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it AL
AD; atopic dermatitis
BSA; bovine albumin
CD:; Crohn’s Disease
CLA; conjugated linoleic acid
CLDN; claudin
DAI disease activity index
DAPI; 4',6-diamidino-2-phenylindole, dihydrochloride
DF; dietary fiber
DGGE:; denaturing gradient gel electrophoresis
DSS; dextran sulfate sodium
ELISA; enzyme-linked immunosorbent assay
EPS; exopolysaccharide
FBS:; fetal bovine serum
GAPDH; glyceraldehyde-3-phosphate dehydrogenase
HE; hematoxylin eosin
HYA; 10-hydroxy-cis-12-octadecenoic acid
IBD; inflammatory bowel disease
IFN; interferon
Ig; immunoglobulin
IL; interleukin
LBP; lipopolysaccharide-binding protein
NF-xB; nuclear factor-kappa B
Mecptl; mast cell protease 1
OCLN; occludin
PBS; phosphate buffered saline
PFA; paraformaldehyde
PUFA; polyunsaturated fatty acid
SDS-PAGE; sodium dodecyl sulfate-polyacrylamide gel electrophoresis

SEM; standard error of the mean



SG; stratum granulosum, granule layer
SCFA; short chain fatty acid

SPF; specific pathogen free

TBST; tris-buffered saline tween 20
TGF; transforming growth factor

Th; helper T

TdJ; tight junction

TLR: Toll-like receptor

TNF; tumor necrosis factor

TNFR; tumor necrosis factor receptor
Treg; regulatory T

UC; ulcerative colitis

7Z0; zonula occludens



1R fH5

1.1 BN #

bt FOIBEICIE. BXZ 500~1,000 fEEE, 100 JMELL EOBAMEER L TS,
RIS R IE, WEPH O BEFEIC IR R |2 L 72 BREECdo v L BN 2% 101 mL b4 8 L T
W5, BRMEIZAEWIZEELAWRE L —EDMEE T o 22 k>Z & T, IHNME
BB L. BYMHE R & 2 S8R0 i LARHPEE 2 E/E L TV %, ZOMEEMZHER 2
T AR RS VT AT DICEE TH D, BN & T b B S oo B
IZOWTHER BV (1, 2). BNMEFED T v 2D & RIEPERR B (Inflammatory
Bowel Disease: IBD)SIE & O BIEMEIZOWTOHE L H D X 51T (3, 4. BNMEED A
AU, BURIEVERGNAE AN U, RAEFE 2 75383 2 PMEE OHFEIC L o T KD %
JENFEAETDHZEN IBD OFERO 1 2EE25N TS, £/, IBD TiE,
Faecalibacterium parausnitzii (BEEERPEERE) B L TnD W o mR L&A T
% (5), 7o, BPMEIC X o THEA SN2 EEIENIE 1 > Th 2FEIEIC X - T Treg Mifa
DIHEBFE SN D = & | Fecalibacterium <> Lactobacillus, Bifidobacterium O BEETS
FEVEY A b A v DREEAZIH L IBD BIEOHBENC A TH D Z L3 lE ST\ (6,
7o ZOX DI, WHEME ST E o RS BMR L TR0 | fH 1 & AR A IR A flr
LTW5% (Figure 1.1),

1.2 FLEREEMSEAT DESREMEME
1.2.1 10-hydroxy-cis-12-octadecenoic acid (HYA)

FEEIX, B2 b N OAEMIEEIHERHERFICRDERWVEREFRD 1 DTHY . ZOFHE
FEBETHDL, 2HTH, PHIFEIIRZDICE > TERES R LS, BEERT LY
=R CTH DT TR EREMNT DIEMREORIHIC LY | AR T THEN R D
ZEBRAMBNTW D, BRSNS O REL, MEE B Tib, RN s
DD, ZDO—HH b DWW, HEE LG DOBE Bk 2 iENimRIL, KRIBIZEEL
IENAIE O 2321 5, BEBEICIE, B2 H OB TS T, B HLER LT
MUE72 & 72 W ERRI IR S 8 5, MERRIFEED 1 > Th D U/ — ViR, FLEEEIC L 0 i
REPERRNIRE Cdo 2 % V) 7 — N ER(CLANEH E N D Z LR BN TN D, &Y/ —L
Belld, m PRI AEE DY ) — VBORMEETHY | FIRIEL LT L
VX —VER e CEE O ARTIHHERE S E STV D (9,10), ZHE T, BNMEIC L S



U =D CLA ~OfGHOFEMIIAATH 7223, ITE, R O I3k~ 23 BE %
XRIZY ) —VEk%Z CLA ~& i BIEME A YRS L7kl R. Lactbacillus plantaram
AKU 1009a 28V / — Vi % %)% 1 < CLA (159, trans 11 3 X ¥ trans 9, trans-11)~ &%
WmyszaRME L, ZORFPHFTY /) — L EE% 10-hydroxy-cis 12-octadecenoic acid
(HYA)IZ K23 2 EE% CLA-HY Z[AE L7- (Figure 1.2) (8), ZiUE TIZELTZ H OIS
ETIE, 20 HYA BIGERANV T 2R3 L, KIBROBIELZLHET L2 L2 /AHL TR
v (1), 200 7HFE LT HYA 2, G ¥ o 37 BRI RIE (GPRAOIZEZR S,
JESHER 752 45K (INFR)2 OB AMEIT 52 L 2N LTS, 2D X9,
HYA 72 EOFIRERBIED L, B eme B & L THiff ST 528, BIED &
25, ZOEKRFEHREICET 2T X DD TRENTH S,

1.2.2 Exopolysaccharide (EPS)

WA AT DR EZ S0 m ) T ROBSERZFEEINZHE EPSE VI, 725
THHAMEDVPELET L EPS X, WHRICE > TERRSTZABEHNZ O Z &G SN T
W5, Bilx1X, Lactobacillus sanfraciscensis FE/ED EPS 387 4 RAHDAEE LT
Z & (12). Bifidobaccterium FEE D EPS 73 NARE 5 ~5 88 % G- 2 SRR D A= il &
#aE <% = & (18). Lactobacillus delbrueckii subsp. bulgaricus OLL1073R-1 PE/ED
EPS BT F =27 0% 7 —MliEHEEs @5 2 L (1R EWRITWD, £/, =K
v O HSEONEMMEFLERE Leuconostoc mesenteroides subsp. mesenteroides NTMO048 £k
X, a7 ) v (IQA OFEARNEOIIEE & L TRk S L7223, [FARFZ SV EPS
PEARRZA LTV OO Ta=—7 RAMEATH S (15), 0 NTMO048 R ELET D
EPSiZ. 7 /Vva—2ADal-6, 1-3fEEMNORDa- TNV & FERIT 2~TrEFETH |
5yF 1% 10~40 kDa T» 5 (Figure 1.3) (16), ZHETIZ, L= HBWFZE=ETIX
NTMO048 k2> EPS 73, 1BHEERED 1 > Th Dt &2l +2 2 L. 20
TEMKER: & LT EPS BRI EHE RO IL-17 PEARZIMHT L 2 L2 RHLTWD
L2y L7235, NTMO048 #Rif ko> EPS 12 X 2 A AR EHEREIXV E 72+ 01 B v Tlidde

U,

1.3 )&
1.3.1 gDk



BRI, & FOFEROINEREE I NMERKOIBERTH Y | SN EAROEER & 7233
THEER b, REELTOTOERE, SHICEO FOR FHMkO 3 HRERIZZR>TWD
(Figure 1.3), B (dermis)i¥, 2 mm ODESTEICaT—F L &7 47V U bRERL
SNDHET, MOBHZERS, FURRMMILCH 5 BB L L TWd, Fiz,
e ENEC BT - JEMR « 7R - A5 - Vo &7 O KEA s A A L CTEB Y . RS
R S=T flifd & V5 7e 2% < ORIFRIL S AFIE L, K OEFEMMHERICREE L TWD
FIITES 0.06~0.2 mm 2 H72 0 ST, AEE, BERE, AilE, SRR &
X b 4 SO EEK L T\ D, fAEJE (cornified layer) |3 10 B/ 5720 | BikZ L7-f
B & oA A2 M 5 AEMEEEIC L > TS, R¥ELIEELZEAERZ
R &2 D, o F AL 74 77 a2 G BRENERO K ZIE OFRETS L
WER~D B ORANZR/NY THRE L L To&EIZ 7= LT\\W5b, JERE (granular
layer : SGNE 2~3 @767 0, 77 he T U VBN A ST, TRIMIX, &, I b3
R U7 HLE/NEAR 7 EORIEH DT R TOIE 245k S8 e BN R R & i L.
AEHIBIZ LTI T DT 7T 2 T8 WMERWE O % Il NIc ik LA E s
~ERBATT D, BRI OMAIL, RET< D BIEIC SG1, SG2, SG3 fifu & FEXIL, SG2
MIZOREA NP X 7 v a UEENFEL TS (Figure 1.4), FEOX A hYx
U3 ARSI B S R R LIRS 7 EIC L s TR STV D,
AW (spinous layer)iE 5~10 /6720 | REOH TIEHERBIEVE T, LMK T 5
AR CTORNB > TWD L DI R B2, ARMIIL & FEX S, MfaFELIxT A€ Y
—ARX Y v IRERICLVBEL, ¥ I T AR LN OB Z KT 5, HhE T
JE OFERMILIIZ AT Ch 52, EATHICEVRFEL D, EIKHE (basal layer)ld, &
Ko FTEIZd HHIlERIT, 7 7F /A OBz Eie 1 J8OEREMINN G725,
B3 5 M-SR FIch 2 MIEE L G T 5720 0fiE s LT, TAEY —4h, ~
ITAEY—LERT D, REANMME, AT /A b T U702 AR TR S 4L
TWD, ZUTNN AT EDRE A>T, AEBEE CFL ML LIURAR
LS IsE T 5 (17, 18),

1.3.2 FEANUT
NREERENEZIRBTHREONY) 71X, AEEOAE Y T L kgD SG2 Mus b
DHA N7 a N TO 2 OONY THRETHER SN TV, AENY TIE 10



J& OREAHE g o T AE M DS CE Y, AEANY TG EZ TS, REO
SAEHRE 25 2 % & 10 OB EM 2B ER TV <IIE 1~2 #2725 LHERI S D,
— i, JERLJE SG2 DA A MYV v T g AT, FiEE = R A P X &Ik L
RINHEICHERF SN TV AHEETH Y . ZOFAEITERMOS BITRZI2EE2 6T
W5 A7, ZNBEDONY THREMEET D L F =0T AT A RRE| ik e kR
MBERENIZIRAL, o7 Any Afilic g s, PURE LTRSS, ZHul k-
TRIEVDER SHL, 7 FE—RERZIL U O & T HEMEMRIERBNG SR Z S b,

DX BEDNY THEREIT AR A BREIUR DTV | ERIEE M 2R 5 EE AR
eE 2 D,

1.4 7 FE—PERER

7 hE—PEERR(ADNE, B, FEAR. VRIE. B, R O L ONEER L
TR L T DB MR OEER L FRE TH 5, KEETIZ, AD 2507 LLF—iK
BOARRIT, 2N T\, AD &, fiEH IgE L~Ld BT X o TR
bhb (18,19), AD OJFERITEMETH Y . Thl, Th2, Thl7, Treg 72 & D~/ 3—T (Th)
MRS 71 > b OREI % G Tokk % 22 0%2 FRIRF OFERE ST 2 (20,21), Thl #ifa
ko Thwmans A ¥ —7=xnr > (IFN)-y I% Th2 iz OHE5E 2 k32 23, Th2
flZ Ko TEAESNDLA ¥ —r A ¥ (IL)-4 1% Thl Mifas 5o Thl 53k LT 50
T, AD BJRIZH1T D Thl / Th2 N T v ADO AR & >0FIz, A4 —7 Tz 5E

. IgE FEANTFHENIGE D, SHIC IOMFZETIE, Th17 Milas 7 ~ e —HEiRE %
B SE. AD OFIELERICBWTEELRREZR/-T I LIRS TS (22, 23),
Th il Y 7 & > s ORI T, BNMEHEORE & AD BIEICECEHHLL Z &R
RIBEINTWD (1), BRRBRCIX, 7 LA —Mo 7t & @7 74t o R CENNE
ORERRIZEDRRD HNTND (2), TS OIENMEHICEE L T, B IgA X, BEN
PURIZ L 2R AL 2 fl 95720, IgE DL 7T LAX—EEDY 27 O & B
HLTNWHEEBEXLNATND (24),

1.5 RIEMGEREEGE YT
RAIEM NG R B OABD) X, 7 7 — % (Crohn’s Disease: CD) & &35 M K i &
(Ulcerative Colitis: UC)Z 5 L T\ %, UC 1L, KIGIZEBMEAICRIENE U, 18BN BIER



SNDFERAHADKETH D, WAEFNIIER 2L E LTHED . RIBRIRKICE TED
DT ENDD, FERE UTIRMEE, KE, THROERRENRHIT oD, FifL BRkE
B IRTEMDOEETH D, CD DFEREGARHTHY | FIT 10~20 5f OB FETHRIAE L,
THALAE \ZHER 8 2 WIXAEER VR, REIEASEALTZ Y . NIEE DR 22572 0 95 SAEdE
WA THD, CD OIREIZAMENOILIE TOMILE DS bW HEBAIC R Hav, /IMEFR
JBEDMFREENLCTH D, FRMERE UTHER. TR, BB ILMRERENH D . Zofh,
HILELUANDEIHEEZED Z & bbb, CD & UC 1L, BEAFEEIC XLV EFREDRS:
IR GEEEERICED bR TWVD, Zhd IBD ORI, e LR THEEIC L 5
T S Ml & N O AER ORFEPRS S L TRy, ERMRc L0 7
FERE DRGHELS K 0 KRS A AN ~MRA LT 58725, M 2900 E 2 5 L, Ak
IR 2 APV RIEME R BN TR S LD (25),

1.6 AWFFED H IS KL OAGR L O AL

L bxS5FEZ, AD RKBRICBN T, BE TO/NY THEECRIE R 7 EIEE M 24
FFLTWS Z D REBDOFERAEES LTG5 2 LICERL EEZELXObND, £,
WA TR B AR LC b OO B EZT RN L 6D EbELE T T D,
Z 2T, AR TIL, B Ao BB R FEM & LTRSS D LB REEMICEH L.
HYA ® AD 83 {FEH . NTM048 £k > EPS O KIGREBRWER AR T 52 L # AN L
L72s 1 B TIRANZEO R LOHMICOWTIRAR-, 522 TIRY /2 — LRGN
T FHIPEY HYA ORSRENE 2R T 572012, AD £5 /b~ 2 NC/Nga VT, &
J& RPLRIE DB SOV TRRET L7z, 5 3 B Clk, HYA I X BB IE A E A = /LR
fa o> IgA FEAE~DRE, HBNME#E~ORBICOWTHET Lz, £o, B4 ETE, BE
IgA FEA ESERBMONTWD Ty Ry G HKOIMEE Leuconostoc mesenteroides
subsp. mesenteroides NTM048 #7345 EPS IZOWT, TF A b7 UAfifg) R Y ¥
2 (DSS)FEMRBRET NV~ U ATKT 2BEIEA bR L7z, £ L TR&IC, #b =
TAWEZRIE L, SH%ORELFTH LT,
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Figure 1.1 Regulators of Host-Microbial Interactions in the Gut

The commensal microbiota, intestinal epithelial cells, and intestinal immune cells engage in a
complex crosstalk. Epithelial cells, M cells, and dendritic cells (DCs) can directly sense and
sample the intestinal contents and communicate information about the microbiota to other
subsets of immune cells. Toll-like receptors, expressed by epithelial cells, M cells and DCs, and
NOD-like receptors, are classes of microbe-sensing molecules. Cytokines, chemokines, and host
and microbial metabolites are key molecular mediators of intestinal homeostasis that influence
responses of both host and microbe.

Adapted from ref. (4).
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Figure 1.2 Polyunsaturated fatty acid-metabolism pathway.
Adapted from ref. (8).
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Figure 1.3 Structure of Exopolysaccharide produced by Leuconostoc

mesenteroides subsp. mesenteroides NTM048
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5 2
IENAREE fCHTPE Y HYA O 7 b & —E R & 28 P E ]

2.1 B

RFETIE, U — VOGN HTFEY HYA OREICBT 5 AEBREZ RET L7,
TUAX—HEOOEDTHDLHT hE—HEERET /L~ A NC/Nga #H\, HYA &
BUZ X257 b & — MR R R & it LTz,

2.2 MEtR ZOI5E

2.2.1 G G EY

AMFFETHE L7 U 7 — Vil B RIG N G EY HYA Of#1E % Figure 2.1 1278 L7z,
60 HYA [T, RE 5 OAITEICHE, B A S TR L v 2tz (8),

2.2.2 #WYFEHRIL L OWEE A

NC/Nga Mk~ 2 (4 @, 10 VEIFHART v— /L X U 3—EE4: (Kanagawa,
Japan) LA S L7z, TN T OERBRE AR FEYERGHEBSITKR I N,
12 R OG- 7 v (B H]:8:00~20:00), =i 24+ 1 CIZHIH S =B E =12 T
17—V 5 I DS AN TEE Uiz, fEHM T OE & SRKIZE BB S L, fkHE
BHE LW O & AFVEZ, BBIKIE 3 BIC—BEAgHa LTz,

~ U AIEFEOVIHRENF L 725 L 91 2 BRI, HARMEE AIN-93G (Y =
ZOVIEERE T3 ()& B S 72 Control B, FLAEELD 0.01 % (wiw) % HYA [ZE# L 7=
fE A BRI T HYAREE L, 2N EnoRiE% 3 BRI E, 6 HEEHEE LT,
EOEEHE R (6 WIHEDIZ/NY &> (THRIVE, HAIR CLIPPER MODEL, 2000AD :
Daito Electric Machine Industry Co., Osaka, Japan) T~ 7 A DD L% - 7=,
ORI Ok L AKITHMBEESE, FMEHIEHH LSO LML, KX 3
HIT 1R LT,

2.2.3 RIEERDORaT ) T
fABBAEIF N ORBER TR E TO~ 7 ADREERAZBRBLZ L, ~ 7 2AD0EB X
OHIZE U 7= 75 500D B2 RS 8 BE 2 R0 « RR I, « V0 - R - vo oD 5 THH | 4 BB (FE

12



JiE @ 3~RFIE : O)TAMli L7z (26), FEEEIC OV T, fAE L T\ —2 DT 3 45[H
OREFEEEE 7 7 > b LAkl L7z,

RERBHAA 4. 6, 8. 10 EERRFICITREFFIRE » MR A2 BB L, Mg 2= Lz, B
THRi% B, ATBICHEEZER LT,

2.2.4 Hematoxylin Eosin (HE) 4:ta & ML A U0 7 —Yufh
~ 7 AD R E#E % OCT compound (Sakura Finetek, Tokyo, Japan) (ZalH UBkE 4.
7 U FAAZy NCHFEYN (Tpm)ZER L, AT 4 K77 2 BICHE LT, Y17 % 3%/3

FHRINVALT T KT 10 oMEE L, PBSCH)T 3 [mIPEF L7z, ~~ bF U RIC 1 40
RIE. ViKKTE (R LR, =4 Y R 2 0 iR L=, 710% K F A > — /U2 THRIL 95%
R A= TA, LA THBL., B LML 21T 7,

fvA DT =Y X EER OMMY A% 0.06% hvA Y7 L— pH 4.1
(Wako Pure Chemical Industries, Osaka, Japan)lZi&&E L, AE /K THiKTEWZ L. 23531,
iAK, BRI A LBIEEZ1TV, R 25 % 72,

225 i RT-PCR
R JE#LGR D> 5 D total RNA fhiHH 213 TRIzol (Life Technologies) % f#if L 7=, Total
RNA 7>5 High Capacity cDNA Reverse Transcription Kit (Life Technologies) ¥}~ 1
b2 — L iZft > TiilsS L, cDNA (4 %k L 72 (BIO-RAD T100™ Thermal Cycler,
Hercules, CA, USA), Ak L7z ¢cDNA % T, KAPA SYBR FAST gPCR Kit (Kapa
Biosystems, Woburn, MA, USA)®ikft 7' v b a2— 1 i2ftv, €& RT-PCR #17-7=
(Applied Biosystems™ StepOnePlus™, Waltham, MA, USA), Crossing Point {25 Y
/oD CtlEN D A ACLIEZ W TR T 21T o7z, o3, AETEHEM LTI 4
~ —l%% Table 2.1.1Z/~ L7=,

2.2.6 WOLSREYEIEIZ LD T # /X7 B O JER KOV NFx-B p65 U b fiEht
~ 7 ADRJEHZ OCT compound [ Z@HEREL, 7 VARAX v N THEHED R (7
) ZAER L, AT A 7T 2 LICH i L7z, YR % 3% /37 AL LT L7k KT 10 47f#
[EE L, PBSC)T 3 [EEE Lz, YIROEEAEZ Sy 7 THAK, i kicym ¥
TV (A% AX LIV 1213, 5 %IEHR ¥ XM in PBS()) (Wako Pure Chemical

13



Industries, Osaka, Japan) Z¥#M L, WEMICAN 30 HFEL T ayF 7 Lz, 71
v XU 7%, WA RIS 1 WEURIRIE(L % AF A L7 213, 1.26%EH ¥ XM in
PBSO)ZWIML | 1A AL, 4 CT—MBeFE L7z, 1 L7z 1 IREUK L = DR E % L
TR LT,

« Rabbit anti-claudin-1 : 1/100 (Thermo Fisher Scientific, Waltham, MA, USA)

- Rabbit anti-p-NFx-B p65 : 1/100 (Cell Signaling Technology, Danvers, MA, USA)

ZDtk, PBSC)TYA L1045 X 3D, BIA RIZ 2 IREUAEIE (4% AF LIV Hiz
IE. B%IEH ¥ X1 in PBS() ZAWM L, WEAIC A, EiE T 1RREE L7z, (7]
L7z 2 REUA - #OLEBFE L ZDOREZL TR LT,

+ Goat anti-rabbit-IgG-Alexa Flour 488 : 1/200 (Abcam, Cambridge, UK)

4-6-diamidino-2-phenylindole, dihydrochloride (DAPI): 1/1000 (Dojindo

Laboratories, Kumamoto, JAPAN)

 Rhodamine-Phalloidin : 1/500 (Thermo Fisher Scientific)

PBS(C) T¥ei#(10 43 x 3 [E) L. MilliQ water TP#(10 4y X 1 [E)L7=, Y%
Mounting Fluid ZHWTE AL, IAN—HTT7ADREFHIZ~=F 2T 280, I/ 3—7
T AZEE LT, B LTIEA T A Fid 4 CTRAF L, FOLBEE (LSM700, Carl Zeiss

Microscopy, Jena, Germany)(Z & - THEHT L 7=,

227 V=AZrTry MEZKDZ 7 HEIOUE
BRGRAEY> T s, a7 T —BHLEA L ) R LRI E A 2 S T Lysis
Buffer F (1% SDS, 1% Triton X100, 1% Deoxycholate Na, 30 mM Tris)Z Nz, "% I T
Mo EHEW L%k, AT YA Y — (POLYTRON PT 2500 : KINEMATICA,
Switzerland) CH{#% (20,000 rpm, 143) L7z, ML/ 7% 95COe—F 4 > 77
7y 7 C5 Sy Uiz, 0oy B & ) Cis oy (18,000 rpm, 4 C, 1549 L, B
HEEN L7-, 7L EiEE 3 X Laemmli Sample Buffer (4% SDS, 10% glycerol,
10%B-mercaptoethanol 5 £ 0.04% bromophenol blue % & ¢ 125 mmol/L Tris-HCI,
pH6.8)% 2:1 DEIAETIRA LTz, 95 COE—T 77 mry 7 T10mMINEL, &R
KENZHET 5 £ T-20 CTHRE LT, o7V BiGHhos "7 EE% BCA IETHIEL
7= (Thermo scientific, Rockford, AZ, USA),
SDS- KRV T 7 UNT I RFVERUKE) (SDS-PAGE)HDO 7V A{ERL | s 1 &~ —h
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—(Precision Plus Protein Standards : Bio-Rad, Hercules, CA, USA) 5 uL &, FHf L7~
YT NS RIEEELT30 ug 7774 L, 120 V EEJLE T 90 sy flvkEh L7z,
BRIUKEME THZ, FVvZWROH L, A% 7 =L THAKk{kL7 PVDF X7 L~
(Millipore : Merck KgaA, Darmstadt, Germany) & #5577 Lk #—Z® v b L,
100 V EHE T 90 /3G L7z, #8547, BK TUed LG 4 X 3D, R
—S JetaikiziR U 1 o[, K Cleid L. total # o U EHE&EZRET Db A
TV aEAR Y FT—TCRMYIAAT, BIIOZ R BIZEDETAY T L EH R I
L7ce MU T LA T L U% 5% AF L IVY £721F 5% BSA (Nacalai tesque
INC, Kyoto, Japan)iZig L, iR C 1RMIERZ L 7 0 v X v V& T o7z, 7 r v X U 7k
BrEH, 2.5% AF LIV F72132.5% BSA EIRHICHHE L7 F 1 IREUARIRIC
Y7V rERL, 4 CT—BiRE Uiz, TBST T5 M 5 FWH L, 2.56% AF LI
F721%2.5% BSA RIEFIZHREL L 7= 2 IkPUA (Goat anti-Rabbit-IgG HRP)IFIE % >
T, ZIRT1REMIER L7z, BOWeE% 5 [[17V ), ECL kit (Plus-ECL : Perkin Elmer,
Waltham, MA, USA) TX > 7 L U ZWE L, (LR EHmHEE LAS-3000 :
FUJIFILM, Tokyo, Japan)iZ k0 A7 L b X w37 G a ki Uiz, € &% Image J
software (NIH, Bethesda, MD, USA) % W C{T- 7=,

2.2.8 fraHLE
AT R E AR E TR Lz, BHEMOHEIZ DWW TIE, Tukey-Kramer {512
KO ZERIOBREEIT> T2, pEM 0.056 K OHEIT, HEHMICHEE L L,

2.3 fiR

2.3.1 NC/Nga ~TJADZ Y =Jj)L A2y

NC/Nga ~ U A%, BHIEIOFELETORE, B EOMILCiziga "L, 7 hE—
PERZ SRR ODIEIR 2 F9E LT, — 7 HYA BED~ 7 A3 Control B & ik U T H M PRz A,
PRI DVIESIH| <7z (Figure 2.2 A), ~ 7 ADREEIERD A a7 U o 7 &4T - T FE R,
Control B 9 B X 10 #HORRGA 2 7 1%, FIHHE(4 B BN AR TEEE R LTz,
Control Ff& i LT HYA BEO~ U RIS EA 27 O L3 IH S 28 mZ2 7w L7z
(Figure 2.2 B),
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2.3.2 IMiE IgE #AE

BB BRI D 2 W 1 B, ~ U AR#EIR) O MR 2RI L, MG+ IgE RE%
ELISA [Z CHlliE L7z (Figure2.2 C), HYA &£ Tl 6 i L 00 10 i #i T Control £f &
WL C, Mg IgE B A H S 7,

2.3.3 JZJE HE ol hvA DU 7 —Yfh
BEOIFr &2 A7 A4 K Elco¥, HE §eta U, SRR ZRE Lz, IBEEIT HYA #
Tl Sz (Figure 2.3 A, C), hLA P2 7 L—Yefa |2 L 0 Yeth S Uiz EfsHEfR & 5 o
Vb LTz, B ENIERMIT HYA BECHif S 7= (Figure 2.3 B, D),

2.3.4 RIEVEY A b A U BISFHBL

FEFIRELZ BN L7z~ 0 A R JEREARIC 31T 5 7 b B B S B[R] 7 DB AR T 7 Bl & iR
Hr L7z, Control £ & it L € HYA Bl TNF-a ORE IH Sz, /2, T L¥—
PERHEA 7 CTdh 5 IL-33 <° Mceptl OFHLA HYA BECIHG S n 2 Em A/ RSz
(Figure 2.4 A), IL-4, IL-5 OFBEIZOWTETRD bLen o7,

2.3.5 NFx-Bp65 ® U (LA
NFx-B p65 DU gft 7 /37 EOFRBEIZOW T, HYA BT Control FHIZHA~T
Il S 2B AR S, HYA [ZEEORIES 7 F L2 TND Z ERRESNT
(Figure 2.4 B, C),

2.3.6 KEICBITDLHA Nox 7 v a VBRTRELE X o R

BREIZB T4 Moy o7 va BB TORBEE Y 7V 24 5 PCR IEICTHIE
L7=(Figure 2.5 A), Control FEIZHE_T, HYABCTIZX A b v 72 a D1 OTHh
% Claudin-1 OBEFREN EFH L, TS X I BESFORBlE&EEZ U2 AKX T 1y b
EISTHRAT U, 22filifb U725 5% Figure 2.5. BITR L7z, Z v 7B FORBREICE
W T AR 738 B & [RIER, Control B & bhifs LT HYA B Claudin-1 O3 HA E&H LT
7zo F72. HYA (2L % Claudin-1 @ EFIE, #OGGZEREATEIC X - THHER S 7,
Claudin-1 O B 7E & @t U 7=t F 2~ L 7= (Figure 2.5 C),
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24 BELELD

HYA UL, 7 U =BV 2 27 36 JOSEREERI TS L 2 B DR L 2 i L T
0. EED ADSERZIHI L, o, Mg DT A—RElOREND X912, HYA#
BlE, BREICBTLT LAX—MRIEDOFEA T ¢ =— % — T 2 IEHMA IR 240 L
oo FEREIRZE DU & BH L C, RIEFFIMERF IR BB TRBUC OV TIE, RIEME
~—7—"Td % TNF-a %55 L NFx-B p65 U »Eefkix, HYA EEZHT Control #f
LHARTED 572, AD ORJERIES K OYHZED Th2 1 b A 3B L O IgE EADHY
MNEBBEATEEL TWAZ ENRESIN TS (26,27, HYAIZTh2 VA A D IL-4
R IL-5 Z Ml L7ino 7=y, Th2 A A > OFEAZ T D 1L-33 Z 43 2
%L, ThU/Th2 N7 v A~DEHAE S HICHRT D UNERH D,

A h¥ ¥/ ay Claudin-l (ICOWT, B R, ¥ 7 BRILLE bIC HYA
HTEHLTWE, Zhux, HYA BEUZ LV, HEREANY THMERF SRz WZ 5,
AD (ZBHET 2 RERERIE, HURIC K RO % ATREIC 3 2 RN T ORI L #E
B LTS Z &R LTWD, RIEDOHZETIE, Claudin-1 O & HA & L7z
TIHEREDFEE N AD FBFE N Y 7 KMGOFIEICE G- LT\ D Z AR Sz (28), LarL,
Claudin-1 O, BN IgA FEAR K OMENME#EOEIZ > TE LMD A H =X
LOFHEELEZ B,

HYA (2 £ % Claudin-1 @ EF-OFEMR A W =X MIARHAOEE TH D, AD OIFREIE,
i IgA PEAE. IBNME R, a5 D Thl/2 NT A K 2B L2 T 52 L. Fiz,
WEDOHIEIZIB N T HYA BEEAN Y THRESRIELZ M T2 Z LRSS TND Z &
5 (11). HYA o#it AD {EI3E#KREZ M L TEIAL TV SRS E bz, £ 2
T, KOFEBRTIE, BEICHER Lz HYA OB RRTHZ Lic Lz,
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Table 2.1 Primer sequences used for experiments

Gene Sequence (5'- 3"
GAPDH Forward TCAAGAAGGTGGTGAAGCAG
Reverse AAGGTGGAAGAGTGGGAGTTG
Claudin-1 Forward GATGTGGATGGCTGTCATTG
Reverse CCTGGCCAAATTCATACCTG
IL-4 Forward AGAGAGTGAGCTCGTCTGTAGG
Reverse CTTCTTCAAGCATGGAGTTTTC
IL-5 Forward TGCAAGAGTTCCTTGGTGTG
Reverse GCACAGTTTTGTGGGGTTTT
IL-6 Forward CTGATGCTGGTGACAACCAC
Reverse TCCACGATTTCCCAGAGAAC
1L-33 Forward CTTCTCGCTGATTTCCAAGG
Reverse TGAAGCTGAACAGAACGTGTG
TNF-a Forward TCGTAGCAAACCACCAAGTG
Reverse CTTTGAGATCCATGCCGTTG
Mcptl Forward TGTAATTCCCTTGCCTGGTC
Reverse TCAGGGTTTCTGAGGTAGGTTC
Thet Forward ACCAGAACGCAGAGATCACTCA
Reverse CAAATTCTCCCGGAATCCTT
Gata3 Forward CATCCCTGAGCCACATCTCT
Reverse AGGGCTCTGCCTCTCTAACC
Roryt Forward GCAAATACGGTGGTGTGGA
Reverse CGCTGAGGAAGTGGGAAA
Foxp3 Forward CGAAAGTGGCAGAGAGGTATTG

Reverse

TGAAGGCAGAGTCAGGAGAAG

18



HooC \/\/\/\/:\/:W\

linoleic acid

l CLA-HY enzyme

OH

HOOC

HYA

Figure 2.1 Chemical structures of linoleic acid and HYA

HYA is metabolized and synthesized from linoleic acid by CLA-HY enzyme.
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Figure 2.2 Inhibitory effects of HYA on skin lesions and inflammation in NC/Nga mice.
(A) Representative photographs of 10-week-old mice are shown. Control mice showed severe lesions and
inflammation of the dorsal skin. Feeding HYA alleviated AD-like skin lesions. (B) Clinical scores of the AD
symptoms were evaluated based on 5 items (scratching behavior, hemorrhage, edema,
excoriation/erosion, and xerosis/dryness). (C) Plasma total IgE levels were measured by ELISA. Values

are means £ SEM (n = 5). *p < 0.05 vs control group. #p < 0.05 vs each initial value at 4 weeks old.
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Figure 2.3 Anti-inflammatory effects of HYA -in the dorsal skins of NC/Nga mice.
(A) Dorsal skin samples of mice were stained with hematoxylin and eosin. Scale bar = 200 um. (B)
Dorsal skin samples of mice were stained with toluidine blue. Scale bar = 100 ym. (C) The thickness
of epidermis was quantified. (D) The number of mast cells was quantified. Values are means + SEM (n

=5). *p < 0.05 vs control group.
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Figure 2.4 Cytokine expression in the dorsal skin of NC/Nga mice.

(A) Total RNA was extracted from dorsal skin samples of mice, and the mRNA expression

levels of TNF-q, IL-4, IL-5, IL-6, IL-33 and Mcpt1 were measured by real-time RT-PCR. (B

and C) Phospho-NF-kB p65 in the dorsal skin samples of mice were analysed by

immunoblot (B) and immunofluorescence (C) analyses. Phospho-NF-kB p65 (green) and

nuclei (blue) were stained using an immunofluorescence method. Scale bar = 200 um.

Values are means + SEM (n = 5). *p < 0.05 vs control group.
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Figure 2.5 Tight junction protein phosphorylation of NF-kB in the dorsal
skin of NC/Nga mice.

(A) The mRNA expression of claudin-1 in dorsal skin samples of mice was measured by
real-time RT-PCR. (B and C) Claudin-1 expression in the dorsal skin samples of mice were
analyzed by immunoblot (B) and immunofluorescence (C) analyses. Claudin-1 (green) and
nuclei (blue) were stained using an immunofluorescence method. Scale bar = 50 um.

Values are means + SEM (n = 5). *p < 0.05 vs control group.
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v =

53R

AE A AGHTPEY HYA O} AT T RPN 5~ D 52 28

3.1 HW

WEDHFEZINT, HYA 2515 BN Y 7 2058 U RIBRIIE LIRS 5 Z L 0VR S

NWTW5, £72. AD ORJE & #ERIZIE, Th1/Th2 /37 > 2D Th2 fFif, BN #E O L
., IFEARY T ORTFAEDS Z Ebmbn TS, £ 2 TAETIE, HYAIZL S AD
HIOMERMFF 2 R%ET 22 2B E L, 1B ThU/Th2 T A 3 TgA fEA R, 15
PN A 38 D figbT 2 S L 7,

3.2 MEHB LA

3.2.1 A T RIZHIT DB FHEBL

/NGRS D EREL U 7o S A = UG 22 . RO 5L TR LT (29), /MBS A = /UAR
MlaZzE s vy — L ETHIZKEIBIL, 100 pm A > v =D A v ilifla A fL—7— (BD
Biosciences, San Jose, CA, USA) T L7z, 1% 7 U ARIEIME (Sigma-Aldrich, St. Louis,
MO, USA), 2mML-Z A Z3I> 50uM 2- AV H 7 heH J—)L 10 mM 4- 2 5-& F
02X VT IN)1IERT VT H AR, 5 U/ ml =Y v BEON5 pg/ ml A
M7 h~A v mZEH9 % RPMI 1640 5541 (Thermo Fisher Scientific, Waltham,
MA, USA) T L 7z #llfa % == 16 C 5 4 350 X g (1500 rpm) Ciz /Loy L, Ri5 % #
THORPMI §5#1 2 0%, 7 4 /L% —J&# L7= 10 mg/ ml Dispase &% (Thermo Fisher
Scientific) &M% %, 37 CT 10 A v FaX—a v LiEbolf Lz, HHainz <
BE L, mOoBiRIC HE 2T, JoWez 3ERV IR LIz, 5 bhiz/ A = /LHGHE
Ja%z 96 7 =L L— MZ 1X10 6 fil/well DFEETREFEL 7=, 37 CT 6 FFllOA o F =
N— g Ok, 2 RNA Zfifasbhiti L, V7 v % A4 5 RT-PCR Ak (G52 % 2.2)
DE ST T2, 72,37 CT T2 R DA o F 2 _— 3 5% MR R 4 SR L
ELISA % v (DuoSet ELISA development system, R&D Systems, Abingdon, UK,
mouse IgA ELISA quantitation kit, Bethyl laboratories, Montgomery, TX, USA) % H\»
THA A IFN-y, IL-4, IL-10 B L OV IL-17A) RES LU IgA IREORIEZIT -
7o
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3.2.2 #EHD IgA OYE

#/F (10 mg in 1.5 mL PBSO) &b & & HIZAEYF A AL, 830Xg, 4 CT 30745y
M Oy L C EiE AR L2, BB IgA BEE~ 7 2 IgA ELISA E&x v k
(Bethyl Laboratories) % F\ CHlE L 7=,

3.2.3 PCR-DGGE (MR E A BT L)

Power Fecal DNA Isolation Kit (MO Bio Laboratories, Carlsbad, CA) %\ T, #
DNA % #@E b A L7z,

PCR /%)% TaKaRa Ex Taq Hot Start Version (Takara Bio, Shiga, Japan) % # fi L7-.
7% ¥ Primer mix ¥, = = N — ¥ 1 7 7 A = — HAD-1GC
(56'-CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCACGGGGGGACTCCTACGGG
AGGCAGCAGT-3") 33 L W'HDA2 (5-GTATTACCGCGGCTGCTGGCAC-3") % v T,
DNA %> 7V kD 16S rRNA &{51 D V2-V3 fEik Z g L7=, h—~1H% 127 F7—0D
ZMRiE. 94 CCT 5 HIOHIIZNE, 94 CT 30 M. 50 CT30 M, HLU72 CT
1 53 80 A 7 VB LN 72 CT 7 M Of#MR L Lz, IR\, PCR EWE M
Al 2Bl VESVKE) (DGGE) (2t L7z, DGGE 1%, 30%~55% D2 Al (100%%4
PRI 40% L 57 X R TMIRFELZEL) 25T 8% ARV 727 U7 I K7Lz v
T{T > 7=, 7 WiZ, DCode A7 4 (Bio-Rad, Hercules, CA) % fii f L C. TAE #&{@Eik
80V T 16 FFfH.60 ‘CCIEE) S H7=, 7 /L % Silver Stain Kit (Bio-Rad) T84+ L . DGGE
N ROWEE% Imaged Y 7 h U =7 TYERK L7-, Ward 15 (30)I2TCTY 7 A X —43Hr&4T
W, DGGE N R8N Z — 2 Z it LTz,

3.3 HER
3.3.1 /3o T/UMRIZHEIT D IFN-y pEA & T-bet Ein 1381

Thl %Yo A > THD IFN-y DFEAIZHOWTIE, Control AL VD & HYA B CTEn
-7 (Figure 3.1 A), Thl #MfaIZkFd 2 R _AYEA G R T-bet (2O TH HYA BN
Control B£ X 0 @ MEaI N A H 7= (p = 0.06, Figure 3.1 B), Z®—5 T, GATA-3,
RORy., Foxp3 OEETHIUIZITRD beroTz, IL-17 £7201L IL-10 O F 87 'E
PEAEIZOWVWTHEFRBD bNdofe (F—XAEMK), IL-4 FEAEIZOWTE, ML Hi
MRS Ch o7z,

25



3.3.2 TgA JE/t
Hefdrp IgA JEE 1T, Control BEIZ LT HYA BED 3K 4 @02~ 7= (Figure 3.2),

3.3.3 MR
PCR-DGGE i£1Z & % PCR EW) DRt FEE % Figure 8.3 AT, 7 7 A X — T &4T
> 7= fER % Figure 3.3 BI1IR L7-,
7T AL —RTIE 2 DD RE 727 7 A FZ —7% 7= Lz, Control-A, Control -B, Control -C
B LV Control -D 1T5 1 7 7 A% —I|ZJ& L, HYA-A, HYA-C 5 L U'HYA-E & Control-E
T 2FADI FAZ—IZB LTV, 2ED~v YA (HYABBIOD)RMbD 7 T 22—
L7ro7ey, HYA BRIIGNMEE IR REE L 522 LR STz,

34 BRLELD

A T)UVIRAIIE N B PEAE S 72 Th2 /YA F A > Toh 5 IL-4 1%, Control & HYA
BEOW G THRIHBARLL T THh - 7225, HYA BETIE Th2 % & &ICHETT % Thl 241 b o
A > IFN-y OFEAHEN L 7=, IFN-y (£ Thl 35 X O Th2 5{b~OFE 2 i+ 24 h
A THY, TNEND5bDTTAEZ il 2 #25 K 1 T-bet X° GATA-3 JEHl % 515
LTbD R REMNT 5 L E2 5T 5 (31, 32), HYA (2L Y IFN-y OFEAN
L. Thl Spfb~FE &N 2 LAVRENT, HYA IZX» THE SN Thl ISEOHIMIL
F72. Thl BRAEER T Th D Thet DLV EORIUT L > THHER SN, Ld-o
T, HYA iz X v, Thl M2 Th1/Th2 XT A8y 7 kL, Mg IgE L~V &K T
SEEBZ LN,

F5 PN A B 35 DR IE AD JER S BRECBHE L TV D Z LN BTV 5, NC/Nga ~ v
AZEBNTC, RAPUEMEIRRIC L 2 BNMEEOILNAR T FE—ERE Bl S E5 2 &
N, EBRA 2T BLOG S EEATENC K-> RSz (83), AMFFETIL, #EF D 168
rRNA {5+ 717 7 7 A /L0 PCR-DGGE 734712 & ¥ . HYA EEDS M #E LR D D 2
RN EA T2 EER Lic, 26 OFERIL, HYA 2 IEANAE 5 2 1200 Efifi 3
52 & IgA FEAEZED D Z LD < LB ESIIIC Thl ISE OIS JOHT LL ¥ —
RN E L TWD Z & 2R LT 5, SPF (Specific Pathogen Free)~ o A & trifis L T,
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E -~ ZZBWT Thl ISENBD T2 LoWEndor2 L (B4, LA AT 47
ATHLHT7 7 A THEZERTHZ LT, BAMEAELZHE L, ~ 7 AHIIE2 5 0
IFN-y FEAZBINEE5 Z EARENTWD (85), & BIC, Lactobacillus JB\ZIET 5\
<OMOEKIZ, Thl ISEZMIBT 5L OWMENRH D (36), AFLORRLIED L.
HYA (2 XD IBPNIE#E T o 2D, AD O X 5 727 LV X —PER BRI L CRIEM
R a2 G2 LZEZ2 b5, Ll s, HYA VNGB TES RIS D LB 2 61
L, HlE e HYA 28, WAEMOEET 2 RHIZE LT, B & ORI E
A RAT T ATREMEITIR, L2 T HYA IC X » CTHRE SN IgA BEAEIC LY |
IEWNHIEE O/ T o ANE LT LRSS, IgA RIE~ 7 A Z HWWTWFFE T, B
F#ORENI T D IgA OEEENH LM >T0D (37), M H1E, IgA AXRaL T
WHZ EIZED, RIREZ S HRMEME NN 52 L 2R LT, S OICHE TgA 1%,
Th2 It 2T D84EM R L O EBMHURIC R 2 iz it 2 L b msnTn
% (38), F7-. Lactobacillus johnsoniiNCC533 DERIC & 5 KK DR I1E, LY
EWIBN IgA BEAZES 2L 2R LcHlt b d 5 (39), BRRERER T, KV @3 IgA
VARLVERTHAROT b E—MREBORAELR LR Z ARSI TN 540), HYA 1T X
LIGNMERE N7 ANENT DA =ALNIRHATHLN, BNMERE T o A ZE 2
B2z, HYA IC X 0 EARSHN L IgA ORENIEETHL L EXbND, 4%
HYA |2 X2 IgA PEAEGHE D THEFF 2 T 20N B 5,
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Figure 3.1 Induction of Th1 responses by HYA in the Peyer’s
patches of the small intestines of NC/Nga mice.

(A) IFN-y production from Peyer’s patch cells were measured by ELISA. (B)
Total RNA was extracted from Peyer’s patch cells, and mRNA expression of

*

T-bet was measured by real-time RT-PCR. Values are means + SEM (n = 5). *p

< 0.05 vs control group.
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Control HYA

Figure 3.2 Faecal IgA level of NC/Nga mice.
Fresh faecal samples were collected before sacrifice and IgA concentration was

measured by ELISA. Values are means + SEM (n = 5). **p < 0.01 vs control group.
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Figure 3.3 PCR-DGGE analysis of 16S rRNA gene profiles in the faeces of

NC/Nga mice.
(A) Silver staining of PCR products separated by PCR-DGGE. (B) Hierarchical cluster analysis

of PCR-DGGE 16S rRNA gene profiles in faecal microbiota. The squared distances between 2

clusters were measured by Ward’s method.
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%4 E
EPS T & 2 G EIREN R DYRR
4.1 H®
— v R v g koYL B Leuconostoc mesenteroides subsp.
mesenteroides NTM048 ¥k, BEFEAZHEEPS) 4% <AEVD T HER B 5, v U AR
TOURRE SR OMINEZ A L7- 928 Cid. = EPS 13, TGF-B s - 5H M S IgA ©
PEEZRET 52 L v U AR A L7295k CTl%, Thl IFN-y), Th2 (IL-4) &\ -
7= THIRROME - FFEICBEL TV 2 L DWMENRDH D (8), £7-, EPS O AKEIZ LY
PO IgA EAZ AEIRGOIC ERSEL 2R 00n->T05 (9), 4= TTix, EPS
DR AERUC LV | FRHER A 27 OUEE L, fo# O aE .0 Td 5 TL-23/IL17 #&# B
BETFORBZME L, B OmERE FR)OIERAEMT 2 2 ERREENATWS, L
LR35, NTM H2kD EPS I X2 KIGR~OEBEITM O TV, £Z2 T, AET
[T EPS (Z X5 KGRI 2B R AR T2 L2 AL L,

4.2 MR LOTE
4.2.1  fakh
~ U ADREAGEE LT, @O AIN-93G 12 5% G T\ bl r—R & A4 —F
(ZEHT- D L Lz, NTMO048 H13kD EPS 2 & el METEHZL, FEARETEI DD 5% A & —
FiEH, 10% A Z —FEHIZ L FR L7z, SRBREPEORMAIE Table 4.1 (TR L7, B
I UK L OV R T VKT Table 4.2 & Table 4.3 IZEN R LT,

4.2.2 BWERES L OEE A
et BALBle v A (7 #fin, 28 VO & HAF v — /L XU N—RA St
(Kanagawa, Japan)» HHEA L, 3 COEBRGHE LA B R FBI) KR in#i % B 1 0KGR
SNiz, 6 HHEOTHEAE 21T o7tk BHEOVIERENR R KEFELLRD LT, 4
FEZSy T 72 (m=17), Control ff & DSS BEIZITIEAS L4 . DSS + 5% EPS #f & DSS + 10%
EPS BEIZIZZENEN 5% L 10% EPS @ikt 9 A5 272, T &aRBRETEIBH 4G 2 B
H7 5, DSS, DSS + 5% EPS. DSS + 10% EPS #1213 2% DSS i % H HEK ST
KGR Z#HE LT, Control IZITHMKZHKEET, £7o, RRAIEIAB1I AR E 445
IR EAT o7z, B T# (DSS SUKBALG 8 H BNCAFR 24TV, K FEAFHT & FE
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L7,

4.2.3 KR OIHRETE
(1) Disease Activity Index / DAI @ FFAfh
DAL IZKRIE DOFeDFRIE S LT, FH, M 2 HEZ2a7{kL, HiH LT,
FEAM L YEIX Table 4.4 (278 L7 (41),
(2) MR OWE
DSS FHEMRIBR ZFIE LTo~ 7 ATIL, R OEMENAA LD Z EAHEI T
Do T, fFEHIRFICEE L7255 2 VY, DSS S8 MERIGRIZ L DO O &
LT, MR Z2RE L, #BSIRD0 TR 21T o7, 7o, MG OREBBIE DT,

HE x5 217 o72, 2 EHH,

4.2.4 19 Lipopolysaccharide Binding Protein (LBP)& /% il &

96well 7'L— NI, F¥ 7 F ¥ —HUAER (anti-LBP : MS-biG35)ZiRIL, 4 CT1
BeEkE %, TBST T 3 [EIWEH L, 7 1w ¥ ZEIR AT L, iR 2 RfE] CFfE L 7=, TBST
T3MEEF L, AR L2 L X 5 %o 7K %2 AfL, 400 rpm T 2 RefE#R%Z L7z, TBST
T4 [ L. AR (anti-LBP-HRP @ MS-biG33)% Atl, =i 400 rpm T 2 FF#
R Lo, Z201%, 4 BIYEF L, TMB ik 2 AR T 156 /K ATifE L 72, Stop solution
TG ZE IS, ISR (Thermo Scientific™ Multiskan™ GO, Thermo Fisher
Scientific K.K. Yokohama Japan)iZ £ ¥ |, & 450 nm (B3E & : 620 nm) DYWL %

E LT,

4.2.5 JBE TI & 237 BB
FEARRIC T 2 T # RV HORBEZ Y = A2 71y MEIC TR L72(F 2 =
EZM), AL 1RURLREZLITIOR L,
- Rabbit anti-Claudin-3 : 1/6000 (Thermo fisher )
- Rabbit anti-Claudin-7 : 1/3000 (Thermo fisher)
+ Rabbit anti-Occludin : 1/4000 (Thermo fisher )
- Rabbit anti-ZO-1 : 1/3000 (Thermo fisher )
- Rabbit anti-Z0-2 : 1/2000 (Santa Cruz)
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F 7o, HOERE Y OIEIC TR IZ B 1T 5 Clausdin-3, Claudin-7, ZO-1 O JG{E % fif
HrL7=CGB 2 B2M), M L7z 2 REUE - #6FR L ZORELZLITIOR LT,
Goat anti-rabbit-IgG-Alexa Flour 488 : 1/200 (Invitrogen, Carlsbad, CA, USA)
4-6-diamidino-2-phenylindole, dihydrochloride (DAPI): 1/1000 (Dojindo
Laboratories, Kumamoto, JAPAN)

4.2.6 U T VZA L PCRIEIZ L DBIEFIIEOWE
F2EESM,
B, AETHHH LT 7 A ~—kdd% Table 4.5 128 L7z,
4.2.7 LGFAPEROMEYT
HOL S Y AT THREIGAILAR IZ 30 1T 2 AF Bk & Ye i LIRAT L 725 2 B2 2 IR),
BEW « PR L ZDIRELZLLTIC R LT,
[ £ © acetone (Wako)
FITC conjugated anti mouse Ly-6G (Gr-1) : 1/200 (eBioscience Inc., San Diego,
CA, USA)
4’-6-diamidino-2-phenylindole, dihydrochloride (DAPI): 1/1000 (Dojindo
Laboratories, Kumamoto, JAPAN)

4.2.8 FHEHERE OFFEHT

DSSth 4 HEHOEMOEREEZHE L., O 4 FEO MilliQ water Z Iz, B TH
W, AT v 7 2(4 C, 10 miniZ &V, HEM LTz, 1.5 mL~A 27 nF2—7|Z5HE
WikZa 112pL B L, NEEERE L LT25mM 7 1 h U4 SpL Nz TR LIZ, &
D53 BfE%(13,000 rpm, 4 °C, 10 min) H LW 1.5 mL ~ 27 0 F 2 — 72 B4 54 uL B L.
10%ANERY Y FOUEEE 6 nL I L CTHEE L, JK 1T 30 4riiiE L7z, Hidhth, w0
(13,000 rpm, 4 °C, 10 min) L. H L 1.5 mL ~ 7 1 F 2 — 72 Lif4 45 pL % L . MilliQ
water %2 90 pL Iz CTH##E L7z, 7 4 /& —(DISMIC-3: #L£% 0.2num, ADVANTEC) Tl
WL, NATIIANT, BEREDAY VF— RELITFORR AR L TR L, B
FIRL, B ODAX L H— REPHRL LT,

N (uL) B A& FE (M)
- 50 mM  ERR 120 pL 5.0
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50 mM o B AR 60 uL 2.5

« 50 mM  n-fiz 60 pL 1.0
*5mM n-FERE 60 nL 0.25
- 5mM iso-# A 60 pL 0.25
-5mM FLEE 12 uL 0.05
-5mM  IANTfR 12 pL 0.05
+ Milli Q water 616 L.

KRB A — P 250 pL i 3mM 27 v b g 50 L 2z TR L, XA 7L
B L,
P TN I ORRY 7 — REERT O HERERE %2 LC/MS (MassLynx @ Waters) %
MW THIE L7z, LC/MS MIESIFHILL FITR LTz,
- HPLC Acquity UPLC (Waters)
+ Mass spectrometer Acquity UPLC (Waters)
+ Ionization mode ESI (-)
+ Column ACQUITY UPLC HSS T3 (2.1 x 100mm, 1.7pm)(Waters)
+ Mobile solvent A 0.05% £ in MilliQ water
+ Mobile solvent B 0.05% % in Methanol
* Seal wash 10% Methanol
+ Strong needle wash Methanol
+ Weak needle wash ~ MilliQ water

+ Flow rate 0.2 mL/min
+ Sample temp. 4 C

+ Column temp. 40 C

+ Injection volume 5 pL

4.2.9 EPSIZX2 U Ay FEMEOH#T
HEK-Blue h TLR2 #lfid (InvivoGen, San Diego, CA, USA) & HV /=, HEaeiihix
100 mL/L fetal bovine serum (FBS, JE#h{LALEE % )i ; Thermo Trace Ltd.). 44 mM
sodium bicarbonate, 50000 IU/L penicillin, 50 mg/L streptomycin % @5 L 72 Dulbecco’s
Modified Eagle Medium (DMEM ; Sigma) Zffi [ L. 5% _f#{tfk5 & 95%ZEKAF(E T,

34



37 CTHE L., BHORBEIZREWTIE, Mildzd 756 cm? Mifas# 7 7 2 = (R L |
70 —80% = > 7 L= MR, PBSOIC L 0 a4 FIEE L SZBRIC AW e,

HEK-Blue h TLR2 #fifd% 96 well plate {Z 0.5 X 106 cell/mL T 100 pn L& L 7=,
HAFERE & [FIFEIZ, EPS (RRIEJE 50, 0.0125, 0.025, 0.05, 0.1, 0.2%), £721%, ~<XFF K7
U (&I 5 0, 0.0001, 0.001, 0.01, 0.1, 1, 10 ng/mL) Z ¥R L7-, 16 Bk, 7—1
— R v — 7 — TR S, =058 L (1200 rpm, 15 min), ¥> 7V % 20 pL 7o
Bl L ALP PEASEDOHIED 7912 96 well plate (28 L=, &V 7o % 2well i
L7z £72. 77227 L LTPBSO %A L7-, ALP assay solution buffer % 100 puL 3
DML, 1543/ 87 CTA »F 2~— |k L7z, 0.2 M NaOH % 100 pL 2RI L, 405
nm O ZME L7, HEK-Blue h TLR4 IZ25W\W T, [FEEICEBRAIT -7,

4.2.10 HEEHOLE

2 EESH

4.3 FER
4.3.1 KRIBROFRER

ABRWIE o~ v 2 DR EL(L % Figure 4.1(A)I127% L7-, DSS + Control #f Tl% DSS
BBkt 6 B BB KERD L7223, 6~8 HH® DSS + 5% EPS #f, DSS + 10% EPS
FECONREZITIDSS #EL Y bEfE% 8 L7, DAL 2 2 7 % Figure 4.1(B)I1Z/~ L 7=, DSS
+ Control #£TiX DSS B 5Bt 6 H ED A7 O ERPHER S0, DSS+ 5% EPS
#. DSS + 10% EPS #£ClL, 2 a7 LA vz, MR ARIE Lok & /5o
‘HGH % Figure 4.1(C)Z/r L7z, DSS #5(2 L v R OEMEN R H5h=23, DSS + 10%
EPS B CIIfEBR OFEMAMEI S, 7o, SHOBGHEE HE Y6 LR %
Figure 4.1(D)IZ7~ L7z, DSS U CTIL, #E MO B E OB /L o 7223, DSS + 5%
EPS #t, DSS + 10% EPS # Ci%, MG ITIH STz,

4.3.2 I LBP %

ifi. - LBP % 2 ELISA ¥ CHlIE L7 5% Figure 4.2 (275 L7=, DSS + Control
BHECIX LBPBENKE S EF LA, 5% EPS, 10% EPS MAOERIZE Y, 0 1
HARMA BT,
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4.3.3 WLE Y THEBEO T

FEBIZ LD T Z R BORBELZ T = AZ 71y MEZTHIT L, BE(k Lok
H% Figure 4.3(A)IZ7k L7z, DSS + Control #:ClX, ZO-1 LIS TJ #kIK 7 D3 Bl &
MY L7z, Claudin-3, ZO-2 122\ CiL, DSS+ 5% EPS B CRILEOHED 2 S
7z, DSS + 10% EPS #HZRBW T HHRBIEDRD A MH S o Bimicdh o7z, F7z, 40k
T ge A BT CREEARIZ 31T 5 Claudin-3, Claudin-7. ZO-1 O RTEA T L= fE S %
Figure 4.3(B)IZ7k L7z, DSS B CidfsH#MkD 7 U 7 b oS Claudin-3. Claudin-7,
Z0-1 DRTED L. LD R S v, BEEO T 533780 Hbiv/z»3, DSS + 5% EPS B, DSS
+10% EPS #ECITHREN A b Tz,

4.3.4 THALEHREIIE OFHM
FERGRERRIZ d1T D JIEMEY A P A DRI FHBIEL, VTV Z A 2 PCR EIZT
HIE L. $fEft L5 5%% Figure 4.4 \ZR L7=, DSS £ Tl IL-6, IL-10, IL-18, CXCL-2
DEABFHBLHEI L7223, DSS + 5% EPS #., DSS + 10% EPS # Cixfil s iz, %
7z. TLR2 OB FFBUZ SOV TIZ, DSS #E. DSS + 5% EPS #£, DSS + 10% EPS #£ T
HIMERICH Y . #12, DSS + 5% EPS #ETO®MNEEICR ST,

4.3.5 AR ERIRE O
IS Y IR TR C B DA ER & et U, AF P ERO B A JIE L 7ok R %
Figure 4.5 |27 L72, DSS BECIIAF PERSEEIN L TV 7223, DSS + 5% EPS £, DSS + 10%

EPS B Tidmi s h Tz,

4.3.6 HhoHHE
R OAIEIRE 2 LC/MS B TRIE L2 R % Figure 4.6 \Ox L7z, Bk, 7'n
B W n-FEEE  n- i B iso- F LR FEE, = NI IR AIE L7 & Z A DSS + 10%EPS
BECIE, n MR L I T BRORIE ERAMHR TE -, B, 72 4 VB, n-HHRR, iso-
Elg, LRI OWTIIREREITRD b v o 7o,

ot

=

4.3.7 TLR2 V 77 Ri&EME
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EPS, _7'F N7V I & {EH &7 HEK-Blue h TLR2 #fifcio> ALP pEA: & % fiftr
L7t R % Figure 4.7 1R Lz, TR EHREMKFAIIC TLR2 U U FIEMEN E&F L7,
TLR4 U %> RIEMEIZ DWW T, 0.1, 0.2%EPS (2L VD ALP {EM EA- L7223, Z OREIX
/N&E Do 7= (Figure 4.8),

4.4 BRELELD

DSS %517 & B IR EE LB DA, 5%, 10% EPS T X - THIf S 47z, £z,
DSSIc&2 27 V=hnzaro bq, fmkoOFfE, msHkoEE Ik Sz, mh
LBP BE1X, AN~ LPS OWAIGE LT LR 5720, #HEE Y THEREOREL L
THIE L7223, DSSIT& - TLBP REIFKRE S ER LTV, 5%, 10% EPS T

TFDOEFEZMEI Lz, #A v s ar BN EORBEE Y AZ T 0y b
BICTHIEL7ZE Z2A, DSS I8k o THA by 7 v a VIR T CTH % Claudin-3,
Claudin-7 ORBLEN A LTV 223, 5%, 10% EPS BEEUZ LV Z ORBLEDHED 23450
il STz, FORELAETHZOBEBWAHEICR O, 7o, Z0-1 ORBIH&E
TIEAEITRD AR > Ty, dOERE Y ETETIL, DSS ICX 2 ZO-1 OJRIEDELND
EPS fEHUZ L v il S Tz, BB MBRKRIEDORE O 720, #iEIZI 1T D RIEMEY A
NA v DOEARTHBE U T V4 A 5 PCRIEICTHIE L7z, DSS (2 L ¥ . CXCL-2,1L-6,
IL-18, IL-10 Oi#Efs 3B EIL EF L7722, 5%, 10% EPS ERITE 2 Lz, Lk
DOFEFR LD . EPS 1% DSS FFEMRIGR 28089 5 KiGREME 2 O 5 Z LRSS,
ZDORAH=ALE LT, T N T ORENEZ BV, EROFEREZHE L7-RER.
10% EPS fEHHETO n-figle & a I OB R b2, Fifg, 7o vea o mg, g

AR RLNT, BAREE~D EPS IO L 5 BIZ OV TS BITHETT 2 L3R
HD,

T, TN FT 4 7 ZAD0—b TLR IZZAEIND 2 ERHESNTWD, BHE -
BEHIRIZ BN T, W AR 22 BRI L OMEITEDICHE S h THD Z &M
537> TE Y TLR2 IZEA L TiE, AMEORECIGE EAGHIdM 0B ik 2 /EM A
BH5HZERHESh TS (39, 41), TLR2 13312 Bifidobacterium X° Lactobacillus 72 £
DT LG OMIBEER Y 23Rk 208, fEE e e FOME FRTORBEITH TR
SEPEMR RV CIEL, TLR2 ORBSHE KT L2 Z enmMbn b, £/, ¥/ afli
DEFEN TLR2 7 A=A & LT L BUESIR A G T2 2 LR RS TnDd (42),
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HEK-Blue h TLR2 fifaiZ3\ T, EPS 2 X% TLR2 U > FEMZ A D & EPS OJRE
RAFANZIENEDS EH- LT CE Y | EPS 1T &L 2 A (R 1EAIC TLR2 O H LT
WHATREMEREB 2 BTz, TN EBEZ S L. KB T EPS BBNMEIC X 248 (bx %
FHHENZ, TLR2 IZ/EH L. T N U 7IREME & IBEIREIEN 2 08 L T2 "TREMEANVR
e S 4172,
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Table 4.1 Composition of Test diets

Ingredient o/keg diet
Maize Starch 479.5
Sucrose 100
Casein 200
L-cystine 3
Soybean oil 70
Cellulose 0
Mineral Mix 35
Vitamin Mix 10
Choline bitartrate 2.5
E S 100
Total 1000
b g
Control Maize starch 100
5% EPS Maize starch 50 EPS 50
10% EPS EPS 100
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Table 4.2 Vitamin Mix (AIN-93G)

Ingredient g/kg mix
Thiamine hydrochloride 0.6
Riboflavin 0.6
Pyridoxine hydrochloride 0.7
Nicotinic Hydrochloride 3.0
D-Calcium pantothenate 1.6
Folic acid 0.2
D-Biotin 0.02
Cyanocobalamin (Vitamin B12) 2.5
(0.1% mannitol)

Retinyl palmitate (Vitamin A) 15.0
(500,000 IU/g)

d-a-Tocopheryl acetate (Vitamin E) 0.8
(500 IU/g)

Cholecalciferol (Vitamin D3) 0.3
(400,000 IU/g)

Menaquinone (Vitamin K) 0.1
Sucrose, finely powdered to make 974.7
Total 1000
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Table 4.3 Mineral Mix (AIN-93G)

Ingredient g/kg mix
Essential mineral element

Calcium carbonate, anhydrous 357
Potassium phosphate, monobasic 196
Potassium citrate, tri-potassium 70.78
Sodium chloride 74
Potassium sulfate 46.6
Magnesium oxide 24
Ferric citrate 6.06
Zinc carbonate 1.65
Manganous carbonate 0.63
Cupric carbonate 0.3
Potassium iodate 0.01
Sodium selenite, anhydrous 0.01025
Ammonium paramolybdate, 4hydrate 0.00795
Potentially benefical mineral element

Sodium meta-silicate, 9hydrate 1.45
Chromium potassium sulfate, 12hydrate 0.275
Lithum chloride 0.0174
Boric acid 0.0815
Sodium fluoride 0.0635
Nickel carbonate 0.0318
Ammonium vanadate 0.0066
Powdered sucrose 221.026
Total 1000
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Table 4.4 Clinical scoring system

Score Diarrhea stool Bloody stool

0 Normal Normal color
1 Mildly soft Brown color
2 Very soft Reddish color
3 Watery Bloody stool

4 More watery More bloody

The sum of the scores of Diarrhea stool and Bloody stool was defined as the clinical

score.
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Table 4.5 Primer sequences used for experiments

Gene Sequence (5'- 3"

GAPDH Forward TCAAGAAGGTGGTGAAGCAG
Reverse = AAGGTGGAAGAGTGGGAGTTG

TNF-a Forward TCGTAGCAAACCACCAAGTG

Reverse =~ CTTTGAGATCCATGCCGTTG
CXCL-2 Forward AGTGAACTGCGCTGTCAATG
Reverse  ACTTTTTGACCGCCCTTGAG
IL-6 Forward CTGATGCTGGTGACAACCAC
Reverse = TCCACGATTTCCCAGAGAAC

1L-18 Forward TGGCAACTGTTCCTGAACTCA
Reverse CAAAGGTTTGGAAGCAGCCC
1L-10 Forward AGCCGGGAAGACAATAACTG

Reverse TCCAGCTGGTCCTTTGTTTG
TLR2 Forward CTCCCACTTCAGGCTCTTTG
Reverse GCCACTCCAGGTAGGTCTTG
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Figure 4.1 Effects of EPS on body weight change, clinical score, colon length, and
colon structure in DSS-induced colitic mice.
(A) Body weight change in male BALB/c mice fed the Fiber free, 5% EPS and 10% EPS diets with
distilled water or DSS. (B) Clinical score of the inflammation in male BALB/c mice. (C) Colon length
were measured on day 8. (D) Colonic tissue sections were stained with hematoxylin and eosin for
histlogical examination.Values are the means + SEM (n=7). Means at each time point without a

common letter are different, p < 0.05.
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Figure 4.2 Effect of EPS on plasma LBP in DSS-induced colitic mice.
Plasma LBP at day 9 in male BALB/c mice fed the Fiber free, 5% EPS and 10%EPS diets with

distilled water or DSS. Values are the means + SEM (n=7). p < 0.05.
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Figure 4.3 Effects of EPS on the TJ protein expression in DSS-induced colitic mice.

(A) Immunoblot analysis of TJ proteins, Occludin, Claudin-3, Claudin-7, ZO-1, and ZO-2, in colons of male
BALB/c mice fed the FF, 5%EPS and 10% EPS diets with distilled water or DSS. Values are the means *
SEM (n=7). Means without a common letter are different, p<0.05. (B) Intercellular localization of TJ
proteins, ZO-1, Claudin-3, and Claudin-7, in the colons of male BALB/c mice. The images are

representatives of colons from 7 mice. Scale bar = 100pum.
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Figure 4.4 Cytokine expression in the colon of DSS-induced colitic mice.

Gene expression of inflammatory cytokines, TNF-a (A), CXCL-2 (B), IL-6 (C), IL-1B (D), IL-10 (E),

and TLR2 (F), in the colons of male BALB/c mice fed the control, 5% EPS and 10% EPS diets with

distilled water or DSS. Values are the means + SEM (n=7). Means without a common letter are

different, p <0.05.
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Figure 4.5 Anti inflammatory effects of EPS in the colon of DSS-induced

DSS + 5% EPS

colitic mice.
The number of neutrophils was quantified. Values are the means £+ SEM (n =7). p < 0.05

The images are representative of colons from 7 mice.
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Figure 4.6 Organic acid in faeces of DSS-induced colitic mice.

Organic acids concentrations in the faeces of mice fed the control, 5% EPS, and 10% EPS diets
with water or DSS. Faeces were collected at day 4 of DSS administration. Faecal concentrations of
acetic, propionic, n-butyric, lactic and succinic acids are shown. Values are the means £ SEM (n=7).
Means without a commom letter different, p < 0.05.
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Figure 4.7 TLR2 ligand activity of EPS and peptidoglycan in HEK Blue h

TLR2 cells.
TRL2 ligand activity of EPS and peptidoglycan. Values are the means = SEM

(n=4).p<0.05.
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Figure 4.8 TLR4 ligand activity of EPS and peptidoglycan in HEK Blue h
TLR4 cells.

TRL4 ligand activity of EPS and peptidoglycan. Values are the means = SEM
(n=4).p<0.05.
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%5
S

AKZEIE, 7 PE—MEERET AU ZZHWT, IBNMERBEY TH D
10-hydroxy-cis-12-octadecenoic acid (HYANZ &5 7 b & —PER i S MBIk % it L7z,
7. DSSF¥E A ET L~ T A% H\C, Leuconostoc mesenteroides NTMO048 ¥k Hi 3k
DFE I ZFEEPSIC L D HIAIENE & Bt Lz,

2 B TIRT b E =M ERAD)ET L NC/Nga < 7 2 & VT, HYA ERICL 5%
FERBAEINC DWW TR 21T o 72 AD (ZBPEFRRMEORRFER EHRE TH Y IgE PEAED
EFRRLTh2 A M A VFEAOHEMZGI SR T2 MM TVWD (43,44), HYA
Kz X 0 AD JEMR & FHBIRIERIC & % i TgE O L5280 L. RSHATICAE U D RIEE
Wl Uiz, £70, TUAX—ERIEOEE AT 4 =— X —Th 2 EHAILD L E~DIRH
ZEHILTWD Z ERNRE Sz, S 612, HYA BEHEOE Tix, Control FEIZ T
RIEME~—T1—TdH % TNF-a OBIE 3Bl NFr-Bp65 O U LIS STz,
AD BIEHERKD 1 2L LTEZ LN TWDEENY T OBREOHRBLE B 5 & HYA EIHE
TliX. BB TIZE o CTEER T 531 Th 5 Claudin-1 OFBUK T 2 0] L Tz,
L7=h3> T, BEREMENRNGER HYA ORI, BEDORIE, Thl/Th2 N7 A ANY THHEE
DEZIEL T, ADIEREREMT 5 2 & B3RS L7z,

FREIZ81F % Claudin-1 OEMNE, BN IgA PEA, BNAIERE, B fE® Th1/Th2
NG U ADRBERZTHZ b HYA $it AD 1ERNIIGERE A /0 L THRBLL T\ 25 ATHE
HbEZXHND, £ T, 5 3 WTIL, BE D Thl/Th2 NT A, HP IgA AR, 15
PN I 3 O FIRAT 2 S0 L 7, HYA #HUX, Th2 Z &I+ % Thl %4 4 > IFN-y
BELW Thl FFEROEEGR 1 THD T-bet O/NED /A =AML COREAN EH X,
Th2 ~#FES 531 b A > IL-33 EELEDOMH T DM A BTz, HYAIZXY Thl #
M2 Th1/Th2 NT AR 7 b L, MG IgE LIV EA KT & B2z LN, 7N
AFT 47 AL LTHLNTWAD AT 7 M4 Y IFFITNGNME R 2 B S, IFN-y EA
EHINE® 5 2 L(36), & biZ, IFN-y 1% Lactobacillus J&D /37 7 1 7 1% Thl % % H#
Y52 £(36), Eio. IgA KE~ U A& HWTHENHIE# OMENIZISV\C IgA AHEET
b5H T LBT), BE IgA 2, £ & L THRIEFIIICHMAEY I L OV Th2 I8E 2 RES 2 Bt
JFUZxET 2 B0 &E & L CTERT 5 2 £(88), b DM EMREMNIZAD L, HYA {2
BUZ LD e BN #ICEE 52, AD O X227 LS —MRBICH L TT
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BICER L CWD EBRBEZ bR 5, &512, Inoue 51X, Lactobacillus johnsonii
NCC533 DERIT L 2 SFHAEDWH AT, BN IgA PEAEZ @D 5 Z L &R L TE D (39),
B AR Tl mWVEE IgA LV A2 AT 5900137 FE—MHREDFAERDENZ &2
WESNTWD (44), L72ai-> T, HYA #% IgA PEAEIL, KGN CHEEIE N R # I 1F
AT 2 IR ST RETH T VLS = B2 RE L WD LB LMD,

% 4 T T3, Leuconostoc mesenteroides subsp. mesenteroides NTMOAS ¥kANEEA: 4 %
EPS 12 k2 KIBRICx T 28BN RA R Uiz, BE /Y THREOHEE A Ml L, DSS
FEMERIGAR 2T D KIGREERN S D Z RSz, £/, i LBP #EO L
S S22 & T # R ERBEERLEDRIENG S TS N TIREEHRH D Z
LOVRENTZ, EPSIZX D T Ri#NR O FHETFIT DBV T, 158 LRSI
IZBWT, FWIRZRHET 2 AR ORBLI L ORI XEUICHIE ST\ d Z Emno
THY TLR2 2L Tid, GolEigClhE LR 088 2t T 21EH13 & 5 2 & |
TLRICZA SN TVD Z ENHE SN TN 5(39,40), L7z~ T, EPSIcBW\T, TLR
ML L TV D RN E 2 b d,

ARFZETIE, B CILMEAHEY HYA O/EME L LT, BNMIEEZ IR E
fifid 2 2 & AN Thl JRE OB KO LA X —ZRICBEE L T\ D 2 L3 2R
Iz, E7z, RN EAT D EPS A3, DSS i8R R IR U TIRGER e B 4 38
T2 2B 6N Lc, RFETHEONICA I, FLBE D EAT 28 T2 72 aE Y
BORMBMA~DORFEO—B LD Z LRI ND,
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