monitoring. MS-based analysis was then applied to aerosol
compounds determination. Comprehensiveness is a key for analysis but sometimes causes too
complicated results to obtain solutions. Thus, a targeted analysis for sulfur-containing
compounds in aerosol using a high magnetic field FT-ICR-MS was applied, which could
provide a new analytical technique for environmental odor. Based on such high performances
of FT-ICR-MS, isotopic peaks derived from **S (natural occurrence: 4.29%) can easily be
identified from other isotopic peaks, showing sulfur-containing chemicals without comparing
with authentic standards. Using blind samples provided by a company, precise number of
sulfur-containing chemicals was determined with the method established in the present study.

For further environmental study, MALDI-TOF-MS was applied for pesticides detection
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in biological and environmental samples. The method developed in this study was indicated
significant advantages of sensitivity and high speed; furthermore unequivocal identification
and quantification, which enable us to develop the high throughput analysis.

Finally, integration of advanced sample preparation methods, high-resolution of
analytical tools combining with suitable data processing techniques can provide us a new
technique for comprehensive analysis of low-molecular-weight chemicals and give us the

great insight into metabolomic and environmental studies.

B

X EBEODHEHERODETE

AESCIE, EEPREMRBTICEEN 2 EDSTEAERLEY OMRRAMBITIC O 2 BIF ORI % 3 &
DEBSIEE (FR7n~w 57 4 —EBSIER (GCMS), 77—V TI#A 44421 b o
VIRBEBAOHER (FTICR-MS), ¥~ v 7 AZE L — P — B 4 - TATREE R E &S TER
(MALDI-TOF-MS)) # AW CTER LIELbDTHD,

GC-MS ¥, BEHLILAMICKREOMBITICANON TS EBTHI M, MHITESLETHY . %
ITHELUDBESKE, BIE. A AR — LRI T, M-SR LTSS Lic PR M
WOBE B - ERSLOBINCEENEE - TWD, 22T, NEERHY O EDS#E(LE B
BL, RAETHEIAY /- VHIEHORBR LU T2 & CME Lz, YO - Tl - 1¥bo& %
e U7ofE g, NS E BB I o& 28| 2R ITER THD Z EBREFMITTRENT, A ¥ ) —
v zmuaR/bs ok (1:1:09) KBS, NEERBEYOMITICE L TCNEZ &R LK,

BNSITICBNWT, BRRRE BWVWERWTHMET251E) SebhTna, EERMEITCHE M
REMZEAT O ICIEAMERFETH D, FeRiHEERRD LT3, £I T, BRE - BE O MHEE
THBD FT-ICR-MS (L L5, [T HF OB RS Te, 7742 FREROFBER., KEBOHERE
MEAFTTND I EBRHERINE, £, BEAMETHDL LM b, LEHORBRTEERME
(4S  RIRTETELL 4.29%) WX BT A Y b= —J 2R THILLARTHY ., BEESITEEN
BEMBELADICKT DENAMBITFIEE LTHERL TS Z L &R LT,

AR BT A BESITIL. 2@RREOFREELEOREBORBHI T 2MITBLELRDT EM b,
SHEBOEHFB L OSITEOHEMIEREETH DI LEX, NAANV—T v NREHFTEE LT,
MALDI-TOF-MS % f\ ., £EICES T2 L8, KBIUOREYOMITIEEZHEIE Lic, 7 OTICTHE
WWERA SN EIIZHONWT, KAFRECIVEEFFRBE COREP AR THLIZ L MR L, L8 -
BEMIZOWTIE, 2 BEOHMBEEZ AT 5 2 & T, 300350 o D—KMEMN AR TH D Z &2
TREHT,

PLEET BT, ARSUd, BESWER LR & LEERNICES FEFRLEM 2 —FHIT T o8

WERETDELDOTH B, A LERB IVENRFRILFORRICHFETOHMEHDHEELBO D, &o
T, ABFEEIIEL (B%) OFEUEELIEREATLOILDOLEBO D,

— 774 —



Pb s HES
Kt OREE - EFE) AlF B (o)
E I VAN | it (B%)
E I VA S EEBMFE 65 35
E XA NONEEN) ER243H27H
AL G O A PALAHIEE A5 1 HEY  ABRRER AN BRTFER TEEHR
AL Em S E H BEFIZEBRESRAOSTEFEMNERKE BE L/DNABREFOMR
XA A F & & &' H B B M
m & # ®# W £ B — S S NI | ik

B X M B 0 B B

DFEMEODFERIZL > T, BEFIEIHRE L, TOHFEELILDIIDNARY 25—+
%ﬂ@%%&amDNAmﬁﬁféﬁﬁf%éo:m%@ﬁﬁﬁiml96oﬁ~7o¢m%ﬁé
. NEICBEGFDNAZBET DI LEFREL L, PP TEETFHEBIEBTEAEHE I, Z0
EORDNABERZSTHRINT, BRICEACTEIRENESLZLILLY., S BDEEFT
FERPLETIEMBEOREERPR LETONTLLEERXD, BHIT., BEFILEABELC XX
BAL T, BiffpE R, s - EEEREHOBR. BESW. BE - A —7 0Baeit fRsic-o
WT, BEFIFZORENOREE TEHMICHAELL, TORE. BEOAAL T EDIRA%EH
WRB S Do DIIIH e R BMARS RSN Z L EBE L, S HICEHL, DNA RBY X F
DEERFOEYWERCFEFE LTV, ERMELZERERICEOCST2EfE2 R LI, 2AF54F
AT TTEREITNDZ N EIZ, BREEEZER L CTEROFIEDN AZBAIAL, FDOkR
EHCDNARY AT —PEHFEAELTDNALICEREZES D22 LICEY, DNAHAREL%
RETHERBEET & LCOBELF T2, EFEYB LT —F 7 TP CN A (proliferating
cell nuclear antigen) 2= EAETERREEZ LT D, KWFF TIX. Pyrococcus furiosus 3P CN A
WCRBWT, 7 z2=y b FEICE A A VP BRRBEDOEEHEDHRFICKELFSELTNDB L
WO F—F BRI ENT A D, BREEORERLBEIRDOA A VRE, ¥ U BREDHE
BERALMCILE, &b, PCNARRKBEDEEMERLZEIEDZ LIZL T, inviro lIZBIT
ZDNAGKHKGOREERA*HIEMTELZ LA LEL, £LT, PCNAZPCRIZAWESE
AT, BAERCIIDNAMIBRHIZE > TH LARENICEH PCNAN, BREEDEELEET
TAHAERFZEATHZZLILL o C. BINICREDREREEST D L2 RHLE, ZOHRRIZIPCR
DA OIERICENR Y | FiehBETFLERERICERT S50 TH D,
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Eid EEOHBRODETE

DTEDFORRIZEL > THAE LILBEFIEORMNEZ XX D DE, DNA BY A 5 —F ok [REE
RO DNAHERT MR TH D, T b OREEIIEI 1960 £~1970 FIZFR S, A

b

RF DNA B HRIET B2 L & ATHEL L, B b7 BETMRR L BT AR S i, RBTIEES, ;

fé

2l

CTIFABRC VX AOBRADL, OB ER, e  EEEREHOBR. BANF. &
&A= —EEOBRPCHRARBICONT, BETFTLEOTEN LHREE CEME OB A5
MICTRE L, BEFIFERCUXROBAORELHE L, 2L T, BEOASFEOR2 % &
DICRBSED 7o DITIIF - RERHERNDEEINE Z &, T BEFEIBRENOBETF L2
BEVXRCED BEERHEICE <, %:m:%a‘é_i L7 E BRI AR BEN D 2 & 2128 L=
bDThHD S bICARLIE, LREBEICESE, DNA ERIEEE T OfiE & #ARIC BT 5 £ (L2
%%%mb\%%ht%ﬁ?~&%%mmm%@&ﬁmm%ﬁéz&%ﬁ#T\%ﬁ%ﬁ%&ﬁ%
RICRBH L ERELDEBDTH B,
3?4?4Vﬁ&7Vf&wmné&VNW%i%%%%%%ﬁLTﬁ®¢Kmm%ﬁﬁﬁﬁ\
ZORMBMTDINARY AT —ELFEALTINA LICHEFELBEI DD LICXY, DNA SHERRIE%
RETHAERMEEIR T &L LTOREEZETILOTHD, BEREVWRB LT —FTDOASAF 4 v
V705 7 TdHh B PCNA (proliferating cell nuclear antigen) (& = BA CERMEEEL MR T 5, A%
XTI, Pyrococcus furiosus D PCNA IZBWT, ¥ T 2=y M FRICMH < 4 F 2 aF S sk
EDOREMEDHFFIZRESHEELTND LW T —F R ISR MBIT 230, BRI EDTEN
LIREDOA FVBRERBLOY VN KREDCEGREALPICLE, Ebi, 7=y NEOA A
?%K%b57i/@%%K@ﬁ@%ﬁ%%ﬂbf%%ﬁﬁ@ﬁﬁ%ﬁﬁ&éP@M%ﬁ@b\m
vitro DNA B RS EIE D BEEZRE 5 2 LIk > T, PCNA IZ L5 DNA $4A s RV % 4
WTEHrZEERRHLE,
CERFE. RBRE PN DNA HEMREIMT & LA FIA &A1 TVW 3 PCR (Polymerase Chain Reaction) 123
WT, B bIERER DNA AREREET 5. BIOEMET —%7 D7 7 X U —B DNA polymerase % DNA &
&®WE%(E%%)ﬁ%w:&mE\mR@%%ﬁﬁﬁ%w&W5kﬁﬁ%D\%@&Eﬁ%i
NT&/, PCNA ZFIATD2EICL > TEMREZHFELEE, LVEERPREXRRT I L VI FE
i, HRP TR LI TE A8, BT PCNA & PCR (:V%IJH% LEde LEsEs R E CHRII LT
RV, AFRICIE. BREEOEEMNIET L7cERE PCNA 23 PCRIZKT L CEIASIC(EEESh 2 % F 46

#5:&%%%L\W@MﬂmmdKR%@@T&%Lt:b%i&bfwé;:@&%ﬁPQ{

— 776 —



DIERBEOERICENS ) | Hie 2 RET TREERCERT b0 THB L VX B,
PEETBIc. RRXHEET TERR CURABITICESE. H7-k DNA BIBRITHES B

JE LT, MR DNA HIET HAI LI b 0T 0. ST AMER & (R 205

BiEET HHED A EEE BB, LoT. AREFRML (B ORMLE5EREET D

LOLIBEH D,

EDbE DT B
R4 - (OREE - EEE) w AR Mot @EsR
%O 0 O it (B
¥ oA F OB AEEBRIGHE6 5 45
FALR G OB A ER243H27H
FALR GO EACRAGE 4 558 1 LY AYEEREAEN BEETERETEHER

N X EH Screening and characterization of materials for stabilization of photosystem I membrane com—
plex from a thermophilic cyanobacterium (FEAMEEZED L ZRIEESEDOLTE/LFDIE
REZDREHD
wmX A E AR FE & & 7 KB B A
@& & # ® Bk & B — 3 e A AT S bk i
T R

wOX N B’ O E §

EHEZEYTEFNCEDFIRT 256, BIRPFTEOELWEEERREFEESYE, T0EYELL
HERR, BT AENIBO CEETHD, TOLIREAZEORENMITIT. TNE TEEA B FER
FIEENTWD, flZiE, 7V Ee—ox7 e —20 X 5 2PEEMR Y F—/1), Triton X-100 @
k5 R EFEER, Tra—L XPF R SRR v -2 ERRBFNRERNEZELRFE LTEHR
BORBFICIG U TCHAESNTEZ, B -EAE0RZEFH ORI, cnbENFoERESR
LD FHEOMANERE L 25, 2 OEAEIEL., TAORARR/ET IMBAIOBRET T
i REMERHERSNAS, TN OORELIIERIERE CREEENMET T2 2 & BE N, o,
HERE LA/ N E A R T A A RIE M DIEE T EES DR SN TV A EEERICEET S, W
POAEEAEIIEE_EEN OB HEh, AKBEETICERY HENhD (AIE(L) & STifE s
M, EHERFEEZEIBELSSEITIENEZ, '

— 5. AKHFFE CHEERRE BT 36EE%R 1 (photosystem I; PS-I) 13ERAEEDF S a4 FE L
CEETAEERELEEAETHY, KRRV TR XL —2 A LET T F T
=7 2V RX VU ADETREEF D FEWETT ) NI T U T Thermosynechoccus elongatus
HEPS-IIEHAEIBAETHY, 36 HOEBERD L 38IEO=T 7y 7 ¥ —0b75 1.07MDa DE
RKEAE THD, SHEERIMBEOEEEe~Y v X eRKL (PSI2ETIH102@E). BEE
ERIZ A SN TWD, 20X, PS-IBRZHDIEERE~Y v 7 X%/, BOoF T a4 FiEL
JRESE THEAE L OB Z Lk, PS-I OBEARERL, FA L, HRE S BEHERIC R R REEE b -
HBLTW5A, KIFZEIEPS- 12T /) A— A —VONFEFRFE L THEBETATZHIT, PS-I DR
LREEDLEEMFOREETI LD, BRERBOGFT AU EITH > E2EREE L,

9., EEAEAEOFAEERLREAE & LTI X <FIHEN T3 Triton X-100 D X 5
RREIEER L VEMRMERERD, EOoBAH L OMEEAZHIH TE 2MBREETF Fo
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PS-I OEE/VER BRI Lz, BRIOMBEMENTF N LTBAET I VB EN 2D RE L
BAMT I R 12 @b RIEHEATHEETTF FEER, 7 I/ BESIO#EER L EEEE
(LEF T RREMBEETF REER L, T b% PSTICHRM L, BELMDREEZ L EETHE
EMEORIED GFME Lz, T DR, acetyl AAAAAAK-NH, X acetyl-VVVVVVRR-NH, & D % 574
VHET S RN D2 D MBEMESTF R, — MR EEERTH D Triton X-100 R
n-dodecyl-B-D-maltopyranoside & X ¥ &, PS-1 DIEMEEZ R R T 12 FHERIEDH T EMBHhoTe, —
J5. acetyl-AAAAAAD-OH & DT = VMBI T F N Xid acety- AAAAAAK-OH & D i
A~ 7 RO RN CIEEEENIIR 672 h -7z, AFM(Atomic force microscopy)Z#HTic & 5
AL T F R —PS-1 EEEOFBEE, RUOTBREETF RO I VEEEDBETH 6,
PS-1 DZEACICAE 5 BIEMEHERRICIZ PS-1 28 L 7o b F A U ER BT T F oy 7 VigER
FREENBERBREEZ O LBHL Mo T,

B FF TR R T F PO 7 VRS & PS-1 I 5 EmREBERALEEDY PS-1 VETEHE
FERENMIHETHLIHE, BRI BVRE (CMC) BEDEATREBEL LS, L ERET
ERT 2 ZFENMFOEREZBER L., WICERERY 7 IV BICLD PS-1 OLEMOBRILERE L,
AFAUMDORY-L-V P (B 15 FBE) 2R LA, PS-IOFEMER 4 EF#E AL, F0O/ER
BEEIL acetyl-AAAAAAK-NH, D 1/10 &ALz, —FH, RU-L-F V& I VBEDT =F R Y
TI)BERY-L-FurOX dBKERY 7 I BT, EECDRZE Rbroi,
AFM SHTIC X 2RV 7 X VB—PS-I1EEEOBEENG, RY-L-U DL PS-1 D 3 BiEEEL
HMFTEDIOIIL, RI-L-ZNVEFI VB RT I M ROERMZ PS-1 @ 3 BARfES B
BAEEE~OBRETDZ RGP0, 2D L5 PS-I DANEDEMEEIZIEETHY, 20
REEHERE DN VE R BIC ML ETH D Z E P LMITR 270, ET2 acetyl-AAAAAAK-NH, & &Y -L-V
Py O PS-IIREWIX, BEREE., BIRKEB~BERLZED PS-I OBVWWEEHEREIN D Z & 8490
27,

PLEDRER, hFFUWREEERTF R FAUMERY 7 2 BITKEMERIED PS-1 DTE#:
L BEMHERICENCERTAZEAELNCRY ., 5%, BIEERPSIE2HERTFLLTE
EENCRIET 2 EAERORBRFIEEIC R o7, TOEIMNIC LY PS-I OFEERBEMC A 4 &
VY= ~DIEEOEREINLIB D EEZ D,

B

X EBEODHERODETE

HERITERT VT —ERICBW TR DEZEQBED 1 D TH D, J{LH¥R I (photosystem I;
PS-I) REFREFEIHFETDT 7 a1 FEEBEZ VU AAJEEGHETHY . ZOBRBOF THICEE
TRHERER Y TH D, ARICIE, PS-1 OMRERHE BV & LT, HFEVUEEERE Thermosynechococcus
elongatus. ® PS-1 DRE(LRUBEBEBELICB HEORE L COFABEORITZITo7cb D TH
o

PS-l 1T, HEBRIGIKBW T T A M T2 Db 72V FEF VYV U~DEFHELZITV. T
elongatus TIIFEEMN 1.07MDa OFRE 3 BENGRDIERY VI EEELZ LY, 36 @D F
Ry BRSE 3 ADT 77—k EURMEREEOEERETE L TV D, SHICEEKREH
BT AEEEKIIM4BEOEEEe~Y v/ 2 &RFL (PS-IRE T 102 @), FE _EHEP e
ENTNWDE, ZTOXOIE, PS-IVEHOEEE~Y) v 2 eR/kb, F7a1 FORE_ERE L HEH
WWHE/ER L TNDZ Eid, PS-1 ORE THEMRFIEM; & RER, H#E & MEmir, SRR L
WwRkEREEEZH7ZH LTWVE,

TDOEIBREEROL &, AR TIE, £TAKRBIRT TO PS-1 O RFRFElE ZE/E FIRRIZT
AR TF NOBREEIToT, BHEAVWLNDZ VX7 EREMAITH S Triton X-100 <
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n-dodecyl-A-D-maltopyranoside % D FEIEMEAI LV b EABTEIT, &3 7L OFEVER )
FTEBMBBEHERTF R (B 1 I 2@OHRAMET I VB, BEIC 6 EOBUKMET 2V B%
HT5) OfEEAM L. TNEND PS-1 ORI E BEMSDEZ ST Lz, T b Bt

RPF KD PS-I ~DEMHEE SIS EETBEFEEOREND &m#é&\MWMMANMKNm
< acetyl-VVVVVVRR-NH, & D5 FA4 4T X ) BREEN b 72 5 PR 7S F235, Triton X-100
%JD%\@%ﬁ?&nm%@m%%<%%M®%Q®%im%@%@M)%%#:&%Embt;
LivL, 7= HEABEEMESRTT N (acetyl-AAAAAAD-OH %) X FIEMBEMERTF F

(acetyl-AAAAAAK-OH %) 121k, 0 X5 RiEEASFRITRE SR o7z, WIT, FBREEMES
ZF K —PS-1 EAEDEFH S EMEE (Atomic force microscopy: AFM) IZ X 2 FREBEN DI T A
MR T F R—PS-IEAERRV I NVERR T LR RE L, £lc. £TO_XU 7 )V
A NEEOKRHEE»OEH L, PS-1 ZHIE L b 54 U EMBEELTF FRHE W 7 v
REE DR EER I IF P, PS-l OB EMICHE D BVWEEMRBFRLE S L 2B L2 L, TOER
B E2 I LI LT,

—FF . IF AR TF FE PS-l O EFI E LTCRIAT 2120, BRA I BREL =
DEBNHEL SNBH, BLTF R0 EMTH S, €2 TEMLICET T, XY Z4HTPS-I
DEENEEZFTEIRI T I VBOBREITolc, TORRE, I TFAFVHEORY-L-V P (FH
15 FEE) 2 PSI OIEMEFBEEICHE K (EBEREMOFED 14 %) ¥, TOLERERD
acetyl- AAAAAAK-NH, ® 1/10 DO BTHHZ 2R LIz, Fio, RY-L-IJVE I VEBREDT =
AUMERY T I OBERYL-Fu 0L S REKERY 7 I BICIE, F0 XD RIEEL R
RN EEER LI, SHICARMIZE 2RV T I/ B—PSIEEEOHEBEENS, RY-L-UY
VA PSI D3 BEBERHRFTOIOICK L, RY-L-7 V¥ I UL 3 BEEE S BEEEEE~7
HE - SBESEDZEERHLE, UEOKREZRAE LT, PSI 2 3 BEABEREETED D &5,
FOEFEERBICEECHAZ EEZPALMNILE, EHIC PSI &, RU-L-U Ve & bt
B s LEMP RS LSS ENREETE A EEFRHM L, BY LU DUR PSI OEHERE
bEWEAEEFE L EH LT LE,

PLEET BRI, WFA RS T RE, WA D 7 2 BmBSKIEERD (PS-D) OB
FCOEMHEE, MOEZEMICEETA2ERAMEEZEIEL, SBROIAMBRICBITIHIEROE
R, PS-1DKBEMSH BV Y —OHERTFLLTORADRECEMT D THY .. HMEDE
EFLEOEB LA OMmE k%<aﬁ¢éﬁﬁ%é%mf&é F o T, ABrFEETEL (&

Z) OEMNEEIEREETOIODLRBYD
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