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H—E Fim

Carnitine/organic cation transporter 1 (OCTN1/SLC22A4)i%, = B & R 22 fifas 2368
LTERY | Il I FEE AN OB O I R A b BGHIR o llF-f% i, 2 L C/NBT
13 BB DRI ICFBL L TV D Z LR B2 > TS (Tamai et al., 2003;
Sugiura et al., 2010) , in vitro DFFHTIZIV T, OCTNI XA D F 4 D FE 2 DiLA
W03 (tetraethylammonium, pyrilamine, quinidine, verapamil, donepezil, gabapentin,
ipratropium, methimazole, oxaliplatin, metformin 72 &) ZF/E & L Tk 325 Z ERA/R X
AU T % (Yabuuchi et al., 1999; Grundemman et al., 2005; Grigat et al., 2007; Urban et al.,
2008; Nakamura et al., 2010; Jong et al., 2011; Nakamichi et al., 2013), ZAL5H U< DD
HEIZHOWTIE, OCTNI OFEMENREHIEEIN ZNETITH LN E > TS, filx
IX. B NI T OCTNI L gabapentin D JRAIE JWeEH > TWND Z EARINTE
D, ZD5WH OCTN1 DEIEFEAI(SNP)D—>TH 5 L503F 2ot MIBWT
KT 220 RENTWS (Urban et al., 2008), F7-. MHFZEE CTIERL L 7= octnl
WK (octnl™) <~ 7 ZIZF VT, metformin DFE 0% 5-1% o I E T BEHER
ZALS 505 T, FRIRNEE 5121321675 72 < | metformin D& WIIZ OCTN1 75 B
B2 Z ENTREBIN TS (Nakamichi et al,, 2013), L2>L7ed3 6, Ky ORE
T B I EREFLRIBENZ DOV TER I H T STz,

OCTNI %, carnitine <° ergothioneine (ERGO). acetylcholine 7 & D NKIMEF L OVER
WHEE ©7#k 3% (Peltekova et al., 2004; Grundemman et al., 2005; Pochini et al., 2012) ,
B IEBEOH T, Grundemman (X, OCTNI BA& T-FBLR & FWIZfEHTIZ X Y ERGO
23 OCTN1 D RIFFEThH D Z &% A L7 (Grundemman et al., 2005), =D —F
T, WHFFEETIZ OCINI OWNRMERE ZRET D72, octnl” ™~ 7 ATBNT A X
R — AR % FEhE LT, & OFER JIE LTz 112 &% O H T ERGO D&M, octnl™”
~ 7 A Dz o MR IZ B W TE AR < 7 2|2 H~3 L <EVMEZ 7R L72 (Kato et al.,
2010), S 512, BAER~ U 2 TIMESE T Ol 2 uM L1 C ERGO BFE1ET
HOIZKE L, octn]"~ U A TIXERBRUT THHZ &b HPLCIZ L ViR L TRV

(Kato et al., 2010) \.ERGO 7% in vivo TO OCTNI FEE CTHHZ L= 6N LTV 5,
ERGO IFFEEHESC~ A a7 T U TIC Lo CORERRSND T2, MASECTITREE %
I LTHRRNICER Y IAE N D, ERGO (3K & < | BEFEEME IRV Z &b, Ei
OCTNI Z#4r L TIRIEZRITHLE R S b (Suglura etal., 2010), F7=. ERGO IZ
AERNTREH S <, BIBO OCTNT 240 L CRMAE RN SN D720, fEBR i
IR < FET S (Kato etal., 2010), >F ¥ . ERGO DIENEIEED K53 1L OCTNI
DHEREIZ L > TIRESIT BTV D, LA -> T, OCINI & 2D EZIFIc< v
élzﬁiljﬂ% 1 CTd % ERGO DMABOEIL Y72 b7 AR —Z —IEITARNICE



58T UAR—Z —DORENREREEIAONICT OO~ —I—{bEme LT
FHTHD LW BZOAHREIO—DIT Db LALRWy,

OCTN1 [TBMERIEMIRBICEE#H LZ b T v AR —HF —L T 5, Tokuhiro 5
X, BARNBEEMZRE LI KRBy — 22 b o — VBT LD | #1
T OCTNI BAETHETEO R H MR CAEREA TH 2B Y v~ F O REER 7T
bHZEEFEEL, Z® OCTNI O¥sEH|4HIK ¥ runt-related transcription factor 1
(RUNXI) #Bin b v~ F LB 5 At 2 R~ LT\ % (Tokuhiro et al.
2003), =D—J7 T, YHFFERELEH OCTNI & RIEMIFE A (Inflammatory Bowel
Disease: IBD) & OB HENZHHRE ST\ 5, IBD 1X. /Mo KGO R &M D
RIEF T IXEE 25 & & Z T RIKARHOEE T, FI122 12— % (Crohn’s Disease: CD)
ETEBMERMGZE (Ulcerative Colitis: UC) IZ/03H S5, CD & UC 13 & HITIEAF#)
BORERE (R ITHEESNTWD, 22 10 FHTEL DY ) AT A RBHERE
HT (Genome-wide Association Study: GWAS) 2317421, IBD I1ZxF9 % sz M BB s
TEENZEFE SN, D9 BHE 5 Ytk 31 IZAiiE 3 5 IBDS EfnFHEIZIE,
OCTNI Ein+ &+ DAREr 7 T L-camitine A D F Ao MibEWa EE L L2
P v =F 2 RZIEDJRINEIG T TdH D OCTN2/ISLC2245 5T NFEL TS, =
NETICHRA R ANFEOBELEMEZGRLE LIy —R a3y ba— A WFRICB W T,
OCTN1 @ L503F (C1672T) & OCTN2 O 71— —fghfii2 3\ T FLdini s il =
%-207G—C @ 2 ->?D SNP & CD X° UC FIE U X 7 & OBUR T~ 54T = 72 (Fisher
et al., 2006; Cucchiara et al., 2007; Lakner et al., 2009) , T, 15 D —RA =3 ha—/b
WFFERE SR % N = A 2 BEAT 2N Xuan B2 K-> TiThit, BAICBWTZ S OCTN1/2
@ SNP 7% CD [ MRS SNP Th 5 Z E ARSI TV D (Xuanetal., 2012), L7
>, OCTNI ® SNP |%, D72< &4 CD OF 72 ) A7 7 7 7 2 —"Toh % AlHetk
Wb,

OCTNI1 & RIEMEE E OREIT, & 512 ERGO ® X 5 72 4AEKN OCTNI HEE A Z
NORBIRFONA A~ —T—fEff & 7 D AIREEIC L > Th RSN TV S, EER, B
U U~ FEE OB MEN ERGO & EE T e @ik B T B S B I L
< TV (Taubert et al., 2006), —J7C. CD BEFDIMHE T ERGO JEE 1T, 4 A< UC
BEIVLELLWA TS (Katoetal., 2010), BifE, CD DK TOZKHIITIMIES
EDORIE~Y—T—BNIRS HNHLNTWD2, Zhvb~—H—I% CD FrRATIEAR <,
e EZWr DT DIZITNHESCHMR L TR R R EZ S 0RENRREDNLETH D
(Ueno etal., 2013), =D 7=, CD OIHZEEA TRERZW A A~ —T—% AOlF
L2 EITBEIZLE>THRTHY . CD BEDOIMAKT ERGO LV DK R /3A F~
— =RV ELIN LN EZE X T, L LN 5, CD B TO ERGO {KNH)
RO E T D A =X LNIRIEEH STV, ZHVE T CD BHE OB

4



RIEFALIZ I 5 OCTN1 FEELE & BERGO R IL, FERIEFANLIZ L@ 2 & A
EN TS (Taubertetal., 2009), Z 415 OFERIX, ERGO & CD IZBIHE N & 5 nlEME:
ZIFFTHHDOTIEH S23, ERGO ITBEHKRDILEW TH L7280, ByiE ERGO
EW T & 1X ERGO OTELEWIAEEM L TWAH 2 E2FERLTEBY, CD BFOM
H1 ERGO B DR T & idsbits L72Rvy, L7z23-> T, CD 8% ® ERGO (ANEhRE D ZE AL,
DAB=ALEMRAT DN, R A~v—I—L LTOZDILEHDZEYE - FH
PEZFIRD DRI RTH D,

% Z T, A TIL CD @ ERGO ANENED AL D A 1 = X A ZTHRD -0, HE
RIEET N T AD—DTHHT XA NT e U 7 A (dextran sodium sulfate:
DSS) #EFMRIGRET NV EAAER LTz, ZOWRBET L~ 7 AL, BREFRID-DOHGE
JFELFHYIZ B b IBD RAROFLIMEEZ L < 22 & 025 IBD OIFEENFFEICIA W D
T % (Wirtz et al., 2007), £ LT, ZEIA D=L E LT, mEME, FICIHE
@Kfﬁm CHEERIME P 2 BT 2 HERH kD~ 1 7 7 — VI B L7z, ERGO

DMGE RFETBALD Z A H A E D IAF LD & 5 RERASREH] S FuauiE, fEER i
1D ERGO AT 72 < & b IIC T 592 ERGO DOWJRLEmE v IAAZ 34 ©
TWHAEEMN D D, Z DGR AR D720, AWFFETIE. EITIHE ORI
W9 2 RE IR E 45 Jg BLRZER AR (lamina propria mononuclear cells; LPMCs) % #JEE 7 /L
~ ALY HEEEL, OCTNI MI I ERGO DHLY Q\%L%f%ﬂf*‘f:o FTo. BERIERF

17 % OCTN1 & ERGO OJFREA B EA 7o 81 2 fRIA 3 5 712, BAERL L octnl™”
YU RACBWTKBRET VAR L, BEIEEDOHKREZIT T,



FE ERFIE

A

Dextran sodium sulfate (DSS, MW 36,000-50,000 Da) &£, MP Bio Medicals (Santa Ana,
CA) X Y g AN L 7=, Deuterium-labeled L-(+)-ergothioneine (do-ERGO) * X OV
deuterium-labeled creatinine (ds-creatinine) (% Toronto Research Chemicals Inc. (Toronto,
Canada) X Y EA L7-, [PHJERGO (293 Ci/mol) 3 & OY'*C]mannitol (54.0 mCi/mmol)
IZ Moravek Biochemicals Inc. (Brea, CA) L Y i A L7z, HT mouse F4/80 (clone; A3-1) ¥
& U'B-actin (clone; AC-15) £ / 7 u—F L HufKITZ £+ AbD Serotec (Kidlington, UK)
and Sigma-Aldrich Inc. (St. Louis, MO) X Wl A L7z, $HL mouse CD1lb F L
caveolin-1 RV 7 v —7 LHiIRIL Sigma-Aldrich Inc. & VA L7=, HT OCTNI Hiikix
LR KPR S CERL SN b DO Z - (Tamai etal., 1997), FERLIA O
IFg A~ TSGR AR &2 Tz,

EUL7)

octnl BA-F KB (octnl")y~ 7 ZILLARTITAESRE L (Kato et al., 2010), C57BL/6J Rl
bia &b 6 HARE LAHEE L 7= (Ishimoto et al., 2014), Male C57BL/6J wild-type 35 LY
octnl™= 7 AX 7-10 W D A A~ 7 A % EERIZH W, BT XN OERER T E S
o, KR OVEERIZ A BEBIRE Lz, B 3EBRITeR KT 3 RG> THEME L
7

< 7 A (D genotyping

~ U RS ) N DNA T 5720, BEIL7-~ T ADH % lysis buffer (100 mM
NaCl, 10 mM Tris, 20 mM EDTA, 0.5% SDS, 0.1 mg/mL Protainase K, pH 8.0), 55°C T3
REf] A % 2 _X— N LTI L, 2-propanol # /M2 CTH v ¥ 7 L7ctk, 95 °C T2
A ¥ 2X— |k L7=, 10 mM Tris-HCI (pH8.0) & Il 2 CTIRFI7=V > 7 (w7 A7
/ 2 DNA) L PCR #1479 £ THIR THhAF LT,

i L7e~ o 25 /7 L DNA Z8IC L, TSR T 7 74 ~—% M T Emerald
AmpTM PCR Master mix (TaKaRa Bio, Inc.) % LA FD X 512 PCR K &1T -7,
55172 PCR product & W T T H o — A F )VERIKEI 21TV Ba R 2 iR LT,

(PCR It
94°C, 1 min — [98°C, 10 sec — 60°C, 20 sec — 72°C, 20 sec] x 43 cycles — 72°C, 5

min — 4°C, co



PCR St R DT T A ~—Z Hu =,

Knockout

Forward 5’-gggtgtggtccagaggact-3’
Reverse 5’-tagttgccagcecatetgttg-3’
Wild-type H

Forward 5’-cctaggaagatcccctcage-3’
Reverse 5’-agtgtcaggaaccaggcaac-3’

DSS HRMEKBRET N~ U 2 DER

~ T RIZ, day 1 205 8 3L W day 22 225 29 £ T 2% (w/v) DSS % & Lol i 8k
Kz HBICEREE, day 8 5 22 TTHLUN29 725 31 £TDSS &4 £ 72\l
EKZ G272, WEOEIZHE LT, Day8, 12 BL N3 IZ~ T AL/ LW
KI5 Z B L7, Hematoxylin and eosin (H&E) Y:fads L Ok D=, IHE
D —HER1% PBS T4, 4% paraformaldehyde/10 mM sodium phosphate buffer (pH 7.4)
T—BREE LT,

DSS#FHMERBR~ U 2 DMK, M, kI X OR O

Day 1,5,8,12,16,20,22,26 3 XU 31 12, BHEARE D~/ U LBRFEE 2 H W
TERIM L., ~RY VAR L 72 1.5 mL F =2 — 72k & A, —#8% 5,000 rpm, 10 43
Wi 0%, M52,

Day 8,12 BX 3112, ~ T ANLE- /MG, Kk X ORFRO —# % E &I H
W5 ET-80°CHRTF LT,

24 BE OF IR & [FILT B 728, day 8 IZ~ 7 A&7 — I A=,

5% £ MRS X O LPMCs 0 B g

W& 7> 6 O ERGHE IS X OV LPMCs @ Hifl L, ARTIZ 8 S 40TV 5 FiE(Weigmann
etal., 2007) & (EIE L CHWz, =— 7 VIKEMZ I~ 7 2 Z2Wisd LI, 5 </
ERIGEZEO H L, /MO T 0 & KiB% ice-cold PBS (Z21F 72, 73 = /U & BRU
Iz & WHE A8 EIZUIV B E A 1 em (280D PBS T L7z, ZHh b DOffk4% 5 mL
? Predigestion solution (1 X HBSS Ca, Mg A%, 5 mM EDTA, 1 mM dithiothreitol)iZ I35
AL, 3TCOMEEMT20 iR E 5> Lz, IREHE, 185SumDF A B Ay ia
TAEL, A v a B> % % B O Predigestion solution [Z AfL, #RE 9 & Al
ARV, Al LIk (IS BEGHRE) 1X. 9 <IT 5% FBS-HBSS TR

7




L7, w0 L EEZEBRO 2%, 5% FBS-HBSS T2 [HIPEF L7z, A v a BTz
IHE Z 1 mm (< G L, 37°CIZANRE L7 5 mL @ Digestion solution(1 X PBS,
Collagenase, DNase I, Dispase I)IZAZL, 37COEIRFE T 20 /pfiIEE 935, 70 um
DENLANLAFT—=TAHEL, BILA LA F—EOMEH LV 5 mL @ Digestion
solution (Z A7z, ZOFEMEZEILA ML AT — FEOMBN R 27225 FT (¥ 3
[) #OIKR LTz, 277 —BRE%O AL, §<IZ 5% FBS & HBSS TA R Lix
D%, REERWZ, [FERIZ. 5% FBS & HBSS THfilaz 2 B L7z, 3 [E45r DMl
e %468 C 1200 rpm, 4°CC 10 ZpfiimD L7, EiEZBREELNZHEE 3 mL 100%
Percoll VAR Tk . 5% FBS & HBSS T10mL £ TA A7 v 7 L=, % 1800 rpm,
20°CC 20 4y L L7- (ACCEL & DECEL (% off), Eif% 1 mL 7 L CTErE, 4.1 mL
? 100% Percoll A% % % T 5% FBS & HBSS T 10 mL {2 A A7 v 7 L7z, fijdz
L <HRE L7z (44%Percoll I§IR) . Hr7= 12 B 2 L 72 3 mL 70% Percoll ¥ D
RIS R 2 B L, 1800 rpm. 20°C T 20 4yf#E 0> L7~z (ACCEL & DECEL I
off) , 44% & 70% Percoll J& DEER 2 & % LPMCs Z[al¥ L, 5% FBS & HBSS CHllfia
Z 2 [l LTz,

(OHBSS
Conc. HBSS(+) HBSS(-) 10 x HBSS(+)
mM mg/1L mg/1L mg/100 mL

KCl 54 400 400 400
NaCl 137 8000 8000 8000
NaHCO; 4.16 350 350 -
KH,PO4 0.44 60 60 60
Na,HPO, * 12H,0 0.39 142.68 142.68 142.68
D-Glucose 55 1000 1000 1000
CaCl, * 2H,O 1.26 185.45 - 185.45
MgSO;4 + 7H,0O 0.4 100 - 100

(OPredigestion solution (1 X HBSS(-), 5 mM EDTA, 1 mM DTT)
1 X HBSS Ca, Mg <& 10 mL/Sample
EDTA 18.6 mg/Sample
Dithiothreitol (DTT) 1.54 mg/Sample



O5% FBS &4 HBSS (+)
1 X HBSS (+) 475 mL
FEBEL 5 A FBS 25 mL

(ODigestion solution

1 XPBS 100 mL
Collagenase (final 0.4 mg/mL)  0.04 g
DNase I (final 0.5 mg/mL) 0.05¢g
Dispase II (final 3 mg/mL) 03g

(O100% Percoll(v/v) 3% M k|2 7 f
Percoll (d=1.124 g) 9 mL
10 X HBSS (+) 1 mL

(O70% Percoll(v/v)
100% Percoll 2.1 mL
1 XHBSS (+) 0.9 mL

NGB X K BHERE L 7 D ER

VSTV R C~ U A AN E E L2tk TR0 < /NG & RGBT
WM L. 4%/ N7 RV LT VT B REERIZOT CT—BEREE L7, £ b % 10 %
sucrose/PBS {A#RIZiIR L. Wi/KZBALE L7z, — HF&IZ 20 % sucrose/PBS AR IZE#a L |
S HIZ— HHIZ 30 % sucrose/PBS {AHRIZE L L 72, 30 % sucrose/PBS {&#K T DMK )
SET LI, £D%., 10% A7 10— A/PBS, 20% A7 11— A/PBS, 0.05%7 2A{t7
U T AEAH 30% A2 v — A/PBS THL/KMALELZ L7, OCT compound T L 7 U 4
A&y FEHWT 10 um OE S O/NG « REGHAEGI R 2 ER L 7=,

Q4% /3T RV LT VT b REER
8% /T RV LT VT B R/ H0 100 mL
02M VU ) KU v L buffer (pH 7.4) 100 mL

O02M VU > liEF ~ Y o A buffer (pH 7.4)
NaH,PO, * 2H,0 02M
Na,HPO, * 12H,0 02M



(010 x PBS

NaCl 40 g
Na,HPO, + 12H,0 145¢

KCl lg

KH,PO, lg

H,O up to 500 mL

~ U ZMREE D OCTN1 D fu g Yt

o et I LART O (Sugiura et al., 2010) % K12, EEBRSEMH 2 %8 LEREIT-
72o -80 °C TIRIFL TBWE R T A N7 T ZZREF T TRk R O 2 =R ISR LTz
‘IS, F7A4 Y —7T30~60 77 H. S 72, PBS T2~3 [E[I\ >, 10 mM 7 = ik
ER(pH 6.0) 12 92°C, 5 /iR L. HURIRIE (LA 21T - 72, G171 &R o T
¥ L7=#. PBS T2~3 [EIHEV, 0.3% Tween 20 /PBS (27 % 30 43 A v F 2 _—
22 L72,PBS T3 [EIPEV R5372 PBS &MY (71 v % 2 F 3K (1.5% BSA/1.5%
goat serum/PBS) Z I IZ oW A O T TEHEIR, 30 ofME Lz, YIFICAS 72
WEo iz my R REAERY T ey % VRETHIN L /2 anti-OCTNI
antiserum AR 2 Y Iz o, BEEOF T 4°C, —Hn 7z, PBS THFL7=dH
. ATA AT ADEEZREEY . PBS T 400 778K L7~ Alexa Fluor 488 goat
anti-rabbit IgG conjugates (Molecular Probes Inc., Eugene, OR) Z 8] (2D H, =i T 30
sriE e L7z, PBS THH%. &% 2 VECTASHIELD mounting medium with DAPI
(Vector Laboratories, Burlingame, CA) CEf A & YL A Z ATV, I X— T 2% F, 3§
B L — W —PEMEE (LSM 710; Carl Zeiss, Jena, Germany) % ffi-> CUIF 282 L7,

~ U AR A D F4/80 D s Yt

G Y B X LART O A (Shimizu et al., 2011) Z 512, FEBREM 2k E L ERE21T-
770 -80°C TIRIF L TBWE AT A K7 T AT 7= iR AS O 2 BiRIC R L7
%Iz, R7A4 ¥ —T30~60 77 A S 7=, PBS T2~3 [F¥E, 10 mM 7 = FEfk
B (pH 6.0) 12 92°C, 5 r[iR L. HURBIS (LA 21T > 7=, Bl 2 mMmE o T
F L7=t%. PBS T2~3 [E¥EV, 0.3 % H,O/MeOH (2 /% 5 A v F 2X— 3
> L7z, PBS T3 [EVEWV, 4472 PBS 4L E IV | 7 v v ¥ o 733K (5 % FBS/PBS)
ZUI RO, WO T T=IR, 30 SAE L, ORI LnEoicrry ¥
VIR ERY . T r oy % VI TAHAR LU 2HT F4/80 HUREIK Z BRI DH
RO T T 4°C, Wi SE7-, PBS T LI=HE. AT7A NI T ADEEA
HEHEDY ., PBS T 200 4 R L 7= biotinylated anti-rat IgG (Vector Laboratories,
Burlingame, CA)Z U A lZOF, =R T 1 FFfEIAE L7-, PBS T L7cd &, PBS T

10



#7FR L 7= VECTASTAIN Elite ABC Standard Kit (Vector Laboratories) % H] 5 12 D+ =ik
T 30yl L7z, 3°,3’-diaminobenzidine tetrahydrochloride (DAB)J&#Z(ImmPACT™
DAB diluent 1mL + chromogen concentrate 10 uL; Vector Laboratories)(ZH] i &= L 72,
TR NEAIZR 72 H3I1ER < PBS THW, L& 1k, & 512 PBS T3 [m¥E- 7z,
D%, 70 % Alcohol, 80 % Alcohol, 90 % Alcohol, 100 % Alcohol (2 [a]), Xylene (3 [F])
THEIZHAK LTV E | iR ISFHAKIEEE AAITEHA L, AN—=T 7 2%, B
$#i (BZ-9000; Keyence, Osaka, Japan) % ffi > CUIF ##£ L7,

Hematoxylin and Eosin (H&E) #: {4

KGR % 30 - 60 43 KT A ¥—CREZSE/2%, ~~ MU URRERKIZ 3 5o
J7e, WAKEEIToTed &, KEKTI0 oETeE Lc, KoxREmy, =Fv v
HRIZ 1 532 7t KIEAK TR L7z, 70% Alcohol — 80% Alcohol — 90% Alcohol
— 95% Alcohol —100% Alcohol — 100% Alcohol —Xylene —Xylene DJEIZ 3 5779
iR L. WKL ZIT 7o, RBICEAAITE AL, #< £ T4 BRI ERKE LT,

<AV R >

O1.0%=F> > « 7L a—LIEHE Stock solution
95% 7 /L1 —/)L 40 mL
T—F Y 05g

B IK 10 mL

OxF ik
10% Ay « Toa—L¥E%  30mL
80% 7 /L a—)L 90 mL

Bl 0.6 mL (EEERIXIEA K 100 mL (2% L C 0.5 mL)

B D Crude Membrane Fraction o /gl

-80°CH:TFE L TR 72 A homogenization buffer TYEWNZ A LR S, &7 AT
REVT AP —IZB L, 100 [A4HREF A X L7z, homogenization buffer TPV Z 7 L
PR 15 mLmEIEE IR L, 4°C. 3,000 g (3970 rpm; Hitachi), 15 min =LE1T> 72,
FiEZEBMO 15mL F 2 — 7B L, FE4°C, 3000g, 15min TiELE{To72, k
15 % i OB - = — 712 [BlY L. homogenization buffer TH&KF = —7 DHE X & K
THbE =%, #iE L Optima L-90K 38 X WNAA 7' 1 —4 SW32 Ti (BECKMAN)
T 4°C, 100,000g, 30 min #:.LEIT>72, EIEZTERICERW -1, F% -5 72 pellet (crude
membrane fraction) {2 10 mM Tris-HCI (pH 7.5)Z s L. 25G {E&E#H &V U & A

11



T pellet Z#I23 L TRk, western Blot (27,

(OHomogenization buffer

Final Content MW Stock Dilution Stocli solution
Conc. Rate DO ELE
0.23 M sucrose 3423 092 M x 4 30 g/100 mL (dH,0)
5 mM Tris-HCl 121.14 M x 200 1.211 g /100 mL (dH,0O)
(pH 7.5)
2 mM EDTA 372.24 100 mM x 50 3.722 g /100 mL (dH,0)
0.1 mM PMSF 1749 300 mM x 3000 3.48 mg/ mL (DMSO)
1 ug/mL leupeptin 426.6 I mg/mL | x 3000 DMSO =-30C
1 pg/mL pepstatin A | 685.9 I mg/mL | x 3000 DMSO =-30C

=SdH,0 TAAT v 7

~ 2/ - KB EZHIME D Western Blot #Z 4T
FREFEICE D~ X X0 BHEEL 72 BRGNS crude membrane fraction 4 {5 L
7z, crude membrane fraction (Z RIPA-Y buffer (1 % Nonidet P-40, 75 mM NaCl, 50 mM
Tris-HClI, protease inhibitor, pH 7.5)& N Z. 25G {E&EHE U iz 5EE L., 4°C, 1
REfEL A > F 2= g 952 Lz Ak L, 15000 rpm, 5 min, 4 °C Ciz />
L7z Bif&EY o7& L THWZ, Pierce Microplate BCA Protein Assay Kit % F T,
B R EREIT T2, BAKUKENEDY 10 pg/lwell 12725 X 512 L. 5 x SDS
sampling buffer % Il z . filf19~ % F T urea (MP Biomedicals, Inc.)Z ¥#$/0 L 7=, SDS-PAGE
(12% polyacrilamide gel) & CTEXIKEI%. polyvinylidene difluoride membrane (PVDF;
Millipore Corporation, Billerica, MA)Z FHW\N T, £ N7 4 FRUT LD 2 mA/em® T 60
4y M55, L7=, PVDF membrane % 7 1 v % 7&K (4% Blockace / H,O (DS 7 7 —
YNA T AT 4 J1V)) TERNEHELU ET ey X 7 Ltk —IRPUKETR (against
OCTNI, anti-B-actin, anti-caveolin 1 HLIf) & 4°C, —Wt )& S 72, TBST (137 mM NaCl,
20 mM Tris-HCI (pH 7.5), 0.1% Tween 20) CHeifi%, _IRPURIEHR & 2R T 1 Refi] SO
W72, N2 FiEHIIE. Western lightning chemiluminescence reagent plus (Perkin Elmer,
Massachusetts, USA) & VTRl L 7=,

LC-MSMS @ E &%
< IE 3 L ONMIEREE O mifLEE >
FREAKT 10 (275 IR Ui B L O 2 f5745 R L 7- A

10 uL &0, NEEHES'E

12



(d9-ERGO)% 10 pL, Z&R/K 10 uL Mz TH# LIz, S 5HIZ, 70 uL ® MeOH %1 %
TERYZ /87 4T 3 43R L. 15000 rpm, 4°CC 15 syl Lz, EIE 70 ul
ZED . 15,000 rppm T 15 7l 0 L7z EiE% LC-MS/MS IZ X > CTEEZIT- T2,

<fHfEELORTLEE (ERGO, ERGO X)) >

SOCHAFARR 2K BB L, BE% Img tissue 24720 20 uL DK ZTRIM L, ~H 3
THRD 72T/ Uiz, &F Y F A H—(T10 basic ULTRA-TURRAX®, IKA) % H >,
KETHREYFA X L7 (Speed Max, 30sec), /M. KRG L OV 10 /R L 7= il
REVHX— &2 50 ul &0, PNIEEHEYE (d9-ERGO) % 10 uL., 7%88/K 10 yuL hnz CH
L7, S 512,150 uL D MeOH Z 2 TERH 737 24T\ 3 43R #R L. 15,000 rpm,
4CT 15 iz Lz, EIE 100 pL 280 . 15,000 rpm T 15 ZrfEliEL Lz B4
LC-MS/MS (2L » CEREEITo 7=,

<JREELORTLE (ERGO) >

R — TR L7ZRZ 90 ul & 0 . WEEYEM)E (d9-ERGO) % 5 uL, 7&K 5uL
MATHEE L, 51T, 900 uL @ AcCN Z N2 TR 237 47 3 /i #E L.
15,000 rpm, 4°CT 15 .0 L7z, i 100 uL 2820 | 15,000 rpm T 15 53 [0
L7- k&% LC-MS/MS IZ L » CEEETT- T2,

< REORTMLEE (creatinine) >

K7 — TR L, 100 {5/ R L7 IR % 25 ul & 0 . PEEYHEY)'HE (d3-creatinine) &
125 uL, ZEEK 125 uL A THRIE L7z, S 5HIT, 200 uL @ AcCN Z % TR v /3
7 AT 3 43R L, 15,000 rpm 4°C T 15 430 L=, EiF 150 uL 2 £ (15,000
rpm T 15 43E O L7z i 4 LC-MS/MS 12 & » CTEREA{T- 7=,

< W RGN E A HEAZER AR O RiTALEE (ERGO. ERGO i) >

HAME U 7= N5 /s RE I A e BAZ BRI (LPMCs) IC78%8 7k % 200 ul iz, K ETF
v =R —E W, V== a v E 7o, S5, WIEREYE(9-ERGO)
% 10 uL, 78%E/K 10 uL Iz 7=#. 400 uL ® MeOH % Iz THHFL L. 15,000 rpm, 4°C
TI15 5REL Lz, EIESS0 ul 240 . 40°C T —BhARFBE 21T o 72, §oE%, &
BKZAOuLMZELRL, 4CTY =r—v a3 &{7To72, 160 uL ® AcCN % iz T
fEEE L. 15,000 rppm C 15 43fiiE D L2 EiEA LC-MS/MS (2 L » TE&E AT T2,

<LC/MS/MS condition> (ERGO. creatinine, ERGO fX#4#)
Instrument : LCMS-8040 (Shimadzu, Kyoto, Japan)
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Column : ACQUITY UPLC BEH Amide Column (130A, 1.7 gm, 2.1 mm X 150 mm; Waters
Corporation)
Mobile Phase : A) 0.1 % HCOOH
B) 0.1 % HCOOH in AcCN

Time (min) | % of A % of B
0 5 95
0.5 5 95
3 35 65
35 60 40
40 60 40
4.1 5 95

Flow Rate: 0.4 mL/min

Column Temperature : 50°C

Ionization: Electrospray

Polarity: Positive

Multiple Reaction Monitors: m/z 230.36 to 126.95 (ERGO)
m/z 239.15 to 127.00 (dy—ERGO, internal standard)
m/z 114.10 to 44.15 (creatinine)
m/z 117.00 to 47.15 (ds-creatinine, internal standard)
m/z 278.00 to 95.10 (ERGO ft##))

HEE LPMCs (Z & 5 ERGO YV A 3 Br

Hiffff L 7= LPMCs Ok z 0 L, B35 Z BRV 72 1% Transport buffer (125 mM
NaCl, 4.8 mM KCl, 5.6 mM Glucose, 1.2 mM CaCl,, 1.2 mM KH,PO,, 1.2 mM MgSO,, 25
mM HEPES/NaOH, pH7 4) & il 2 TH)— 1B L 7=, S HIiZ, &0, Transport buffer
EMATEEL, KECTHEISmL F=2—7120E L, 37 °C 1007 LA %
2aX—2 g L%, HONUH 37 °CIZ LT-3E (PHIERGO 7>2['*C]mannitol) %
Mz TG 2 BRME Uiz, — E R IE .04 mL O F = — 7 (Assist)|Z 50 uL @ 3N KOH
DR8Iz, 100 ul DU 2 A /v (JbE 1.015, silicon oil : liquid paraffin = 10 : 3.3)
N EEICS D ROSMEIERT = — 7 ICHIBRER 2 N2 T, @032 2 & CRISZEIE
L7z, 12 BERILAE=RIECA > Fa_X—2 3 v L7=#,. KOH E%[FEIN L7-, 5N HCI
THR L% IRy > F v—1 a3 > 71 7 7 /b (Cleasol I, Nacalai Tesque Inc.) Z /1 %,
Wk v F L —a i % — (LSC-5100, Aloka, Tokyo, Japan) 12 & 0 g%
HELZ, 5o b7 VT NOAHREFHILTZBIZENTZIT S FED
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A, TNEEOA v e Llc, Bonlch vy b aWiREdpm / uL) &
fu% ChR L7z & D23 PHIERGO OHMIFIN ~DZEFRE R WL / 10° cells) & 725, Zi b DfE
) LT E A AN~ & B A EN Y O B (Mean) & L7z, ["*Clmannitol %) 4fi
HAEIL. PHIERGO O HAEFEN B2 LG < Z & T IR R 35 O E 21T > 72,

HEt LPMCs D7 r—H% A4 b A b —

HifE L 72 LPMCs Ol z im0 L, BB ZBRWICR, 4% 3T RV LT VT |
RCHlaZ [E7E L, 1% FBS/PBS THeif L7z, mO&IC RIEZRE, 7ryx 7k
3£ (5% FBS/0.1% saponin/PBS) Z ¥ L, =R T30 oflA »FaX—a L,
I OB REERE 7 ey X o R CHIR L 72— IRPUATAK (anti-OCTN1
antiserum, preimmune serum, anti-F4/80 antibody = 721 isotype control IgG2b) Z¥RIN L |
IR T 30 A v aN—a L, PEEE. PBS T 200 5 iR L 72 IRPUIAE
% (Alexa Fluor 488 goat anti-rabbit % 723 rat IgG conjugates (Molecular Probes Inc.,
Eugene, OR)) ZM L., S HICHIR T30 oA v FaX—a Lz, RiEFHEOY
> 7L, FACSVerse flow cytometer (BD Biosciences, San Jose, CA) Cf#HT 217 - 7=,

b b BEBERARER THP-1 O M 5%

THP-1 BRI ERAL AR ZE T & 0 24k S 41, RPMI-1640 (Sigma)iZ 10% fetal bovine
serum (FBS), 50 unit/mL benzylpenicillin, 50 ng/mL streptomycin % %I L 7255 H#iHh C, 37
°C,5% CO, A v F 2 X—F —ITHFE LTc, ERIHEMT LA, v~/ v 77—V
AR & 572, 5 x 10%cells/cm® D% FECTHE & . phorbol 12-myristate 13-acetate
(PMA; 5 ng/m) Z#0N U7z LRss i TH e L7z, 48 IRffElA 3 2 N—2 3 U RIT,
b Lic~ 7 a7 7 — PRI 2 85 1T L. & 512 LPS (100 ng/m)Z#A0 L T 12
REEE R 35 2 & Tl b &8 T, ERICHWZ,

b b BERMR AR THP-1 © & & RT-PCR

Total RNA i1, ISOGEN(Nippon Gene, Toyama, Japan) D% & k 2 /L@ v (21T
>z, AV TS T A ~—, deoxy nucleotide triphosphate (ANTP) mix, RT buffer,
MultiScribe™ Reverse Transcriptase (2 & > T, ¢cDNA % &k L 72, ¢cDNA %,
THUNDERBIRD SYBR gPCR Mix (TOYOBO, Osaka, Japan). 5°-75 A ~—. 3'-7 5 A
~— &R, Mx3005P (Agilent Technologies; Santa Clara, CA)IZ X ¥ | g L 7=,
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OPrimer OEL

Gene Forward primer Reverse primer

OCTN1 5-CGGAATATTGCCATAATGACC-3'" 5-TTCAATCAAGGCAGAGAGGAA-3'
CD14 5'-GAGCTCAGAGGTTCGGAAGA-3' 5'-CTTCATCGTCCAGCTCACAA-3'
CDI11b 5-AGAACAACATGCCCAGAACC-3' 5'-TTCTCTGAGGCCGTGAAGTT-3'
TNF-a 5-CAGCCTCTTCTCCTTCCTGAT-3' 5'-GCCAGAGGGCTGATTAGAGA-3'

B-actin  5'- CCAACCGCGAGAAGATGA -3' 5'-TCCATCACGATGCCAGTG -3'

PCR DUSRIIZLL T D@ v 12T o 7=,
95°C, 154F — (95°C. 10 — 60°C. 30 #)x 40 %1 7 )L
mRNA FEHEIL, B-actin (2K > TH o 7B OB ZFT0, FAXTEED A ACt
EEHOCER LR,

LPS #|# THP-1 v 7 7 7 7 — Uk fd © Western blot 24T

FREFEICR D . HERMEMIE, v~ 7 v 7 7 —URRMIIR, LPS i~ 27 v 7 7 — Uk
i@ 7> 5 Z U F 21 crude membrane fraction Z/ER L7-, X512, kit~ v A EEHIIGE
? western blot & [AIERD 15 THEME L 7=,

LPS ## THP-1 v 7 1 7 7 — VR Ot RAR

Rwell ¥ VT T 4 v allBWTEE L LPS fliE~2 a7y — Ufkfllaz
Transport buffer T4, Transport buffer Z 1% C, 37°C, 50 A v F=2X—1 3
> L7z, Transport buffer #7 AL —% —[REL-%, HELLUH 37 °C 2Lz
PHIERGO % &3k 2 Mz T ZBth LTz, —ERpfRRia% ., ik z —asaiu L
T2 5| L, ice-cold transport buffer C 3 [AIflifid A P L 7=, 0.2 N NaOH 300 uL %
% well IZH0Z, Mk Z AT b L7z, Ml Ak L7 Sample Z [F1IX L, 5N HCl THAI
L7=tk. Wik > F L —2 3 417 7 /L (Cleasol I, Nacalai Tesque Inc.) Z 1%, #RIK
Vo FL—a iy #— (LSC-5100, Aloka, Tokyo, Japan) (2 & 0 &M 2 I &
Lic, oo b e 7 VT Y NORZFHU LRGN e DR
o, ZhzBEOI e L, £, & well DX /37 &% Protein Assay Kit
(Bio-Rad, Hercules, CA)x FHWCHIE LTz, Boizh vy N HIHIRE (dpm / ul) &
KR BTERLE S O IEN~DPHIERGO EfE&E WL / mg protein) & 725, Zi
O DA Z ) LT 2 AN~ E B A EN T D EMean) & L, T OVHJEFEE
D IR E(S. EM) &R 7o, R AR TIiX. 1, 60, 120, 240 min TEBREZ1T
ST, BEERFMERERIT 0,3, 10, 30, 100, 300 uM > ERGO A V) 3R 2 FAV N, )35 B B
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VIAHD R %2 % 120 min TEEREZIT- 7,

KBR DAL FER R 2 7 Gl

H&E Yetath O KIGHEMRE A 2 ), DSS 8538 RIGZ OFRRE 2 LU F O IE H CREM L
72o MALFA 2713, LiRiO#HE (Williams et al., 2001) ZFEICEE L7z, A=
TR, R b BN —T A~ TRV EBRERS L, £~ T AOKE 3 &
FTLL Lo SRS S 2 e,

Feature graded Score | Description
Inflammation severity 0 None
1 Mild
2 Moderate
3 Severe
Inflammation extent 0 None
1 Mucosa
2 Mucosa and submucosa
3 Transmural
Crypt damage 0 None
1 Basal 1/3 damaged
2 Basal 2/3 damaged
3 Crypt lost; surface epithelium present
4 Crypts and surface epithelium lost
7 — Z fRAT

HEZDME X Student O ¢ -1 & J2 N one-way ANOVA with the Bonferroni test % F >
TITV, p<005 CHEZENRH D & LTz,

17



G S S

DSS FHRMERKBRET N~V AR IT2MBEFB I OMIEFEEHE

7 v — R BE O MRS ERGO RENMDT DA =X LZf{l~570, DSS &%
FMEET N~ 2 2ER L, MR F R L OMSET ERGO IEHB 2R/ ~1-, 20T
N~ AL, BBE LR~ ORESC~Y 0 T 7 —VOIEM b E R T E NI NET
ICHRE SN TWDET /L THD (Poritz et al., 2007; Alex et al., 2009) , ERGO [~ 7 A
DEFPICEENDH Z L35, control ~ 7 A TIHEBRIMIKT ERGO & Xk IZHEN
L7=—7C, DSS $&5~ 7 ADEIX, day 20 LA control w7 A X 0 3 L <K<
o7z (Fig.lA), Z @ DSS #5~ 7 A Toifif ERGO L~LDIK T (Fig. 1A) 1.
Jua-JRBETCURNICR N2 &L —E L7 (Katoetal., 2010), & 52, A28
TIE LV ERE RS ATEEZY LC-MS/MS & W= Z & ¢, B ME+H ERGO JEE
HHIEEIT -7 (Fig.1B), ERGO D MHAEHREIL, MmHHRE & FERIZ day26 DIFET
control ¥ 7 A LU LK o7, DSS BREMEET L~ T AORIEFMIZIE., REHER.
KGO E &, KGR D H&E Yt ChEsd L7= (Fig.1C, D, E), DSS & 5.~ 7 X T,
control = 7 AZHER AKENE L < L (Fig.10) . KIFORE S 34 < 72 - 7= (Fig.1D),
F72. DSS & H~ T ZAO KRG TIL, BRI KO Crypt O i #0522 Ml 0D 1= 73
JRFAPH TR B e (FigdB).,

(A) (B)
207
3 E
= ®
L 3
s ©
2 £
S 2
) o
= £
8 @)
O
: z
0 T T T T T 1 0 T T T T T 1
1 6 11 16 21 26 31 1 6 11 16 21 26 31

Day Day

Fig.1A-B  ERGO concentration profile in blood and plasma of DSS-induced colitis
mice
(A) Blood and (B) plasma concentrations of food-derived ERGO were measured in wild-type

mice given drinking water with (closed circles) or without (open circles) 2% (w/v) DSS. Each
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value is the mean = SEM (n=4-10). *, Significantly different from control group (p <0.05).

(C) 120- (D)
=110+ 3
© T 8 T
2 1009@@0 = )
° B
= 90 S
E -l 6 7 * *
> 801 5
2 S
= 70 o
>
g 60 L) L] T L) L} 1
(47] 1 6 1 31 Cont DSS Cont DSS Cont DSS

Day 8 Day 12 Day 31

Fig. 1C-E  Severity of intestinal inflammation in DSS-induced colitis mice

(C) Body weight of DSS-treated (closed circles) and control (open circles) mice was
measured. Each value is the mean + SEM (n = 4-38). *, Significant difference from control
mice (p<0.05). (D) Colon length was determined at days 8, 12 and 31 in DSS-treated (closed
bars) and control (open bars) mice. Each value is the mean = SEM (n = 7-37). *, Significant
difference from control mice (p <0.05). (E) H&E staining of colon tissue sections of
DSS-treated and control mice at day 8. Representative results from at least three individual

mice in each group are shown.

DSS FERMRBRET NV ZADBEIZIIT 5 OCTN1 D FEHEE)

Fig.1 TR.H 72 DSS FHHME 7 /L OEER M. ERGO EE DK FORK & LT, L
AICHE L7z (Sugiura et al., 2010) ERGO DOyE{LE WU 2 H > T\ 2 58 ERid o
Jill F#5% N5 0> OCTN1 DFEHLL /L DEEINRE X HiLbh, £ 2T, OCTNI DI BIZH)
AL, Sk L Western blot fi#HT 217> 7= (Fig.2), DSS #&hH~ 7 %
(BT D/NERITZE E O OCTN1 O 7 F X, day 8 X0 12, 31 (2B W THEBFIZ A
b7z (Fig. 2A), € LT, Western blot ST Tid, DSS # G-~ 7 206 HifE L 72/
BB LK ERGBR O 43 12 381F D OCTNT OFHELIX, control < &7 AT L~ E W
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WHL AR L7 (Fig. 2B), F7-. B-actin ®FHLIL. DSS 5~ A & control ¥ 7 A
TRIZ%D L ~ULZ s LIz — T, caveolin-1 TlX, /M & KRB control @578 DSS
Beh~ U210 bRV R =7z (Fig, 2B),

(A) Day 8 Day 12 Day 31
Cont.
DSS.
(B)
S| Day 8 Day 12 Day 31
Cont DSS Cont DSS Cont DSS
Octn1 -

50

- '

B'actin —— — -— —

Caveolin-1| s —-— Lo
Day 8 Day 31
zolon Cont DSS Cont DSS

Octn1 . i < ‘ -7

B-actin | === _— _—

Caveolin-1 - -

-20

Fig.2 Expression of Octnl in small intestine and colon of DSS-induced colitis mice
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(A) Cryosections of small intestine from control and DSS-induced colitis mice at days 8, 12
and 31 were incubated with antiserum against Octnl. Note that the density of the Octnl signal
on apical membranes in colitis mice was greater than that in control mice. (B) Lysate of crude
membrane fraction of intestinal epithelial cells prepared from small intestine (SI) and colon of
control and DSS-treated mice was subjected to SDS-polyacrylamide gel electrophoresis,
followed by western blot analysis using anti-OCTN1 antiserum, and B-actin and caveolin-1

antibodies.

JB A MR S X OB LPMCs (28 1) 5 B H 3k ERGO # B

DSS 5~ 7 ZDOWE ERIEIZ T % OCTNT O3 BLd EF (Fig. 2) Tl Fig. 1
TR OATZIEER MR+ D ERGO REDIK T 2T 25 Z LIXTE RV, 22T, ¥k
IRIMAREIR T A =X 5 & LT, RIEDE X 72 IHEMHREE A JE T I A LS DML
~ I a7y — U EORPEMBA, I TN S 4172 ERGO & BV JATe FIREME %
B 2T, RIEMEIBRE T, TS~ v 77— BRIRHIIEZ & O iiassig
TR T OIRIEFALITIRIE T D Z & RE ST 5 (Steinbach et al., 2014), Z D AJ
REMVEZ R~ 2720, FTIHEMMSEICI T 581K ERGO ORE % LC-MS/MS (2
Lo THIE L7=, ERGO (%, control 33X DSS $t5:-~ 7 2D/ M & RIGFHATHK H &
A7z (Fig. 3A) . /M ERGO R EE 13, DSS B85~ 7 A TEWMEm A R 5372 (Fig. 3A)
— 7 C, KTl control 7 A X U ¢, DSS KFdk~ 7 A CTH L < |- 7z (Fig. 3B),
S BT, M LUK ORE N ~DEEH 2Kk ERGO OFRE A <5725 LPMCs
DOHRBEZ1T > 72, BB ERGO X, DSS KiG%k~ U 2D /Mg LUK LPMCs T
RSV NGO T KEG LD b EmWIRE Z 7R L7z (Fig 3C) . BEH 2R D ERGO 1 control
~ 7 ARG BEEL 72 KB LPMCs Tldfti &7~ 72 (data not shown), — 5T,
control ¥ 7 A CIIHIEHINE DRTENFBZE 6 < D72 729 control ¥ 7 A BT E&EIT
VB 280D LPMCs % BBfEST 5 Z L I3 TE R oTe, £7o. octml” <7 A X0 HEfEL
7o/ ORI LPMCs I3\ T b 2RO ERGO 13t S 41727~ 7z (Fig. 3C),
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o Cont DSS Cont DSS S| Colon _SI Colon

WT Octn1”

Fig. 3 Amount of ERGO in intestinal tissues (A, B) and LPMCs (C) of DSS-treated
mice

(A, B) Food-derived ERGO was measured in small intestine (A) and colon (B) of control
(open bar) and DSS-treated wild-type mice (closed bar) at Day 8. Each value is the mean +
SEM (n=4). *, Significantly different from the control group (p <0.05). (C) Food-derived
ERGO was measured in small-intestinal and colonic LPMCs isolated from DSS-treated
wild-type and octnl”” mice at day 8. The detection limit of ERGO was 1.2 ng/10° cells. Each
value is the mean = SEM (n=4-10). *, Significantly different from the control group (p
<0.05).

HLEE LPMCs (2311 %5 ERGO D EY AZ & OCTN1 D3I

RIERFD LPMCs (2L W OCTNI NHR VW IAEN D Z & ZEHEH D72, ["HIERGO
DELY iAFFRER 21T - 72, DSS K2~ 7 A D /Mg & KBGO 55> & B L 72 LPMCs
BT, BERMETERY 72 PHIERGO DY IAZ MR 67 (Fig. 3D), /M LPMCs T
D[PH]ERGO DLV iAZx %, K LPMCs £ W & & < (Fig. 3D) . Z Ui, i3 D ERGO
BREEN/NED LPMCs TEVWMEZ /R L7=Z & & — L7 (Fig. 3C), F7=. LPMCs IZ
X A[PHIERGO D EL Y A%, 100 uM ERGO f#7E F CE L < > L7- (Fig. 3D), &
512, OCTN1 ® LPMCs TORBLAZFHRD720, 7a—H A A ) —%&{To7-, H
Bt/ MBF X OVKAS LPMCs 128V T, BT OCTN1 Hiik & V725D OCTN1 D 50% )i
PEIZ, control FLIMIGIZEENL VEEETH -7 (Fig3E), Ak, v~/ un7r7r—U~
— 1 —"Td 5 F4/80 H it F4/80 ik & H L 7= BT @ W ISR Sz (Fig. 3E),
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10" 102 10° 10¢ 105

Octn1 F4/80

10
Time (min)

Fig. 3 Uptake of FHIERGO (D) and expression of OCTN1 (E) in LPMCs of
DSS-treated mice

(D) Small-intestinal (circles) and colonic (squares) LPMCs isolated at day 8 were incubated
with 2.6 uM [PH]ERGO at 37°C in the presence (open symbols) or absence (closed symbols)
of 100 uM unlabeled ERGO. (E) Flow cytometry was performed with small-intestinal
LPMCs isolated from DSS-treated mice using anti-OCTNI antiserum (solid line) and
preimmune serum (dotted line) or anti-F4/80 antibody (solid line) and isotype control (dotted
line). Representative results from at least three individual experiments are shown. Similar

results were also obtained for colonic LPMCs (data not shown).

RIERIZE T 5 ERGO R DER

RAEFRFIZ LPMCs (ZHU D A E 72l b'E ERGO 2RO EIZRE S 5 D& i
N5 7=, ERGO Z AN OIEMERRFEME D —>Th Dl {b/KE L G S, TOK
SR U LC-MS/MS (2 & % A% % 24T o 1o, SO IE.ERGO O B — 7 23 b L,
TV H—P—A A m/z278.0 BL N 198.1 DSBS NT-, ZnbDEe—7 |2
KHLIBIL, a7 MMAUAF Y U EBFEMUTER. 7V D——AF > m/z
278.0 725 1% m/z 60.4,95.1,154.2,198.1 DT X7 b F oS, 7V B —H—
A2 m/z278.0 0BT, m/z60.2,95.1,1542 D7 X7 A AU nmbiEn-, 2
T, W& #RE & HEE LPMCs (238 T, m/z 278.0 DAY Z LC-MS/MS 12 L - T
HIE L=, m/z 278.0 DWEIL. control 38 LN DSS B 5~ U A D/Mgk L OKIFGIZE
WTHH S 0yo 7= (Table 1), S 52, control ~ 7 A5 B L 7= K LPMCs
Tl e o7—F T, DSS &5~ 7 ZHko/NMEk LUK LPMCs T,
m/z 278.0 DB S iz (Table 1),
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Table 1 ERGO metabolite (m/z 278.0) in intestinal tissues and LPMCs of DSS-treated

mice at day 8

Mice Sample Control DSS
Small Intestine N.D. N.D.
Whole Tissues
Wild Colon N.D. N.D.
1ld-type
Small Intestine —3) Detected
LPMCs
Colon N.D. Detected
y Small Intestine — N.D.
octnl™ LPMCs
Colon — N.D.

N.D. : Not detectable
a) Not determined because LPMCs could not be isolated.

DSS FHRMRKBRET L~ U X DIFEF I L CRF ERGO ¥ FE

DSS KWz~ U 2D M AR ML, KT ERGO DY AL D EH<° ERGO
DFRANE I DA L > THMBTE DA ERH H, £ 2T, 2 H D A[EEME
IR DT28, DSS &5~ U 2O FEF I L OVRHF ERGO EE HHIE L7z, DSS #%
H< o 21281 5 g+ ERGO B IX. control ~ 7 AT, day 8 TRV ME )23 &
V. day31 TIEFELIEF L2 (FigdA), E7=. JRF ERGO JREL X day 8 (235 Tl
7E L. creatinine (2K > CHIEZ{T>72, DSS &5~ 2 T?» ERGO/creatinine ki
control ¥ 7 A XV ${K7-> 7= (Fig. 4B),

(A) (B) (X109

@ 140 - c

2 5

_2 120 - c 1.0 1

g 100 S *

= ©

S 80 - tz

:’ * o

S 60 - £ 0.5

i -

= 40- S

Q - 2

g %0 o

G o e o

w Cont DSS Cont DSS x Cont DSS
Day 8 Day 31 Day 8
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Fig. 4 ERGO concentration in liver (A) and urine (B) of DSS-induced colitis mice

(A) Food-derived ERGO was measured in liver of control (open bar) and DSS-treated
wild-type mice (closed bar). Each value represents the mean £ SEM (n=3-4). *, Significantly
different from control group (p <0.05). (B) Urine was collected for 24 h at day 8, and ERGO
concentration in the urine was measured and normalized by that of creatinine. Each value

represents the mean = SEM (n=4). *, Significantly different from control group (p <0.05).

LPS F|# %% THP-1~ 27 1 7 7 — UHRHMIRIZ DT 5 OCTN1 D#rER) R FE B

RIEME~ 7 17 7 —UIZE1F 5 OCTN1 ORI R FBLZ <5720, & b HEGH
fafk THP-1 fifgZ PMA I K> T~ 7 v 7 7 — UMb S8, S HIZLPS 12X
STHIE L2, ZOMIZIZE T 5 OCTNI OB TR BT bk S 521X LPS #ligtk
IZBWC ERT MmN R 57 (Fig. 5A), 20K, B h~r/nm7y—U~v—h—
T&H 5 CD11b X° CD14 DiEE 38T, EH L7 (Fig.5A), 7=, EMHElb~r >
77—V ~—H—"Td 5D TNF-a DI LPS #LIZ X - CTHEAN L 7= (Fig. 5A) , Western
blot fEHT TiE. ZHAHHMIIZI TS OCTNI LT CD11b ORIANFHZR S 7= (Fig.
5B), X 51T, LPS #litkd THP-1 ~ 7 1 7 7 — VMRV T, BREREIRIFAIIC
[PHJERGO DOHL Y AZN R 57 (Fig. 5C), FEFERE ERGO KIS, Z 0D
[PHJERGO DI YV AL DA & B 57 (Fig.s5D).,
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Fig.5 Functional expression of OCTNI1 in LPS-stimulated THP-1 macrophages

(A) Gene expression of OCTNI1, TNF-a, CD11b and CDI14 was measured in THP-1
monocytes (open bar), macrophage-like cells (closed gray bar) and LPS-activated
macrophages cells (black bar) by real-time RT-PCR assay. Data were normalized by gene
expression of 36B4, house keeping gene. Each value is the mean £ SEM (n = 4-6). *,
Significantly different between each cell (p <0.05). (B) Expression of gene products of
OCTNI, CD11b and B-actin in THP-1 monocytes, macrophage-like cells and LPS-activated
macrophages was analyzed by western blotting. (C) Time course of ["HJERGO uptake by
LPS-activated THP-1 cells. Uptake of [’HJERGO (1.3 uM) was measured at pH 7.4, 37°C.
Each value is the mean + SEM (n = 3-6). (D) Concentration dependence of OCTN1-mediated
uptake of ERGO by LPS-activated THP-1 cells. Uptake of [PHJERGO for 120 min was
measured in the presence of various concentrations of unlabeled ERGO at pH 7.4, 37°C. Each

value is the mean = SEM (n = 3-8).

26



octnl Bl FRE D DSS FRIERBR~DE

DSS R RIGRICE 1T D OCTNI & ERGO OJFBEAFRR R EI~D M R 42155
72, AR L octnl” ~ 7 AITEWT DSS FRMERBAETTNAEIER LT, octml
B RBIZE Y | DSS &G ZOIREDOHREAD1E L B L- (Fig. 6A), DSS #5-
kB RBOE ST, AR octml” ~ 7 ADFH N LV EL 72> 7- (Fig. 6B),
KIHLRRE 1T X 2 LRGN C12. B L 0 Y ocml” <7 ZADH DY Crypt
5y O FREGREAN A L, £0—J5 T, 2 LcMlansEinL Tz (Fig.6C), Z
O ERIEOEIELE . RIAEDOHIFH, Crypt #5 OHEO 3 HEIZ X Dk 7R 2 =
7 CEME LR, AR LD Y ocml” = 7 AD T NEVMEZ R L7- (Fig. 6C), &
5T, ez L RIEE A T2 351 D F4/80 B MERIA A, B AT Z e~ ocml” ~
U AN BN TSR S vz (Fig. 6E), L7213 > T, octnl B@in 1 /KEIZEL Y. DSS
ARG R DB EAL LT,
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Fig. 6 Effect of deletion of ocfnl gene on DSS-induced colitis in mice

(A) Body weight of DSS-treated wild-type (closed circles) and ocnl™ (open circles) mice
was measured. Each value is the mean =+ SEM (n = 9-10). *, Significantly different from
wild-type mice (p<0.05). (B) Colon length was determined at day 31 in DSS-treated
wild-type (black bars) and octnl™ (open bars) mice. Each value is the mean + SEM (n = 3-12).
* Significantly different from wild-type mice (p<0.05). (C) H&E staining of colon tissue
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sections of DSS-treated wild-type and octnl”™ mice at day 31. Representative results from at
least three individual mice in each group are shown. (D) Histological score in the colon was
assessed at day 31. Each value is the mean £ SEM (n = 5-6). Representative results from at
least four regions in each mouse are shown. *, Significantly different from DSS-treated
wild-type mice (p<0.05). (E) Infiltration of macrophages in the colon at day 31 was assessed
by immunostaining for F4/80. Immunoreactivity to anti-F4/80 antibody is indicated by
arrowheads. Representative results from at least three individual mice in each group are

shown.
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BNE Z%

CD FBFIZHT D MK+ ERGO & I3 A UC FBFE LD Ik, 2o
Z LI ERGO 25 CD DA F~— A —T 7% % Al getE 2 /R”ie L T % (Kato et al., 2010)
L2 L7223 6, I $ ERGO #REE DK T OJRBAF PR BRI ST,
ERGO IZFIBEWE ThH 5 Z L0 b RIEMEREBIZB W TIHIA 2 %H 2 £ 72 L Twn
LAREMEILH D, DD, AW TR LN GE ERSEOM1-#% ED OCTN1 @
UL ES (Fig. 2) & e < BBEMBH ~D ERGO OHLY A% (Fig. 3A, 3B) 1%
RIEZIHITHTODIKRD T 4 — KRy T A=A LTHDLNS LIV, — 5T,
Taubert © (X, ERGO 2354 - Hifd D HEFHE R+ D—-2>TdH Y . OCTNI O SNP Th %
L503F & o 72k ML ERGO OEWHYIAZIZ LY IBD DY R BN ERTHZ L%
SN2 U7z (Taubert et al., 2005), L7273 T, IBD (2317 5 OCTN1 & ERGO D#&E|IZ
OWNWTIE, REICH#EmESIEEZ LZEETH D, RO RIL. Zh b 0&E O
AREMEICHT e R 2 726 LTWD, T2 6 IBD MBFH ORIEFNLIZAEER ik )
SIRET D~ m 7y —T7 EOGE ORI, ERGO 25 OCTNI 241 L THY
WENDHZ ETHD (Fig 3,5, IBEOREHIEIZIIT D OCTNI ORERERIRELIZ D
WTIEARIOWFZERRIZ LV SR Sz, #EHK ERGO 7% DSS KIFRET /L~ 7 A
D /Mg & KRG 6 BEfE L 72 LPMCs IZ/F/EL TR Y (Fig.3C) . BUNEE#R{R ERGO 75 H
B/ M ES X OVKEG LPMCs [2HUY iAE 4L, OCTN1 OF B R S 47z (Fig. 3D, E),
E 5|2, THP-1 v 7 v 7 7 — UM BV T H OCTNL O3 (Fig. 5A, B) & it
BRI BRGO OHLY iAZ (Fig. 5C, 5D) BRdHDH &b, v~/ a7 7 —IICB T
OCTN1 HEBERVICHBL L TW D Z N FFS 7z, F£72. Z4LE TIZ Tokuhiro 512
LoT, & MTEBWT CD4 < CDS HEMIIZ L~ BRSO~ v 77—V D~—7
—Td D CDI4 BMEMIEIZ OCTNI @ mRNA EHENAEWI LI Tn5
(Tokuhiro et al., 2003), L2>L72n 6, w27 17 7 —UIZH1F 5 OCTNI OFERER 7257
BUZEAT 28T I N E Tz <, AFEDERMNCFER L7l & 72 o 7=,

ABFZE UL IBE B A IR L 72 M2 36 1T 5 RIERFRF A 72 ERGO DY
WAFRDN R R T O AL B WU O ERGO O AIEEE L Y A Fx &2 4T > TV 5 Al HEME
B LTz, ZDOZ EMNDSS KIFRET /VICEIT 2 MR L OmEREEKT (Fig
D ARt 8T 5 LTI ENEZILND, LPLRRL, SEOFHERT
I%. CD & IZHIT 51+ ERGO DRI DR R Do X T3 = X LDl Rgt: %
PEBRd 2 Z iz cE Ry, D ADO AT =KL E LT, ERGO DRFEY IAGDZEAL )
EZ NS, ZE TIZYAFZE= T, ERGO 23O FEFE AL I BRI B Y A
FNHTERLTWSD (Sugiuraetal., 2010), L2xL7e28 6, day 8 IZ31F 5 DSS #5-
~ 7 Z DTS ERGO 13 control = 7 2 X WK< (Fig. 4A) . AFELV AHRDZEALT
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X DSS Kigk~v ZADMHPEEMT (Fig. 1) ZitlAd 252 L3 T&20, Lol
~ U AZBIT D ERGO OIFHLY IAA L, AT MFREEIZILEE T 2I1Z ERE W &b
AR TH D, D7D, TV IAHZNE L EH L7256 THIFRNIEE OZIX
iR T/NE < DSS KIGRET MZI1T 2 IFPIELEIE LR DL LA ERECHET 5 2
SIEEEL VDL LivZe, 2 0B OREENME L LT, ERGO D JRMIE I G F 7= 188
IMiZ 1 ERGO JEE DHERFIZH 5 LT\ 5 Z & 205 (Kato et al., 2010) . FRANE F Y
DEREZ BND, LU S, ERGO O EFHEMIT DSS &5~ 7 A Tl L
TEY (Fig.4B). ZDOZLIZEB W TH DSS K2~ v 2D M EERK T (Fig. 1) %
BT 52 LIXTER, BBEO A=A AT, ERGO O MERSELOENTH D, 4
FFEE D LR O E Tk <7= X 912, ERGO 1T ARMERATHRAMAIZ R B35 OCTN1 |2
X o THYIAEN D 7=, ERGO IFARIMER~D @\ 434 % 71+ 3 (Kato et al., 2010) , IBD
BER DSS BRETATIEAY N7V y MEMETT25Z LN TND AR
(Voudoukis et al., 2013; Watts et al., 2014) , AWFZE TR 572 DSS &5~ A TD
ERGO JEE DR/ 1T, Mg & O CREROZE(LEZ/RLTEY (Fig. 1), BEX
JERFDO~N< b7 Uy MEOZALTHMANRTE R, LENR-T, INHE2TH,
EIZBIT D ERGO (ANENEEDZE LA ILH ERGO DA IZ 272 h3» T 5 il et 2 X
FFLTWa2b Ltz

ZAVETERGO I, AFHNTIHIZE A LR NRMEEMTH D &L SN TET,
LU, REFFRIZBW T, PLEEWE CH 5 ERGO NEMEEE R ORI LKk & Kk
L. ERGO M L HEHI SN 2WMBEICENT 52 &2 AL, 62, ZOWEIT
A D DSS FHERMERMR ~ 7 A5 B L 72 LPMCs TO A Z 41, control = 7
22 DSS 5 L7z octnl”~ 7 A @D LPMCs TlIf i & /eh»7- (Table 1), Zi
O OFEFIL, IHE E A T ITIRE L 72 a2 ERGO OREHZE S L TnWb Z & &R
2L CW5, ZAUL, invivo TRIEFRFIZ ERGO MU S D Z L 20 TR L7ZHIT
&V, CD HBF DMK+ ERGO MEFT2EH KD —>TH D00 LitZely, Ll
D6 ABFFEOMATIZT TIX ERGO @& RIET L Z LixTE Ry, 4%, 20
ERGO ¥ o B - K AITV NMR OME S T BOWELZ EMT 5 2 & A
RToHD, £72, ERGO IZIENTEHK SN T REELZ T L THENIZIV IAENL2ME T
O, "A A<= —, LTHWDIZITEEOEREORENRMEE 20155,
L L7236, BLENCHE L7 IBD BE & s A MmHERE (Kato et al., 2010) <A
WFFED DSS FEFMERIGRET A OIMHPIRE (Fig. 1) (ZBW IR REORLEX
RHNTWRW, 20— T, KIERFFRAY72 BRGO BN FIET UL, Ry &
ERGO DHAFHND Z & T, BREFOHELBET HMESL R, K0 RIEMETR ERE
IR A A~ — T —IZe D ARt b B X bivD, 4%, DSS FRMERIGRET LD
A7 BT, CD X UC BF D MIEFRHMIZHONWTETRDMNENRH D,
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KAFZETIE, & DO RIEICEIT D OCTNI & ERGO OFENI R L, Hi-emmidz b
725 L7, DSS FFRMERBRICIIT D RIEOEIERE L, BAEM < 7 2T~ octnl™
~ U AT w7 (Fig. 6). Z DO RIL, OCTNI1 23 RIE Z i3 5 & Hl 2 K7z
LTWBHZEERBL TS, octnl”~ 7 A TiE, MER L OETOIEERIZIHBNT
ERGO EENBHRALLT TH 5 (Kato etal., 2010), SEIDAFIEIZIBNT G, BpAER
~ ALY HEfE L 7= LPMCs TiZ ERGO BAERE L TV D DIk L, octml”~ 7 Ak
LPMCs Tl &2z o7= (Fig. 3C), £D7=®, OCTINI1 IL ERGO Z#HV AT Z
& THERIEIT KT LI R 2 J64H L TV D HTREMENE 2 b D, B 7 D
R D M ORERE AR B0 R F 72 S 2Y IBD OJRRBIZE G- L Tno &%
ZHNTEY PiREWE CTH %5 ERGO BWRIENE~ 7 1 7 7 — P OTEMHAL 2 il L T
WAHME LIV, LxLAaenn, & MIET 5 CD s %REE SNP Toh 5 OCTNI
DT Y NINLET 5 L503F 1%, tetraethylammonium <> ERGO ® K 5 Z2W/E I (Zxt L T
VXE Y IABTEVEDN EFH-9 5 — 77T, caritine ® X 9 R AFZALEDIS T HELD A
FIEPEIIME T 9% (Peltekova et al., 2004; Taubert et al., 2005) , Peltecova %, putrescine
REONT TV TR L o TA U DIETERI DS CD B I B3 2 AIRE MDY &
D . OCTN1 DHERIEZ B S ELIEHEIToTWVENE LILRWZ & &R LT
W5 (Peltecovaetal., 2004), & k&~ A TIIRECHNMED X 5 ZRBREERN FITK
TIEWNDH D ATEEMEN S D 7=, OCTN1 & ERGO @ IBD (Z351) % IEHE 72 7% I % B
HNITDITIE, & 5725 IO IRZE RN L TH D,

OCTNI1 [IER% ZRIEHREHTZT T <. WRMESBEHROMEM b IEE & L TRl
9% (Yabuuchi et al., 1999; Grundemman et al., 2005; Grigat et al., 2007; Urban et al., 2008;
Nakamura et al., 2010; Jong et al., 2011; Nakamichi et al., 2013), L7>L722%5, OCTNI
DEFL L BENL, RIZIEEAERP SN TR, YHFFEETIER L octnl”
~ R, BEOEF - BHETIZBW TR, BRI~ T X L g L7 phenotype D
WIEBLE SN 0o 7o 7o, OCTNI OB & Bl 2 8 iF 325 Z ST LV, —
77T, DSS H&EZ L0 /NG BRI O RF-fiE > OCTNT OFEN LH-95 Z &7
AR T/RENTZ, S 5IZ, ERGO IZ DSS Kif#~ 7 2D LPMCs DI ST
B (Fig,3C). OCTNI1 28 DSS 5% D LPMCs ICBWTHT v L ¥ alb— g v
SNTNDZ EWRBINT, octnl IR RIITFEERIC DSS FFFMERMG R DO RIE %
I HTEBY (Fig. 6). Z OREFRIFLARNCHE M FRETRIZ L A58 RIEIZ) LT
octnl” <~ ZADBEZMENRE N &L HRSE LTS (Kato etal, 2010), 2205 DfsH
X, ZHREM N T U RAR—Z—TdH D OCTNI M GE JE Z ) &8 5 A 22 72
TEZRFOZ L BRI LTS, L, Chen & DWFFE T /V—773, BlD SLC22A k
T UAR—H—T 7 I —"TH>D OCTI/SLC22A1 73 thiamine & NKMEFE & L TR
L, =X — R AT 5 2 & CIFIBIRE I B W CEE & E 2 R LT
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HZERHELTUWD (Chen et al, 2014), L7=23->T, B KT v AKR—X—DJ5FH
REAE B2 22 B B D FREA 3k 2 7R R B ODIRIEC2 W O Fi =72 — 7w & L MIC
T HH Li7Zeu,
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FBRE K

AAFFEIZ LD . OCTNI MEMA L~ 7 77 7 — DICHERERICHEBL L . 1B RIERFIC
I A R A B L TR 9 B S A ERGO AAHD IAEN D Z L RN LMo 72,
BT, 2O REMIICEY A 72 ERGO MMUH &5 aTREME b Rg S iz,
TNH AT =ALN DSS FHFHEMERGRET L~ 7 ZTHT 25 MiEF 3 L O H
ERGO BEK TV Eb—MFEFG LWL EnEZLND, 4%, CD BEIC
BiF5 ERGO O MHRER FIZ RO A =X AREGT 20 FBE T L E
AW DD MLETH D, £, AU, BERIERICB O TROEBIE
T AEREY ORNENER BN /-2 A2 726 Lid LivZu,
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