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Goal of the study

Immune function in hen ovary plays essential roles in the defense to pathogens in the ovarian tissue
and suppression of transmission of the microorganisms to the eggs. The goal of this study was to
determine the innate immune function mediated by avian p-defensins (avfDs), a group of antimicrobial
peptides, in chicken ovary. Specifically, it was examined whether avBDs proteins were expressed in the
ovary, and then whether lipopolysaccharide (LPS) or proinflammatory cytokines induced by LPS
enhanced the expression of avpDs.

1. Changes in the localization of immunoreactive avian beta-defensin-8, -10 and -12 in hen ovarian
follicles during follicular growth

The aim of this study was to identify immunoreactive (ir) avpDs proteins in the hen ovarian follicles
and the changes in their localization with follicular growth. The granulosa cells of yellow follicles
showed dense immunolabelings for three avBDs. Dense immunoreaction products were noticed in the
theca interna cells of yellow follicles. The density of immunoreaction products increased with follicular
growth. Western blot analysis showed a single band for each defensin in the theca and granulosa layers.
These results suggest that avBD-8, -10 and -12 proteins are expressed in the specific cells in the follicles,
where their amounts are likely increased with follicular growth.

2. Effects of lipopolysaccharide on the expression of proinflammatory cytokines and chemokines
and influx of leukocytes in hen ovary

The aim of this study was to determine whether the expression of proinflammatory cytokines and
chemokines in ovarian cells was changed in response to lipopolysaccharide (LPS), a gram-negative
bacterial component, to recruit heterophils and T cells. The expressions of IL-1p, IL6 and CXCLi2 were
significantly increased in the follicular tissues by 3 to 6 h after LPS injection. Increase of IL-1p and IL6
proteins in those tissues was also identified 6 hrs after LPS injection. The LPS stimulation resulted in the
increased influx of heterophil-like cells and CD4+ T cells, but not of CD8+ cells, in the follicles. These
results suggest that ovarian follicular cells have the ability to express proinflammatory cytokines and
chemokines, and their expression is upregulated by LPS in association with the recruitment of
heterophil-like cells and T cells.



116

3. Effects of lipopolysaccharide and interleukins on the expression of avian p-defensisns in hen
ovarian follicular tissue

The aim of this study was to determine whether the expression of avpDs in the follicular theca
tissue was stimulated directly by LPS or indirectly through I1L-1p induced by LPS. Theca tissues of hen
ovarian follicles were cultured and stimulated by lipopolysaccharide from Sallmonella minnesota (LPS),
IL-1P or IL-6. LPS was able to induce IL-1p and IL-6, but not avpfD-10 or -12. IL-1p was able to
upregulate significantly the avfD-12 gene expression and protein. However, IL-6 did not exert
significant effects on the expression of avpD-10 and -12. It is suggested that LPS may stimulate theca
cells to produce proinflammatory cytokines while, in turn, IL-1f stimulates those cells to synthesize av
BD-12, which may be able to attack infectious Salmonella and other Gram-negative bacteria.

4. Conclusion

The results of the study revealed that avpfDs, proinflammatory cytokines and ckemokines could be
synthesized in hen ovary, and their expressions were upregulated in response to LPS. The synthesized
proinflammatory cytokines in response to LPS may upregulate avBDs to kill bacteria. The
proinflammatory cytokines and chemokines may also recruit the cellular immune system elements
eliciting the inflammatory process. These innate immune functions mediated by avDs and cellular
immune response may play essential role in the local host defense in the ovary against Gram-negative
bacteria including Salmonella organisms.
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WCEDAOREEDPREFIIMZ SN TN B I EPHIA L, 77 — Yok 512 L ) 7 7 — VTR 2
HBT 2134, 77— VBEBEOEDPHIE7 7 — V18T 2 HHFURIIRIEE N o722 b,
INSOHFITHEANFR LG EDR—DO 7 7 —VRICEBEEPANTHALEEZLNDL, S5,
77— VG T HLAB U AEN E 2 FAERDPS 77 — VI E L TWz, SRS OBEAEERIZ LY,



122

FERFOFGEYs T I A U 7 I M AR AR 12063 2830 L % 7 7 — VIRE OB R & A SEE S
7.

FAZ BERT7 7207 ) LR

77— PPpW-3B L N PPpW-4D 7/ L fffi % 47\, PPpW-37T43.6 kbp, PPpW-4T41.1 kbp D&%/
LIEREY & PE LTz ZOENIEHRE b & ISRIZ T T A S ICHEWREEIT-o 78 25, PPpW-3i
F il ORF %6818 T, Z ™) HL2TMHATI 7 A )V AROKH 7 7 — Y (VvB_EcoM_EC01230-10) ®i&
ZFThoso —7, PPPW-4ILF il ORF #4918 T, Z @ 9 H36fH 0 & (=1 7% Pseudomonas & Al 4 ¢
77— (¢ IBB-PFTA B LU ¢15) LEmWHEMEER L 720 HEMMEROKRE, wIho 77— K
FBRD DL VIIHMEOWEMEICHE G T2 L E 2 ONLBEETIZRB SN A o705, PPPW-3TIE7 77—
DOEFACICE D S & STV 5 Integrase BIL T OFIEDRO Sz LaL, 77—V OEFEICLE L
HbN b ZDOMOEETIIRO2SS, T2, EEIZPPPW-3D 7 7 — Vit 2 B L7z & 25, #HEAL
DU EN o7z T T, {HHET 7 —IRkE L TOLREEDIHEE S N,

FBEE Tr7—UREDII 1L — 3 VR
Y CRAARBSE D127 7 — Y ORGP ETH > 72 (B3E). ZOHEHRGPLETH S
P E LT AT L QW A I I S F S F R ICH A ANRET 2 HICEH L7z, 22T,
Ay¥a—F— - Iab—2aYICEDHREBIT R, BEHEOBIET IV & LT d —MM7% SIR
ETNVESEIILT, BB CHE L CHREDSEE L TV LIRRERTLESIRETVEBELL, 20
EFMIZBWT T 7 — VBT o 72 EL TH8T A —F — 28L&, ORI Z Y I 2L —v 3
/Lfm%éyﬁﬂm HHI~E) O CEIIZ ZDORIEEZRT /8T X — 5 — %fméﬁt%ﬁ~77—
WL BEFEENPLCER SN 202 RS, 77— VIMRNTHEDIE L 225 5RO AR L
Tﬁz&(ﬁw%%“ﬁbfwétﬂﬁtto
AWFZEIC &0 BBEOMBBIEICK T2 7 7 —VEEICOWTOEDDETUNIFITERLIZLEZ 5,
WEBERCTE, MLAOMENS T 7 — VFRIEOFHNICE L2 EEEHAKM L, FEOHEHEE (B3
MIREIEL D) ZHFICANT, 77— VBEORKZRBEL 20

F—O—=KN:NIT7VFT7 7=, 77 —UEE SEMEKYGE 7L, Pseudomonas plecoglossicida,
Plecoglossus altivelis
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FLEN ORI, PEIRIZRESRAIIHRRE S A EAA AT
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E1E R

WFLB IR BN O S & M ik 3 2 TR R AL & 90 Al L, SRARSs B M oIl o iR & BRI o Rt 2 o
TR - BT AL T b FOIIKSEE X, Follicle stimulating hormone (FSH) Hl#4&7E L, HEIRAI#L
Td A Luteinizing hormone (LH) #— I D&% BRS¢ 5, LH R, I8 AL & 98 o Wy Bz
&R (P EAIEIRE &1k (COC) DIZH) L, WL @ERd 5. £, vy AEHW~vA 70
TLUAENTIC LY, PEIEIIC3000% B 2 B In T2 OB E LS T TV DL EDHLENITR 572, L
ML, ENEDEL OBETOWIIEIAHTH L, 612, JHIE TO 7O 2D~ 7 A LR &L
Bl TIREICESTE, ZOEVHEDL ) B AN ZALTELTWLIRIEHLNIZSN TV R,
ZIT, RBIZETIE, ¥ AEFWT, IS THRIEEL T2 T#HrS, LHICX > THIfS i, HE
JEROF—T 7 77— L LTHAIEL ) ARTICERME N T, TORBLENERAT, SHIZ, ZNHD
HT-25, 78 TEDXIIEBENL T b 0a2Ha L, AR TEOMIZRAAT,

F2EF | LH I &K W HIRT DHHRINFEIEHEF Neuregulinl (NRG1) &ZDZAA ErbB2/3DHEI -
HEBERRAT

LH %l # % EGF like factor T2 % Amphiregulin (AREG) 7 L A3EEkr @Ml A & /0w S, BUIeMlAg 21
M3 2. L2L, SNHOZHEREFNSTLEDL, Ty 77 IVvd ERKLRY YLD RO 6N D Z Lhb,
FHETFHDNEH L, ERKLR2DY) YL 2FR L TWH D EEZ SN, 2 TAETIE, ERKLR2% HiE
L) 225k E, VI FEZE TV, [{E LBIET OO0, BETRE~YY A% ERL2,
BB INIATEMARICB TS EbB 7 7 3 —OFHALE ZN 6D F v FiEHE

EGF like factor ®52%+K13 EGFR (ErbB1) D& T <, ErbB2~4D4HHHD & 7 % family 2R L T\ 5,
I oo family I28 T, EGFR (ErbBl), ErbB23B X OF ErbB37%, HkifE i & I Flifa CEFIc 583
L, FIEH L TwaZ E 2RI L2 E512Z20 Y %~ Fid, Neuregulin 1 (NRG1) TH 5 2 & %15
& L7z,

525 HEPHBAR L Bk AE TIEBLS 5 NRGLA RS el o # ARl |2 725 %

NRG1iZ, ERK12D ") V(b %, PKBDY YLD AZFHE L7z, LA L, AREG & NRG1D
W& &I L7z, ERKL20D0) Y AE23 L (Tt &7z, E 512~ A 7 a7 L A TR Cld AREG ik
T276:(5F5%, NRGLAN TIIEIZF OB L, IIZFHBIIT 5 W F13228 (51 Th > 720
B35 - PEIIEARIC B 5 NRGIFEBLSIN T AR 4 A1k 125 2 2 52

< A COC % AREG+NRGIVRINTH; 32 L 721, Has2 % Tnfaip6 O F¢HLIZ HEARMLILX & it | TH 12
WIS E7z, 512742707 LA Cilo 5 N/2EEE T CTd 5 Sphkl 1, JRIZFEI L7z GPR3D )
WY RTHAHSIP 2 ENT ABHETHAH72012, NRGLEINIC X A0S0 2 2 et Lz, 20
FER, AREG+NRGULERIZ X o TR ZETHAMRNOMTHE LR L, ZOINCB W THREEDH L
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WD H Tz,

SEART - FEAT AR RIS NRGLE (=T~ EGF domain % K48 X 72 mutant ~ 7 2 OFERL & Z 0 FBAFAT
Nrgl i {1~ EGF domain % 2 — N9 2 #{ % Flox By THA 72 NRGL™M™ =7 2 & ek J Al 52

MY EE R 25568l 9 % Cypl9-Cre ¥ 7 A & & %SHL L C, R B Ml 4% 2209 NRGLIRIE~ 7 A 2R3 L

HHREWN L7 ZOf%E, NRGL™™™ Cypl9-Cre v 7 A 1%, FMIHGEEZEL, ZOIEDE A, ik

OBATARET X BB D 5 Cwn iz,

$3E : IEHIBIICH VT EGF like factor (2 & W5EMEIL T B Calpain2 DHERERR T

COC DI IZFRD SN D, INh S O R EHEA T = A2 F I NF TR SR TZ hh 572, 2T,
BT RSN D B & MR % FHk$ 2 Calpain (24 H L 72454, IO Al Calpain2% 83 L,
EGF like factor-ErbB family-Ca® & 12 & » T Calpain DiEMAHEIC LH L Tz, & 512, HEMIERIC X
Y Calpain ifithid, MBLOBES L, MIULO Bleb # R S TWE I ENHLNE R >T2e T4 LT
TAE MBS BWTE, 14 DI EMIIEECE T VICEBL L 72788 — » CTHEBEL Twb 2 e 25
L7z,

FAE . TRAANTHEINDINEFE - HEORBRRICH T DRADBEFMAIBREOELE, ThaR
(C U7 e oM g E D%

< AQKEGENIATIC XD, JERE M O A CHRARF I ) WS OZA R 5 T
CEPMHENE Lo TEI, 22T, ZOREHEETIHT ZIRNTED L) ITHBIZEL L T 2 2REREY
R L, MO RIC BT 2 Bl A ATz, CORE, v ALIERL Y, FSH A AREG, NRG1O%EH
Zim L, LHAER IR S Cw/iz e E2 5/, & 512, EGF like factor D% %K T&H % ErbB1 &
ErbB3DZHIA FSH Ml X » THILOEIMAZED S, LH AR bW EHEZ MR L w72, M
fagb< k) 7 ZAREIZBE S 5 Has2, Tnfaip6 (& FSH #llHtIC & » CEEICEHS L CBY, 74128
WCIE, Calpain iR L7290 R O B EBES AL Cnb L2 b/, 22T, BEET®RD
FpF 7 4 COC % FSH iz TRy 2 L, ErbB family @ 583 % 553 L, ErbB family 23+ 4383 L 72
COC % AREG % NRGLAIIF LT & S 12K 38§ 2 BB i 2 £ R L7z, HERIE, IWEMoME5]
SEITHEEFHORHEAEIIHMNSE, RIZBHROINOEAEFL N LS5O TH o7z,

RIFGETIT 572, v A% AV EBENIIZEIC LY, HRI0ERE CER M EI T 2R T & LT
NRG1#% [[% L7zo 2@ NRG1AY, PFEHID EGF like factor Td 5 AREG 7% & E{EH T A2 Z &2 &0, bk
JeE A & UF FEAIE C Calpain 5 & ERKU2ZADIEED R ARMEISEL, Tk Lz Rl 2 Bl L, <
TR, BBV IR R T 2 L VI RERDVR STz, T OMBEM AL, AETEREREIZ B 5 2 22l
MREROATHRL, Thiil L7274 COC OHBIRREDOMIELZ b WL L2 &ns, #hlito
BYRE ORISR PO O SN b, S 5121, <7 ATHIIEM O 45 T AW, WS
TERTIE, HRIREFRST2MERNTEHO P ET LI 00, TREOBETERSLEB T OMITIZ L %)
RICHIEEO RN 2 BT 5 Z L7217 T <, BIMREN % BHLERT 5~ — 7 —BHZICO 4032 L IRE
X

F—TU— N PN, EEFIEEL IR, MIEEE, ¥ oviREkE
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FE T TOT AT IH AR 2%

ﬁ@ B
IR IGRFAFBEL Y E I IR, 739-8528 A 15117

F1E FH

PEAE, HOTRERIIC L 2 BIEORAD, WG, REEEFIC LY, 7 37 A BEIEHRO G
WL T\Vh, v A AHZHMEREAD S NS¢ 720020%, EEMEE R RN i OB L AT LT, RIS
FERFAMICIET A2 LA EETH L, LAL, 7 I HAHOEHROKRETIE, Bl TEIZT X 5
T8 & T AWML, BT EFTOEZ BV CLKRRMEETERY LTSN L 20, Ko RIEIZE
DIRADEEINIINETH 5o SFICEGEAERICE LT, R T DONLRERPKRICE T LEETE 25
RO TL w20, 7 37 AHOMEEIIZ OV TRy U2BZ8 IR 25 L v, SIFRET Tk, lco
I ADEFHIZE DL EOFREFEFET L2 ENTE L, HEBRBEARETIE, 7 I T AHEEL
LEEREIN T & kA, b, ML A L, 19954E SAEAET 47 I A (Caretta caretta) %t |2 5L
LTWh, TNHEERIZ, FMETICBWTTH Y IH XAOMWRINROETFE & 7 5 AN TORF O i K O
SHERE, FoEEE 0% ?Rﬁ(%%ﬁﬂ%# T ALOIIARIEEIT - 72

F2E THIIHAXAOHIETH

Y BEEAKIEAE D Y I W A RRAMIE F—F v R Z2 R L TR LKTEEG L, 7 I 0 AN LEEINT 2
7o ORI A BT %5 o 2001~20034F D56 L 723Z 58I B\ C, fE BATKIGNO 7 717 I 7 2 (IEATH,
MESTR) OEFHATE) % FMICREER T 5 & & B IS, KA LIRS 24RF ST RE 2 I A T R 2B E L C,
ZOHEFATE 2L 2o TORE, N YT 4 U IS EIIMED R RE H O40~21 H T L2 i b m AR
BEINT, Tho, BEEN ATIZLABETIE, REO~Y v T 4 v ZEHNZL DT ~450% L RIL 72>
7208, 105 LT Db DN EEDT2% % 5720125 L, fEBIZE > TEE SN MEROFAZ - 72
<Y Y VRN TH V), K AT TERBE Ny T4 YR ) b ES o 72
S50, [FA—MEATEESE L 725D 7 T v I TR (RIS 3 2 MBS DS HERR C & 2R Jb=R) 12F
BFEIALNGE o720 INHORRDNS, RO~ Y714 v 7 0% WO A LR WKRD
Kigchl, mﬁ&%ﬁ%?k’?ét WX T A Y IR T A LN B 2L, F M
FEIIH T O SRR IES L72RF2 RNICIF L, /D 27 T v F OINISZHE S € Tn B T FEEAVRIE S
7z,

E3E THTIHAMERICE T BEFOITBROLKTERINE

T A I A DOMARINII BT DK TN RO BRI E A AL P T 2720, v~47a% 774+
~ — 71— DNASELZ T & IV T, 20014F & 20024 (2 MEATEASIESE LIFAL L 72 F 7 A DR F#E 2 17, &
BIEN AT HR ATy VT 4 2 TATHIR D HHEE SN SO RBERE L O T 572, ¥ VT 4
Y TITENDENTTIE TR TOMIEFOME LR E T2 00BN, M2 EIR L7227 7 v FHTHIO
b, 1279 v FNICEBO BB OFEAEDN TR SN DB H - 720 T 72, MEELA0~21HFTIZT Y ¥ T 1
VLR OEEE, £27T9y FICBI A XKBOMBBEE L G A RMHEE R L2 SO OMENS, M
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SHEBOREL R E L TR 2T 52, ZOWERIIKAIZIY AT N B RFRFIZL > TEILT 572
O, HEIATORF IR L IR SN LG DE T ERET 2 2 LAVRIBE N7z,

FAE THTIHAMEANTORETFERIAROHE

MBI B T, Md A7 < & 1EIIHE 37 A1), BT 2 RAICER T 5 2 LAVRIE S/, Lol
VG 28 2 7oA TR O T RETE X, BRSO NI O ETIIHM TE L olz, £ TERETI,
[F— 12 B 1) 2 L 722858 (2000~20034E) TORXT-HEME L, BIRED 2 T % V72 KRITEO
TGS LS 5 S L2k b, MRS B 2 1EGHIA %8 2 7o W TIF R O W REME 2 W) L 720 X T8E
12D &, MoK L 2228 BT, BTN T F 22— AN — B AR T B B B BIRERE S A,
FTARTHNZBVC2EH OEINITNICHEL, AifEICKBTh ool e RRE LTz, 7z, il L 7228
SEEICRBASE R R o TWAFHIRLGH Y, S OBEI1C1E, 245 H oI ICiiE O X & 13E D
MEEZR L TWie & 512, BIEICZAEINZ BN L 72 MEATRAE — [ O R 2 IEBR L e 2o 72161 CTIE, 2
EDOINIT N THAEINTH > 720 TNOFREPS, TH Y I T A ORI VEG N % #8 2 CTHE DR A TRy
SN EHRTE 7z,

555 WEMFMEERIC LAT DY IH X ORBEBRO®E

BARIEELLE & EEEIROBBREHO NI T 5720, ~A 70774 F~—7— DNA23E(L T JE %
IS, ST L MAT, HESTO AR A DO, BERIEME & R 5 GRS L, #
B L DIEE T 720 WML A DU TR SN2~ ¥ 7 4 ¥ 7 ORI & RZRIME £ o
21, FATOBEEBE ORI BT, AR AOHEATRD bz, COMED S, KIEED
KAEANTIE, 7H 7 I H ALBEOEPE 2 5512 L2 RMEERS Th T ARk iRge sz, L
L. ABRRIE IR S 72 S B L SIBBE FCAbI b 0T ), RO RS SRS HA NN
L OBMRIZ S SISO A hnsdh B L Bbi/z,

FEOE MAZER

RIFZE T, ATEBETICBUTET7 77 37 A O & EEIRTY AN, IBEBOEE KR LTHT %
TS 255, COFBBEIZRA D AFNEETEREICL > TEILT 2720, BIZASTORTH7HRL% L
I SN A EHY (E40~21HTD) ICAbE T KRBT 52 & (421 L 535), HTIdENIcB VT
125 A B2 T S e nwa b (F45), BEEDE 28512 L CRUEE 28R L Tl iEtErd 5 2 &
(458) DR ES Nz RETIE, TNOOMRE RS T CORMMEAILH, LN TOBEHZELED
HEFEE OB B A ZET 5, 7 I T AHOEMBRFAIZETIE, - AREEMDbT, BREEE TS
k2> K1) 7 DNA O CILEIVER I CEMEMMVEIRBD SNL0ICK L, ~f7uh 754 b —
#1— DNA %83 & L 72 DNA QT CIEBIni 2 2B E N2 WEHEIEERE SN Twb, 20
HROMMRE LT, £ bLEFBIIBITLHEE L 72BERCm O REEDEE STV 5%, BRI
DEMRB R ERECONWTER LR E E 2 ve TOMICE LT, KFFEOMERICHED &, #E40~21H
BIZECR L 22O TR bR L K SNZRBO7OIR SN D 2 & L% b o WIFERLy BRI O
X, MEORHESAOEIIREEDO R 1ZH V), R e A RSP R 5L OEBELRIZE - T, #EEL
T e CTH LT CEMRTAZLIIFGTALHEEZONL, S50, BRI = BLUHE OER
NI L TV BEDOTHIUE, BHERYFZ IR KT 72 0B AL & FEEE S L5 /NMERIN T o HEA I
L HRMER BT L LR, BENSHEEOHRICHFES LD LR sh s,

F—TO—=N:1THYINA, BRETE), FEEER B, KRS
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3BT 5 TLR23B X OF TLRAOTEREMAAT | X 2 Frll A= Bl BhEf o bl 5

BRHE &1
INBARFERFRE LY T AIIEF,  739-8528  HOA S i1

PRIV HE R BEMIZHRE (ICSI) OFITOEHRIZL Y, b b2 &0 TS S 5128V T L% (R B
IZBEE A FE o 72E T, MOSREENIMECE 2 L9105z L L, RZICHEBHEHZOITIREIZK L,
THERIEHRTIR L D) BV 2O L) ZROFEFEIRICE, ROROBAEREIEHRIGES T 2 EHR
HWThbEEZHLNTVE, ROGMMAERE I, I, BFHZNENLORFAEZEZ SN TN D, WH
WZBWT, MESZLERBICB U D EORSERENZORKNE LTHEIT LN, BTicBnTil, bk
{2 DNAWTHALAME L % L3RG SN T2, KEHROBIETIE, RERDBEICSHIEHAS EA L, H28
AL B B IEHETE RIS LT A 2 Mo N TB Y, BT UEERICHET 5 DNA O b, 5
FEIRLEDOIRISE O, IR 2R ML O BREE T L 2 RS L iiEL | SR 2 3 L i
WEND, T DNAOWIFALZFISEISTERE LT, BILA ML ARHMIBEYR EAHER SN D), £
DFMIRHTH 5o ABIFETIX, T O DNA WHALSEZ 2 A & LT, MBS 2 NHEEOF
TG 2 BIZEH L, BTOBRBEROG TEWNMITE Zhe 22 u— VT 285 T U0 R 5
ATz

b MEFICHTSD TLR2E TLRADZIR &7 DAIBAVIZE|DFERER

AETEE I 2SS B LRI I D MR AN A L, 2 0GR MERASHIN L, BT OfREME 2 EAL T 2,
NS OB X AT A~OFEZ, HIMEKD TLRs 12 X 2 FRGIESZIZL ) TNF- a 290 &, Fh
AT DNA OWTHLZFR T2 L E 2 6N b —F, WT 2 &t B b mEiakoritrd 2 2
EDRE SN TNDE I Ehn, FHERIE NI O W O BB TR AN E R 5 % 583k L TV 2 T REEDY5 2
bz, 22T, & MEERPOMREMEDRE L EWNHERTH LT F 7)) 71y, LPSIREDHEEZIT- 72,
ZOFEE,  MERTIZIE TS AR ERTF R h Y, LPS I THEE L. 512, b MF
FIZBOTINSOWHEHZ kT 5 TLR2B L " TLRAD FED RO 5, WHERZRINT S &, HTE
FEDOIET & TUNEL B0 LR D580 S Tze ULEDRERERDS, HTIZHEET S TLR2B X UF TLR4D®
WHFZZ kT 22 LT, BT DNADOWH L FHRT 52 &, BHEmENMET T2 2 e R o
720

TLR2H KU TLRABEFRIBY U AZAWRETFICRITY 5 TLRs O#EERZT

BEOIEICBWT, BT ONTF FZ) 7R LPS 1E, b MEFICHEEHT A TLR2B X S TLR4A%Z /v L T
FFORBRBIEICHOBELZ RIT L, LML, & MEFTIE, HEERICE T TICHRICESN, AHEEO
WEEZUTTOLHRENSH D Z 05, BEIZBSNTOWRWIEE ERET S S ICEE T RIBEE)
e~ A% €T NVE L, TLR2E £ O TLRAOFHM BT OB LETCH L L E 2 72, T
I ARETFNIBIT S TLR2B L O TLRADFEH % et L 72458, & MRET & Bk ficimig & b RfE L
TWizo WIS, RTFKZ) N D 0IE LPS N T~ ARGHE LR T2 5528 Lo, K7 EE)
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PEDOMET & TUNEL Bt F AN btz T2, BIVZHOZHRIZBWTH, NEZZHRINT 5 &
TREFIFET L7ze —F, TLR2B X O TLRADHIZ TR 7 AZBWTIE, LPSRXTF K7 ) A O
FT 20 2 B OVEMNIIERRANIZHE L Twize S50, ALIBICBWTY, Ml L a2 M
WzHEE SREERIETT L, SAUEHEROFHIAITH LK) I F T U BICL ) Belcil g iz, PLEofk
Bs, FWTICHET S TLR2B L N TLRAZZENENONHER ZFFRISEHR L, BT ~0AOZE XA
NB L ORI CORETSZREREAIRT &85 2 LD L E o7z,

b MERPOMBERLEANFRD ART ANOFE L, ABFROTEZIHT 2ERLIEEEDORHR

INEFTOMFHICLD, HT O TLR2E L U TLRAIHKE T OMFHER 2 RIS L, F T EEE oK
TR TUNEL FptEsa FA S5 28108 oC, SMRBICHBENICERLZ 52528007z, &
CTARETIE, b MEEAGESR (ART) OB &R OMBAREOFEL XTF F7Y 7 VigEEOH
FRIZOWTHE TGS Lo TS, MBEEAEGEES, <7 7)) 5 VEREEMICBWT, %
RIS ERITHENL o 7205, BRIIHREOIT, WERO FEIHO 5Nz 25 OREHES
T, ORI D swim-up DA TH D, KT RHLE O @R THNBRREO LI L) Ao
ZUFBEEZLNLTERS, P ONELZILED 172 IS 5 R EOME 2175 720 FEEIC
swim-up @A CUEHEH ORTF R 70 7 ViR ER LTz, 22T, SR ZPUEWEA Y O
WSIBRE T A ANSHE R A2 Isolate ILFR A 1T S L IC ko> C, WHEO LA TIHIL, ZOWRIEEIT- 72
ART TRIEFERIIIRRDEL 25 2 8 %R L7z U EOKEEDLS, WP OMNELIZ L A BF~0/aDE
ZUE ART OTFHICH BB A LT 720, ART OFFULEIIIME L HNER 2 B2 ICBE L, okl
&% Isolate a2 VA 2 EDBUETH S Z L ATRE NI,

D EORERD? S, TS 5 TLR2E £ O TLRAIHSHH OWFHHR 2 RIS L, TR
BFOREEG 2528, BHICHEET A TLR2ZB LU TLRAGWNH R 2T A 2 L1128, BT
BTL, Z20ROMOEREICEELG 2528, B ~ONEROZELZIET 57201213, Fltkd
PR T L EPVETHY, ZoHEE Isolate EXHENTH LI LBWSL 0L r o7, T, <Y
A% WIS R H b P ORIR THW S 2 LT & 2l 2 L E 2 B L 72 D Th b, b
MU D KRIZEH 2B TR IHIFEAME SN L 2 e D, IR 77 Lo 2Rl 5 N Tz
AT ON TV LREICOARERICH T2 LN TEL EMFSND, ZO7/2DI21E, M OMEE% [
ETHIE L, HEOMIRICE > T, FAFHOTWIME & LIl 2 U2 RIRT A LENH L L EZ 5N
bo AMFEOREIL, T IS L 0 2 L BRI BRI L, 2 O JLpEag M B 2 12 L 728 L Vil
DOBFETHY, v N ART RO LFICFGT 25D TH L, COHMEILAKMREE R EISHT L2
LIk, FOEERNEPMECE DL EZOND, T2, AWEOEBENMRIE, RELL oL T
FEMOFERIZHEMT 5 b0 L Mbis,

F-TU— N T, AR, RINHE, BIRUE, NE
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FURAZ X B IHE R A 4 A8 3 AMEFHERIZE T 5098

BN RN
INIBARFRF LY IEFFAIHIEF,  739-8528 HL 11T

AWFFENIFLRE S X BB R A4 25 ¥ AHMEFHER 2, BN ) 7 IREERD A & S T AR I8 R 2
DOHBM B L 720

1. ABEICKDBE/NY 7REDROBENR

& 5O FRE 2 SSEVEN R B OREIR Z B 2EHEF T2 2 EARFERHL N E > TE7, LAL,
FLRTH O W& N ) T OREERD R 5y SR R B 53 2 22DV T, in vivo SERTREM 22 a1 7%
ENTWhdol, RETIE, BEMBEBESTLVTHLTFTFANT VHHEF MY v 4 (dextran sodium
sulfate; DSS) #FHEMER; 45~ 7 A% H\C, Lactobacillus rhamnosus @ in vivo TN 7 R H % T3
5T EEHME L7z, S 512, tight junction BEpk - ET & v /87 MO BHEALE BN T2 2 LI28D,
L. rhamnosus |2 & 2 B35/ T AR 2 1 = X L OfFI % 3ld 7z, DSS #FEMAGRET IV~ 2% Hwiz
FEER» S, L. rhamnosus (ZH545 73 7 IRFERIIR 2 TSRS L Z LI X D KIGREZ T 2 R ENT, £
72, X AOKE ERA A B L& N T ORE A = XA & AT L 72R5 R, L. rhamnosus (4 tight junc-
tion {1 - FET Y v ETH D 20-1B8 L U MLCK S8 A BT 2 2 Lok b, BE ) THEOKT %
PIHI LT d 2 EAURE SNz,

2. NUFZREDRICEDLZILBEREERD DREE

PN TORERI R A AT AR A BRI E, IR P OGRS A FET A 2 LR ICEETH
bo T ZTABETIE, b MEE LB Caco-2Milla % Fva 7z in vitro FHR T, BN TIREMRICED S
FURRIEER S OFEZ B E L7z WB L ONEMER o3 ) 7 ERFER)R L, tight junction & # 1k D45
TECHh Bk R ESIEI (TER) HEMNET A EICE VI L 720 ZOREE, BENY 7IREDRE 2
L. rhamnosus oo (X NE B 1855 Td v, Toll-like receptor (TLR) 2% 4 L C Caco-2fiiglc/EH 5 2 &
DR ENTz, F72, BAHIEFLEEE Enterococcus hirae & 72928870 &, (GRS O—213 ) KT A 2k
(LTA) TH L EHHL DL % -7z, E. hirae & Z® LTA X, L. rhamnosus & [A£12, tight junction #E 5% -
W8 87 B TH D 70-18 L U MLCK D3 2T 5 Z LMoL o7z 72, LTAIZ TLR2
DY)HY RTHHLIEND, TLR2Y ZFFIVHGE N TREIZEG L TWb 2 EAURBRE N2, EIE,
TLR2O G M) /7~ FTd % Pam3Cys-Ser-Lysd b 58 /N ) TIRER R EZH L T B PPN E LD,
TLR2Y 7 F 75 ZO-18 L O MLCK BIm i ICEE TH 5 T LAVRIB S N7z,

3. BENU 7RENREED D ABREEROWRL

LTA 2 &7 4 alRiE, TOREOENIZ X D ERESRZR L Z e SN Twbe FFIZ, 71 IR
$H1% D-alanine (D-Ala) %° D-glucose |2 X W 5ffli &N CB Y, D-AlafsfinfEE s, WORIEREEZ
CIHEBEEZ LI ENHMEEINTWS, LAL, 74 IO D-Alafsfid Mg ) 7TIRED IS0 X
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VB EREZ D0, TNETIEIRF SN TRV, FZTRETIE, 71 2O D-Ala 54 & B\
TR R L OBRMER T L 720 S 512, IO NREREE D L2, BN 7 RE R A R S 2 5 FLE
WL ORI & oo ZOME, LTA 2 &0 7 4 2o D-Ala 5413, WML, SiREs e
GRBEMCKRE R EELZIT LI ERWS DL 5720 MgSO4IZ X ) 7 4 afko D-Ala 166 % #H L 72
%54, S. thermophilus DN TARERN DA LTze SO NS, 74 2o D-Alaf56iA S. ther-
mophilus D4 /N ) TR R R E R R E 2 B2 LTV A 2 EAURIBE NS, F72, L-Ala ZiRHL 725
HC S. thermophilus # 55383 % Z L2 LD, 74 IO D-Ala 5HiA MM S, BN 7R 4L % 1
MY A ENTE,

4. ILEHIC K DRAEM T #RSMEIHIh R

P JERR RIS BV CUE, Thixe Thi77% & o 4EME Th ML O AL 2RI ICE G- LTk, 72
NS DSSENE Th B O E AL PIfIS 2 2 1%, BBERX T A7 ¥ ZAMFHCB O CIERICEETH 5,
Z 2 TRETIL, DSSFHEUGRET IV~ T A% VT, ThiX ThiTHEOWEMEIL X /1 = X A % fEIT$ 5
L EbIT, FLERE I X ARG AR RO, B X O ThUThITHIOHIHE X 5 = X 2 DR % 3 A
7oo ARERICIE, BBIFRE O SEATHIZE T ThA7HITBHIHIZI R AT & A2 S LT\ B Bifidobacterium infantis %
w7z DSS FEMERGRET IV~ A%V 7-FEIZ LY, B. infantis (255 @ ThU/Th17iG AL 2 Hi
THIEILL o TRGRZBNT A EAURENT, DSS <™ 2D K FEMIfEIE, CD80X° CD40% & d
WA F A2 BB L TEB Y, CDA+T Mg L AHEAEH LT ThUTh17TAfa O 5 b2 35559 5 2 L S & 2012
% o720 B. infantis 13 25 OANES T O I A INHI L, ThU/ThI7iE AL 2 #0132 = L AVRIE S
72o TO X2, B.infantis IXSEIEMILICEHER T A0 Tld % <, KB EEMIICER 4 2 & T Thl
Th17# 2 3HI 5 &), SRR OB 72 2 e E R %l 2 e 3T & 72,

PlED X H1z, AR ABEOBEIE A S = XL 2B L -0&KI12E & F 59, JFRMICIZIBD 2
X9 H TUINA T 4 7 AEEOREICBRIICH ST EEZ 5N b,
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Many algal lectins share some common characteristics of low-molecular weight, monomeric forms,
thermostability, divalent cation-independent hemagglutination, and having affinity only for glycoproteins
but not for monosaccharides. These properties of algal lectins are dissimilar to most of land plant lectins
that have affinity for monosaccharides and consist of oligomeric forms. Recently, however,
monosaccharide-binding lectins have been reported from several species of green algae, especially from
the genus Codium, including two subspecies of C. fragile, C. tomentosum, and C. giraffa. They are
commonly specific for N-acetylgalactosamine (GalNAc) and consist of oligomeric forms, except a
monomeric lectin from C. giraffa. The resemblance of lectin properties may be derived from the close
evolutionary distance between the green algae of the genus Codium and the land plant, although there is
no information on the primary structures of Codium lectins. Some Codium lectin shows preferential
affinity for a carbohydrate marker of cancer. Thus, the lectins of the genus Codium are interesting targets
for their application as biochemical and clinical reagents, as well as to provide insight into the molecular
evolution of lectins in the plant kingdom. This study was performed to clarify the biochemical properties
of the lectins from three other species of the genus Codium, including C. barbatum, C. pugniformis, and
C. latum.

The C. barbatum lectin (CBA) was purified by conventional purification methods for proteins. The
hemagglutination of CBA was not inhibited by GalNAc and the other monosaccharides examined.
However, it was inhibited by complex-type N-glycan-linked glycoproteins. In the binding assay with 26
pyridylaminated (PA-) oligosaccharides using a centrifugal ultrafiltration-HPLC method, CBA
exclusively bound to core (al-6) fucosylatedcomplex type N-glycans and did not bind to the other
oligosaccharides examined, suggesting its strict specificity for core (a1-6) fucose. The primary structure
of CBA was determined by a combination of ESI-MS, Edman degradation, and cDNA cloning. CBA
consisted of an SS-linked homodimer of a 9257-Da polypeptide containing seven cysteine residues, all
of which were involved in disulfide linkages. The cDNA of the CBA subunit coded a polypeptide (105
amino acids) including the signal peptide of 17 residues. The calculated molecular mass from the
deduced sequence was 9705 Da, implying that the four C-terminal amino acids of the CBA proprotein
subunit were post-translationally truncated to afford the mature subunit (84 amino acids). No
significantly similar sequences were found during an in silico search, indicating CBA to be a novel
protein. CBA is the first Codium lectin whose primary structure has been elucidated.
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The C. pugniformis lectin (CPA) was purified by a combination of ammonium sulfate-precipitation
and affinity chromatography on a bovine submaxillary mucin-immobilized column. The lectin was
adsorbed to the affinity column and specifically eluted with 0.2 M GalNAc. From SDS-PAGE, gel
filtration, and N-terminal sequence analysis of the purified lectin, CPA was concluded to be a non-
covalently linked oligomer of two distinct polypeptides of 9.5 kDa and 8.5 kDa. The hemagglutination
activity of CPA was inhibited by GalNAc, but not by the other monosaccharides examined, like other
known Codium lectins. In the binding assay with 26 PA-oligosaccharides, however, CPA exclusively
bound to the oligosaccharides bearing non-reducing terminal B-GalNAc residue and did not to the other
oligosaccharides. Thus CPA belongs to a new lectin group that is specific for B-GalNAc.

The C. latum lectin (CLA) was purified by conventional purification methods for proteins. The
hemagglutination activity of CLA was not inhibited by monosaccharides including GalNAc. It was
inhibited only by porcine thyroglobulin and its asialo-derivative among glycoproteins examined. In
oligosaccharide-binding assay, however, CLA has no significant affinity for 26 PA-oligosaccharides
examined, suggesting its strict and unique carbohydrate-binding property. The primary structure of CLA
was determined by a combination of ESI-MS, Edman degradation, and cDNA cloning. CLA was a
monomeric protein of 15864 Da and the CLA cDNA coded a polypeptide of 169 amino acids, including
the signal peptide of 20 residues. The calculated molecular mass (15870 Da) of the deduced amino acid
sequence coincided well with the determined mass by ESI-MS. CLA had three repeat regions of similar
sequences and six cysteine residues involved in three intrachaindisulfide linkages. CLA shows no
significant sequence similarity with other known lectins, including CBA. However, in silico search
revealed that CLA belongs to the ‘fascin’ superfamily having a beta-trefoil topology with internal three
repeat regions, which have also been reported for carbohydrate-recognition domains of some land plant
lectins.

In this study, three lectins were newly isolated and characterized from three species of the genus
Codium. Their biochemical properties were obviously different from each other, and only CPA resembled
other known Codium lectins in having an oligomeric structure and binding affinity for GaINAc. Thus,
there seems to be diverse functions and structures of lectins within the genus Codium. The
oligosaccharide-binding specificities of CBA, CPA, and CLA were unique, promising their uses as
valuable reagents to decode carbohydrate structures.

Key words: Codium barbatum, Codium pugniformis, Codium latum, lectins, carbohydrate-binding
specificity, cDNA cloning, primary structure
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This thesis focuses on the oxidation capacity of -OH photogenerated in water-extract of aerosol and
aqueous solution of water-soluble gases fraction collected at Hiroshima University and in the Seto Inland
Sea. The aqueous phase photoreactions involving -OH is known to play important roles in the
troposphere by affecting regional and global climate in various atmospheric photochemical processes
and determining the fates of some air pollutants. The aqueous solution of water-soluble gases in ambient
air may contain various -OH source compounds such as nitric acid (HNO3), HONO, H202, oxalic acid
and other water-soluble organic matter. After transferring to the atmospheric aqueous phase these
compounds could generate -OH photochemically. Thus, investigation on sources and sinks of -OH
generation is the first step to understanding the capacity and strength of -OH formation in atmospheric
aqueous phase and to clarify their influences on photochemical reactions occurring in the air.

Chapter 1 introduces the basic concepts of the atmospheric aerosol and the photochemical
mechanisms of -OH generation occurring in aqueous phase. The role and significance of -OH in the
atmosphere and past results obtained by other investigators and the contributions to this field of research
are shown.

The Chapter 2 reports the collection of ambient aerosol at Higashi-Hiroshima campus using a
coupled sampler for simultaneous collection of both phases, water-extracts of aerosols (WEA) and
aqueous solution of water-soluble gas fraction (WSG) during June/2008 to June 2010. The -OH
photoformation rate (ROH) and chemical composition of both fractions were determined. Among the
major anions present in the WSG and WEA samples, the SO42- concentration was highest followed by
NO3- and CI-. The mean concentration of SO42- was 9.4 +4.0 nmol m-3 in the WSG and 81 + 33 nmol.
m-3 for the WEA. The ROH determined and normalized based on the air-volume, which revealed values
of 1.4 and 0.5 nmol h-1 m-3 for the WEA and WSG, respectively. The contribution of NO3-, NO2- and
H202 as the main sources of -OH via photolysis were 4.5, 0.7 and 1.2%, respectively, for the WSG
fraction, while in the WEA fraction, NO3-, NO2- and H202 contributed 8.9, 1.2 and 2.5%, respectively.
DOC, which was determined only for WSG samples, ranged from 0.1 to 5.3 mg C m-3 with a mean of
2.9+2.6 mg C m-3. To find potential sources of -OH in the atmospheric aqueous phase, known amount
(excess) of iron (l11) was added into the solution of the WSG fraction and then the ROH of photo-Fenton
reaction was determined. The photo-Fenton reaction contributed 42% of the total -OH formation in the
WSG fraction, while unknown sources that might have been humic-like substances (HULIS) accounted
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for the remaining 52%. The results showed high contribution from unknown sources and fluorescent
properties very similar to those existing in natural waters and water-extract of aerosol.

Chapter 3 follows similar methodologies used in the previous chapter, however using a high volume
sampler for the sampling, reports the photochemistry of the -OH in water-extract of marine aerosol
collected in the Seto Inland Sea during a research cruise in summer of 2010. Unlike the ambient aerosols
collected on land, the chemical composition showed large influence of the sea-salt ions such as Na+ and
Cl- and the oxidation capacity of the -OH much lower compared to aerosols collected on land,
indicating minor influence of anthropogenic activities on the photochemical generation of -OH. The
mean concentration of Cl- and Na+ were 36.3 =51 nmol m-3 and 47.7 =34 nmol m-3 respectively. Cl-
represents 47.6% and Na+ represents 52.6% of the total ions measured. Low percentages of SO42-
(32.1%) and NO3- (20.5%) are good indicators for marine aerosol. NO2- was present in only 2 of the
total 16 samples (mean of 1.39 nmol m-3). The mean concentration of DOC was 7.0 £6.6 mg C m-3 and
the mean pH was 6.18 +0.114. The -OH photoformation rate ranged from 0.019-0.014 with the mean of
0.06 =0.03 nmol h-1 m-3.Among the major sources of -OH, NO3- accounted for 18.6% while the
unknown sources contributed for about 74%. The occurrence of unknown sources, possibly HULIS, as
the main and important contributor of -OH generation in marine aerosol samples. Formation mechanism
involving the photolysis of DOM such as HULIS, which have been suggested to be the major source of
-OH formation in the river and sea waters.

In Chapter 4, a general discussion on the obtained results and the suggestion of further research are
made. Sources and sinks of -OH in the WEA fractions from land and marine aerosols are almost same to
those in the WSG fractions. In addition, mechanism of -OH generations occurring in atmospheric
aqueous phase, in which HULIS is involved, are probably same/identical to those in natural waters.
Therefore, in the analogue of photoformed -OH in natural waters, -OH in the WEA and WSG fractions
in the atmosphere may significantly control for the aerosol and gas phase chemistry, especially
degradation rates of several organic matter.

Key words: water-extract of atmospheric aerosol, OH radical, photoformation rate, humic-like
substances
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The salinization and alkalization of soil are widespread environmental problems that lead to loss of
agricultural land day by day. Great awareness should be generated in the world for the utilization of that
degraded land for crop production to meet the needs of the fast expanding population. Therefore,
development of proper technologies to grow crops in degraded soils has become extremely essential. To
achieve that goal, the foremost task is to identify the salt-alkali tolerant species and then to prevent or
alleviate the stress damage under stressful environments. Foxtail millet (Setaria italica L.) and (Panicum
miliaceum L.) are important food and fodder grain crops grown in arid and semi-arid regions. Growth
responses of many crops to salinity stress have been extensively investigated but unfortunately millets
like Foxtail millet and Proso millet, which are naturally adapted to drought stress, have not been
explored in alkaline stress, to date. The present study was, therefore, conducted to 1) investigate the
nature of the tolerance of Foxtail millet and Proso millet under saline and alkaline environments, 2)
assess whether exogenous application of citric acids and proline could alleviate the adverse effects of
saline stress (SS) and alkaline stress (AS), and 3) find out the strategies how these compounds ameliorate
saline and alkaline stresses.

To achieve the first objective, Foxtail millet and Proso millet were grown in saline and alkaline
conditions. The biomass production per plant significantly decreased with the increasing salinity and
alkalinity in both species and Proso millet produced a significantly greater amount of dry matter than
Foxtail millet in both stressful situations. The stress-induced injurious effect on the electrolyte leakage
rate (ELR) was greater in Foxtail millet than in Proso millet. The relative water content (RWC) and leaf
water potential (WLW) decreased with the intensity of SS and AS and the reductions in Foxtail millet
were greater under AS. The inhibition of photosynthesis was greater under alkaline stress and also in
Foxtail millet. Foxtail millet accumulated greater concentration of Na under the saline stress and alkaline
stress conditions as compared to Proso millet. The roots of Proso millet attained a higher concentration
of Na than the roots of Foxtail millet. The K concentration did not reduce significantly in the leaves and
stems of Proso millet at lower concentration of SS and AS as Foxtail millet did. Foxtail millet showed
greater values of Na / K ratios than Proso millet. These results suggested that Proso millet is more
tolerant to SS and AS than Foxtail millet due to a higher ability of maintain the root function for the
uptake and supply of water to shoot under both stress conditions, and a lower accumulation of sodium
and its transportation from root to leaves.
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It is important to study the effective management practices that can improve stress tolerances of
plants. The effects of exogenous application of citric acid (CA) and proline in Foxtail millet under SS
and AS studied. Plant dry weight significantly reduced under both stress conditions and the percentage of
reduction was greater under AS condition. However, exogenous application of CA and proline
significantly increased plant dry matter, and proline was less effective under AS condition. Saline and
alkaline stresses increased ELR, and with the addition of exogenous CA and proline significantly
reduced the leakage rate. Saline and alkaline stresses sharply decreased RWC and WLW exogenous
application of CA and proline effectively improved RWC and WYLW.

The Na concentration increased in all plant parts and the increase was greater under AS condition.
However, CA and proline substantially reduced the Na concentration in all plant parts compared to
untreated stressed plants, and CA was more effective than proline in reducing Na accumulation in leaves
and also transport from root to leaves. N, P, Ca, Mg and Fe uptake were decreased under both stress
conditions, however uptake of these nutrients was increased by the application of exogenous CA and
proline under both stress conditions. The starch concentration decreased in both stress conditions, which
indicated the CA and proline played an important role in starch synthesis under stress conditions.

Proso millet showed more capability to survive under both stress conditions as compared to Foxtail
millet regarding of almost all plant traits examined. Foxtail millet accumulated greater concentration of
Na under SS and AS conditions in the leaves and stems, and showed greater values of Na / K ratios as
compared to Proso millet. Proso millet maintained a higher photosynthetic activities and a higher water
status under both stress conditions due to supply of required water in shoot. The exogenous application
of CA and proline alleviated saline and alkaline stress damages. CA and proline application increased
water content, N, P Ca, Mg and Fe accumulation and reduced Na accumulation in leaves under saline
and alkaline conditions. These results suggested that CA and proline application enhanced plant growth
due to more water and nutrients uptake, and reduced toxic sodium accumulation in leaves resulting
increased salt tolerance.

Keywords: alkaline stress, citric acid, foxtail millet, nitrogen, proline, proso millet, saline stress
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9, BERITYEAERE AT, BERAY, $hbbr7Uu7 (HE) 7 —37 (FHHE) o
ST S 125 16S IRNA GEIE T OS2 47> 720 a7PiTxNE LI E, S512Ehs% 1
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10927 1 — ¥ OIFILEL) O Yo & 53T RAIEHT % 1T - 72455, Proteobacteria Hi3E o IA # ¢ RuBisCO it fx
F2JwE 9 % operational RuBisCO unit (ORU) %% Cyanobacteria H1 1B % @ RuBisCO #{x T & F U { H\»
OHETHIME N TREL TS 2 L &, EHUK 7L — 2RI BT 2 T H N AHE 2 5155
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71— ¥ OIFIEBHN OPLIE &5 RN 2 AT o 720 T OfER, 3 7 Y3446 Ti1d Gammaproteobacteria @
FLAEA HEHITE @ nifH, Alphaproteobacteria @) ' 7 A& nirK, Betaproteobacteria o fiif 2% 14: it # R 1L
W nirS, B XU, Acidobacteria @ putative qnorB IZfifiisk % 7 U — ¥ HBSENZNE LI &7z, DL
FXY, arHFEAERRICBWT, BEBERHEOL 7O A ITEMOMEY RS 5 2 L5
Lokl oiz,
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The large gelatinous zooplankton such as cnidarian medusae and ctenophores have increased their
abundance and caused problematic blooms in many coastal waters worldwide. In particular, in east Asian
seas around Japan, China and Korea, where environmental conditions have been increasingly
deteriorated by human impact, several cnidarian jellyfish species have become frequently blooming to
cause severe damage to fisheries and other human economic sectors. In the light of increased jellyfish
population outbreaks or blooms, it is necessary to understand the mechanisms to cause such phenomena.
Because it is widely recognized that the asexual reproduction during benthic polyp stage may play a very
important role to determine the medusa abundance in the following season, studies dealing with polyps
have increased in recent years. However, few studies have been made on the role of podocysts, one of
asexual reproduction modes of many semaeostome and rhizostome jellyfish species. The podocyts are a
cuticle-covered-cell-mass formed by polyps and they are capable of dormancy until excystment into new
active polyps. Therefore, in this study, | aimed to reveal the ecological role of podocysts in three
semaeostome jellyfish species, viz. Aurelia aurita s.l., Chrysaora melanaster and Cyanea nozakii, which
are frequently blooming not only in Japanese coastal waters but also in Chinese and Korean waters, by
conducting mainly laboratory experiments to determine the effects of different environmental factors (i.e.
temperature, salinity, dissolved oxygen concentration and food supply) on their encystment, dormancy
and excystment in addition to some histological studies.

In A. aurita, there are several modes of asexual reproduction by polyps, viz. budding and longitudi-
nal fission, in addition to podocyst formation. The podocysts were never formed by well-fed polyps but
only formed by un-fed and poorly-fed polyps (food regime: <4.8 pug C polyp-1 d-1), and the podocyst
production increased with the increase of temperature. The highest podocyst production during 8-week-
experiment (i.e. 6 podocysts polyp-1) was attained by un-fed polyp kept at 28°C. The podocyst produc-
tion was not affected by salinity within the range from 15 to 32. These results indicate that starvation is a
trigger for encystment, while increased temperatures accelerate the encystment rate. The excystment was
induced only when podocysts were exposed to cooling temperature (from 28 to 19°C) and hypoxia (DO:
0.5 mg O, I-1), indicating that the autumn is the main excystment season. The podocysts were capable of
dormancy for up to 3.2 years, but old podocysts (i.e. 17-20 months old) excysted rarely (3%). A histo-
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logical study revealed that newly-formed podocysts containe rich organic reserves (e.g. carbohydrates,
proteins and lipids), and the initial reserves may have consumed during dormant period. Only a few nu-
clei and very weak reaction by RNA were found in the dormant cells of podocysts, indicating that the
basal metabolism of the podocysts is low.

In Chr. melanaster, the podocyst production is an exclusive form of asexual reproduction by polyps.
The production increased with the increase of temperature from 11 to 28°C. It was lowest by un-fed pol-
yps, and increased with the increase of food supply. A polyp, which was placed in the highest food sup-
ply (16.9 pg C polyp-1) at 280C for 8 weeks, attained the highest production (16.5 podocysts polyp-1).
Salinity did not affect the podocyst production within the normal range (15-32) where polyps may en-
counter in the field. The excystment was high (33-48%) when the podocysts were exposed to decreasing
temperature (from 28 to 11°C), but only substantial (6-11%) when they were kept at constant tempera-
tures (18 or 28°C) and were exposed to increasing temperature (from 18 to 22 or 28°C). These suggest
that the podocysts of this species are capable of excystment without any specific temperature stimuli but
attainment higher excystment under cooling temperature condition. Hence, their excystment may mainly
occurrs in autumn. Nearly 100% of podocysts excysted within 12 months even at constant temperatures,
indicating that the maximal dormant period is ca. a year.

In Cya. nozakii, the podocyst production was also the only means of asexual reproduction and the
previously-reported planulocyst formation was not observed. The podocyst production was significantly
affected by temperature as well as food supply, both in positive manner, but the production tended to be
saturated at temperatures >22°C and at food supply levels >4.8 ug C polyp-1 d-1. The highest podocyst
production (6 podocysts polyp-1) was attained by a polyp fed with 12.1 and 16.9 pg C polyp-1 d-1 at 26
and 28°C, respectively. Within the salinity range from 15 to 32, the podocyst production was not affected
by salinity. The excystment did not occur at all in the podocysts kept at constant temperatures (18 or 28
°C) and at increasing temperature (from 18 to 22 or 28°C), but was induced highly (53-65%) when the
podocysts were exposed to decreasing temperature (from 28 to 11°C), indicating that the major excyst-
ment period of Cya. nozakii is autumn.

The present study has clearly demonstrated that the podocysts play important roles in the seasonal
population dynamics of these three semaeostome jellyfish species. The major ecological roles of podo-
cysts may lie into two aspects; one is for a reproduction to increase the polyp population abundance and
another is for a refuge to protect the population from unfavorable environmental conditions. As the
podocyst production is an exclusive form of asexual reproduction in Chr. melanaster and Cya. nozakii,
the above-mentioned two aspects are equally important in their seasonal population dynamics. However,
in A. aurita, the podocyts are produced only by starved and scarcely-fed polyps, they may play an impor-
tant role as a strategy for population refuge to overcome unfavorable environmental conditions. In this
species, budding is a common mode of asexual reproduction and the rate of budding is much higher than
that of the podocyst production. The type of strobila may also affect the increase of the medusa popula-
tion abundance; it is poly-disc in A. aurita and Chr. melanaster, and mono-disc in Cya. nozakii. Hence,
based on the above-mentioned modes and rates of asexual reproduction by polyps, the potential to in-
crease the medusa population abundance, or to cause jellyfish bloom, is highest in A. aurita, followed by
Chr. melanaster and Cya. nozakii. Since these basic biological features specific to each jellyfish species
are influenced by environmental conditions (e.g. temperature, food supply and hypoxia), concomitant
studies both in the controlled laboratory experiments and in field survey on both environmental variables
and polyp and medusa population dynamics are always necessary in order to understand the mechanisms
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to cause jellyfish blooms.

Key words: jellyfish, bloom, polyp, medusa, podocyst, dormant, excystment, life-cycle
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Contaminations of Kurose river water by herbicide diuron (3,4-dichlorophenyl-1,1-dimethylurea)
were monitored in this study. In addition, environmental samples of Seto Inland Sea were investigated to
know about the discharge of diuron and fungicide irgarol (2-methylthio-4-t-butylamino-6-
cyclopropylamino-s-triazine). Finally, the photo-degradation of diuron were also investigated through
photoferri/oxalate system.

Chapter 1 presents the brief introduction of the herbicide pollution in environment. The main
objectives for this study are to know about the level of contamination in natural waters and viable
degradation techniques. The preliminary study of this work is to know about the river water diuron
contamination and its seasonal variations. The rivers are ultimately ends in the sea and its deposit the
waste which bring through from catchment areas. Therefore, secondarily the seawater, sediments and
plankton samples were analysed, to identify the level of contamination. Contaminated diuron in
environment takes much long time to degrade through biologically, so finally photo-degradation method
was investigated to degrade the low level of contaminated diuron.

Chapter 2 presents the distribution, seasonal variations and contamination source of herbicide
diuron were investigated during the period from February 2008 to January 2009 at 5 sites (Namitakiji,
Tokumasa-Kami, Izumi, Ochiai and Kurose Bunka centre) along Kurose river water, in Higashi-
Hiroshima, Japan. The highest herbicide concentration in paddy water appears between the time
immediately following application and the following day, and the greater the herbicide water solubility,
the higher the concentration in the paddy water tends to be. The results show that, Izumi stations showed
the highest mean concentrations. The highest concentration of diuron were 5.23 pg/lI (March 2008) and
2.3 pg/l (June 2008) in Izumi. The lowest concentration observed from the Namitakiji and Kurose Bunka
Center. Diuron concentrations were generally higher during growing season (summer), land preparation
period and gradually decreased starting in October. Utilization of herbicide diuron in different
applications in the agricultural and urban environment is the major source of presence in Kurose river.

In Chapter 3, occurrence and sources of two pesticides in marine ecosystems in Japan are
investigated. Specifically, the concentrations of the herbicide diuron and fungicide irgarol in the Seto
Inland Sea, Japan were assessed for October 2008 and October 2009. Overall, 29 seawater, sediment and
plankton samples were collected from off-shore areas around the sea. The diuron levels in years 2008
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and 2009 were 0.01-0.062 pg/L, 0.01-0.09 pg/g dry weight (dw) and 0.075-0.45 pg/g dw in seawater,
sediments and planktons respectively. Irgarol levels in year 2009 were 0.011-0.055 pg/L, 0.011-0.068
Mg/g dw and 0.02-0.36 pg/g dw in seawater, sediments and planktons respectively. This is the first study
to report the presence of diuron and irgarol in plankton from aquatic environments. The concentrations
of diuron and irgarol were similar in both years and the highest levels of concentration were found near
the coastal area of Osaka bay, second largest metropolitan region in Japan. The distribution of diuron and
irgarol in seawater, sediment and plankton would be largely determined by riverine and antifouling paint
discharge from ships then transported in sea.

Chapter 4 deals with diuron degradation studies. Initially the effect of pH and oxalate on diuron
degradation in photo/ferrioxalate system without H,0, addition was examined. In UV/Fe*" system at
three pHs (2.8,4.0 and 6.0) in the presence of oxalate, degradation of diuron was greatly enhanced at pH
6.0 with the half-life of 5 min. and the half-life of pH value less than 6.0 is increased more than 6 min.
This observation clearly shows that oxalate was able to keep most of the Fe(ll1) in solution in the form
of Fe(ll)-oxalate complex to facilitate the -OH production up to a pH as high as 6.0. In the absence of
externally supplied H,0,, the diuron degradation was considerably enhanced with increasing pH,
whereas it was reduced with increasing pH in the presence of an excess amount of H,0, (10 ?M). In the
absence of H,0, addition, the in situ formation of H,0O, is facilitated with increasing pH by the reaction
of Fe(Il) with -O, , which increases with pH, augmenting the production of -OH and thereby leading to
the faster degradation of diuron.

Chapter 5 summarizes and discusses the most important results obtained in this study. The
occurrence of pesticides in receiving surface waters is related to their seasonal applications within the
agricultural and urban catchment. The runoff of pesticide through rivers from agricultural lands is key
concern for the health of the estuaries and sea. They are noted for their persistence, bioaccumulation and
toxicity characteristics in the environment. Ferric ion complexes with oxalate will provide an alternative
to the traditional Fenton process with its limited range of pH conditions, since its high solubility in
aqueous media can broaden the available pH range of the Fenton reaction up to the near neutral pH.

Key words: diuron, irgarol, photo/ferrioxalate system, Kurose river, Seto Inland Sea





