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B BB XZ EBEKP R
FEMEE  BEA B @REAXFE EBFE
HE KT [EEKF EFE
R B fEBRY R
(%51

FEURIC Y I VDIk, # VYL LERICBED) Y Ek Y A T ARHE LT
2. WIETIE AR LD 3STEEDF M) 7 MMEEHE) ¥ Na/PEEE AL 5 2
CERTBY., IRMEIEREICEEMRMEICERL, MBS COMBRICEIRL
TWizo —F. Murerb 2 & o T2 B —= ¥ 7 & N/-PiUSIINa/Pilli% Z 12 S 5 27,
—RAEFED S I EEEER AT (. B THEAEOBEER TS o720 Lo T,
PiUSIINa/PifikEHELER EE 2 6N TV 5,

ZZC, EEHRE Y I UDICEA/NG) v EEEED IRERE 2 BT 5720,
S5y FRBICRIL TV A Ny/PiliEiAE FE 5L & B 1S, T v FPiUS cDNA
Ora—=vZ &, ¥¥ 3 UDIT X 5 Na/Piliik e EHEHE I DWW TRE L7,

(]

%4 FPiUS cDNA% 7H — 7 LT, F v FPIUSCDNA%X 7 0 —= 7 L, &,
e s L ORI OB 2170720 Ty EFIVDRZETY PEHVWTES I
v DT X B/ ONa/Pilik I HEFAET O 5 F AR IZ DV TIRES L 72,

[HE5R]

Sy MNEX Y ZE—= V7 L2PiUSIE, 42507 I JBEI—FL. 24T
DPKAB L U6 AFTDPKCIC & 5 1) Y EHEERAL % A 5 280 THAROHWEHT
Hotze E5IZ. 55D Prenyl group binding siteASFFFE L. RAS&EH 7 & & FAk.
HBSIE O PVENC PrenylZE 2 A L THREA LTV A Z L X b, / —F VoD
SE Sy MPIUSIH/ME F I L, B L7z T TOMBRICH T LT,

¥ IUDRZS v MEURY Y I v DERSG T 5 L, INERITHED No/Pili
ETEME ISR ISR TR TR Lz Ty MNBICIRIEB X UTRIIEEHR LT
WA, MR OPIT-18 & UPIT-20FH 2R L 2, ki, HHEEY Y I VD%
PrEA% | R IRET RIS — VIOV TIRET L7z o PIT-1 mRN A 125
b A LTS, 248 B X 4B R IIEENIE A LN h o 7ze PIT-2
mRN AIZ 2485 3 X D48 12BN L 7225, PiUS mRNAIZHEM L7202 > 720

[Z%£] ,

EHERIY Y 3 Vv DIC L) FE SN 5/ No/Pi ki ik & L CPIT20 5 4%
I bN77e Ty PPIUSIHEMEIL Y I VDI Y RKIGLEWEATHY., MET
DONa/PilfiRIE L ER EE X b7,
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9741 /MEOTMIYAEER) VIEBEORELYY I Y DIC X A EMLOREN

DIBAERE KRB RZ [ERAE EEH)
RARBEE B B— @BEKAY EFH)
E KT ERAF EEH)
na 8 EeEKE EEEH

(w52 B 1Y)

%) YERCO) ONE RO R VE-R WAL E 0, MBI ORI
ATH Bo M) VIREORAHIIBEETHY VRSB X OBRME 1281 2 BRI
ETEEICL D . ZOEEEIRINATVE, 2095, BEICBITEY RIS
B, T M) D 2BEEFIA LT N MR V%Y AT L L) SRR
BRI X AIRBILFEI D F M) v L FHERER Y VEREY AT ABHFETH(1,2) F
720 NG VARV AT A ET 2B SEBICETHEEL. BEEROY v R
BICHL D AT 72D ITHERE L TV b, /NG Y kY A7 A DR IZ. FICE B
2NV DT—NVEMFTLID, SEFLERIATNVRAERVE /IC L1 gL
DI SN TV BB)e ECITEURE Y I VDR, ANV AL RAICEEDY
VEIE VAT AR L TWA(B,4,5) EHRY S I U DIZEBEFLANTY Vi
BEVATLEHRE L. ANV ARNCRIK T AR & 132 B> TW5 @),
CNETOMIT, ¥4 I YDRZEWICBIFABETOY VIR IEE B
HRXETLTEY, €5 I VDHRSZICIE, KDY Vi L 1iza < En R
%50 VEERDTFEIN DL Z EDREEN TV B(5),

WL, WIS C b 3TED T I ) 7 LKIFE Y ¥ (Na/Pi) B8 (A5
BHLTWBEIZEPALDPITENT(6,T)e FIETAN, FICEE RS IR L
THEY MEFING L IHEECHE 2 EA 2 B2 2 838K TH 5 (7)o Murer
SO V=TI FNMEL YRR 70 —= U SR VT, NENa/Pili L IE
{LEH (PiUS) cDNAD 7 0 — = > 7 % 8 L 72 (8)0 JIEMINL T I & & 7-PiUSIZH
ODNINa/PillfiEERE L7, UL, 73 /BREHI & ) HEEEN B —RHEE 121
JREE A : <, MOTHAMDBNEA THo72e INHDHFEEIZ, PiUSIE
) VEEDOAETIE 2 (. U LANy/P#fik I3 2EMALERATH 5 T & HSHEE
SNZ@®) LL. /NMBIZBITAF NI Y LKW vkt s o—=v 7
SNTWZ v,

A, EHEE Y Y I UDICE B /MG v EEEEORERT 2 BT 2700, 5
Y PPIUS cDNAD 7 O — =¥ 7 %47\, €% I D DOPUSEIEFHEIRICKITT/E
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1. v FPIUSHZ T ==V (9)

Sy F/NE cDNA 54 7 5 — (CLONTECH)%Z FI\», E.coli (C600)2TEE®W & L
T TT—INATIIFA =V a VEILEoTRZ ) ==V T %4707z, TH—
T H ODNAKTE 1. BEICEHRE SN T W 579 FPiUS cDNADIREARHIZ b & I21F
BL7: 754~ —5-ATGAGCCCAGCCTTCAGGGCCATGG-3' (174~198),
5'-GCGCGTGCCCATCTTGAGGTCCAGG-3' (824~848)% Vs TPCRIETHIE L 720
C ODNARTE % XA H T T 4 ADNAKEH Y A5 A (Amersham) ¥ IV T T Y ¥ AT 5
£ = — 2 X D[ «-32P] dCTP ICNH) THE L7ze cDNAT A 7T —H D A
phage % SM buffer (0. 1M NaCl, 16mM MgS 04, 50mM Tris/HC1 pH7.5, 0.01% I F
UYTLBERMEH 1 7L — 720 #3x10% pfuk 2 5 & 9 17 ML E.coli (C600)
AEIEELTTI— 2 2R &R 72, 37CT—MEEEL . plaque DT & HERRTR
L) A R EWE LT,

X 7L viE. Hybod-C extra (Amersham)Z i/ L. 18D 7" L — M2 & 2D
L) B EER L. B 1DE., 28EE38E 7L — 07 H 0 —AKRMIZO
¥, Tr—I TG D—E ATV VIR LT, T N%ZDNA denaturing
solution (1. SM NaCl, 0.5M NaOH)IZ 13- FiE 2 T7 V7 ) &M &€, Neutralizing
solution (1. 5M NaCl, 0.5M Tris/HC1pH8.0)IZ543-#2[E], B i23X SSC (0.45M NaCl,
45mM Trisodium Citrate)l2S B RE X5 Z LT X DMLz, ZDR, AV T LY
B <. 80T TSN —F Y/ TAZLICLDDNAR A Y 7L Y EICEEL
720 Z N % hybridization buffer (50% formamid, 5X SSPE, 5X Denhardt's, 0.7% SDS,
0.1mg/ml ¥ 7 ¥ FDNAYZ AV T, 65C T2 T LNA T FA L= a v &dT
5721% . 70— 7% &t hybridization buffer C42 C T12KfNA T F A £ =2 =
Y EIT o770 & D%, 2XSSC/0.1% SDS TER 55 % 3. 1XSSC/0.1% SDS T60T
105 % 2B DR H TV, R 2 T 00— TRIRE L1z A v TV v 2 ERE,
NAF A A=Y VT T+ 4F—BAS-1500 FANVTAH— b FTVFT T 74 —%AT
WBE Y O— v % B, CDEH s O — VEREICHETE HAITAI ) —=V T
ZHRD R L7z,

2. REEH O RE

EREFBHOREITAV 7 b — 7 TV AR FAWTITo 720 PCRIEIC & 1) HE1E
L7:DNA% 5> 7L — bk & L, Table.11Z/R L 727 A4 < —5pmol%x fiv>, Dye
Terminator Cycle Sequencing FS Ready Reaction Kit (Perkin Elmer) PRWTY— 7 LV
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AR EAT o720 FUGERY ¥ TNV 0 —F 1 Y BB (ALY AVATI N LT
V=T FA LT VEER=51IZEH» LT, 6MRFZ% & 15% LongRanger’ V|2 10—
T4 Y7L, BRUKE)L72o ABI PRISMTM377DN A Sequenser|Z & % ff#T % 47 >,
HARCY 2 RE L7z,

3. /J—¥r7ov b

7 v bOFM OB, M. B, BIRGEE - W), 2B, BB, KB, B
) DtotalRNA (#920 1 g)B & U FiPoly(A)TRNA (#5 g)% 1 % RV AT I FZEH
THA=ATrVeHWTESRKEG L, ZOBFA TV AT LVIZ—BINT VAT
7—L. UV Y ZEIZED ATV LIZESE L7z, Rapid-hybridization Buffer
(Amersham) @ V>, 65C TR 7 LA T 54 ¥4 ¥ a v %4707, 65CTT
ReINA TV T A XA a v &fTolz, ZOBTE—T13, 5 v FPPIUSCDNA% A
775 4 ADNAKEH#: S A5 5 (Amersham) & [« ->2P] dCTP (ICNADZ AV TS > &
NTTAT—FEITTHER L2 D% FVviz, DT, 2XSSPEN. 1% SDS TZiE5%
MDY %3], 1XSSPE/0.1% SDS T65 C1040- M D k&% 3@ATV, A A= 5
7L — }(Fuji Bas-1500) 1 C1I2FF IS G/ BNAF A X—=V VT TF T 45—
BAS-1500 TEAT L7z,

FA% 2. PiT-1,PiT-2, VDRIZZ N FNDDNA% 70 — T IZH W TITo 77,

4. ¥¥IUVDRZT v POERK (10)

Wister;8 D 3BERHENE T v b (KE40g) % Japan SLC (Shizuoka, Japan) & ) B A L .
WAGEEITESY I YDRZEDiet11) (11)%, £ DHED 1 BRI Diet 11465 CaCO3
WYY I YD ANV T LARZHE (Diet 11-Ca)Z HRHERICE V52720 T v
FOIMFHNT T L ) BEOL250H2D3MEXIEL TRV Y A - K ¥
VIR R HERR L7k, IRIC1,25(0H)2D3 (6.25 1 ghkg, RE) 2 5 L7z TXT
DTy MIMEEERE T 5 ANl sE 2,

5. RlF#BE/NMEE AWz mkiEE  12)

FIF 4RI/ (BBMVS)IXCaZHEBIEIC L 0 5 v MBS 518720 59 MK
BBMVsIZBIT 5 YORYIAAIET V4T NV ENTZY) VO AH % 2R IEH
AT DRI L 720 /NIEIR B 100 4 11280 12 10D Incubation solution (100mM NaCl,
100mM mannitol, 20mM Hepes/Tris, 0. 1mM KH2POH) % Mz . 20CTA Y F a2~ — |
L 720 HEi3%id 1mM ice-cold solution (100 mM mannitol, 20 mM Hepes/Tris, 0.1 mM
KH2PO4, 20 mM MgS 04, 100 mM cholin chloride) 1k 72, £ D RIBHIE 72 755 12
NEL—LATIEBPNIT AN =T VAT 7 =88, YV FL—F—IC
0 rEEEERE L 7,
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1.9 v bPIUSHZ T —=V7  (Fig.1)

v ¥ FPIUS cDNA%* 70— 7L LT, v MINBEL Y PIUSE 7T —=V 7 L7
BoNirO— Vid4sBOT I/ BE 3~ FL, 27 FTOPKAB L U6 BT DPKC
ZX ) VELE A L Tz, & 512, 54 BT DPrenyl group binding siteh fF1E
L. RASEML L L. MIRIED P Prenyl X% A4 L TG LTV A Z LT
MR T, UHFPUSEED T I/ BEFMZLERT 2 L, 95% D& VW
HAR b7,

2. —¥r7ay MEIT (Fig.2)

S5y FPIUSORBMGATAL-0I12, /—=F 70y MEiieir o7, Fig.2
RS L. FOEEEWIIN20,4.0 BEU50kbDY A4 X2 AL Tz, 5EH
WNE 2 EDGRE L2 T OMBIZRRD b7z,

3. V¥ 3IVDRZT v MNEBBMVsIZBIT A YigEEGE  (Fig.3)

Y% I UDRZT v MG L DL 72BBMVsE VT, ) VA TEEZE flE L
Fro F DR EHRIY S I DI 248 B 1O NPl I3RS AT 0K TR IS
FE L7 LA L. NaJEfFME T CHRIE L2 YEEiEEE 2 Lz 2o 72,

4. mRNAEDOREEFEHZEAL (Fig.4)

INFTHE SN TWAD T v hNy/PilifiEtE 4 cDNAZ T — 7' (RNapi-1,Napi-2,
PIT-1, PIT-)%HAVT, M TORREZRFT Lz A, MEDPT-1B8 LT
PIT2D I LT £32T, ¥4 I VYDRZET v MNGICBIT 5 & HikiB g
MRN AEDE AL 2 BT Lo O R, PIT-UIEKEREY Y I Y DIkG126KH
BIChEhn EASA LN DY, 24K 48RRI X TRAELRELITADNZ
Motre —F. PIT-21342 524 K5 B X U484 ICmRN AR L <0 L7z,
LA L. PiUSIEHE5248 R ICmRNAZ X ZE BHITET L7,

[(Z%£]
NB BT A ) ORISR 52010 viEERtERTHL T v b
PiUS cDNA% 7 O —=> % L7z, T v FPiUS cDNAIZ425HDT I /R% a— F L.

Y ¥ FPUSHT I/ BRELHY & By 5 £95 % DA FEDR D bNTB) F2HEE
BEESRAEEE & OB N EIIIEREL TB 5T, 2 W TOPKAB LU 6 WPTD
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PKCIZ & %) YEBALEMLZH L TWwizo & 512, 5 T DPrenyl group binding site
PIEAE L. RASEH R &Lk, MO MEICPrenylZEZ /- L TREA L TW5B Z
ERFHEEN, TDXD RPIUSOEMIE, BEBEICBIT A4 7% /7“7”!/%\
FIRE BN B AET APIUSD Y V BLERML 2 AL T RRD ) VR iB R 5E
L) AR A LTWAN ML E 2 b/, T v FPIUS mRNAD M5/ 13
Zefs. B, B L7z SIS KSR IN, £727 v FPIUSDOY A X
124920 kb, 4.0 kbB L V5.0 kbTH 1) . FIEEEWOLEHSEMM L ITRE S 2
LI MBEBEENGEEBRITTOYY Y S ESIT T WA TREMIVRIZE Nz,
CDX D EMWEIX, T FPIUSICOIERENZ(8)0

PiUSD X 9 Z kBRI T 2 EHALE HIIMO A Y A7 A THIMEINT
WA (13) 7o& 2 1E. mREMT I/ B A T 1. neutral basic amino acid
transporter (NBAT) & ) JREE— R DOEMHALEBHFE L. AEOEHXE AL HE
TERS 52 L TXDOBAEZ AEH L TVWH(13)e —F . PIUSIEE BEELHF S 2w
L XD, PrenylEE A L CHIRZE 2 SARRDY) v EiA OEE L FE L Tw
HZEDPEZLNIZ,

A, ¥¥ I VYDRZT v FO/PNEBBMVsE VT, 1) VEREFEEICB XTI
WRIY ¥ 3 VDRGSO VEM 2 ERIICRET L7z & & A, 5 24F5 B4 1 Nao/Pilfi 415
MDEEL LAIHRENT, Thbld, €4 IVDRZ=7 VAL DIRE
ENTWVARERE—FK L7214, 15) KIZ. v M/AFICBIT HI8, I8 B X UM
B DO Na/Pi %R cDNADZIR % 105t L 724K, IMEDOPIT-18 X OPIT-20 3R A
WESRT X 72, MIFINa/Pi %MK, L RO 4 VALET Y- L Tru—=V
JEan, FOFRIINMFCBELT. MPLBEICOREHALTWAH(T). &L, Boyerb i
MR % BEOHARZ/ER L. B, BB X OOEICBIT 5 BIELHRE LTV 5(16),
L L. MBS THRENOBEEIEIRZAHETH S, ¥ IVDRZT v b
INBIZ BB I NS EEEED mRNAE DR REMZEIL 2 ie LR, MEY >~
UL AE DITHEIZPIT-2mRNAB D L7 & —E L T\wize BLEX Y | PIT-22%5%E TD
¥4I UDICnT A vEgigiBko —otE 2 bz,

PiT-20 BFE EAL B & UPIUSAVINENa/P1 1) i SR AE % FET T A 0 T8t % B 5 2
WCTAIEPEEEEZLNS,
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ATG (1) TAG (1276)
e

—
OF 1R
| |
! ]
1F 2R
| |
2F 3R
—
3F 4R
Primers , Sequence Position (5': 3")
OF CGAACAATAGGACGGAAACGCC (-153 : -132)
1R TGGTGAACAAAGGGCTCCAG (74 : 55)
1F ATGAGCCCAGCCTTCAGGGCCATGG (1:25)
2R GCGCGTGCCCATCTTGAGGTCCAGG (675 : 651)
2F CGCAAAGCATCGGAACCAGTAC (579 : 560)
3R GCAGGTGGTGTGTGCAAAGTCG (1164 : 1143)
3F GTGCCTATGCCTACAAACCCA (1091: 1111)
4R TAAAAGACTCCAAGCGCAGC (1448 : 1429)

Table.1T  Primers for rat PiUS cDNA cloning
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Fig.2 Tissue distribution of rat PiUS mRNA
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Fig.3 Effect of 1,25(0OH)2D3 administration on Pi
transport activity in brush border membrane
vesicles isolated from vitamin D deficient rat
intestine
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Identification of intestinal sodium dependent phosphate transporter and its activation by

vitamin D

Eiji Takeda, Ken-ichi Miyamoto, Kyoko Morita, Yutaka Taketani
Department of Clinical Nutrition, School of Medicine, The University of

Tokushima

Sumrriary .

Transcellular inorganic phosphate (Pi) in the small intestine is increas ed in animals with
increased 1,2 5-dihydroxyvitamin D (1,25(0H)2D) levels. Three sodium dependent
phosphate (Na/Pi) transporters have been identified as type I and II mainly expressed in
renal proximal tubule and type III ubiquitously expressed in many organs. Recently, Murer
et al have cloned from a rabbit small intestinal cDN A library a novel cDNA (PiUS)
encoding a protein stimulating Na/Pi uptake into Xenopus laevis oocytes, but which is not
a Na/Pi transporter itself. In this study, Na/Pitransporters express ed in intestine were
identified and the mechanism by which vitamin D stimulated intestinal Na/Pi transport was
elucidated in the rat.

We have used homology cloning technique to search for rat cDNA using rabbit PiUS
cDNA as aprobe. The identified rat PiUS cDNA codes for a protein of 425 amino acids.
Hydropathy analysis suggests a lack of transmembrane segments. The derived protein
sequence has multiple consensus sites: For cyclic nucleotide dependent kinase (2 sites), for
protein kinase C (6 sites) and for prenyl group binding site (5 sites). The expression of
type III Na/Pi transporters such as PiT-1 and PiT-2 were also observed in rat intestine and
the effect of 1,25(0OH)2D3 on Na/Pi transport activity and on the expression of related
molecules were investigated. Administration of 1,25(0H)2D3 into vitamin D deficient rat
lead to 7-fold stimulation of intestinal Na/Pi uptake. After 1,25(0H)2D3 adminis tration,
PiT-1 mRN A level slightly increased at 12 h but not changed at 24 h and 48 h, PiT-2
mRN A level significantly increased at 24 h and 48 h. However, rat PiUS mRN A level was
not affected by 1,25(0H)2D3.

It is concluded from present study that PiT-2 is regulated by 1,25(0H)2D3 and that
PiUS is suggested to be Na/Pi transport regulating protein in rat intestine.
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