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UARTZITZENE, EF I By & LTHOLNLAEMEEME Th 5, Ml T 7
EUE/ X7 LFF R (FMN) BEXORTZ I T7F =0 X7 LAF R (FAD) ([CZAE# S
., TCA VA 7 v, EHniER, JEVIEE BIRb, 7 2/ BRI BG4 DB OflilER
ELUTHEET B, 3700 h, U AR T Z B UNIERD IE R 2 HSREHERHI DR EE TH 5,
ERNEIUDETOMABLY AT T BV BGELR A ST, B 6 OEBEDI AR AIK Th
%o ZDRZIZANRKRLAIMD A7 BT BB A A, R E OfEMRIR 1 & 725 12

FWRRBR OB, 210 OENENREZ Sl 5 EE/IRRE Th 5, A
IR T HE TR SN TR Y BRI X ERIL RN & 0 BEEEATRETH D,
— T TR LA OBATIZREETH W . 2D & 5 BT %A b T v AR—Z 2 X
D RSN SN D KIBER D T Ch D U AR 7 7 BB LTH MBIZEIT DRI,
B30T D IR et L ORI BT U AR—F D55 Z & Z2mied 2 H S
HL<MMHLWEENTND T F7e, IR, NS O Kl SR OB Hifia 2 FV 7=
BEHZRBWCHEFED VAR 7 7 B VED AR L0 VR T 7 22 ORNEIREIC
KT U AR—Z PEEREE A R T 2 LIS ER TR L D RS TE 2, FRC,
FFERIUIAEARD VR T T B ATEMEAHERFT 5 72 DICHE B A PERE & L CTHEX DAL,
Z OB E RIS 2 7D IR e S C & 2 1B,

HILETHO TOIRTZTE L T

o]
X ) H,C Ny NH
> AR—4 RFVT1(SLC5241; |H4: RFT1) I:I S
H,C N~ O
HZ

1% 2008 FEICFEIES LY, FDF% RFVT2 :2 N
(SLC5242; [7] RFT3) * 35X 08 RFVT3 ;:g: » ..
(SLC5243; [ RFT2) *' AS#fs Shrz ﬂ;@mﬁw %'@
(Table 1), H1CH RFVT3 1L, /MEIZE _ o |0 O

. . ,, Riboflavin ) A

1T 2 3EBIAMD REVT & bl LTl 2, EMN o

DR NG U e e e FAD

O FTREMEDMEZR STV D, RFVT3 (3,
NIFYTDY A A A A Fig.1. The chemical structure of riboflavin, FMN and FAD.
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BLAST BRI L 0 it [FE Sz 11 BRESERID b7 v AR—2Ths *, b MIE
W, /I, B, RS, RO CRIEBIAR® Hitd ¥, RFVTL & RFVT2 IX
86.7%D 7 X/ WfRRIMEZ A L, HITHIlaS Na FERTFR), pH FEERFIICU R 7 T80 %
kT D7 EEEL LR 2 A9 575, RFVT3 I RFVTL L DO7 2/ BEFRIED 42.9%
LA . MRSk pH A A T 70 L 2 OO T U AR—F L R DR A R B, 2o
BRI, SEATAFSEIC L0 RFVT3 ORI AA-CHERE RIS O B IR S h oo d 5
HOD, ZOAEFRPKENZ B D IF I EICTFE LV,

BT, FEIERETANEH O B Brown-Vialetto-Van Laere (BVVL) JEfEREAES 12BN T
FERUNT RFVT3 OER FARNHRE X, RFVT3 OFSEERIED 2\ IHEREIR FAMRR &
BT 2 2 LAVRIR STV D ) BVVL JEMREE, B0, ERFRHL, B, & Luv
KT, FPRREESE OSERE E3 2 PR AR OERTH S ¥, RFVT3 OB A REY
AT % BVVLEBERERE T, VAR T I B i E O Folsl il G w2330 b
HIELHEINTND P, I —HOMBIERCRHRFEIL, VR 7 7 e v e b+
52 SR VEENERD BND , E7m, 2010 EICHE SN B U A RBEFTIC
BT RFVT3 DSEIER - EEE ORGSR & LTIt S = VAR 7 7 8 RZ I,
BERTFREO ) AR Th D Z LRSS g >, 5E-T, RFVT3 ORI
Tl TEED Y R 7 T B ARFEDSE L, IREBDIIE~LEN D Z L Mg S,
K KT AR—H OEFREI ORI TR TS b B TH D,

VU EDOWEED T, ZEHIT RFVT3 BNMEERHNICB W THY REZH LN ET5 2 L 2 AK
L. BRI EITo, BIETIE, VAR T T BV ERINICIT D REVT3 OHERERIRE 5.4
FHE L. B ERGaOTERBIZ I W T Y R 7 T B ks ) Z L 2N E LT,

Table 1. Characteristics of human RFVT1, RFVT2 and RF VT3Z,

. %
éﬁﬁ\?glﬁy(g/(:) ™D (Ifff\l/[) dep elljllc_llency dep ;:]13; ney Tissue distribution
RFVT1(SLCS5241) 100 10 14 - _ lsrls;ﬁnits{esﬁne
RFVT2(SLC5242) 86.7 10 0.3 - - ':rf:ﬁ lﬁlé:tﬁ i?d’
RFVT3(SLC5243) 129 11 10 n testis, small intestine,

kidney, placenta

* TMD, Transmembrane domains predicted by the SOSUT program; K, the apparent K, value for riboflavin uptake.



FUETIE, /v 7T U MU RZ W28 U T REVT3 O in vivo (28T 2% &%
R LTRER, AfFICHED N TV AR—FTHH I L2 R LT, £7- RFVT3 2R
IZBWTURT7 I e OBREBITICEGT 5 Z L2 o0 s L, HREXIBICHE S BITIHED
KFRFAERDOY R 7 Z U RZEFIER T EIVRENT,

LI, ABFFEC &> TR bV R A w975,



] e
VIRT7 7 U RGEWRIIZIBIT D REVT3 DA

URT T B AR IE R T BEREHERF O H D KBRS 7T U | RPN A AR &
A EIRVHFEEIT A S OBBSARAIR Th 5, BFERIIULY A7 7 v OMEFE A
B 272 0Ic HERMBRTH Y . TOMEOMIAEZ HINE LIRSS i sh T
7= NGRS DB OWIUE, 1RSI O RZERIRIT-RA RS KON A MRS D
T B BEORRSE BRI KX o THIBI S TR Y . IR LA OGN T A
R—=ZZEVEENTWD Y FIZIE, KEMREWE Ch D 7L a—AE, Rl
JRE9 % Na'/glucose co-transporter 1 (SGLT1) T & 0 EREND D5 ERRIEN~ L ELY iA
FENTt%, ISR RTLT 5 facilitated glucose transporter 2 (GLUT2) (2 & » TILEN~D
BATHST S5 25, VA7 e cBLThH, B HAGRIR O M1 B kRt &
KT U AR—=Z D Z LA, BB M & O REHE K 0 KRS & 72 T,

2008 FELAREIC REVT 7 7 X U =23 FAIE S 4L, WO 53 TR b/ INGIZ B TIHBLTED
BNDHZ LG, ZROLNRIARTZEOWRICEST 25 NI U AR—2ThHhDH Z &0
frang 92, T REVT3 13iod REVT ICH L TREINE L P, £ R75 0 Rz
XV /NBICRT DRENTET D M 2 L D, IFERIUC BB A R LT
B AREMEDHEEL ST D, L L, RFEVT3 SWGHIRIZ A 53 5 0G0 DG EZITE -
TR,

ARETIE, HERMIE N~ 7 2% HWaEt 2110, VAR 7 7 BV iERIIC BT 5
RFVT3 OERERIBA G- AR L 72,



F1HT T84 MIRIZIIT D VAR T T B lmikRERE DT

b MR SR ERHIIE T D T84 M2 31T 5 human (h) REVT ¢ mRNA FHiE% U
TIHALPCRIBICEVERE LT, & N7V AR—F DB ES Table. 1-1 (T3, T84
HINEIZFB\W T, hRFVT2 38 X TVhRFVT3 O mRNA FEHGGED bz, —J7. hRFVTI (2R

TIFHERALL T Th o 72,

WIZ T84 AMMUZHB T DV ART TEY el
Lﬁ ﬂé D jil_"ﬂ ii_%?)i“fﬁ % *ﬁ?ﬁ L7 ) %77 ?L‘@ 4 mRNA expression levels of hRFVTs in T84 cells.

(VA — FICHERE L 7= T84 fu o TE IR mRNA Expression
W 7= R AESRSERZ PH] Y R T e % (amol/jug total RNA)
: , S . hRFVTI N.D.
WL, REFI RS B2 i L
; hRFVT2 7.17+1.13
T=o EOREEL, TERIREAD SRR
hRFVT3 2.79 +0.69

F~D Y ART 7 B Rt L,
Total RNA isolated from T84 cells was reverse-transcribed,
JIRIOBHE R P TR ISR i and hRFVT1, hRFVT2 and hRFVT3 expression levels were
~ (Fig. I- 7 MRE L 1 measured by real time PCR. Each value represents the mean
L7 (Flg. I 1) ° ﬁé Cﬁb%‘ T84 ﬁmﬂﬂ # + SEM for three wells. N.D.; not detected.
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Fig.I-1. Transcellular transport of ’H]riboflavin across the T84 cell monolayers.

T84 cell monolayers were incubated with 5 nM [*H]riboflavin added to the apical (closed circle, pH 6.0) or the
basal (open circle, pH 7.4) side at 37°C. The radioactivity on the opposite side was measured. Each point
represents the mean + SEM for three wells.



T84 AR AN X MR A2 N L7V R 7 7 B EL SARDIREERTFIEIZ DUV T
FfLic& 2 A, WIHERED EFIf > TafnkE %R L7z (Figs. I-22A and B), F7-.
Eadie-Hofstee 7' 7 » MIILIZ—FEMEZ 7R L7 (inset of Figs. I-22A and B) , TEIEIZFS17 5 U
N7 7 EVED IABD BT O K5I L O Vi 1. 53.2 +£21.6 nM, 1.8 £ 0.4 pmol/mg
protein/5 min (mean + SEM) . fHIJEEAHIIX 126.2 + 28.3 nM, 0.9 = 0.2 pmol/mg protein/5 min

(mean+SEM) LB I, LLEDOZ &5, T84 MlOMBIZRIT 5 U AR T Z v
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Fig. I-22. Concentration dependence of ['H]riboflavin uptake from the apical (A) and basal (B) sides of T84
cells.

T84 cell monolayers were incubated with varying concentrations of ["H]riboflavin at 37°C for 5 min, and intracellular
accumulation of [*H]riboflavin was then measured. Concentration dependence of riboflavin uptake was fit by the
combination of the Michaelis-Menten equation and a linear relationship: V = V. [SJ/(K:, + [S]) + K4[S], where V is the
transport rate, Vi, 1S the maximal transport rate, [S] is the concentration of riboflavin, K, is the Michaelis-Menten
constant and K is the diffusion constant. The dashed line is K,[S]. Inset: Eadie-Hofstee plot of [*H]riboflavin uptake
after correction for nonsaturable component.  V, uptake rate (pmol/mg protein/5 min); S, ["H]riboflavin concentration
(uM). Each point represents the mean + SEM for three wells.

TERIE 1T 2 VAR T 7 € B0 IAZ TR 7 ffus pH (R A7~ U, BRMESE TIT
BWTHIRSEEMEOTUEN RO Bz (Fig. 1-3A), Z Ok, AFRSM 4 %58 L/
SRS T (pH 6.0) 12V TRifash Na'3EKFCTh -7 (Fig. 1-3B), - T, T84
FRR OO TERIRELZ 35\ N C REVT3 OFESRERVRHE * MBIzt S D 2 VI L, RFVT3 232
Wik 2 05 TV D ATREMEDMESE ST, BIBRZRNZ 21T, FEMESRME T &I IRIC, otk
ST (pH7.4) THENa'BREIZE Y VAT 7 B UmsEEN T EICIK T L7 (Fig 130),
ERE A L2V AR 7 7 e dmkid, fMlash pH IS KT CTh 7= (Fig. [-4A), 7o
st Na BREDEEZRET L& 2 A, DT DR VAT T B UEEEOK F 237880 Hi
7= (Fig. 1-4B),
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Fig.I-3. Functional characterization of [’H]riboflavin uptake from the apical side of T84 cells.

(A) Influence of extracellular pH on ['H]riboflavin uptake from the apical side of T84 cell monolayers. T84 cell
monolayers were incubated with 5 nM [*H]riboflavin under various pH values at 37°C for 5 min, and intracellular
accumulation of [*H]riboflavin was measured.  Influence of extracellular Na" on [*H]riboflavin uptake from the apical
side of T84 cell monolayers at apical pH 6.0 (B) or pH 7.4 (C). T84 cell monolayers were incubated with Na'-free
medium containing 5 nM [*H]riboflavin (pH 6.0 or 7.4) at 37°C for 5 min, and intracellular accumulation of [*"H]riboflavin
was measured. In the Na'-free medium, Na" was replaced by choline, NMDG or mannitol. Each point or column
represents the mean + SEM for three wells. NMDG; N-methyl-D-glucamine. ***P < 0.001, significantly different from
control cells.
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Fig.1-4. Functional characterization of [’H]riboflavin uptake from the basal side of T84 cells.

(A) Influence of extracellular pH on [*H]riboflavin uptake from the basal side of T84 cell monolayers. T84 cell
monolayers were incubated with 5 nM [*H]riboflavin under various pH values at 37°C for 5 min, and intracellular
accumulation of [*H]riboflavin was measured.  (B) Influence of extracellular Na* on [*H]riboflavin uptake from the
basal side of T84 cell monolayers. T84 cell monolayers were incubated with Na'-free medium containing 5 nM
[*H]riboflavin at 37°C for 5 min, and intracellular accumulation of [*H]riboflavin was measured. In the Na'-free
medium, Na" was replaced by choline, NMDG or mannitol. Each point or column represents the mean = SEM for three
wells. NMDG; N-methyl-D-glucamine. **P <0.01, ***P <0.001, significantly different from control cells.



#5281 RFVT3 FLEROLER

RFVT3 OBERENIBI G- OFHIGIZSEr 6| BH
FIDFEZ AT, % hRFVT 5yl
R EN—IEMEICHBL ST e MR
I3k HEK293 Mz vy, VAR 7 e
R DA LB O E NI A FHT L
7= (Fig. 1-5), ZOfER, 1mM DA F L
7N —HAFTFIZE VT, hRFVTI, hRFVT2
%, ZIENIEAFRED 68.5+0.9%, 81.7 £
3.0% (mean+SEM) OV R 77 B ke
ZRFF LU 223 hRFVT3 Tid 2.7+ 0.3%
ETETEHEDNT & A CHERR S NI o T2,
FIZ T, AF LT —D REVT3 PHESK
ELTCOAEMAMEZRBA LT, 0.1 uM 225 10
mM DOREFFHAT, AF LT —D%
RFVT 53 7RI RIFE T BREZN R ORI AT
PRI L7= (Figs. 1-6B and C), 723,
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D~ AF /Y a7 TV, mRivtl [ IAF1E
L7\, Table 2 (ZR9380 . B b, w7
AFA NV a7 RFVT3 DY ART7 T
BT A AT L T —D ICs I
RFVT1 X ONRFVT2 (x5 5 ED 1/1000
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2ARFVT 77 X U —DH T, RFVT3 Z &R
FCPRE LGS Z &2 R L=, DB
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Fig. I-5. Influence of various compounds on the
[H]riboflavin uptake by hRFVT1, hRFVT2 and
hRFVT3.

HEK293 cells transfected with hRFVT1 (white column),
hRFVT2 (gray column) or hRFVT3 (black column) were
incubated in buffer (pH 7.4) containing 5 nM [*H]riboflavin
in the presence of various compounds at 37°C for 1 min.
The specific uptake of [*Hriboflavin by hRFVTs was
calculated by subtracting the uptake of [*H]riboflavin by
HEK293 cells transfected with empty vector from the uptake
by hRFVTs transfected cells. Each column represents the
mean = SEM for three wells. PAH, p-aminohippuric acid.
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Fig.1-6. Effect of methylene blue on [*H]riboflavin uptake by RFVTs.

(A) The chemical structure of methylene blue. (B) Concentration dependent inhibition of methylene blue on
[*H]riboflavin uptake by hRFVTs. HEK293 cells transfected with hREVT1 (open circle), hRFVT2 (open triangle) or
hRFVT3 (closed circle) were incubated with 5 nM [‘H]riboflavin in the presence of various concentrations of
methylene blue at 37°C for 1 min. (C) Concentration dependent inhibition of methylene blue on ['H]riboflavin uptake
by mRfvts. HEK293 cells transfected with mRfvt2 (open circle) or mRfvt3 (closed circle) were incubated with 10 nM
[*H]riboflavin in the presence of various concentrations of methylene blue at 37°C for 1 min. mRfvt2 is an ortholog of
both hRFVT1 and hRFVT2. The specific uptake of [*H]riboflavin by RFVTs was calculated by subtracting the
uptake of ["H]riboflavin by HEK293 cells transfected with empty vector from the uptake by RFVTs transfected cells.
Each point represents the mean + SEM for three wells.

10



Table 1-2.
1C5, values of methylene blue for I3H]rib0ﬂavin uptake by hRFVTs and mRfvts.

ICso (uM) ICso (uM)
hRFVT1 5143 +£ 1942
hRFVT2 7303 £ 1945 mRfvt2 8392 + 1478
hRFVT3 6.7+1.0 mRfvt3 81+12

Each value represents the mean £ SEM of three experiments.  h, human; m, mouse.
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% 3ET T84 MfaTEMIEICRIT 5 VAR 7 T B UHRE~D RFVT3 ©
R 5

B 1ENCRWT, T84 MFEOTAMIEEZ T L=V AR 7 7 B U ikic RFVT3 ORERERIFREK
DMBIEL S, REVT3 MTERIB IS Dl 2> T D ATREMED R Sz, £ 2 C, 56
2HICIBVT RFVT3 HESEE L TR L7 A F L 7 b—% W CORGE L 7=, T84 fiiad
TERIBECISIT 2 U AR 7 7 B U EIEMEIX 100 pM A T L o T —DOFINC L Y 82.5+0.2%

(mean + SEM) ODPEE/28V %A~k L7- (Fig. I-7A), S 512, hRFVT3 (x4 5 siRNA

(A) Fig. I7. Effects of methylene blue and hRFVT3-siRNAs
120 on [*HJriboflavin uptake from the apical side of T84 cells.
(A) T84 cell monolayers were incubated with 5 nM
100 [*H]riboflavin in the presence of 100 uM methylene blue at
= 37°C for 5 min, and intracellular accumulation of [*H]riboflavin
2 80 was measured. **¥*P < 0.001, significantly different from
£ 5 control cells. (B) mRNA expression of hRFVT3 in T84 cells
go transfected with negative control siRNA or hRFVT3-siRNAs
oY% 60 was determined by real time PCR analysis. (C) T84 cells
2 transfected with hRFVT3-siRNA were incubated with 5 nM
40 [*H]riboflavin at 37°C for 5 min, and intracellular accumulation
Fkk of ["H]riboflavin was measured. Each column represents the
20 mean + SEM for three wells. * P < 0.05, ***P < 0.001,
-_ significantly different from negative control siRNA transfected
0 cells.
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(hRFVT3-siRNA) % AVCRli L7z, hRFVT3-siRNA DEAIZL Y | T84 HMlaiciiT 5
hREVT3 ® mRNA FEENAE ISR S TWDE 2 & 2HER LT (Fig. I-7B), ORI
BWT, THHEAZ /T L2 U A7 7 B imssiEtEL, 2> hr— L LU CTHRIIE T L

(Fig. 1-7C), 7> T, RFVT3 |% T84 MR OTEAIFIZIWT U AR T T B kA0 5 15
RN T UAR—RTHLH I DRI,

725, FRGHIRIZ ST D RFVT3 OFERTEZMRRET 2728, GFP Z@lé 7 hRFVT3

(GFP-hRFVT3) Z it FEGHE Td 5 X & H12K Madin-Darby canine kidney (MDCK)
FUZBA LT & 2 A, THRBEZRE Lo 10780 biv 2 BRI 2 a2~ LTc (Fig.
-8), ZOfERIT, hRFVT3 OTEMIEC I 2 BBLZF (T2 LD TH D,

VLEX D REVT3 2305 EEGHROTERIBICHKELL . VAT J B rfkafoTng Z &
D BINE RS T,

Vector GFP-hRFVT3

GFP

Merge

Fig. I-8.  Fluorescence cytochemistry of GFP tagged hRFVT3 (GFP-hRFVT3) transfected
MDCK cells.

MDCK cells were transfected with empty vector (pEGFP-C1) or GFP-hRFVT3. Cells were
fixed with 2% paraformaldehyde and observed using BIOREVO BZ-9000 fluorescence
microscope. The green signal was GFP, the red signal was F-actin, and the blue signal was
nuclei.
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A T84 MIMEIZ IS T A F R Ek

T84 ATV T, VAT TE VORI THLT7 T/ X7 AT K (FMN)
BT I 7720 UX 7 LAF K (FAD) ©UART T B2 L RBRICHRE SID D
S L7, VA7 Z e NSRRI OERIL, Fig. 1 (R T80 TH 5, TERIERID
AR 0]~ FMN 36 J OV FAD OfRIRHI724% FRlgis &L, VA7 78 LT
B IRVMEZ R L7z (Fig. 19), 7235, hRFVT3 OFEFGREFEZ hRFVT3 i@ EPEEL
HEK293 iz IV CRHli L 7= & 2 A, FMN Ok Sz b oo, TOMITV R~
7 B OEEMEDR) 1/10 FRE CTh 7= (Figs. I-10A and B), F 7= FAD (2B LTI, ik

RO Lo T2 (Fig 1-100),
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Fig.1-9. Substrate recognition by T84 cells.

Transepithelial transport of riboflavin, FMN and FAD from the apical to basal side of T84 cell monolayers. T84
cell monolayers were incubated with 1 uM of unlabeled riboflavin, FMN or FAD added to the apical side at 37°C.
Concentrations of compounds on the basal side were measured by HPLC. Each point represents the mean + SEM
of three wells.
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Fig. I-10. Substrate recognition by hRFVT3.

Uptake of riboflavin (A), FMN (B) or FAD (C) by hRFVT3. HEK293 cells transfected with empty vector or
hRFVT3 were incubated with 10 pM riboflavin, FMN or FAD (pH 7.4) at 37°C for 10 min. Considering the
endogenous flavins in HEK293 cells, the uptake values were calculated by subtracting the cellular concentration of
each flavin before treatment from the concentration after treatment. Each column represents the mean + SEM of
three wells.  **P < (.01, significantly different from vector transfected cells.

15



HHHEI ~TRICBITAYRT T EUBERINA~D Rfvt3 DES5

F 3HIOMEHZ LV RFVT3 O URT T EUIFEWRINIZIT 28%E1% in vitro 123U NT
O E Uiz, 2T, ARV T REVT3 DMERERHL L TV Dy~ w A% VLT
AEL 7=,

C57BL/6 M~ o7 ADMBEIZEIT D Rfvt3 O mRNA FHL/53Af % in situ hybridization (2
FORE LT, RV IR T v F B A7 —7 2 ANTRI L& 2 A, 22k
FORIHCBNT U 7 DGR i, F o2 OFEEIIZEGI L L CHEIBIZIRW TRy o
EVHIBA L7z (Figs. I-11D and E), [&PERIRE L CR AT 0 —T 2 W54, 5
FOEIBIZRB W THREAITEED 51T (Figs. I-11Tand J) . & 7 VMR TH D Z & D3
Wi, —J5, miE. BE. F 85 8. Wil EIBICEE L T, R3 OFEELT
FhERH & oo 7z (Figs. 1-11A, B, C,F, Gand H) ,

In situ hybridization DFERZ I F 2 TEGRB L OEIHICEE L, VAT T B UBBERINIC
BT 5 Rivi3 OEEERIRT 5% in situ closed loop 52 & 0 Bl L 7=, Z OfER, 2253 L UVE]
FRZHT 2 VAR 7 7 v EgabEL, 3 REVT3 HEEAF L T A—DIRINCE VA
BEIZIEF L7z (Figs. I-12A and B), %72, loop PIBKHEFOPH ) R~ 7 v RS R
B, 2, WIBIRIC A T L T — S FICBWTCHRIZIE T L7z (Figs. I-12C and D).,
etERt iR & UCEIli L7z a- A F/D-Z L2 BT ) 3 ROBEEE M OV IR 2 &
X, AT LTI N—IZ LB EIIZ T T (Figs. I-12E,F,Gand H), AF L > 7 /L—nR VR
7 7 B UESEBMER X ORISR R G 2 TN T, IR RICEIRT S 0
TIFRNWZ & DR ST,

L EX 0 RFVT3 BZERGE L OERHCBWTY R 7 7 B OBERIUCE S L Tnd 2
& DRI ST,
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Fig.I-11. mRNA expression profile of Rfvt3 in the mouse gastrointestinal tract.

mRNA expression of Rfvt3 in the gastrointestinal tract was detected by in sifu hybridization using an anti-sense
probe for Rfvt3. The blue signals were positive staining for Rfvt3 (indicated by arrows). Proventriculus (A),
glandular stomach (B), duodenum (C), jejunum (D), ileum (E), cecum (F), colon (G) and rectum (H).
Hybridization with a sense probe for Rfvt3 (negative control) in the jejunum (I) and ileum (J). Scale bar, 100 pm.
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Fig. I-12. Influence of methylene blue on [*H]riboflavin absorption in the mouse small intestine examined by

the in situ closed loop methods.

Permeability of [*H]riboflavin in the mouse jejunum (A) and ileum (B) was evaluated. The accumulation of
[*H]riboflavin in mouse jejunal (C) and ileal mucosa (D). As a negative control, the permeability and mucosal
accumulation of ["*C]a-methyl-D-glucopyranoside (a-MG) in the jejunum and ileum were also examined (E-H). Each

column represents the mean + SEM for six mice. N.S., not significantly; ***P < 0.001, significantly different from

control.
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pih

BHEERSNZY R 7 T EU3, NHTBO T BRSO S IERIR i KOs
TINANERRE D 2 BEFEDOESEIBIEAR 278 TP~ E BV IAE I, ZOMBFEE N7 v AR—H

ICE VBN ENDZERHLNE SN TERLPOIDL Ll 205 TFEETIELA
HTH o7z, KETIEL, RFVT3 OV R T T B U AGERINA~ORERERI B 5- 2 B2 Ml DN
~ U A& AT L7z, b MEgEEsk ERGiECHh 2 T84 Mlfia ® Tl & o/l
[FIFLEE O RFVT3 O mRNA FE5L 2 23380 B, & DI L /515 VAR 7 T 2
EOIEREPNEZ R LTz, - T T84 fifidix, VA7 7 B BERIICEBIT 5
RFVT3 O&E% in vitro \ZBWCRHEET 2 LT, U RET MR THD EEZ BT,
T84 MADTEMIIEZ I L=V AR 7 7 v ki, REVT3 EHKTH D A TF L U T —0DU
NI L ONRFVT3 IR sIRNA OB ALV FEIIK T LZ, £72, v 7 A/MEANIC
BEHER L2 R 7 T B2 b LIcGa, NMBEEPSEHEEIIA T L o 7 —ORINIC
FOVEHERIUET L, Lk Z L6, RFVT3 DM ERla Oz 5 U R 7 <
EUERREIC T LT D T EAVRENTZ, FHE, RFVT3 OBt 21 13, /Mg
L0 PR ST MEIZ I TR DAL TR P M LEEELL T D, REICBWT, &
PERRAL R 72 HTIZ L D RFVT3 O BRI B IREIEZ MEET 720, $i
RFVT3 FUROVERI A 2072 - TA T8, FERPURDFEAIZITE S 720> 72, RFVT3

11 [ERREERD TV AR—=ZTHY P, 20 X 9 IS nEE R & LR BTk

HRFRPUAOIERIIREECH D L ShhTind ¥V FE, RER S 0FEZ HVT
RFVT 7 7 X U —D X LR S5 Lo 13 Sy, 22T, RFVT3 O
GFP ft = A N7 7 h&fptE FEGHIE Cdh 5 MDCK Al Bl S E7- & 2 A, TAfIE
\ZBIT D RAENBIE ST, & MERGEH K Caco-2 FEIZHHL S 55128 W T [RER

DFERDHE SN TERY ®, 2 5H0 2 LIZRFVT3 OTERIBC I 5B A AT 5 H 0
Thd, LLEX Y| REVT3 1VING EEAIRAORI BB T Y AR 7 7 Bk z o b
T UAR=B DR FEETHD Z LRI NT,

15 ERERIIIZ IS 2 U AR 7 Z B Uik Na & EIcBI LTk, ZE TloB7e o 7240
APHESNTND BT Y AR T T v s i Nfﬁﬁiwﬁ I TS5 >
30 INIBRIAARAE NI 2 O TR 2 DO T Na FRIRIEAI72 U AR 7 B s sl S
TW5 % T84 MO TERIB I 5 U AR 7 T & ikid, MiasMaiEsr: FicksnT
Na FEEAFE A7~ T—J7, PSR FCiE Na BREIC X 0 St oK Fov@is sz, 18
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PR L7= U AR 7 T B s S ES: NI W T T 2 2 LA BET 5L, Na' D
BREIZRFVT3 241 L2 U AR 7 7 © Ukl U CEEEEZ MIF LD Tlid/e < \Na/H'
exchanger (NHE) %71 L7271 b U AEOIBUNER LIz aetn gt sns, 7'm b
WO _TF R N T U AR—4% PEPTI X°7 X /i b 2 AR —4 proton-coupled amino
acid transporter 1 (PAT1) X, NHE MR L7 7w kAl ZBREN ) & LCRIHT 52 &
DEIBIVTCND ) REVTI3IEZNGD R 7 AR—& L[EEE, BRPESME Pl Clink
BEDSTLEES D 2, $Eo T, B EEGHIIICEIT B RFVT3 24T L2V R 7 T B ik & —if
NHE %4 L TR SN m b AEUS K VIR L S D ATREMEN S 2 i, T OfER
Na"KTFI 72 s 8D b= b o L HEER S5,

RFVT3 132453 L OEIBIZIHBWTIHELL . WTFHOFNIZRIT 5 VR 7 T BRI A
FL T N—IC LV ESN, 6> T REVT3 (/MEOREFAICME L, a5
HLTWAZ LR ENT, £/, /MEIZEIT D REFVT3 O mRNA JHEWT NN Y R ~7
7 EURINEEI, T TFERIC BN TV MR 2R LTz, 1960 FRUTAT O 2 HI B0V T,
URT 7 B URIEEIT MG EERICIRE T2 Z EAVRIBES LTV D & L LS 2o
RARIZ, VART T e ORFERIZEMERE & i U CRBICR 05 LI a1 TiET 5
Z e, VART T e OBRBIERAFZ IR LT85 58 I ORIEME T2 2 L bR S
ZbDTHD, MAT, VAT 7 FERINOREIIIRT U AR T T vttt E HHEE
ENTWD, E-T, ZIHDOREHI MBI T WG 2 BHR LS5 B O TiEzn
EEBEZOND, FHE, T v FEHOWTHGFHIEW T HARE L [REERIZZE G X ORIz B W
THIFMED U AR 7 Z B UENGERD B, EOIEMET FERIZB W TRV NG SN T
W5 Y BT, B MIBWTHZER L 0 IR Lol N aic ks 2 Y R T T e
EIZAIFNNGRD HAVTIR Y . ZEAHIZIBUNT R T VAR — & Bk 2 35 2 ENFERES
nNCns *, LBz b5, VRT T e OWRINEEI/ MEOIAEEFHIZ 157 > T
o TNDZ & ETBERINIC REVT3 NEEREEZ R L TWD Z e Ihb,

BITPOE X 22 BylZEIC FAD BLOEMN & LTIELTWA ¥, 2 bl
MU RT T e b [FRRICRI A 52T 27> T84 iz W THRGE L 72 & 2 A, TERIBEAA 5
AEEREARI ST 1]~ FMN 35 X TN FAD Ofi&IEMEX, VA7 7 8 &L TN &
D3I L7z, RFVT3 OREREHAFEIZ BN T H RIBEDOMEMDGEO /e 2 L2 h, T84 M
Rl 31 F 5 Z oERe L, TRRIEIC W Tk 24 5 RFVT3 ORERERICERT 5 b
D EREER SN D, MBI TR CIZFAD ERAR A7 7 X —BEB L OFMN R A 7 7 &
—EEREL TRV, IHOBMRERESE VR T T B ATHKSET D Z A ST
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W5, LLEEBEZADED L AEERESNZ FAD 8 XU EMN IZFENICBWTY R
7T B ATNKRGIRES L, EDOBRITRINEZ T LD EEZ BILD,

i B RO R 31T 2 Y R 7 T B Uik TS i S T & 7=—5 T,
JERFE A U2k B LIMahTE & A S STunveny, T84 Milao Mz 5
VA7 7 ek, Milast pH FEEIFHICH Y . F-MIEs Na FREDORE L DO T T
Holz, [FEROEERHEL, NBRINEE X » R S - Ma 2z O Th
HEINTHND Y, b U RT T B UEREEEIL. RFVT3 OFRER 7 Thd RFVI2 D
Rtk L EELL T 5 *, F72 RFVT2 % Caco-2 fIICRHIFEEL S 87250, MR SR
THZERHLNE SN TS ®, 1o T, MEIRICET 2 VA7 7 B Uikl RFEVT2
(2L THA STV D ATREME S MEZR S v D,

Pk, AREIZBWT, REVT3 135 RO TERIBNC W CTREE L, VAR T T B
W B2 E e -9 N T U AR—Z THDHZ 2 RH LT (Fig. 1-13),
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Fig.I-13. Scheme of intestinal riboflavin absorption in the small intestine.
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RIS
HAERATFICEBT S REVT3 O EEM:

2010 £, Green HIIFRFEFEHRTH 5 Brown-Vialetto-Van Laere (BVVL) JEERFHEEIZE
WT, RFVT3 BIEFICERNRO SN2 L 2s Lz 7, OB, Bosch HI2EY
RFVT3 BIEFICAERZ AT 5 BVVL JEEREEEICRWC, MY A7 7 B REDIKT
Wz 7 VE IBRRIESCIILA T 3 Vv Vv =F AED _ERLE DRI R N B S
DT ENHEE S B, DI, ASREBIZEW T REVT3 O R4 A 9 D IEFIASFER Ty
ST D 242028579 BYVL EGERE T NEIZR W CRIET 261232 < | HEE, BRI,
B ), & WK, FER RSSO EE ek A & 72 L, PRI CEN Y, =
S —HOMRIERE LOREHRE L, VA7 T 285352 LIk 0 EIHE0 5
B #2085 55T REVT3 OFSREXRES 2 WITHREIK FIC L W ERNDO U R7 T v
MRZ L., ARHE OB OIIEIIZN 2 AIREMEMERE ST D, ZORRIZ, ARDIE
WA HEREMERFICH1T © RFVT3 OEEMEDBEIREREIC L VRSN —717, £O&EE % in
vivo IZERWNCTRRGIE L 72851 3T H 5,

W51 ZE|ZBW T, REVT3 NIRRT T B OIFERIIC 545 2 L 2 bhE L,
RFVT3 1%, /MEUSMC B R, B, MESEICRBLL TR0 2% 2 b oz
bRENIZ R LTS AREMENE 2 bD, % M ETILRFVT3 O in vivo |23 24%E| %
HENETHZEEZHEL, RAMB ) v 7T U TR E WG 21T 72,
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WA RAM3 v 7T = ADAELER L USEED AT

~ 7 AIZEIT D RIvi3 DR E ) T2 A APCRICE VG L= & 2 A, IR, /h
A, K55, BRI BWCERBLED bz (Fig I-1), Rit3 / v 7T 7 <~ ADH —
T T4 TR B—% Fig. I2A IR T 5 FHREAR A 12 LD 1 /B & 2 FBOY
VMDA A= b Ty RSN RN LT ARR T LV T, R OREG )3
FEIND, AFLICRM3 /v 770 b~ U AOWKEE % CSTBL/6 MEVERF AR~ 7 212
RS A L F1 HRICHRWT, FRFRAHEZ EOLOIMINKIA TS 7T A ~—% A
TYJ LPCR & To7c b 2A, 5 3MBLICAE SN K& &0y FEMmt Lz (Fig
I-2B), ZiLd& V| EfEHEFERAEEZ M TN TWD Z L2/ LT, S BIT, Rt3 ~
TRy T U MU ARLEELZR L, 7/ L PCR IEICK D BAR ~7 v RiEH

(Rfvi3+-) . AEXRIEH (RA3--) OHAEZMER LT (Fig. 120), ZAubH~ U ZADOFKEIZ
P15 Rivi3 O mRNA FEELEE U 7 V4 A4 L PCRIEICE VD ERE LI E Z A, RAM3H-TIE
BPAER L b U CRBLEDNA BTSN L, F72 RAB--TIIRBNTFZRITERE LT

(Fig. 12D), LAEX D | A~ TRIZEIT 5 Rv3 DXIBEHER LT,
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Fig. II-1.  Tissue distribution of mR{vt3 in mice.
Total RNA isolated from various tissues in mice was reverse-transcribed, and mRfvt3 expression levels were
measured by real time PCR.
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Fig. II-2. Target disruption of Rfit3.

(A) Diagrams of Rfvt3 knockout construct.  Exons are indicated by closed boxes. Primers used for genomic PCR are
depicted as arrows. (B) Long range PCR analysis of genomic DNA from mouse tail biopsy samples for confirming
homologous recombination. (C) Genotyping by PCR analysis. (D) mRNA expression of Rfvt3 in wild type (WT),
Rfvt3+/- and Rfvt3-/-. Total RNA isolated from the kidney obtained from newborn pups was reverse-transcribed and
mRNA level of Rfvt3 was determined by real time PCR. Each column represents the mean + SD.  ***P < (.001,
significantly different from WT.
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I, Rve3-l-DAEFFHR FOFEEZRHili L 72, RASH-MHIZBUC L0 A L7 AR, A
T NVHNI E - T8 s R 2Rk L= (Fig. TI-3A), LU, RA3--D KIS s HIAE#%
48 IRFHILINIZAE T L7z (Fig. II-3B), F£7-. HAY B O RAe3--OREITE AR L L L CTFH
Bl AR L= (Fig. 11-3C), —J5. RA3+-IZBI L CidHA Y B ORI XEP AR & [FIFE
FETH Y FTBEB U724 20 HEOBIRNICI W T H AR & OIZA ERZITHED B
o7 (Figs. 1-3Cand D), VL EX Y | RV DAL DAELFTHZAD T v AR—H
ThHIZ ENHA LT,
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Fig. II-3.  Phenotypic analyses of Rfvz3 knockout mice.

(A) Genotypic distributuion (n=63 from 8 dams). (B) Kaplan-Meier survival probability curve. (C) Body
weights of WT, Rft3+/- and Rfvt3-/- littermates at postnatal day 0. (D) Body weights of WT and Rfv¢3+/-
littermates between 4 to 20 weeks of age. Each column or point represents the mean + SD. ***P < 0.001,
significantly different from WT.
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RFVT3 O FARZ AT 25 BVVL JEEHEEE RN T, ZVAUVRIKIEZ 2T 5 Z
LSS TOD B, 2D CHAEYSAO~ 7 A L O BMREEIL L, 702 LR %
WE LTz, ZOREE. RAB-HZIBT DR 7 V2 VERIEEET, B4R L b LI B5-
LT (Fig 11-4),
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Fig. II-4. Urinary glutaric acid levels in the WT and Rfv£3-/- littermates.

Urine samples were obtained from WT and Rfvz3-/- littermates at postnatal day 0. The concentration of glutaric
acid was measured by GCMS. Each column represents the mean + SD.  *P < 0.05, significantly different from
WT.

28



W2 RM3 v T h=v AR AR L OMEEET U R
7 7 B AR DR

A B OBFAERL Rft3+/-, Rfvt3-/-\31) 2 I AR ONCRARR T (4, Bk, JFRRR, /O,
i) DOVRT T EREETI L, RAMS--CBIT DU RT T e L, B4R L
L TE LK FLTWE (Fig I-5A), F£72 RA3--TlE, Wit L7z Tz T
FHR YR T 7 U REOIK FAMBIER SN (Fig. II-5B), HIH. Rfvt3 OKRIBIZ X 0 BHE
DYVRTZITEVREDELDZENRHOMNE ST, S HIT, RA/-IZEWTILF FAD
BEOKTHRD LI (Fig. 11-6C) ., FHk-H FMN 38X OVFAD ORE L BAR L L L CTH
EIE AR L7 (Figs. 1-6Band D), it~ T Rvt3 OXIBIL, VAT T B DRI T4
BRI DRZ BRI ER I 2 EAVRENT,

(A) (B)
0.5 8r

s g .| Owr
g o4} S35 ol [ Rv3 (+1-)
§ § § .| W RAve3 () J_
g s 03} * g .;
(S T (&) % 4 I
k 3 rk
“5 0.1 “6 2r % %% -
..9 *kk g 1 B * *%k% ke
(14 *kk

0 =1 o LLTT=

W, A A S, % 7 % <,
s )i?‘?/:c/ a’eﬂ/ % %‘?I» e 7 %
y %

Fig. II-5. Riboflavin levels in plasma and tissues from WT, Rfv3+/- and Rfvt3-/- littermates.

Plasma and tissues were obtained from WT, Rfvt3+/- and Rfvt3-/- littermates at postnatal day 0. The riboflavin levels in
the plasma (A) and tissues (B) were measured by HPLC. Each column represents the mean + SD.  *P < (.05, ***P <
0.001, significantly different from WT.
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Fig.II-6. FMN and FAD levels in plasma and tissues from WT, Rfvt3+/- and Rfv¢3-/- littermates.

Plasma and tissues were obtained from WT, Rfvz3+/- and Rfvt3-/- littermates at postnatal day 0. Plasma concentrations of
FMN (A) and FAD (B) were measured by HPLC. Tissue levels of FMN (C) and FAD (D) were also determined. Each
column represents the mean + SD.  *P <0.05, **P < 0.01, ***P <0.001, significantly different from WT.
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H3HE WBERICBITAURT T EUIRIEBIT~D Rivt3 DR

52 HilZIBWN T, A H O RAB-/-CIIBEE R VR T7 T BV RZBFBO LN, ZDZ
b, RV IFBEICBIT 5 U R 75 60 ORBRIRBATICES LTV 2 aReM s gL S
7oo T, U AMBRIZEIIT D Rvt3 @ mRNA 35154 % in situ hybridization (2 & ¥
T L7, EOFER. Rivi3 IXRHARR VL OSRAETS KL OB DOAZHAAT 2 HN T 3K
HEEZRBW TR 2 Z LB LN e o7 (Fig I-7D) . 7z, E#EHICRB WO T H RN
bz (Fig 1-70),

Wiz, VA7 7 e MRIERBATIC RIV3 D3BS- L TS DMRAE LTe, RA3+H-FASHL S H-7-
IR 16 B HORHA~ 7 2ADEKERFHIRDPH Y AR 7 7 B2 2B S L, 5 % OIEIR
FOEHEMZHIE Uiz, TORER. RAS--IBIRP OB ER Y70 OPH) A7 T8
SHERIT, AR L THEEIK T LTV (Fig I-8A), £72. JRIEHOPH]Y A7 Z
U A MR EE TR T 2 & CIHBROBMNERESHT-V OV R T T B UEEiEE HH Lz
& A, RABIRVICKIT D008 U A7 7 B L ansRRI, B AR VS0 2 kRl b
LTHEIETFL W (Fig. II-8B), LAEXL Y., Rfvt3 BIHRICBWTCU R 7 7 E DR
WBATICES LTS Z & RENT,
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(A)

(B) (E)
(C) (F)
(D) (G)

Fig. II-7. mRNA expression of Rfvt3 in the mouse placenta.

(A) mRNA expression of Rfvt3 in the placenta was examined by in situ hybridization. The insets indicate the
magnification region. (B-D) Higher magnification images corresponding the solid flames in (A). (B) Deciduum,
(C) junctional zone and (D) labyrinth zone. The blue signals were positive staining for Rfvt3 (indicated by arrows).
Hybridization with a sense probe for Rfvt3 (negative control) in the (E) deciduum, (F) junctional zone and (G)
labyrinth zone. Scale bar, 100 pwm.
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Fig. II-8.  Placental transport of ['H]riboflavin in WT, Rfvt3+/- and Rfvt3-/- fetuses.

Rfvt3+/- mice were mated and [*H]riboflavin was administered intravenously to pregnant dams at gestation day 16.5.
Placental transport of [*H]riboflavin was expressed per gram of fetus (A) or per gram of placenta (B). Each column
represents the mean+ SD.  *P <0.05, **P <0.01, ***P <0.001, significantly different from WT.
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5

pih

RFVT3 M[EIE S AU TLR, MR A-OBERE RS O S A RLITEERE L o2& 2 H DD,
T DEBERAEEZ invivo IZRBWTIRGE Lo S I3 R Ch -7, FUETIE/ v 27T U R
~ U A% W REHZ LD . REVT3 AERRNICBWTH S TEIZ A Lz, HAESAD
Rt3 ) 777 b= AIZEBWT, MBI UMHERT U AR 7 7 BB AR L b LT
B IIRVMEZ R L, FRR U AT T B RZMPRO BT, Rivi3 13RRICHEWTEZE
BDSFROHND T b, HREKBIZE Y BENOIRIE~D Y RT7 T BRI B2
T LTWDAIREME S HEERR S, IRICBIT 2 VR T T B DIRIRBATIZ. T U AR—
AZX O END Z Lide MRBHERECRBINEG 2 AV R LD R ST
72 2B N 2O TEREDRIEIIZE > TRtz AT, b MAEA A
FESHE & 0 SR S =B IMEZE W = BEHT BT, U AR T T BB A ASFIED TR
HHND OO, BEKRFEEZ RS /e o7z (37°C &L 22°C DR Z &b R TR
R—% OBIG-A RIS ME LR S5 i | IHRICRIT D VR 7 7 e likoqt
HIZeHE L AR CTH o7, RICEIT 2 RVE OFRBINAERGELZ & 2 A, KEEERICE
UWNTHBLDSFERD BT, MR TRHA-IE R TR I L OB O ZZHAM T b
HALCTH Y | MIR-NEEEBIR O#E 2 Rfo 3B IR E S RHA L L B2 L T D, &
ROARPER RS Z I 2 B A AT 2 N7V AR—Z BB L TE Y | RIE~Dx
FEWOUAE T LT D 056 K282 35U VT RASH-IIATH S BT IR~ 7 2 &2 VT
BHA-BRIREI D Y R 7 F € v BATERIRIRDY = ) 2 A THNCEHI L7-& 2 A, Rft3 /v
779 MERE~D VR T 7 OB THEIFEARIA~OBI L i L CAEIEF LT
Teo HE2T, RV NURT T EVDIRIEBATICEAG LTS ZEBHALMNE 5T, &
Ha AR BRI Z351T 5 Rivid OIRRITEIZ A ZRGE S D MR H H 703, 5 1 FEITHBW
THRATzi@ Y | RFVT3 % ERGHfl ZsRfiIss Bl S B350 TR /e 5 2 & M50
e SR DM Z BV THBLE N TS 8T 5t 5T, RIS AT IE I s
WTHTAERIEIZIB W CREL L, RHRMI) BRI~ Y R 7 7 ¥ B AR Z S LT
D AREMEPMEE SN D, Vb, Rv3 MRBICBIT 5 U R T 7 Er ORI TIN5
Z &% invivo IZBWTHID TIRE L, BERERBRIZLE O BATHEOIK A, FiERD U R T Z
EURZEGIER TR TH D Z LD R I,

BERERHEI D RFVT3 % 748E T 9 5 BVVL JEEREEA 12T, Z2HET 271 CoA ik
FE/KAEIE (Multiple Acyl-CoA Dehydrogenase Deficiency; MADD) &[RRI 2378
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HHND T E NS TND P, MADD 27V 4 VERPRIE I & & RIS, HENimE:
OGEF IO, IR 5 7 V2 Uik L U & DRI L O 7 > v b
V=T AED ERAPED D C, IR, REHET Y K= A FFIER, IA4T 7
EERRIER A B L, FZEVICB O ORIE LIS ITEE TH » THEIEN, MADD O
FEZR & UC, JENIEE B RS DGBSR3 5 electron transfer flavoprotein (ETF)
$5 L. W electron transfer flavoprotein dehydrogenase (ETFDH) % 21— R 4i8{n DRI
HINTBY, ZHOBRERBIC L IEAIRE S ERE SN Z EmbhTng
BT ARBEIZBNT, RAB3 /v 7 T 0 =T RTRF I A RIEFED FRAZ 2 L, RV
OFSBERABIC X 0 BN NS E R Z SND Z &M invivo ICBW RSN, BIE
{biT 4 BEEDRERSOGIZ X 0 ili> TRV | 2O 1 BT FAD 2 4#ili#E & 957 /L CoA
Te RS —BIc LW S, R /v 7 7 T b~ AT L7242 T ORI
BT, FAD RESIFEFAERNC I U CIREZ 7R L Q. B> CTHIESE DR ZIZ L 0 fEIlE
B AL DI TIZRBE B O, 368 LT IRIARE S IR PR L= b 0 S HEZR S5 DA,
FAHAENAR B B IZE85-9° % mitochondrial trifunctional protein (MTP) @/ v 7 7 7 k<D
A DB OARIME 4 2 72 U, 2R 36 REILANICIE L 975 Z & 3 ST
%7 ZORERIE, ABOEFCBT DR GRHO EEMEAZ RET 5 O THh D, MTP
J 7T b~ AOLER L ORI CITEE D% 7 0 — 3 ARLZERYLAFRD B, D
PRI T E I3 ER AR X 0SB LI FTREMEDMEER STV D O Rf3 / w7 T 0 K
Y UAOKETCRENE MTP / v 770 b~ A LB L TRY | FEROBEFTHELT LT
HAREMRE Z b, LLEX Y| Rv3 OBSREXRIBICIES VAR T Z B RZIL, FENiME
RN A X729 2 L 0% invivo 1TV TR I8 S 4L, BEE7RZER & 72 2 FTREMEDMHE
wnan,

RFVT3 D& fn 285 & ORSEN RE S TUVD BVVL JEERL, /NEFLshicisun
CHRIET DIEFINZN 7, RFVT3 R 1A% AT 5 BVVL EGERERE T, MY
K7 T EVREDKTRRD LD Z ERHE SN TS P, 2 b OBHEITEIT DAt
FERIZV R 7 Z B0 OB GICE o THELLYGET D P 20™ Y, oT, VA7 I DX
ZH BVVL JEGREOFRIEERN & 7o > T D ATREMERS R ST D P, ARFZEICE D |
RFVT3 ORRFRBIZ KV IBEEZ ST LIZRIEA~D U AR T T & AEIMET L, BN
ERVRTZ T RZEGIEHITZENHA L, o, B 1 EIZBWTHEIELIZEY
REVT3 2V R 7 7 B OFERIIZIBWNT S EERERIZ R L TR0 | 406 D
LI L 72 HHAERITIE VAR 7 7 BV RENE BITHIIR SN D ATREMEASR S RIB S5,
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UART T B RZIT IO ARRER A FIE S DT LA % O BT 575, REVT3 D

AR RARICHE D IR0 U AR 7 7 v UG NS AR OIFEWIEEOR I LD U AR
7T EUREZNGIER T 4, BVVL IEBEHIE DR & 72 2 TRetEns iRz S b,

Vb, AREEIZFBWT RFVT3 BWAEBRDOAEFINED N7V AR—Z ThnHZ EMXHBL
72o F72. REVT3 [FHEICBWTRIE~D U RT7 7 B OBITICES 35 2 DY in vivo
IZBW ORI, RERBIZE D BATHEDIR FIZHAERDO VR 7 F B0 RZ &5 &k 2T
Z DR ENT,
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PLETECDIY | FEIZV R T T T U AR—4F REVT3 OABIEI O 2
HHO & LI aATo, BUF oA

FIE UART7 T EUFERIIIIIT 5 RFVT3 O&E

URT T B ATAENRD T ISREERH ORI EZ I 0 Th D, B FEIILD &
TORMALNTY A7 7 E AR E A SN, B 6 OERIA AR Th 5,
BHEERINTZ VAR T7 T BN NMBITENT, B LRI O AR5 & /& MR
5D 2 SOEEFERRE 2R T ~E BV iAEI, ZOmiEfEE 7 v AR— B3
LT EDBHLMNESNTWD, LL, ZOSFIRIRFEARAHTH 7o, RETIL, /)
B W TEZBLDFED H41D RFVT3 OV AR 7 7 B U AFERINA~OBERERBE 52 FHM L
7o, b MGk ERHIIETH S T84 AfEIZFS1T % RFVT3 @ mRNA H8i&ix, & o/
LRIFRECH -T2, £, T84 MR T U R T T B XA SRR~ J5
), RIGBE IR 2 BRI Sl S v, 6o T, VAR T 7 B U FERIN
([Z351F D REVT3 OEENZ in vitro IZHBWTHRETT 2 LT, T84 MlifllTET Lfifa & LT%
YThDLEZDNIZ, T84 MIEOTERIEZ S L7=V R 7 T MY IAZI TS pH K
177D Na FEEAFE A 7R L. REVT3 OBRERIRFEAGRD DTz, SHIZ, ZOURTZ
U REVT3 JESK TH 2 A F L o 7/ —DWN, 1 L RFVT3 IH A7 siRNA
DE AL W HREIAN T L7, In situ hybridization {512 1V ~ o7 ALAE 21T D RVt3 D
mRNA FEEZMET L7z & 2 A, 2R L OEIBICB W TREDNEO b, —FH, B, +
—fE. BB, &G, BB TORBUIZE A ERD Lo Te, v 7 A% KOG
IZBITDVRT7 7GR, ATF LT A—0FIMC LV EBEICIK R LZ, UEX
. REVT3 1385 EEGHAOTERE W THRRE L . U AR T 7 B DIFE I FET 5 2
DRI NI,
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W E PFAERAEFICBIT S RFVT3 OEEM:

RFVT3 [ Z/MEOMIZE N, FE., BEEEICH 0 LTV DD, invive [ZFUTHE D &E|
FALMNE SN TORY, ZZTRAB /v 7T 7 b~ A (Rft3--) %W TIRGE L7z,
RAt3+-AHRIC X 0 A U7 AR E, A T VRNCHE - -8 a5 i AR LTz, L
Uy RA3--DIERGT I3 A% 48 RERRILAIPIZSET: LTz, HAERFD RA3--OIKET, BRI
LU CTHERBIREZ R Lc, —F, R3+H-OREIZEI LTI, 1BHF L7z 20 BEEOHMN
IZBWT, AR L ORI BRI bR -T2, RFVT3 OBEG AR ETH
BVVL EERERE Tl T2 VRIRIER 295 Z ERME ST\ 5, RA3--DIRH 7
JVEOVERIREEITEAERL L I U CHRIC ER L TR Y . RV3 OXRIBIZ X Y ARIEE R
DEIEHLZ IID Z &Y invivo IV TR ST, R3O i Fs JOSHRRH (I, ik,
g, (O, Ail) DU AR T T AR, AR U CTERIIR T L TWe, Zivk D,
Riv3 EARIZIWT Y AR T 7 © o DORIRBITICEL- T 2 FIReMESHEZZ STz, In si
hybridization 412 & V)~ 7 AJEHIZE1T 5 Rivi3 @ mRNA FBL2 M L7l R, SR
BUNTIEEINTRD BV, RAe3H-ASHL S BT 4HE 16 B B Ot~ 7 2 IZPH)V R 7 T &
VEBRRHEE L, BREA~DO VR T T BT ATHME LT & A, RAB--IER T OREE
PEITEPATGIRICE U TR BRI A 7R Lz, LLEX D | REVT3 254 RO AELFITVZHD
TV AR—=ETHDH T EDVHEIA LT, REVT3 IIHEBICBWCTRIE~D Y RT7 T B0
ITIZBGT 2 Z ERGNE R D | BERERIRICHE D BATHEDIR I AEIRD U AR T Z e
RZZHERITZ LIRS NI,

VIR, #Z#1X REVT3 DV AR 7 7 E - OIFERINE LOREBITICH S T2 2 L 205
ME LTz, F7o. REVI3IIAEATHED N7 v AR—Z ThDH 2 & &R Uiz, AHFZEL
FIE RO Y RT T B AR MR 2 AT 5 72 O O B IR R Cd 5 & It
(2. BVVL JEfEREFED REVT3 OERERRN G DIRBDIEIEA I =X LOMERIZ S A
Rt b DB X D,
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oV IZETr, ABFIENZER L CRAMEZRIE 2 D FEE, THEZ 15 Y £ Lo iRz
FHERTEIRGE AR FIk AL R VIR DB ER LE T, £, fix OA LR
s LEFRE A RS £ LIRS v B — 47880, AR PR eR R
B HEBE, SRR KR it BdR, SUNRSREE B BE BdR, s
EEEAERIT IR KT 1 RERTCRE L £

SHIZ, Z< OEEE « MBS Z28iE £ LI U RAE S SR A R K. W
(CEBRO—BICHIEE £ LR A il B8 ASEFSA, 1l FRSADD
KV RGHEL £,
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B
Moravek Biochemicals

p-[1-"*C]mannitol (1.961 GBg/mmol), [’H]riboflavin (0.903 TBg/mmol)

GE Healthcare
['*C]o-methyl-D-glucopyranoside (11.7 GBg/mmol)

Sigma-Aldrich
Flavin adenine dinucleotide disodium salt hydrate, Lumichrome, Lumiflavine, Probenecid,

Riboflavin, Riboflavin 5’-monophosphate sodium salt hydrate

Nacalai Tesque
Amiloride, Choline chloride, Furosemide, Imipramine hydrochloride, p-Aminohippuric acid,

D-(-)-Mannitol

Wako Pure Chemical Industries

Chlorpromazine hydrochloride, Desipramine hydrochloride, Methylene blue, N-methyl-D-glucamine

ZOMOFIRIL, kR E Ve,
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FHIE FEROR

[1-1] Ak
(1) T84 MfaDHE#
b MBI SR BRI T84 M (CCL-248; American Type Culture Collection) 1%, 10%

7 UARIEMmIE (FBS) &4 Dulbecco’s modified Eagle’s medium-Ham’s F-12 with L-Gln, sodium
pyruvate, and HEPES (Nacalai Tesque) C. 5% CO»-95% air, 37°C DErEz FIZIWTEE L
7= FEERHIZIL. 6-well Transwell® (3.0 um pores, 4.67 cm?; Costar) ¥ 7-13 24-well plate | 2%
N2 150X 10* cells/well, 20X 10* cells/well THEFE L 7=, 2 H Z &ITHFHIZASHLL . 5 H%
IZFEBRIZH 2, RNA FU21T 9 55613, duplexed Stealth RNAi small-interfering RNA

(siRNA) (Life Technologies) % FHV /=, T84 il i Z, LipofectAMINE RNAIMAX (Life
Technologies) Z W2 NR—RA NF A7 2733 8280 1 well 729 30 pmol D
SIRNA ZHIlINICEA LTz, hT VAT 27 v a v 24 RIS A 254 L, © D412
HZ LI A2 T, 5 B FICEBRICHIVZ, 2 b r—/L 2 i3 Stealth RNAI
Negative Control Duplexes (Life Technologies) Z3A L7z, M L7z hRFVT3 ZHKrE2AYIZH
il 9% siRNA (hRFVT3-siRNA) OFFHIESINIL, LTI Rd@Y) Th o,

hRFVT3-siRNA I : 5’-TCCTGCCTAACAGGTCTCTGCTGTT-3’
hRFVT3-siRNA II: 5>~ ACCTGCGTCAATGTCACTGAGATAT-3’
hRFVT3-siRNAIIL: 5’-CCGGCGCACCTGGCCTTCATCTATA-3’

(2) HEK293 D

bt MEVEE H 3k HEK293 #fifld (CRL-1573; American Type Culture Collection) (&, 10% FBS
‘&4 Dulbecco’s modified Eagle’s medium T, 5% C0,-95% air, 37°C DEREE F IV TH:#E
L7z, FEBUINCIZ, HEK293 fliflaz A U 2 a— RS 47z 24-well & L <3 12-well
plate {2 7.5X 10* cells/well, 15X 10" cells/well DFEFE TENZHVERE L7-, 24 BFEEF#£%1C
24-well plate |ZHEFE L 7-F81EI21% 0.2 pg, 12-well plate |Z8#5FE L 7-#IEIZIX 0.4 pg D 7T A
3 R DNA % LipofectAMINE 2000 (Life Technologies)= W\ C h 7 A7 =7 a LTz,
24 WFRRICHE 2 et UL 48 IERIIR IS F2BRIC IV 2, 7Zds, MW= 77 2 X 1 DNA
(T, hRFVTI, hRFVT2, hRFVT3, mRfv2 F72(T mRvt3 DB T-EHIAHA S L7z
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pcDNA3.1/Hygro(+)X7 # —Th V) . ZFH DR T DM EICB W CREIHEE SN H DT
H5 2,

(3) MDCK ks

A X H %K Madin-Darby canine kidney (MDCK) #fifd (CCL-34; American Type Culture
Collection) 1%, [I-1] (2) I[Z#EU THE#E L7z, FEBUHICIZ. MDCK iz Y Vv a—
ks 23 & 3172 4-well culture slides  (Becton, Dickinson and Company) (2 4X 10" cells/well 07
JECHEIE L 7=, 24 FFEIES81412 0.8 pg D77 A X K DNA % Lipofect AMINE 2000 % JiV T
TV AT 27 a Ui, 24 REEIRICE -IZ 2SR L, 48 IRFfHIRZ a2, 72
B, HW=7'7 23 F DNA IZ, hRFVT3 OiBfs FElSIHMEA S 417- pEGFP-C1 <7 & —
ThY, BEOHBET HMERICBOTERICHEESNZLOTHD

[1-2] mRNA FHOEE:

RNeasy Mini Kit (Qiagen) % FV >, T84 #Hfi & ¥ tatal RNA ZHhH L7=, 155417 total RNA
Z§4% L L C Random Primer 37 TNZ Superscript™ I1 30558 #3%  (Life Technologies) % >
T 20 pL DA THIRERGSEZITVY, D% RNase H (Life Technologies) A 1772, 15
B AV7z single strand DNA % YU 7 /L4 A A PCR {EIZ L 5 mRNA HELEEIZHW =, VT L
% A 2 PCR [, ABI PRISM7700™ Sequence Detector (Life Technologies) % i\ > C Motohashi’*
B DIEICHE L THT - 72, AR L 7= TagMan®™ Gene Expression Assays 47159,
hRFVTI1, Hs01079030 gl; hRFVT2, Hs01859203 s1; hRFVT3, Hs00364295 ml.

[1-3] T84 fliic 4 F\ N7 ik Sk
(1) & bRl X OvRsHamRE O R
[-1] (1) 1 ZRT AR T Transwell |2 #6FE 7= T84 iz FV -, TEMIRSLRL, A

RIDONRIZHE R A2 FrE L. mAIZ 2 mL @ Incubation Medium (ILM.) (pH 7.4) Z ¥
L.37°C T L0 A v 2= 3 v L Wil b IMZBRE®R CH Y R 7 T e
Tk U 7R 7 T B FMN £7213 FAD Z & ¢e LM.Z TEAIEARN & U < TR, LM.
Z SORHANZ N U7, APRROSRIE 2 B8 L. TR IR 2 %K% pH 6.0, RIS
fllE pH 74 (2B L7, PTEDRFRNCECRHAID LML % 100 pL [BUX U7z, BEEH TR
K Fl—ar v Z2—cih, HER) A7 78 FMN 8L FAD OJRE
13 [15] IZ¥ECTHPLCIEIC K VME LTz, VAT T v bt &2 5T 556
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IZ1%, p1-"Cl~ v = b= L Z RGN 2 2 &2 X 0 e kEE 4 3Hn L, Ak
1T o T2, FEBRICHWZ IMOMAIE, 145 mM NaCl, 3mM KCl, 1 mM CaCl,, 0.5 mM
MgCly, 5 mM p-glucose 35 105 mM HEPES (pH 7.0-8.0 (ZFHE-24548) F£7213 5 mM
MES (pH 5.5-6.5 IZHET2455) ThH o,

) TEHIBZIT 2 VAR 7 Z B kO
[I-1] (1) \Z7RF 5T plate (ZHEFE L 7= T84 Ml 2 F2BRIC -, RERIR A BREE,

0.5mL ®LM. (pH7.4) T37°CIZTI10 2ffA FaX—Ta Uiz, IMERELLEIC
PHIV AR 77 EGH IM. (pH6.0) ZUINL., 501 ¥ a—ra Uiz, iz
%, KB L7 1mL O IM. (pH7.4) Tila% 2 [BIYE4ET 5 2 & CRIGEE L SW 7, H
Jitl% 0.5 mL @ 0.5 NNaOH TR L, WK P ORSHEEZRIE FL—2a v
Z—|Z X W HIE L7z, Na'-free ® I.M.IZ NaCl % Choline chloride, N-methyl-p-glucamine & 7=
I Mannitol (ZE# L CRARL L 72,

(3) MIEMIZIT 2 VAT Z e kO
[1-3] (1) &EEEIC, Transwell*|Z#EHE L 7= T84 MDA 2 mL  LM. (pH7.4) %
ML, 37°C TL10 A v F 23— a v Lz, IMZBRER. PH]Y A7 7 EEH LM
(pH 7.4) ZRIEBAAIZ, IM. (pH 6.0) ZTEMAMBERIZAIML, 5 oA v Fax—a
L7z, SREBRER, KB L2 2mL O IM. (pH7.4) CHIREOMI{HIZ 2 [EPEs L7z, iy
Z 1mL @ 0.5 N NaOH HITERE L, IR OEHEE ARy o FL—va v o4
—IZX D HIE LT,

@) 2o ER
FEVSER T D 42 X7 ' YREE L, Bradford D FIEICHEL, y-globulin 2 A% L 2 — R &
L T Bio-Rad Protein Assay Kit (Bio-Rad) %AW TE®R L7,

[1-4] RFVT —i&PH56 5] HEK293 a2 F\ N7 fias 326k
(1) PHIY A7 7 & ke
[1-1] @) \ZRFEMAICTREVT 2 M8 SH7- HEK293 o 4 S5 V=, i
wIERE, [13] @) ICHECTITo72, AL, PHIV AR T 7 EUEH IM.O pH 1L 74 12
BIL, £oA v Fa—T g U 145 & L7Z, HEK293 iRl dsiT 2K U iR~
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T VAR EBE L, % RFVTIZL D VAT 7 B UimiklHE (Specific Uptake) %, RFVT
FEHLHEK293 MR 361T 5 U AR 7 7 B U ARRETE D D287 X —3E8 AR 31T B Hhnsls
P25 2 & TR LT

(2) FEERRY R ~7 T B FMN B XU FAD Ok F25k
[1-4] (1) (THEC T T o7, FWRUSIATOA > F 23— 2 U103 20 il Lz, 3
A IM.OA % 2= g9 2% 10 RHTV, JKE LM THES 12 02 mL © 10mM U >
feNy 77— (pH 5.5) HITHIlAZENL LTz, AZ ) =&z 5H 2 & THRY /87 Z24T
VMR D BEE 3 AT T A AT 4 LH— (0.45 um; Merck Millipore) % it L 71212 [1-5]
(ZHE U 7= HPLC B Ve,

[I-5] HPLC 12 L2 VA7 e, FMN XU FAD ¥ OHIE
HPLC (Zi%, LC-10ADVP (Shimadzu). Ffti#siZIZHEEH S RE-10ASL (Shimadzu) |
FErEcidZ v~ hXy 27 C-R8A (Shimadzu) %V =, Z3#7 4 7 A% CHEMCOSORB
5-ODS-H (4.6 X 150 mm; Chemco Scientific Co., Ltd.) . BEFHIL 10mM U &3> 7 7 — (pH
55) : AKX J—)L =65:35 & L., il 1.0 mL/min, FHEZHE 445 nm, 4G E 530 nm,
AV var&20ul, BT ARE 40°CIZTUEEIT- 72,

[1-6] GFP-hRFVT3 %8 MDCK Ao a2
[1-1] (3) (/RIS T 4-well culture slide | Z#EFE L, GFP-hRFVT3 % PR H S+
72 MDCK il IV -, B8 & BRE%IC PBS CHIKEZ TR L, 2%/ X7 RV AT LT &
REZRIL 10 5HFHET 2 2 & Tz EE L7c B X OF-T7 7 F U 2t 32729,
4’ 6-diamidino-2-phenylindole (2000 f5#78) 35 LN Alexa-546-Phalloidin (1000 5478 (T
L DY EAT, HOLIEMEE (BZ-9000; KEYENCE) % W CHIZ LT,

[1-7] In situ hybridization
~ U ARARRO T T 4 el EEIE R OFERGS KOG I AS Y = ) 22 v T

ZRt L. LT OEETER ST,

(1) FEAG)H OVERL
8 WD C5TBL/6 Mt~ 7 A& FAVN -, VLT VT b RREEWR (Genostaff) % UV
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TR OWEST, RHEBEEEIT T2, /37 7 4 ek, 5~6 um OFELIEI 2R L 7=,

) Fu—7EF
~ 7 A RIv3 ZRERANTHH T DB 2 /3R LTz,
AW 7 v —T 08 % L IR T,

Rfvt3/Slc52a3 (NM_027172.3)

Position : 1045-1645 in the open reading flame
AGGTCGCTGTTATTCCTGGGGGTGCTCACAGTGTTGGGGACCGGCTTTGGGGCCT
ACAATATGGCCATGGCTGCTATGAGCCCCTGCCCTGTCCTGCAGGGTCACTGGG
GTGGAGAAGTCCTTATCGTGCTCTCCTGGGTGCTGTTTGCAGCCTGTCTCAGCTA
TGTCAAGGTGATGCTGGGTGTGATCTTGCGTGACCGGAGTCGCAGTGCCCTCTTG
TGGTGTGGGGCAGCGGTGCAGCTGGGCTCTCTGATTGGTGCCCTGCTCATGTTCC
CACTGGTTAATGTACTGAAACTCTTCTCATCTGCCGACTACTGCAGCCTGGACTG
CTCCGTGTAGGCTCACTTGGCCACCTCAGGACACCAGGTACCCCCATCGGTGAA
GGTAAAAGCCAGAAGAGCCCAGCGACACTAAGGATAACAACCCTTTGCTCCATT
TTTCATCCCCATCCTCCACACCCCCACTCCAACCTTGCATGGTCATAGATCGGGG
TCTGGGGAGCTGTTAGGCCAGGCCTGAGCTTTTTAACACAAAGGCCTCCTTCCA

ACCTGGAGTTGCACTGTGCAGCCCCTCCTCCAGCACAGTGCCCGTTGCTTATGAG

(3) In situ hybridization
WU ST 7 ¢ ALE A L7-1% . Proteinase K (8 pg/mL) % 37°C T 30 43MH<

Ji &/ Tz, 4% PFA THERBE L 7%, 02 N HCl T 10 7HAFE L=, 01 M
triethanolamine-HCI, 0.25% acetic anhydride T 10 731 > FaX—T a3 52 &K T
Y F UL EAT o T2, BKEMEZIT 5721, 300 ng/mL (SFHRL L=V 3% o7 = 4837 1
— 7% 60°C T 16 Bl g 7Y A P—3 g o ST, Y 2 15E4%, RNase A (50 mg/mL
in 10 mM Tirs-HCI, 1 M NaCl and 1 mM EDTA) ZLBZ1T 572, 0.5% 7 2 v % > 7 583K (Roche)
ZRWT 30 pfEl7 v v 7% Lictk, 1000 54 R L7 v Uik AT 7 2 — Bk
irax =Pk (Roche) & E=IRT 2 RERIAIIG S W72, FESIGIE, NBT/BCIP &K

(Sigma) &—WESULSHED Z &1L WIiT-7z, Kemechtrot YeZ K U kYA ZITUN,
CC/Mount (Diagnostic Biosystem) (24 0 EA LT,
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[1-8] VAT T e EWRINAE DR
(1) FErEw
10-15 ##H> C5STBL/6 Mt~ 7 A (Japan SLC) ZfFf L7=, ~ v AXERICHANSET
fEIR (22-24°C), 12 Rl OBAKE 1 7 v, Ik & ETEEELE B BICEITEE2 44 T iz
THIE LT,
T IdRIE, FECR I BRI BT D fEE AT L i T o T,

(2) In situ closed loop 14

Shirasaka D73k P % F 2, LUF OERE T T o 72, ~ 7 AL, FBRATR L 0 fR S 872,
Pentobarbital (50 mg/kg) B FCBAE L. ZEMHIZIV T treiz #0457 X ¥ 2 om =
SET D 5em, BIFHZBOTEIER LY 2om Ifl2 & &35 5Sem Ofidmiz U =2
Fa—TEHANWThH=ab—a CF iz L, PSR Loop Z1ERk L7-, Loop N
Z50nM DOPH]U AR 7 7 E B IOS0 pM D o- A FL[UC1Z V2 BT ) 3 REE&Ee200 L
@ PBS Tii7= L1z, 3 RICIA O 71 = = — L X 0 FERE PBS % Loop PNIZHiEA S,
BEAMDO N =2 — L XV [EML LTz, 55N EE 10mL I A AT > 7 L, HETEEZ K
Koo FlL—varhvrZ—ZLVflET 52 LT, Loop NIZEEFTDPHIV R 7 T &
AN a- A F[CI7Na T ) v REEFHIE LTz, £72. Loop & HEEHYIET L. Loop
DR IHBLOMEREZHE L.

PHIV R 7 7 B AFNT a-A F-[C17 v a T ) o Ro/NGiFE @Y (Permeability)
E, ORI I W FEH L,

Permeability (cm/s) = V(InX, — InX) / CLT

V; Loop N HIEHEE (200 uL) |, Xo; & 5-HIEHHETENE, X; MEPNERSEE PGS,
C; Loop MJEE, L; Loop &, T; A >3 =~— LR§fH] (180 #5)

5T, KEFPH] Y R 7 T B AN a- A FA-[C17 v a e T ) o RERERE AT
L7, HHELTZ Loop HMZ A KM LT ABEEIEOK T L7ct%, Ml s o7,
BT 19 EEOEHARKTTRY ha L RE DT A P—2 AN TREY R — & /Fi
L7, 0% i 100 uL 2 SOLVABLE  (PerkinElmer) HZSE4IZIAME S A, Hh &
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BRE T L—a A=K VAE LT, £, HES uL & [13] @) (2HE
CTe& X7 EREICHW,
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FIE EBROES

([-1] RAE3 (Slc52a3) /> 7T D h~wD A
RAE3 ) v 7T b= A (Sle52a3™ P OMOWS) ks % Knockout Mouse Project

(KOMP) repository”® & 0 AT L7z, C5TBL/6 BrARUMENE~ 7 A Z32 R &8, F1 iR~ =2
i3, HAELZFIHICOWT, REOHH L7/ A DNA 2471 & LT [I2]
(2) IZ#E T T long-range PCR %17\, IEREIAREREAHL 2 255880 Hivie~ U A [6 L% 23kt
St R2 R~ o 2 %4572, (2] 3) IZH¥EC725/ A PCRIAICK Y AR, ~Fn
R (Rvi3+/-) . RERER (Rvi3-/-) DFIEZEAT>T,

[1I-2] ~#/ A PCR

(1) %/ 2 DNA O
~ 7 ADJE L U DNeasy Blood and Tissue Kits (Qiagen) % F\ T4/ A DNA ZHhH L.,

BN TV AE LU O PCR KGNV,

(2) Long-range PCR
Long-range PCR (%, TaKaRa Ex Taq” Hot Start Version (TAKARA BIO) % M\ T, 94°C

T30F) (ZME). 55°C T30 (F=—VU>2), 72°C T9% (HE) O A 7% 32H
IR L., FBIZ 72°C T20 HEE{T- -, B 57~ PCR FEM% 0.6% 7T 11— A4 )L
ThHBE.. =Ty LATa~A RREAICIVBRE LR L7774 ~—% LI FITRT,

For 5’ homology arm
Forward primer (F1) : 5’-GAGTGGCACTTGACATTCGAGGATAAGC-3’

Reverse primer (R1) : 5’>-CACAACGGGTTCTTCTGTTAGTCC-3’

For 3’ homology arm
Forward primer (F2) : 5’-TCTATAGTCGCAGTAGGCGG-3’

Reverse primer (R2) : 5’>-GCGGCTTTTACCAAGAATATCAAG-3’
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RVEYE El-

BFART LV L OERAT LV T 5728, £ TaKaRa Ex Taq” Hot Start
Version, TaKaRa Taq"” Hot Start Version (TAKARA BIO) % ffl\ 7= PCR 5 &1T- 72, 94°C
T30/ (M), 55°CT30H (T=—VU>2), 72°C T34 (lE) OV 7% 32104
BOIE L, FfIZ 72°C T 10 R EIT-72, HHN7z PCR FEM% 1.5%7 Ha—A 7L
THBES, = F VU LT a~ A FRAICIVRE LT R LT 74 ~—%2 L FITRT,

Forward primer
for wild type allele (F3) : 5’-TCCTGAGGCAAAAGTGGAAA-3’
for mutant allele (F4) : 5-GAGATGGCGCAACGCAATTAAT-3’
Reverse primer (R3) : 5’-GGCTGAAATAGCCCACCTTT-3’

[11-3] U 7/v% 1 A PCR

~ 7 AEig7 5 O total RNA ORhH, WHAE, 35 & O RNase ALBHT [I-2] (ICHECTT -
72o U T VH A L5 PCRIZ, StepOnePlus™ Real-Time PCR system (Life Technologies) (24 ¥
177z, i L7= mRfvt3 ® TaqMan® Gene Expression Assays /& Mm00510189 ml T& 5,

[114] fdds L OHERET U AR 75 B, FMN 3 X OVFAD JEE ORIE

HAS RO~ D 2 L0 Mgt JOWER O, O, A, BE. ) ZERE L 7o, ik
T OHEfR oMLY TV L, MRRICEAL TlE, 9 fFEOAFAEHIKF T, R
harREVFA P2 ANTREVR— FEERL, m0EROGHE EEEZ 7 e L
THWE, SV TR L TEED A ) — )V &I TR L% 0T 5 2 & T,
BrA X7 BAT oz, mOMED HiEZ, MBI L CTix 20 5N, O, A, B, s
WL TESEAIR LTZ, MO FIEIIAREFIC AW, b E2a AT A AT 4 )VH
—W (0.45 um, Nacalai Tesque) %8 L7-%. 20 uL % HPLC |2 X 5 E&EIZH 2z, HPLC
HIEE [1-5] I2#ECTHT o7,

[11-5) R 7w & LB RE OflE

HAM HO~ w7 2 L0 R ZEL L, 10 pL o> 702 WERIEEE 2 GCMS 12 L 0
& LT, WlEE. alasttEBEgT 7 2 UV —FICZGe L,
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[11-6] In situ hybridization

IR 17.5 Hiimo> CSTBL/6 W~ w7 22 v iz, [1-7] (1) 12U 7= 55 CREEIF N E
BTV, R OwEEIE) 2 ER L7z,

7'a—7EFE O ETIEE [1-7] ISRl L@ Th D,

[11-7] VA7 F e RRBATORHE

Wyrwoll 505357 23z, LLFOBEETIT 72, Riud+-~ 7 AT Bkl S, #
7T 7 F =y 7LD RROMSL MR LT, R 16 B H ORE#~ 7 A % Pentobarbital
(50 mg/kg) WREE N CLAEIBREIRIC ) == L— a U Fili41To72, B, H=a—Lif
(21T heparin (100 TU/mML) %77z L7z, ZERBESARE O PH]V AR ~7 Z > (500 nM,
10 mL/kg) ZWBHRHR G- L, 5 0% ICHERREIIRE © 2R ILA1T S 2 & TR L. #enic
iR L OB AR L=, BIEDRE XY REDExtract-N-Amp™ Tissue PCR Kit
(Sigma-Aldrich) ZH\\T5"/ 2 DNA ZfhitiL, [11:2] B) ITECTHRIEDY =/ & A
FEHE LTz, BEIRIT 4 S ROEBEHUKT T, RY Fa R E DA P& N TRE
UF— bk LTz, £D% SOLVABLE (PerkinElmer) 2522 IAfE S, Ay o F L—
va A —IZ L EREEERIE LT,
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Functional involvement of REVT3/SLC52A43 in intestinal riboflavin absorption
Am J Physiol Gastrointest Liver Physiol 306: G102-G110, 2014

Riboflavin transporter REVT3/SLC52A43 is essential for neonatal survival
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