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Figure 1. Phosphorylation status of OSR1, SPAK, and NCC in mice fed low, normal, and high salt diets. Phosphorylations

of these proteins were decreased by high salt diet and increased by low salt diet.
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Figure 2. Serum aldosterone levels (pg/ml)
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in mice fed low, normal, and high salt diets
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Figure 3. Effect of aldosterone and spironolactone on OSR1/SPAK and NCC phosphorylation in wild-type mice.

Representative immunoblots of phosphorylated OSR1/SPAK and NCC in the kidneys of wild-type mice are shown.

Decreased phosphorylation of OSR1/SPAK and NCC by a high-sodium diet was restored by exogenous aldosterone, and

corresponding increases in phosphorylation by a low-sodium diet were decreased by spironolactone. Aldosterone was

administered by osmotic mini-pump (0.07 mg/kg/day). Spironolactone (Sigma, St. Louis, MO, USA) was dissolved in

ethanol at 25 mg/mL and added to drinking water. Mice received spironolactone at a dose of 20 mg/kg/day. ald: aldosterone,

spi: spironolactone.
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Figure 4. Effect of hypotonicity and hypertoncity on WNK1 kinase activity. Hypertonic (hyper) medium (450 mOsm/kg
H,0) or hypotinic (hypo) medium (200 mOsm/kg H,O) increased the phosphorylation of OSR1/SPAK, which was

completely abolished by the treatment with siRNA to WNK1.
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Figure 5. Time course of WNK1 activation by hypertonic and hypotonic media. Hypertonic (hyper) medium (450 mOsm/kg
H,0) or hypotinic (hypo) medium (200 mOsm/kg H,0) increased the phosphorylation of OSR1/SPAK 10 min after the

switch, but the increased WNK1 activity sustained for 24 hours only in the hypotonic medium.

-76 -



HDHZEMHIALZ, — 5, K BIKIERE ARSI
HZENS, BMEICRF L, ZOREK K b7
WNK1 FF—EHJHE T ThorH AL, SHIC

F ¥ VBN IEF ITH T WNKL FF—BiEHEE
P22 MBI, MfEN K RE S EE e WNKL ¥
F—BIEHEOHIER 1 Ch D I HEEL E 2 bz,

4. &% B
4.1 WNK-OSR/SPAK-NCC ZIE7ILERTEDH
EHTOBETOHT-7: NaCl HiNEE R TH S,
WNK-OSR/SPAK-NCC %X B i T Az
o TNDZENVTADERIZTHLNIZ T, L
HA AT —ZIIIRL TR, BLETFR % DAL
TR T VR AT a U dE I BT L~ 2 (WNK4
D561A /w7 A ~DA) Tk, mEARREDO WNK

-OSR/SPAK-NCC ZDHIHINZ 2N EBHBAL TRV,

ZDZEN WNKADS6IA /v 7 A2~ A CIEFRf 72
NaCl AfafaEA L, @il EEEZ S ENFEHE N,

ZOEEUEHE BTG U 72 WNK-OSR/SPAK-NCC 520D
HEERE D LiRIZIE, A ROBEHIED, 7VR AT Ry
DEGLTWDZENHONI o7, L LRDG, AL
/77 R CREAIZHERTSIL TV D DT TIERL, TUR
2T PN DR T DIFEL B E TERW, —F ZOfkE
AT T, TARAT L LUE OHIRE NS 2R 2R
AT A7) BERMIRICTT VR AT B U N
WNK FF—BIEHEDOZEALZRE L7203, RN TDOT
IWRAT T BRI F 7= 38 122 R h S X R 2 i
JisR TlI AN Do T, MU Z M2 TlioIrT
NN TF AR BT Z—OFRBUTE AL~V THERL T
B ALSEOBE B E13E 212, — oD A[FEMEE LT
E XTIV TFaA R ERLE WNK $F—EB £ T
DN HEZRZE AN, BRMARIZ KL THhDHD0 8L
nen, — 57T, TARRTa B gL OlEE s —
YER L TRIDDOIRMER 1% 4t U TR M (i IR A | 8
WTWDAREM S 8D,

ZOIHNT, A EIOWEITIX, V7T IVRER DT
Nﬁfm:%\ BRI IZ T VR AT e ORI TS, WEE
TRESN Tz B Na Fv 1L DR SN, WNK
-OSR/SPAK-NCC ZMFIEL , BT NaCl H#NFH
ZHSTWBIERHALINNI T,

4.2 FILFRTALUSD WNK-OSR/SPAK-NCC %
D SEMEHI S

IIZB LR LD WNK - —E oG B2 T
PELT, SBUED RS0 20 WNK ﬂw—f‘zﬁﬁ
{EDT 7 F NATHOUNT, COS FlfaIZHN WCHETD
WNK1 aﬁ»«mﬁ%)/ﬁﬂma‘é_&ﬂﬁaﬁu‘:o Z D
B A FTHDRRRESN CEIRENSIKI T (R
WOFIRMSEE, IRIE CTH D& BRI HITKIK 7 Tl
F2AK Na BIEGA ERARSR - CIRES X Cl 72l
K K 23R - CThHZEAVHIFILTZ, K & Cl 23BIMEIC
IR F- L7200, EBOEDRERTHDLDODNZOWNT
FEERF T THD, WTHUTLTh. Ml oA 4
FEDWRIZ BN LT GRIRNA A REDOZELE N L TE
Bondn) Fiicy 7/ Faksdxr—ELL T WNK
FF—BIIENTODL AR HY | EOER TIIAA
=L TOMREEZ WNK - —B X Rf>o T\ 52
EDNHIBALTE,

ZOZENERNTEEOREREL T, — oD AlEEMEE
LT, mALRME OERECEIET S Cl AL,
D7 IR WNK - —E25EMA LS T NCC 2V g
{EL., NaCl D< Z BT AHEINSE5 40 B Bl g
B G-9 DA ReMD 0%, — 77, K IZBL TidL, WNK-OSR
ISPAK-NCC ZDIEMEALITE NSO K HEES6 LTI
HEEDHENEL 20 (PHAN 1378 K IMUEE 295) |
K K 2Kz OZBEHE LS 2D E BN ThD Al HE
PENG®HD, ZDFRDRME TO FIRICAFTET D R Na
F X XD RIT, ZOIEHEADN K W E<720
WNK-OSR/SPAK-NCC #%&i% NaCl ZENIZIRFFT5&
VOB TR T s @<as, K oL L Tldifics
%o 20 K 12X% WNK-OSR/SPAK-NCC ZDHIHIE
WNK-OSR/SPAK-NCC 27 NaCl HHANFRET D A 7053,
K HANFRETZH B2 FTREME 2RI L C R BRI,

5. S DRE

T IVRZT 1738 WNK-OSR/SPAK-NCC % £ TOifi]
BRI RIZ DN T, BRI TRVSRBMENR WL E,
VT ADRIZTELILHRFZINZ 5, T/VRATar s k=
B Na F% 2L DORICIL SGK NFAET AL EbNTE
V.SGK /7T h~7 A TZD WNK-OSR/SPAK
-NCC RDOT NRATAZLDIEHALTT T2 ED

-77-



WERRFTTAMENHD, £ T, SGK £TU IRz
ENAUE, ZD#HIE SGK 75 WNK-OSR/SPAK-NCC %
FIEEEMIRIC TR CEA AMREME NS L Bbis,

15 Cl LK K RO BIRZ S R a2 0B D, T
I FEBREVITIE, 7r7 AR T ¥y RV LEIEIVE K F v b
PSR MEIRIRIZ LD WNKL S —BiEite a5
T 2N, Cl Kb K OMAIANRER —FD
WNK1 5 —BiEMEOHI A CThHoD rReErEA H C&
TEY, A% EZFER T _ERDBLE LD, £,
K OFEREIZS T2 WNK-OSR/SPAK-NCC & D il i1
A A RN THLNC T A0 ER B D,

X W
1. Yang SS, Morimoto T, Rai T, et al. Molecular
pathogenesis of pseudohypoaldosteronism type |II:

-78-

generation and analysis of a Wnk4(D561A/+) knockin
mouse model. Cell Metab 2007; 5: 331-344.

. Ring AM, Leng Q, Rinehart J, et al. An SGK1 site in

WNK4 regulates Na* channel and K* channel activity
and has implications for aldosterone signaling and K*
homeostasis. Proc Natl Acad Sci U S A 2007; 104:
4025-4029.

. Verissimo F, Jordan P. WNK Kkinases, a novel protein

kinase subfamily in multi-cellular organisms. Oncogene
2001; 20: 5562-5569.

. Moriguchi T, Urushiyama S, Hisamoto N, et al. WNK1

regulates phosphorylation of cation-chloride-coupled
cotransporters via the STE20-related kinases, SPAK and
OSRL1. J Biol Chem 2005; 280: 42685-42693.



No. 0832

Regulation of WNK4-OSR1/SPAK-NCC Cascade by Dietary Sodium Intake

Shinichi Uchida,
Department of Nephrology, Graduate School, Tokyo Medical and Dental University.
Tatemitsu Rai,
Department of Blood Purification, Tokyo Medical and Dental University.

Summary

Pseudohypoaldosteronism type 1l (PHAII) is an autosomal-dominant disorder characterized by hyperkalemia,
acidosis, and hypertension. We recently found the activation of WNK-OSR1/SPAK-NaCl cotransporter (NCC)
kinase cascade in the Wnk4P*®** knockin mice, a mouse model of PHAII.  Phosphorylated NCC was concentrated
on the apical plasma membranes of the distal tubules in the kidneys, resulting in increased thiazide-sensitive
volume expansion and hypertension. To investigate whether this phosphorylation cascade is involved in
physiological situations in addition to the disease state (PHAII), we measured the phosphorylation status of
OSR1/SPAK and NCC in mice that were fed low-, normal-, and high-sodium diets. We found that the
phosphorylation of OSR1/SPAK and NCC was increased by a low-sodium diet and decreased by a high-sodium
diet and that this regulation by dietary sodium intake was completely lost in the Wnk4®*** knockin mice. The
increased phosphorylation under low-sodium diet was inhibited by spironolactone infusion, and the decreased
phosphorylation under high-sodium diet was reversed by exogenous aldosterone infusion. Thus, the WNK4
-OSR1/SPAK-NCC cascade is a novel effecter system of aldosterone in the kidneys that regulates the body’s
sodium balance.
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