Bh&S 0836

Na'/H A2l AR SHR AR BLA R 20 X 7B O A B B 2 DR

SOt B, B EESR

NAEBR AR T X — TR BR 43 - AR BRED

H

B B RO TERISND T MY AAA L (Na') OIREARNIL, £k 4 ZeMiaiE 8 ARRER THY | Zh A BRE) /)
ET DD ZIRMENT VAR — 2 —NFET D AV NTUAR—H— Na'/H' a5 R 1 (NHED) 13, H50540 0
DOIFERENAFEL Na© & H' 223 Mgk 3528 C, MEN pH., MRS, LN Na" JBEORENICH 575, ok
ITCIE. NHEL (255 NHE1 435D /T pH OIS, g - A FAYNCEE ChHTZ LN RSV TS, NHEL O
TEPERIEN X2 DAV R L (C) RimHIE sk e S X F0 s 7y O BEEA B L OV i b  EE L
EZBIVTND, Ll NHEL IEHERIE O 5> 1 36 LOME AR IR FORFITH B TR,

ZZTAEIRTZHIX, NHEL 50 F a2 LS LTe B EARZ GRS 25 0 " E A RN IRR 3272012, HA Z7 15E5%
L7z NHE1 % /R Ba 2 BB DR | I8 OB &I IV RIET DLV &1 T o7z, 20 )7
#%C, NHE1 7 CBB DWW IR Y L > THERR TEDL UL E THRITE, Zhkibic, B4 NHE] fE/ZL /37
EHEDT, Dkt s FEEL Eos ORI REN T, ZDHHO—21%, Ca’t KFR YL - AL A= i)
LI SR CH DN =a—1 (CaN) Th-7-, CaN [L, invitro DFESFEERIZLY, NHE1 O C RUREIKE E RS
THZEDNHBLNEIR ST, EHIZ, NHEL IZE1T5 CaN fE G A A FEMI SR AT L7/ R . CaN 1Z 32 NHEL O 7/ Bsk
715 75 720 % H 1285 PVITID BLAIZ L TREA L. ZAUTEEAN® CaN fE&EF —7 PXIXIT SHEMEN B L
AVHIBALT-, ZoizE O EAEHOEBEREALNICT D201, £IE CaN IEHEZILEF-ITTELZGED
NHE1 JEMHAVIC I B aT LT, ZO55 %, CaN 25 NHEL {& M4 42 Al RErE I RV 22V rand-, —J7. in
vitro @™ CaN {E1EiX, 7V HY pH TILHETHIENRHALINEI -T2, ZAUTRSL, 7V pH Tk, CaN IEHE(LIK T
HHINETY 2D Ca?' REZMEDNHINTHZ LSRR T 5EE 25N, ZOHK: Fi%, CaN OFEMEISHIKN pH DOZE (L
IZE S THHRIEISNA D EETRE T 5, ZHDOIENBLRZHIE, NHELIZHE G L7z CaN OJEEIE, NHE1 OIEHEZbIC
PR TIERLE LD NHEL 43 75D SR P pH ALV §lHI A 521 D RTREME SN2 D TRV EE 2 T, A4, CaN TGRS
NHE1 OFEVERAFANHBEISNASD D0, b LEIRDZEOEBIEFRIIMD, LW RBEE R L QOB ERD D,

1. B A EEDSTRADMIIAN S 7 F k> TRM LA Z T

RO CIE RS DT RIT LA (Nat) O EE
AFLE, AR & IS ENARIRE ThY | T A BRE) ) &
THELD IRMENT VAR == FAET D, AT
VAR—4Z— Na'/H" ZZH#uitfs 1 (NHED L, HHd5d
RO ZAFAEL Na™ & H 223 faliins 952 LT,
HERPN pH., HIFR A, AR Na™ JBEOFHENIC % 53
% ', NHE1 1%, $5lK -, BLes 708 Ofifasts 7
N3 FATINZ T, EHREE, ARy T e & OB AT

NI AR—=Z—TH5 2,

NHE1 %3 F1%, AA ks A9 N Ko g
HEIEK (aa 1-500) ETEPERIEZFHS C ARSI OHI L
1% (aa 501-815) 235705, ZOTEMERIENZIZ NHEL D41
RELIL(C) KIBHIIE s L S S Fev /iy F-&
OHAAERABI OV BRENEEEEZ SN TN |
A1 0> 47 7 FAE 35 L O AAE IR 7O 2K ITHIHT
7200,
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ZZCARIFLZ B, NHE1 OF M EAER 237
BE, INFE TS CETEERY — A7V RIETIE
2, IRTAIVADOFIELZRNDHZETIREREL,
NHE1 260 BEAERICEAERNERZ AL
THIEEZEHELT,

2. RAE
2. 1 NHE1 OFRBEEERL2VN\VEDIFER

A RIFA7=H X, NHE1 OFHEAAER 2 08 %
NHE 15142 KR U7 MlfRiC & 7 F23% L 7= NHE1 % 5] 5%
B, ZOMMBa AT b A HLH 7 HUR TR ILRE L7 B
(CHIEL TRLAZ U RV BB BT CRIETHZETH
T, FENT O BIE, NHE {EMEZ KLU ANDAY —

D it FR RAHHE 2R (PS120 i) 4 FHV Mz, ZfAEiC,

EhHk NHE1 OMIFLEM C Kl HA %7 (YPYDV
PDYA) Z & L7= NHE1-HA =1 AT 7 M s s 8L
LERBIAE /Y ELT-, 2O NHE1-HA fifaz K&
# L (25-cm x 25-cm DEEER ML 20 K47) . Z31% 1% triton
X-100 Z 5 oA BR AR C Rl kL . BT HA HURE#E
ALEE—XE2AWTT 74 =T — Kl EITo 72,
NHEI1-HA E3Eb L7473 7' 81X, SDS-PAGE C/4rHiEt4
(T NVERY L o he— L E U TH T EERR L TR
NHE1 B [FERI AL E LI B b 2D/ RO %
BB — 2 Heli U=, NHE1-HA HSEDOH 7 V&L
7oL =285 T NHE1 OZFUTIFeV SRR B
TR RTEE LT, 2O ROV D0 E S L J0 )
VIR, BENDZ R E AT - N T R
LC-MS/MS (ZID T FREFINZREL, XTFRT—H
NR—2LWETHIETHRTHE L RIEEFE L,
2. 2 NHEL & CaN EDHREEREMLODRTE

NHE1 @ C i l#H el B SE B 2 B R RS 7 28 5

RIZHA X7 2@ & UT=2 0 778 % PS120 FEIC SR ERL .

Z D RE BT HA Hiid% O TRETLREL , CaN 23
WL T 2MEDEA LTy NCRRIH LTz, £72, NHE1
L CaN EDOBEHERE A% in vitro DT VAT A2k
DiRETLTZ,
2. 3 NHELl L ZDEERKRDFEMERIE

NHE1 OIEMEEZITEFEATEMEEE CaN OHFREELZ
&% NHE1 {&PEIC RIETREL, ZnbDar AN 7
FEI LU= PS120 MfaZ FHCHIE L, MEPNERPE( kI

X% NHE1 OiEPE{kIZ. NHE1 BEEHA] (EIPA) @z ED
2Na' DEVIA T E | AP ERE LT oS A E
HZETRRMH LTz, NHEL OIEVE(IZFED /N pH 221k
% AIPNICEDIA £8-72 pH gz Mk (3% D BCECF
O R 8 b A s YRR 2 O T BT I 0 2K
Oz,
2. 4 in vitro TO CaN FME®D pH LU Na BEKE
%

in vitro @ CaN JEMEOWEIL, CaN 7y EAF v
(Biomol 1) Z T, Bisf 7 Bha— Ut~ TiTo T2,
728 BB ROEERD pH, Na" JREE M T A H L,
K% 72 pH IZBIT D free-Ca®* LI, @ Y72 D EGTA
Nz HZE TR,
2.5 NHE1 IZ#5&L171- CaN OFEMERET D5 A

NHE1 OB A C REmaEI, RI~7FREF (19
TIFEFREL) LUK HA 27 BB E RS LT-= 2 AR
FUNEAERL 2N AL ERBL T DMaE s RLTz, Z0
HIBOWNTENE CaN 2174/~ A2 (IM) TIHEMAL T 52
&CUNHEL ([ZFA L7 RI BLSIOBL) B LA L
NHE! [Zf5 G L7 CaN fEPMEDFREEL L=, RII B DY
FRERRELIR, H1RILV B bHUAE N TA L 7 ey M
KD R R BT CROHZETHR LT,

3. ARHER
3. 1 NHEL OFRHEEERZIV/\VEDRE

NHE!1 |34k &< 2o fifa s il AV 72812 kD2 45
IR, BRI 72 8l K DTR MR 252 1 A28 ZHUd
NHE1 O C Al B sEIsk DY ol b E 721 340 BAE
L RTEDFER I TheEN5, ZIET NHE1L OFf
HAEHEZ L RTE DN DINE, BERE DY — AT YR
BIZIVRIESNTE, LLZOFEL, BN
WTDRARNZ TGRS T DT VA B R TE DR
BEBHTILD T, FIVAR—F—D IO RS 3
B O ETIEE ORI E F R LI E A MBS 5%
B9 IR KDL REIBEM L TOWRREE kLT
HETEZ T, INE TR TE) o7 RIEE O AAE
HRFDFAEN TSNS, £ CAHEIRZHIE, NHEL
SFEPLELTEE A RERR T 25 0 U B A R
\ZERSET A0, HA X7 HE#k L7 NHE1 #2378 %
TEF B ORFRL | I DL O E &0
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Fig. 1. PLHA PUAIHEIC LD T 7 4 =T 4 —FERO%E T

FORIET DLV 21T >7-, ZOJ7 LT, NHEL 2
CBB HAHWVMIERYAIZ L > THER TEHL~LE TR
TE, FNEEbiab7eet s B EOX L RIE R
RSz (Fig. 1A), ZDH5H DX NHEI LOFEEH
BEZ1OD 14-3-3 B350 CHP1 Th-7= (Fig. 1A), EHIZ4E
[FOERRTIX, RFEOHH NHEL &GV EE 3
TR L, ZO9b0—o%, Ca® {KENR Y -
Av A=V EE R ChD N =a—I DT
2=y ==2—Y> B(CnB) Th-o7= (Fig. 1),
3.2 Al=a—1)> ABEER(CaN)H NHEL IZE
EHETS

CaN |3z G e i =2—)> A(CnA) &ih
AV T 2= N TihD CnB MGG T HZ & CRERTE A%
FTELHIOIT/2% Y, 2T, NHEL IZ CnA DA77
B ERIZILREIEIC LR % 2 e TRFTLIZE A,
NHE! (21 CnA BLO CnB OEGREL TRESTH2L

REASE72 77 (Fig. 1B, TOMIIARBH) , 2ozl

CaN 7DEFEFRIEMEZ I TEHOIRAET NHE1 A AMEHL
TWAZEERL TV,

WIZ, CaN (X NHE1 DA A Misii 205 5 B 0 iE
ik (aa 1-500) 7>, F/-1TZOTEMEZ T2 C RO
AR E Ik (aa 501-815) IZAE &3 %203 NHEL @ C K
Uit A R R I U T 28 AR BN T S e T FEBR I 2 K0 iR
AUz, ZORER, 710 & H O 7B FLLIEZ KL
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Fig. 3. NHE1 ¢ C Kf#lk& CaN @ in vitro 5 & 525

72 NHE1 ZRIRT CaN ML LA o7228 0, CaN
I3 NHE1 @ 710 FLAREO I CHAE/EMN 2203856
ME7p-7= (Fig. 2),

ZOMBAERNEBREAIZED3% . in vitro ToO k5L
CaN &, MBP LA L7 NHEL O C Kl (MBP-503
815) EDT NI FEREIToT-, ZDOFER, CaN 1%
MBP-503-815 L7 VZ 7L Zjf-Z&h 5, CaN (X E#2
NHEL 25/ T 52 LM B0 72572 (Fig. 3),

NHE1 OJVEEM7R CaN A5G A [RE T 572012,
NHE1 @ 710 F&LUEDOT I/ BRRLS AT~ CHDLHE, BEF
® CaN & EF — 7 (PXIXIT) % K<L 72 Bid 7
("PPVITID™) % R.HUT=, SefE ik ZBROFE RS, 2
D 715-720 DFEIEAS CaN EDFEA M EETHHZ LIS
mk7eo7- (Fig. 2),
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3. 3 CaN O;EMALE=(XEMEAEA NHEL EHEIZR
XTEE

NHEI & CaN EDOFEE DA E AT T 572012,

CaN 1EMHZ5bd NHEL {EHEICRIE T B E T LI,
CaN ZIEMEALLIZ8:A 0 NHEL i&MEITx 508 %
NHE!1 Z58H5EH L7 PS120 A8 & WiE P E R o
CaN (CA-CaN) Z I8 B 7o iz FHV T, NHEL O
{BIZRED PNa" ORI ~D BV IA A B E 721X BCECF
(XL DHIfN pH kA HIE T 52 & ThatL7-, NHEI
TN OEEMALIC IV TEMA AL ZZ T D03, ZDLED
NHE! {&M:IC CA-CaN JEBUTFEE LR o7, WIZ,
NHE1 #8388 H L 7= PS120 Mg dOWNIENE CaN {H14%
FHEESK D FK-506 721 cyclosporin THIHIL 7235812 .
HIRINERTEALIZEED NHEL OIEMELIZR B L 72T,
—J7 . NHE1 1%, G Z# /I FARDIEMAL 7=
I% PKC OIEMHALZ LT, A4 AN ERT 52
MBI TWAD T, Z0 NHEL {EMALIZRT% CaN
EMEOREE C- L BFEBOMILN~DB AR &%
HETDZETHRFI L2, Zhud, REEBBRD 7 1RO
Bl A B L, A4 RO GA I IEE B LR
WZEEFIFL, Ml pH 2 bEZ0OEREELTH
L5715 THhD, 2 hr—LE LT, NHEL &3R5
L7z PS120 fifazhrs vy R/LAR—/LTAT /L ATP
RETHIBTHE, 0.1 -02 pH =vh EH$2573, CA
-CaN Z3LRIIL-HIIRICB O Thar ha— /L E[RERD
pH EHZRLTz, ZHORERIT, Dl Eb Rt L5
FRIZEBTIL, CaN JEMEATLEL THEHIL Th | NHEL
DIFME IS RIT SN E2RIB LTS,

3. 4 NHE1 O;EMZEILA CaN jFHEEHIEHT A EME
2D T kst

ZNETORTHOMFHE RIL, CaN 75 NHEL i& M4
I3 B AR E IR VWS &R RIB S5, £ THIT,
NHE1 DA A i O 28 bAS CaN TEPEZHilE 32D
TIERONEVIRERERAET D& LT, 3785,
NHE! (ZfE& 172 CaN 25 NHE1 OiEMEALIZfES NHE]
Oy FUED pH ES-F21ENa" IBEO BRI, a5
DAL U THEMERIE 2521 TW LD TIERW NS
271
3. 4. 1 invitro @ CaN E4®D pH IKEFEHEDBIE

MR CaN {EMERIEX > M W T, ISR pH
2 6.8, 7.2, 7.7 DEFED CaN IEMARIE LT, ZTOFER,
pH MEWEEIZ CaN {EMD EH T2 ERHLNER S
72 (Fig. 4A) , CaN I, Ca*" [ZLDIHRMERIEEZIT 53, &
AUX Ca*t EIVEV AV OBARRN CaN HHIZEDH
CIHEE T DL TRENDEZZ LN TS 4, 2L
T2V 08D Ca?' B Z L 7 E D Ca?t LD
FEAIEL, —HRAOIZ pH DRV EXITRESNDZENHD
LTS, B2 BT, CaN 5D pH EAFHIL, @y pH
12X Ca? - BT 2 SRR AMEf Sz Dz
LIZHKTHOTIHRVNE T, 22T, CaN &M
D ERRO =20 pH KIFICBITS Ca™ IR R
LT, TNEND pH T free-Ca®’ L, —ERED
Ca®" PRt 2472 EGTA 2 N2 52 L TRt LT-, =
D B CaN 1HPEIE, R Ca® 25 pH DEE | B
HI DML ST- (Fig. 4B), SHIZpH 23 7.7 D
EED CaN JEVEIT, Ca™ JREE AN IEFF OO P FE 12

Fig. 4. In vitro ® CaN {&PED ph, Ca*', Na" {K1FME

-112 -



TV 100 nM ThIZIE R KEA 7R T ZLDBBER -T2
(Fig. 4B), ZOZ LIFHIARICH T, Ca®t R 720k
D7 TH pH EFITLY CaN IEMHES IS A rIREM: A
RLTWNB,
3. 4. 2 invitro ® CaN ;EED NaBEKEFEEDAIE
RIZ, CaN {EPED Na' (R IRET LT, BOSERRD
— i HF A PEEE X Na™ & K £721% Choline” &4
T 100 mM L7257, Z DR, CaN TEPEIE
Na' B IZESTITE—ED %R LT (Fig. 4C), ZDZ
&l CaN X Na' ICE-> TUEHEHAEZ T 722 e a2 R L

NQAYH
3.5 NHE1 [Z#5&L7- CaN FHDALZRTETHRD
HEIEDHILT

CaN (X F[{EMEDIEE THVMIE IS &I IT/FET 5,
FERZ NHEL IZf56 75 CaN 12D —HTHY,
NHE1 IZf5 6 L7z CaN OIEMESHINE IZ/F/ET 5 CaN
DOIEMEZXJIL THIETHZEITEFICHETH D,

PKA O#IFEIY 7 =y FRILE., VB LZ L 2R BETHY.,

Z? Ser’® 1% CaN (IO LY (LA 2 T D LR T
W5 3, CaN IZE D LS, Ser® &5 Te 19 73
JEBERIENSR DT FRTH kit 2k
NHE! @ C Rinfl#ifaE sl faL ., 2oV ikt
ExFIVERE RI Hiikz HWAHZETHHHL, NHEL (2
A L7z CaN O B DIEMEZRIE 35 R DML AT,
Fig. 5A |Za A7 o E % R LTz, APVITID 1%,

CaN f A fElkZ K &L= NHE1 Tbhb, Zhb _FlHn=a
VAN UM ENENEZEFRBLT S PS120 Ml
T A/~ (IM) ICEDHIFEN Ca™ JBJE EFICk
HNTEME CaN OEME LA S & . NHEI-RII F721%
APVITID-RII @ RII i) > FR{LFR B A-H1) > FR 1L RIHLIR
TR L7, TOfE R, CaN 2554 T& % NHEI-RIT D 7
T RII OP) A b235588 BT (Fig. 5B), > TID
&l NHELZHEA LT- CaN D L DiEMAL R T&7-2
LR D,

4. &% &,

A= BIEA Bl NHEL OFHAHBAER & <0 ED—
SLLTCaNAFE AL, M#7 NHE1 43® "“PVITID™®
ENLUCHEBER AT 5% R LT, ZOBEA® CaN f5 4
FF—7 L7 PVITID EdFiZ, NHE 747 4—2A
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Fig. 5. NHE1 |Zf5 & 3% CaN OTEPERIEVE

1> NHE1 3L OYNHEL0 0 C AR flHmAaE feg i
Sz, K& /2fED NHE1 FHRE &> 7 H | LE?JLT
PVITID EAIDORERY —RRET DL, ZORHNITAEE
FIEFE CTIARFESI TS, NHEL (3BT AV 7+
—ATHY, CaN bEEBINAFAET HZE05, NHEL
& CaN OHBEAERIXERERICTHFETHEE 2 DL, B
AR PERR IS T 5T 02 PRSI,

NHE1 & CaN EDOfEAOARRIE 72O :@“57‘:

I, ETIE CaN IEMEA R E E 2 13 L7255

NHE1 OAZgsfE T K IFE 35 *ﬂs%‘:*ﬁﬁbtﬁ) 2
7e< EB A IO TR TIE, W ETH -7, NHEL 1L,
C AU E IR OV e b A S U CIEPERIE A 52 )
BIEPNHEZIN TS, £L T, CaN (T2 el i1k
THRER TIHARVZELHESNTRY O S EORBFITZ
NHEFJELRUY,

NHE1 {EPYEDZ{LAY NHEL (ZF5 A L7- CaN &M%
B TEDNITONTEIAEFR A H TRV AY, NHEL (25
AL7z CaN @Yﬁﬁ%:&:?%“éé%%ﬁﬁ;ﬁﬁ)ﬁ?’éiboo
HDHOT, SRRFENAIRETHHEE 2 BND, FLT-H
NHE1 OIEPEIGICEES NHEL 23 T30 pH Z5{bA8, =
AUTHIRE D pH Bhfigl 130 5L%E 2 T DAY, NHEL
I\ZHEE LTz CaN IGMEZFRETT 22 & TMH 04 B RE
WL TWDDO TRV EE 2 Td, BLIZ, in vitro
@ CaN #EMEE pH B2 M CTh-7-2 & (Fig. 4) »HZdaf
REMEZ SRR b0 EE 2 TN,
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5. §%NDFE

NHE!1 & CaN EDOFEIF AAEH OF RIZE>TITND
N, ZOEFNEFRIIAL TR, ARBAHFTE CHesT
L72&572 NHE1 IZFEA L= CaN OHDiEM AR5
RIREEFIRAL, BT VAR E FWT, EO X570 B
AR ZD | a) NHEL IZ#5 & L7z CaN 23T LS DD
23, b) lE OFEG RIS IDDD, 728 EHLNTT S
PERHD,

DMEIZFUNTIE, NHET ® £7213 CaN OfE H G PEAL
X, DB RICED, MFIIETH T T NARENE O
—%, Ca*" THY, NHE1 EMALIC LD OIE R IE,
DFHHIIED Ca™ TEFPEDHERHC B AT HZ LA FIR &
EN5 6, ZD X2, NHEL & CaN EOF AAEMIE Ca*" B
REL B PZIC BT D A REMERH DD T, ZD A BEL
TRINOIFZEZ D TOETZLY,
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Summary

The Na'/H" exchanger NHE is activated in response to many kinds of extracellular signals such as hormones,
growth factors and mechanical stress, which in turn result in amplification of certain physiological response via
change in intracellular pH or Na' concentration in the membrane microenvironment. To find the novel binding
proteins to NHE1 involved in such regulation, we applied proteomics procedures. NHEI1 protein was
affinity-purified from PS120 cells stably expressing HA-tagged NHE1 with anti-HA antibodies-conjugated resin.
We identified calcineurin (CaN), a Ca®'-dependent Ser/Thr phosphatase, as a new binding partner from the
co-purified proteins with HA-tagged NHE1. CaN directly bound to the C-terminus of NHE1. Furthermore, we
decided a main CaN binding region located in the NHE1 C-terminus, "*PVITID"*’, which is highly homologous to
PXIXIT sequence known as a CaN-binding motif. Cytoplasmic acidificaton-induced NHEI1 activation was not
affected in both inhibition of endogenous CaN with FK-506 or cyclosporin and overexpression of constitutively
active form of CaN, suggesting that CaN may not extensively modulate NHE1 activity. On the other hand, in
vitro CaN activity was higher at alkaline pH probably due to increased Ca®" sensitivity in the CaN activator
calmodulin, suggesting that CaN activity may be regulated by the change in pH in cells. Now, we hypothesize
that the activity of CaN bound to NHE1 molecule is regulated by changes in microenvironmental pH near the
NHE]1 generated by activated NHE1. To test this hypothesis, we need to determine 1) whether the CaN activity is
regulated in NHEI-dependent manner, and 2) how such modulation of CaN activity affects the physiological

response.
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