BhpEs 1138

FE il fE K+ Klotho (2457 R MK AEMED L a0 5 ik v
— B T DY) i s il A —

l

A A

i

—, AP

TR RFBEANIV AN WA T ABFFEH

B E VATAEERICREADIFT N THLN, £ OREBEREITRFEHRO N — I EN TV, T, fibroblast
growth factor 23 (FGF23) 23U ARG R 1L L CRIESAVHT LWVEBHD e ST D, FGF23 11 F YR BB
IRV fAEM:2 V95 (ADHR) O BT 7L L CIRES AL, BIBIZERA L THRY MR o b AR — 2 — 2 il
T DK T Thd, £z, FIRHIEE M E AL (TIO) OFEAT DV FIRR 1 ChHHZENHLMNIIENT, TIO IXEE
BELEREBRED —> T, MLIE A /L7 236 L ORI RIS VB L BRI X IE 5 T 273, MLF 1,25(0H),Ds i EE DA T &R
HU Pt TUE A R S T DR A2 VIS, B A BIE Ch D, FRRIE, S50 FGF23 O FE 3 EARE SV TS,
ZDOIDNZFGF23 I RFEARH TH o7V AR FIEDIRRIK F LU TR LT, —)7 T, TOZERITAH TH 7203,
F AR £ L Tanbid klotho A3 FGF23 O3 K THHHANFEH ézm‘:o Klotho EA= T K~ A (kUKD 1%, %A
TEALIEBEARL IRTVREHERE D ZOE RITAFET D, AIFFETIL, klotho (ZEDENEBIZIITHH LTk
U7 PRTFHEY AR NaPi-Tle (2332 il fEFRE _owﬁﬁaﬁ%ﬁf;oko

ARFFETIE NaPi-Tle 1235175 N B O EI & 531 Klotho (125 % NaPi-Ilc OFERESREIC DWW TRFTLTZ, Thb

DS, NaPi-Ilc OFESIE, MREOERHIEIZ E BB 25 T, F72, 43U klotho 13, NaPi-Tle (2% L CEHER)
RBEERAZALTEBY, 25T, Klotho DA 5L 7 IUH —BIEMERC/ L7 a =4 —BIEITRIEL TR T2, K
\Z. Klotho DENEIZI1T DJRTEIZ DWW TR EZINZ 72,

kl/kl =7 AZE1F 5, Klotho FEELAE AR DOMRFTEI T 72 L2 A, IRV BIZ I D3 BURIE I T BN 54, mRNA %
BBLOH 7388 L, B~ AL kUKl =T AT EORY L BEECHIINT 2282 M8 LT, ZOZEMND, kikl =
TAZBWTC ARV RIS E0 A Pi B EEASIE H LS Klotho DFEBLMNNT 5L, KAERHT RO =R BV O A
BEIND ATREMEDS RS, IRV BB REOENRIZI TS Klotho FEHUIENMIERNLZ faiE MRk L2 YAl Z0FEIIC
ML= EZ A, B AR~ ZARECIX RO R |2 BLL CODZEN RSN, RV BRECIa b —L)
VRREE LB UG PR A BB DR B I L T D EWIAE R DG, RIS R FE I
Klotho IEK7e U AR 52 HZ ETRIBIPNIZBATL . RIS WS LD ATREVED V RIBE LT, 253k ém‘_ Klotho
25 Npt2c ZFREI LY 5 AT HEMEAN S 2 Dz, LLELY .| Klotho 13KV A B 12 L0 U7 R A FL B S 8 Bl (4
U, 287D > ORI KRN 24 R Uil RN RBAT L RIS/ ISV DIBEE T Npt2e ZaRfiL ., U dRit
AR AIREMEN B 2 BT,

1. AEREM WEBINZ2SN TS, FGF23 13 Ye ta (s (MR
VATERICUADIAT IV THLN, ZOREEET Vo mGEMZ /199 (ADHR) O BATE R L L CRIES AL,
RHGRDOR—/LTa FI T, T, fibroblast growth — BNEIC/EHL THRID MELEMED T AR — & — %4
factor 23 (FGF23) NUARGMFAEIA 7L L CRIESHEIL  #HIT2K - CThD, £, [FRFIEEEE #(LIE (TIO)
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DFEET DYV FIRE - ThHHZENHLNIE NI, TIO
NG REPHE RO —D T, MG H /LT LB L ORI
WIRANVEAREIZIER T2, 1LIE 1,25(0H),D; =
FEDAR T EIRHU PR TTHE A R T DR A% LI
/EHAGIE CH 5, KT, JEE250 FGF23 Ol sy
WEBESINTND, ZO LT FGF23 [ZRAFEAHTH-
VAR RFIEO R RRE LU TRG L, — T, %
DEZFRIIAHATH 7208, FHaliR L L b
% klotho 28 FGF23 DO FRTHLHENFEHI NI,
Klotho {51 K~ A (kUKD 1%, iy TEILIKIEEZ R
L, IR T7UARHRE D, ZOWRIFET D, AWFIET
1%, klotho (ZEDE T N MEAFEY ik IR O H]
THEEREIC DWW TR AAT/20, ZNOOFREAZ BT, #

N 351 DT NI D MR AFED s AR DO 182 g B
ERAN

2. MRAZE
(MO IEE

IR A UL IRAE H 2k (opossum kidney; OK) fifia,
DMEM/F12 (SIGMA) {Z 100 U/ml Penicillin/Streptomycin
(P/S; 10% Fetal bovine serum ( FBS;
Invitrogen) . 15 mM HEPES-KOH (pH 7.4) &/l 2 7= 1fL{E&
Bl Eh1Z, 37°C, 5% CO, A FaX—X—THE L],
FEFIE 3~4 H BT subconfluent FF(Z Trypsin/EDTA %
VY 1.5 x 10° |, 3.0 x 10° f#/10 cm dish TF172-7=,
(2) XX NPT2c B4R (WT) KB TSRIFD/ER

coding fEIk4F4 & 1o~ A NPT2c WT+pBluescript
SK (-) % template &L, N Kl Sk ot Y2237 (EGFP)
tag 23l & 7% pEGFP-C1 vector (Clontech) [ZHE2EL | Hi
FEEL ) & HERR % . NucleoBond Xtra Midi (MACHEREY
-NAGEL) & W TR L 72 (FEEEL 7=/ m— 2% NPT2c
WT+pEGFP-C1 &9°%) , BEEHZA BLK (N264Q, N267Q,
N299Q, 2NQ, 3NQ) DEHLL, PCR & A WT, ZBHEY
NEDBANEATIR ST,
(3) 77O AZFAALRME MR (OK #i2) IZHIT5

NPT2c WT 8L UHEHEERDFKE

AR Z21203, 35 mm glass bottom dish (MatTek) |Z
HMK% 2.7 x 10°fE/dish TEX . subconfluent ETHFEL7-
HifE% PBS C2 [BIPEAL ., P/S 25 £720 Y medium (2
L7-%. transfection %4757z, transfection /& Lipofect

Invitrogen ) .

AMINE2000 (Invitrogen) z AV, ¥sfT D7 aha— 2
STETRV, 4-6 FEEI #1387 O medium (228 EL7-,
Western Blot, Uiy % D I i s KOV 2 Ye o fif
HriZiZ, 12-well plate Z FAV CHEIEL 0.5 x 10° f#/well T
FERERAHHT OB well NIZHN—HTA
(Matsunami) ZL &, Z® plate LIZHiIfEEk 0.5 x 10° fi
/well THEV Nz, F7-, Blue native-polyacrylamide gel
VKENRMTIZIE 6-well plate & FIV T, MIEL 1.2 < 10°{
/well TFEU 7=, subconfluent FTHiFEL, EFLERIERIC
transfection 21772577, transfection L CTH>5> 24-48 FfE] 5%
Bk B FEBREATIRoT,
(4) R R EREM
AHRRA K LTZ PBS T 3 [EITEE 14, glass A
DFTLUY 12-well plate (ZF&L7-, 3% paraformaldehyde
/PBSZ7C 10 73 fH] == Cl&E . PBS T 3 [EIJEF L, 20 mM
L-Glycine/PBS THLEEL 7=, PBS T 2 [HI%E¥L . 0.05%
saponin/PBS % 30 47 [H 281 TULEEL | PBS H(Z 5 /fH]=
i i A= LBEH L7, 1% BSA/PBS Z W\ T7 mys
> 7 (30 43, i) L, 0.2% BSA/PBS TAVRL7Z—IK
PUiR% 1 BEE==IECRISSH, 0.01% saponin/PBS T 2
[l PBS T 1 [, ZNTH 5 SrHRLIEHLIZ, 0.2%
BSA/PBS TARL7Z kiR % | BRI TGS E,
0.01% saponin/PBS T 2 [=], J&E MilliQ /KT 1 [E], £
A S R LTEE LT, B4 . Aqua PolyMount
(Polyscience) # FHHWNTATGAR T T A LI N—TT T A%
[EE L, A AL — Y — BRI (Leica, TCS SL) 12T, #M
faz@lgz Uiz, 727 F A HIZI3 568-phaloidin (Molecular
Probes; 1: 100) # V. ER ~— 7 —fHIZIZ— Rk Fiiks
L“C?Iﬁ ERp29 polyclonal 5114 (Gene Tex; 1: 500) & i
. IRPUREL T Alexa568-7 1 ¥ 1gG (Molecular
Probes; 1: 100) % F\ 7=, NPT2¢ f I, —kbuikEL
T#H1 FLAG-M2 monoclonal #1/4 (SIGMA; 1: 100) Z 5
TIRPUAREL T, Alexad88-Hi~7 A IgG (Molecular
Probes; 1: 100) & AV =,
(5)OK #EREI=F113 P AL V! VEEE LD RIE
U %8 E720 uptake solution (137 mM NaCl, 5.4 mM
KCl, 2.8 mM CaCl, 1.2 mM MgSO,4 10 mM HEPES-Tris,
pH 7.5) Cififaz 3 [EI¥EFL, 0.1 mM KH,PO,/K,HPO,
(pH 7.5). 1 pCi/ml **P Z¥SML 7= uptake solution % 500
ul Nz, 6 7 EHIREIZY A2 HIAE /T2, 6 5314, KL
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7= stop solution (137 mM NaCl, 10 mM Tris-HCI pH 7.2, 2
mM KH,PO,/K,HPO, pH 7.5) #INX T vz b ZD
stop solution C 3 [RIPiF L7, Mz NaOH 400 pl (Z¥fF
L. EDWN 20 pl % Duplicate THV T, BCA protein Assay
kit (Pierce) (2 kB4 /S iE BAaAT/o72, 759 360 pl i3
727w M(PACKARD) ZIR& L. ik FL—ia
VA H— LSC-6100 (Aloka) (& CHUFHTEMEZHIE LT,
U siE ML nmol/mg/6 min, £721% WT DiEMZ 100
ELT% (% of WT) T/RLTz,
(6) Total cell lysate MFFEL

#ifE% TBS (pH 7.5) T 2 [BIFEEL., BRI 0.5%
nonidetP-40, 1 mM PMSF (2725 J5HMNL7- TBS THilld
ZAL LTz, 22G D THRETFAAL Tzl (10,000 x g,
243, 4°C) L, EIEERRIL 7, AL lysate (5273
JEREERER, —EOWEICFTHFEL SDS-PAGE,
Western Blot ##HTIZ V2,
(7)Western Blot

— BRI L2 N EERIRIZ 6 x Sample
buffer (1 M Tris-HCI pH 6.8, 10% SDS, 20% glycerol, 1%
Bromophenol Blue, 12% B-mercaptoetanol %5 1¢) % 1/6
ERAG L, BB (3 43, 95°C) L7=% . 8% SDS
-polyacrylamide gel (2 C & & ¥k ) L . PVDF [
(Immobilon-P, Millipore) (2855 L 7=, PVDF &% 5% A%
A1 (in 20 mM Tris-HCI pH 7.5, 150 mM NaCl, 0.1%
Tween 20; TBST) F1CALFa~—h (1 BFfH], |IE) LT
TayF /L, —IRPUREL T 1% AF LUV (in TBST)
THAPRL7=H1 EGFP monoclonal {4 (Clontech; 1: 5,000)
F7213P1 actin monoclonal H1{4& (Chemicon; 1: 6,000; P
AR EL U TR EAOG (— B, 4°C) &, ZkFUkEL
THARUIZHt~T A 1gG-HRP (Jackson ImmunoResearch;
1: 10,000) &5 (1 K5, 289E) &, Immobilon Western
(Millipore) & T 7 F L&/ L=,
(8) ENRER

) EERIIEE R FE EREZ B S OFF AT OB L&
5 KB TR EH A>Tl T 72, Klotho ZFA~T
VYA (HKD T AARZL T RS TEALT, 20~
Ty AEARL, A (+/4) B LU Klotho AR~
Z (kIKI) 24572, C5TBL/6 BFA <7 Z(WT <7 2) (3,
AAF ¥ — N AN =R IOIEALTZ, ~7 AT
B 2771 (8:00-20:00) LRI LS —FEDERE TTTA

T 7 — NI TR LTz,
(9) 121 Pi AR EER

B~ A% T P& &O RO T OFEBRAELKIE
KO B HEBBUCIVEIE LT,

TREOERREIT OYC &2 AINIIG HFHREE i}
(ORIENTAL YEAST CO. Ltd. Tokyo) Z &2 /ERLL 7=,

Low Pi diet (LP) #%: (0.02% Pi, 0.6% Ca diet)
Control Pi diet (CP) #: (0.6% Pi, 0.6% Ca diet)
High Pi diet (HP) #: (1.2% Pi, 0.6% Ca diet)

BpAT (+4+) BE OV KK =7 A3 4% 4 B CHERLE B
TR, BEFLTE LP BER IO CP BEIC/3 T C LP BT 3
[t CPREIL 1 38 MR E LI AT 21T 72, F7-. Klotho
OYIWT - 3 DIRFTCTHWD WT =7 AZBHL Cid % 8
#C LP B, CP AL L OV HP #2010 C 1 A B LAE
Wratto7,

(10) 2 AaRER

A4% 9 WIgED WT <7 A12 1 #F#. 9:00-11:00 DR LP
BE Gz ARERFMHIRON —= 27 21772, ZD%
U AM Y HD 9:00 (252 54 HP BIZZ B L7 Acute
HP (AHP) &, FDar ha— LU TY AR Y H ORE
%, LP &£ &L7= Chronic LP (CLP) D 2 BEIZ0T, =T
AU 11:00 E7p o7 R TR I KO 21772,

(11) &g Whole Homogenate FA&l# KU Western
Blotting fZ#

&> Whole Homogenate |, <7 A% T —7 /LR
TCBIE - BRI L 7-% . Bl A i U e 2o T,
BEL7ZBH#EIC 500 pl OREY F—My 77— (5 mM
Tris-HCl/pH 7.5, 250 mM sucrose, 0.1 mM PMSF) # /1% .
RESFAF—ZHNTHRESF AR LT, ZOKREIFR
—hM@E#% 735¢ T 5 oL, £D EiEE Whole
Homogenate &L7-, #4172 Whole Homogenate (2>
TNy 77— R EIRA L, 95C T 5 S MnEL ., kit
Uiz, | DU ZH 37 E RIS 30 pg S f il .
8% SDS-Poly-Acrylamide Gel T4y 8L . Immobilon-P;
polyvinylidene difluoride (PVDF) fi& (Millipore, Billerica,
MA) IZEKINHRG LTz, BRGHRDAS TV % 5% A
% 53/ /TBST (Tris-base, NaCl pH 7.61/Tween 20) %
WCEIRT 1 Bl 7 ay% 71, 4,000 54RO 3.3
mg/ml ®Z it Klotho Hif& KM2076 L3LiZ 4°C Tk
KIGE&¥ =, D% 5000 A K O Horseradish

- 165 -



peroxidase |Z XV A7- 517> I 1gG ik (Millipore) &
E T 1 FFH XS & & Immobilon™  Western
Chemiluminescent HRP Substrate (Millipore) & VY T/k
FIESESE T, 7 4/V A HyperfilmMP (GE Healthcare Life
Sciences, Little Chalfont, Buckinghamshire, UK) {ZJ&X
TR L7, NEEAELL T 5,000 5RO~ AT actin
fuik (Millipore) 2L, —IRHUALL T 20,000 F5A7HR
@ HRP #Ei# L 7=hi~v A IgG Bt {& (Jackson
ImmunoResearch Laboratories, Inc. Pennsylvania, USA) &
FNTz, #4237 @ Klotho 781 &l % Image J 120
{bL72%% . EfE b L7z Actin IZXOIELRE H LT,
(12) Dot Blot [Z&% Klotho M #& i

FREUL72JK 1 pl 2 PVDF I3 R L, Western Blotting
AT LR D FIEIZEY, 7 ayx o Z B OB E T
7257219, JRO Klotho s BT IS iz U RE
Image J IZEVEfE(LLT=%. IRPZLT F=UREEIZED
MELRE L7, Klotho HTiA1Z KM2076 (Transgenic 1)
MOANFLI,

3. ARHER
(1):ERIRMEHARS KU Xenopus oocytes (25115
Klotho [Zd&% NaPi-lic D FI|{HtE

ISR AU IR 2K OK flifia, BL T 7V
AT )VIIREHIIELC , NaPi-Tle iR St 217
-7 (B 1 Z2H), 2OfEE, OK MilalZisun T, /il
klotho (sKL) DN, & DIRFEARAFAIIC NaPi-lle 81
WZEDTCHEL T2V kI E A IR RS e, — 5, 77U
AT ) VIRRERIE A BV, SKL DO RABIZ LT3,
sKL (2 XDV #siEPEo B E L, NaPi-Tla 125U Tl
XN o7z, L, NaPi-Ile (2% LTl sKLIZ LD
S PV ENA 23V gl

RIZ, NaPi-llc (3 N BUPEHEM R AE ThD T L L0,
NaPi-llc OF T HEHDOEFNZ OV TIHRFLIZ, v 7 &
NaPi-llc (213 B AT OFEBETERL (264N, 267N, 299N)
DFAET D, B FEFESHARMAE | OK MRS, &
D JRERCHEBEZE TR~ T, ZNOORE R HEHARTNALS
AT GNQ) TR TUTERAFALTISEITIE, Mfafss
BIANMRIS A3, LI ET OB BARTIE, BRIEICRER
AT SR -T (K 1), F2, IR E
F R AMEAFED CBRETE I BT | BESH AR AL

3HFTEERIGH AT TEEOFUWME FABIEE
= (32), &Iz, 5P klotho (sKL) DFRINC LS, Vs
i 5T PR PR d6 L OV BE B a2 e, JE L 72
FlF. SKL OB ED A B ikiE O FLE D 5
IMHERBS Tz, LU, BESHAMTNLZ 2 W T R ST
AT IEHRITE T L, 2060 R KD,
NaPi-Ilc FEEHSHIEN RTE Nz ONZ) sy PRI B2 C
HHZE, BELOY KL 121E NaPi-llc (ZxF9 B AL A
BHHZEMIALINEIR -T2 (X 2 B ),
(2) BESHERIRITH TS sKL DR

WA, 43U Klotho (sKL) ¢ NaPi-Ilc 8525 BRIt
FTHERIZ OV THRFTIL72E2 A, OK i L OWRREH
R D FEERR G 45 Klotho ALEC L0V i kTs M
A BIAR T Uz, RIS, 52378 Klotho DEERED 1-o&L
T, Y T7VE —BIRHERHE SN TND, 22T, v 74
— AL LY NaPi-lle VI gdsfmkns, EnkoicZqb
THDRART, ZORER, TV —BRBIZIDY i
EEENE B LR ULIZ0IZRL, 235 Klotho 1337
VE—BEMCEIDMEREZ T hehotzleh b,
NaPi-Tlc (2% 92437 Klotho DFLEIERIZS TVH —
BIEMEFEIR A THDHZEDVREITZ, £ NaPi-Ilc HE 8
FEINZE AR TIL43 R Klotho (sKL) DVEHA I L7=2
EDD, 43 W Klotho (sKL) 1A $HZ /1L C NaPi-llc D
REZFHHEIL CWDTEDRIBI I, ZIVHDFRERLY, 43
W Klotho 1%, MESHATINZA 35 NaPi-llc ZFHET 52
LRI (B 3), —J7, 0t klotho (ZX%
NaPi-Ila DFLEFEMEIL, BESenoT-,
(8)Klotho MBFEIZDLNT

Klotho (FEICEIRB I OMITFBLL THHZENHS
NTHEY, kUkl ~7A%R) & (LP) TE 4 5& Klotho
DOFBLE Tl T 5, LP BEE LIZFED Klotho FH
AR AR 2B LN kIkl T ADE
ik, b4 JHEigk. JELig, /B4 B VN T PCR 1T Klotho
mRNA HELA MR LTZ, ZO#EE, LP &12XY Klotho
mRNA FEHABMAZRLEZOEB IS, OIS TH
RSNz, ZOMEBIL KUK =7 AD K T B AR <
ATHMERIINT, FiEW T, LP BB RO E Whole
Homogenate % I\ Y C Western Blotting fifAfT &1 7-7-L 25,
2 ha—/LY A (CP) BEE L C LP BECIT B AR~
7 AD Klotho # 2 7 7 F8 B B MM 27~ L, F72, CP
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A (OK cells) i B (Xenopus oocyte)

1 No treat * 10 NS
15 [ 100pM : O No treat %
B 500pM T € g8 | W control %?}'
15| \ E . 2
B 4nM £ sKL
g 12 ’% 6 ’—‘ %
Eo) o /
E S 4 %
3 £ /
£ S %
= 2 /
° mock NaPi-llc water  NaPillc  NaPi-lla
*p<0.05 | * p<0.05
KL & : 37°C, 16hr KL iG&4% : 500pM, RT, 1hr

X 1. OK ffaIs KON T 7 U H Y A0 = )V BIRERIALZ 331F 5 NaPi-Tlc (259543 W klotho (sSKL) D% 5, NaPi-Ilc 25,
SH-72 OK Hifd (A) BE IR (B) & VT, 47! Klotho (282 s iE MERREIZ DUV TRl 72,

A
kDa N264QN267Q N299Q 2NQ 3NQ Asparagine(N)

!
150 — ‘ﬁ’mm] Glutamine(Q)
100 — )
75 — _

TSNTTNSSLIKHW -+ CTER NSSAgFﬂ
264 267 299
2NQ : N264Q and N267Q
3NQ : N264Q and N267Q and N299Q
B
N264Q N267Q N299Q

2NQ 3NQ

'

B 2. AFEFESHIIEAIZEAR NaPi-lle ORIFINETEIZ DWW T, HEE SIS I A RAE AL 7= &f o/ a
—2 (N264Q, N267Q, N299Q, 2NQ, 3NQ) %, ZiLE 4L OK Ml FBLIH | GFP #4522, D RfEME ML,
2NQ 1%, 2B T OREBAT NI D B A AL TERY, 3NQ 1L, ST T R UL RAEALT-70—Th D,
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A (Xenopus oocyte)

*

s_ »
7'_
6 -
5_

4 -
3 -

] sKL(-)
B sKL(+)

molioocyte/min

p
N
I

water WT N264Q 2NQ 3NQ

B {Xenopus oocyte)

WT 3NQ
sKL - + - +

- T
“-q—-”“

(kDa)
— 75

* p<0.05

klotho: 500pM 1hr RT

X 3. 45 FEAHEEE AT NN 28 FLAR NaPi-Tle OB HERE 36 L OVE A &Ik 12 sKL Dh L, #HEE S AMEEE A I 28
FAE AL T-45Fi7m—2 (N264Q, N267Q, N299Q, 2NQ, 3NQ) &, ZNEILT 7UHY AH /L IR REMAEIC R B S,
sKL OIFNINZEDV Mg E~D LT ~T- (A) , £, sKL ZIRINU7-% O IFREMALEZ FV N C NaPi-Ilc & H &

ZHIELIZ(B),

BELHEHE LT LP £ CIE kUKl =7 A0 Klotho #2737 %
HENHFEICEVMEZRLTZ, L)L, kI/kl <7 A0 LP
REXEF AR~ 20D CPREE 9D A B IR MEZ 7~
L7z,

BRI~ 2 CP FETIL, R ETOHE Y, Klotho
D ECEN R ICHEBLIL TODZEN MBI 28,
AR IS DTN DT LR TET-, AR
~ U ALPBECIREAL R ME BRI 31T DR B E LL
HEIIL WA EZ R T &, kUKl =T A CP BETIL, 1
KFETOHAEIEY, Klotho DFEHLINFIEA L H TEZ)
S8, LP BETIE, mALKAE TIEELL, IR E

TIEDOTHIT Klotho DIEBLREIEL TWDHZLLMERT
&,
() BBV AFTITKD IO HKBESHS LU Klotho
DRESLUVDB~DEE
SRV ARICEAM P B IR DL E L
Klotho D REBL W E~DFBIZOWT, BpAER
N A% WD THER LI, LP & T 13
1KY A (CLP) B, I L OV @Y A fif (AHP) BEIC
.2 FER RV A AT o7t IR B L OYRHY
YORIEERD Dot Blot fiTa1To70, TOFER, MH

BB LT~ A%,

Pi 21X CLP #EL L C AHP BECIEA EISEViEE
RUTz, F2, RFVBES AHP BECIXA BICE M
RUTC, PR ~D Klotho 73 W% Fi ~7-LZ A, CLP ffL
beiLC AHP BECIZIR FEIMEm Z /R LTz, E70, S
FARRA LY a2 0 CLP B3 L O AHP £ Klotho FITE
ERNLZ RIS L7282 A, CLP BE Tl Klotho 2337
PR 5 IECRRA 33 L OV PR A Il 7R B i HH
AUT=D3, AHP BE Tl R A Il - RN RTEL T
Y, CLP HELH# T2 LA pRAME CIIAMA NI AR
\CEBAEL CUWBZED RSNz,

4. & =
ML) FE OHERH I BB AR I Z R RS
27 Na (KAFMEY T AR — 2 — (NaPi-11) 73 B 370

B2, NaPi-Il 7 773V —Td 5 NaPi-llc T4

F IR > ENES 9% (HHRH) O HAE# s 7 THD
eI, ENEIRIC IS T D HIL 7R R R e
Zon50, T, ZbOHLIARFEEIRF L LT,
FGF23 BHALMCENTY, Fox 1d, FGF23 12k5)
X3y D REHHIE, LT, BT R MAE IR TS
NaPi-II (259 DHERERREIIC DUV CRFFE A HEE L C& 7=
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©19) Z 5O F, FGF23 13, NaPi-llc (2L THHIC
AR ENREAL TVDIERTHRINEET,
Klotho (kUkI) ¥ AL, ¥ BHIBLIERA L, v
ULV AR E R T BT A THD Y, LIET, Hox
I% Klotho <A (kUK (Z B4V Y o fUAE D FE FEAK
DWW TREIZ A, R~y A0 @) fUED IR, 15
BTROBFIZHBITDHY WL - FFR I Z 55 NaPi-lla,
NaPi-llc N7V AR—Z—DEFRFEBIEIN THLH L%
L7219, KUkl ~7 A% FGF23 O I P RE 2N R 12
ET&H 573, Klotho FELIIHISALCNHZE LY, FGF23
Y (ST S e S 1R AR /N K =3a gt gV SR 2= SN
FGF23/klotho A7 AXVAHHNTIELS B 5T 55l fi R &
EzbhT,
FGF23/Klotho > A7 L2 L5 Pi PEHAE ez B 512

%, RERTJE R BT, Zhud, FGF23 13 F#ifaky
SIWE L, Klotho D JRITEFML T2 B i A R A L A
L CL AR M NaPi-I1 2406223, £ D L7k
£V FGF23 O 7 F V3L SR 2SI RS 1 AR
BESNDNIE, A THT,

TR AR A EARAEEL R AE T2 A Klotho (XA
PIZI\U T FGF23, FGF LB /2 —LfEA L, A0
#iR %2/ LT, NaPi-Il OFEHFE21T-> T, —
75, & Klotho O s g, IS AL, IR o~
SIS H, Z3eR Klotho &L TH H OEREZFFHZ &8
IR TNE!Y 2D, Filt | 43U Klotho 13 N RURESHZ
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Summary

The Klotho gene was identified from a mouse strain in which Klotho mutant (kl/kl) mice present senescence
manifestation such as growth retardation, short lifespan, osteoporosis, ectopic calcification because of autosomal
recessive inheritance. In addition, the serum phosphate, calcium and 1,25(OH), vitamin Ds; levels are
significantly increased in kl/kl mice relative to that of wild type mice. Overexpression of Klotho extends lifespan
in mice and, the serum phosphate level is significantly lower relative to that of wild-type mice. Thus, it is
guessed that Klotho is an important factor of phosphate homeostasis and these mineral abnormalities cause
senescence manifestation of kl/kl mice.

Fibroblast growth factor 23 (FGF23) acts on kidney to induce phosphaturia by suppressing NaPi-Ila and
NaPi-Ilc and to reduce serum 1,25(OH), vitamin D3, which in tern reduces phosphate absorption from intestine.
FGF23 acting through FGF receptor (FGFR), and FGF23 require transmembrane form of Klotho for binding to
FGFR because of any known FGFR had extremely low affinity to FGF23. Thus, transmembrane form of Klotho
function as an obligatory co-receptor for FGF23. In addition, a cross-talk between the distal and proximal tubules
was postulated for FGF23-induced phosphaturia based on the original notion that Klotho is exclusively expressed
in the distal convoluted tubule and Pi reabsorption and regulation solely resides in the proximal tubule.

On the other hand, the extracellular domain of transmembrane form of Klotho (soluble Klotho) is cleavage
from membrane and which is detected in blood, urine and cerebrospinal fluid and may function as an endocrine
and/or paracrine hormone. The soluble Klotho protein cannot function as a coreceptor for FGF23 because Klotho
protein alone cannot bind to FGF23 with high affinity, suggesting that soluble Klotho may have function
independent of FGF23. Soluble Klotho has amino acid sequence homology to family 1 glycosidase.

NaPi-Ilc is principal phosphate transporter in kidney and plays an important role in renal phosphate handling
and may be a key determinant of plasma phosphate level in humans. NaPi-Ilc may be an important potential
target molecule of soluble Klotho, because NaPi-Ilc is a membrane glycoprotein and plays an important role in
phosphate homeostasis, but effect of soluble Klotho for NaPi-Ilc has not clarified. To reveal the relationship
between phosphate homeostasis and Klotho, it is necessary to clarify the effect of soluble Klotho for NaPi-Ilc.

In the present study, we investigated the role of N-glycan chain of NaPi-Ilc and the effect of soluble Klotho
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on NaPi-Ilc function in OK cells and Xenopus laevis oocyte. Based on a secondary structure model of the human
and mouse NaPi-Ilc, we identified the three consensus N-glycosylation sites (Asn-264, Asn-267, and Asn-299) in
the putative second extracellular domain. Mutation of N-glycosylation sites of NaPi-Ilc decreased the protein
expression on the apical membrane, and reduced its membrane stability and phosphate transport activity. Next,
we investigated the effect of soluble Klotho on the function of NaPi-Ilc in Xenopus oocytes. The soluble Klotho
elicited a dose-dependent decrease in the NaPi-Ilc activity. However, soluble Klotho did not affect the double
(2NQ) and triple N-glycosylation mutants (3NQ) of NaPi-Ilc. In addition, immunohistochemical analysis
showed the presence of Klotho protein in the basolateral membrane of proximal tubular epithelial cells induced by
the feeding of a low Pidiet. After feeding of a high Pi diet, we found the elevation of soluble Klotho levels in the
urine. These data suggest that the appearance of Klotho in the proximal lumen can be due to cleavage and /or
secretion by the proximal tubule, or possibly by transcytosis of plasma- or distal tubule-derived Klotho. Finally,
the present study indicates that soluble Klotho functions from the outside of cell as a humoral factor and by

modifying N-glycan chain of NaPi-Ilc at the cell surface.
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