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BhRRES 9947
TuAE Y BN a F ¥ REHALO 5 FED SR O &
N a fSHTAG I BT 2B ORE

B Bl AR (RBAKRE EER H=AFH)
HEFEBFFEE B e 0 (RBAKRYE: E¥E H=NFD)
A BE—ER (RRAKE: EFE H =R

BMEDRKEHE & U TOBRBDEENIRE WITEL DE|ED H DRI, B
FADOEMERBERZHOEIANEL. BRTON aF#EREDBEENRIEZZ5NT
W5, BRMETO Na BRI, SEAREE TOSEYE & OH~EER, N> LEREO
Na/K/2Cl %R, FNRAIED No/Cl HEER E Na Fr RIVRENEETHD, 4
H. BIE&EOBHEIZBNTIIRFIC Na Fr RIVNEEENTWVS, SHET. Na Fr
FIVEFE L. RAIETD Na BRNETELELEEZER TSR E ELTEATIVE
ZFOYMEL HBNTVWBH, FRRFVESS Na Fv RIVEFML. 7= 7IVR
AT O ERFRIIC Na F v 3V 2FR URMETO Na BRINETHET 2E/ 50T
W3, Biff. 20 Na F v R)VHEEETTET 2ME ( channel-activating protease : CAP1)
M7 TUAYAHIIVMELD yo—=2 7 Ehz. ZoWEEE) > 7oF7—E7 7
SU—KELTM%O%@\ﬁtgﬁmNa??*»@ﬁﬁmﬁﬁEtU>70?7“ﬁ
TyI—D1DTH3 M N T ERANWTRN L. £z, 2ot ToF7—E7
FIY—IZBT AN, EEMEEOBRNENTVWENTORY > T DWTHRERTZT 5
=Sy N TRy Ry O—Z 7 Uit el A Tz,

)Tz kB Na F v RIVOEMLICIE y 3722y O RKRR EFI EE % E
EEHEOZEMUBALE, Sy NTOXY I AL O3—F 4 U= a i3 102%p. 5’
)2 aA—F4 27—V a g 223bp. 3 =T 4 U —Ta vid 956bp. &
2208bp,342 73 )M SRBEATHS. b D DNA — I T VANSHEIT S & 32
TI)BNSTRBI T I =T RERE, 12 T2 )BOSA MFo—2& 278 7
2 )BOANE—F—2N5R5, e, R A [T FIVE 2 AFCH TV,
Sy NTORY T ATE. K. B AR M BBOKRE, BEICHEREL TS0,
DN, TR, BB B, BRI IERE L Tz, 5w O A% 2 21d CCD,0MCD,IMCD
ICEHET 5 2 EDHERE N/, ENaC ETORAY V2 HEHE TR LTIOTA REE
HF MUY LABRNB LT 2 FITEMLU.

EEFMETD Na T )V OEMLICFFRFIVES 7 ) EAFOVHEETS
M, FiRcTORY Y UNEE L TWARTEEEATRE Nz, TORT S ETIVRAT
O iy > LTWB0N, TORY S VAL LR ERFS THS0NIDWTIZSR
ORETEET 5,
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BhERE 9947
Fu A F UL BN a F ¥ RATEMALO S FAEWFRISF O L

N a (REFAE I 1T 2 &E O BRE

BIRrsEE « BH AR (RBAKZE EFE H=AF)
SERPFIEE « B0 B8 GEARY: B H=AF)
JeA fl—BR (REAKT: B 55 =

(RFE B Y]

ERORENSMEDRRERD 1 DELTEASNTNSN, TNTIEEDL D IREE
ROMIZDONTIIAREORIZERESNTBD, WINbATAREREZO> TS,
REROVZ - 7 oFFT2 2 - TIVRATFO VR, T2 Rt VR HifllREIV
TR BEROHVI LAY - FZ %R —BIEERR. DEBEEN aFlRRTF RR,
TURY TS50V 0% E Na FRICEX 2EIMEZEFRR EZE X TESF TR IN., Th
TNRENMEHIN TS, BRHIETO Na BIRIL, SEARE TOREYE &0k
BER. N LRREED Na/K2Cl SRR, ZERMED Na/Cl kR & Na Fv R,
RENBEETHD., SHEMEEDEEICBWTIIRIZ Na Fy RIUNEEINTNWS,
SHET, Na Fv3R)V2HEL. RMETO Na FRNZTUE L EILEZELT 2HR)E
SELTETIRATOVRELHSNTNAED, HIFIRFIVES S Na Fr )V &R
U, F7z. 7IVRZT 02 EHFAIC Na F v RV EFRE U SRAIE TD Na BRIZE TUES
DZENHSNTNS, FF, BEEORMED—DTHS Liddle FEFERFITBNT, INH
TIVESREIEMRZL . RAEEERD Na F v 3O THENRRTH 5 2 LANIE
FLAVTRENE (1L 2, 3, 4). ZL<OWEEN IO Liddle FEFERICH 542 Na F v
FIVORENAEMEE MEEICHRD SNEDTIHZVN ERF L=, BEETREAR
BWTIREESHERINTVAA, BAPEHTIIHRINTWRN 6, 6, 7, 8). £
NTIIANERME TD Na HRIUTEICES L Tn50n NS0l &, <
D Na F ¥ R)VEREZ TIHET 248 ( channel-activating protease : CAP1) 237 7 )W A
Dfifakoro—=rxn= ).,

HEENTIZO CAPL OHFE EER Na F ¥ )LD SIZFEUL TB0, B 5.
fiti, &, JIBREICAHHLTVS, CAP1 IEhU T, U LA 2, M IA2
)= T IFN—F—, hEEBLEL 0 %OHMEREZFOTZY > TaFr7—E7 7 2
=I5 ENbholz,

4E. Fh=B1E. Na Fr RV OEHEEFE M) 7o 2 2ANTRN Uiz, iz, C
OtV 7OF7—ET7 7 IU—IIBT B, ZEMETEOREIN TWIRNW SOy Y
WCDOWTHBERRIT 2 5720y MOy > a7 0—2 27 UBRRZ ATz,
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Cap1 1
Prostasin
Trypsin
Hepsin
Kallikrein

tPA

Cap1i 22
Prostasin
Trypsin
Hepsin
Kallikrein

tPA

Cap1i a7
Prostasin
Trypsin
Hepsin
Kallikrein

tPA

Cap1 100
"Prostasin
Trypsin
Hepsin
Kallikrein

tPA

Cap1 150
Prostasin
Trypsin
Hepsin

- Kallikrein
tPA

Capi 210
Prostasin
Trypsin
Hepsin
Kallikrein

tPA

Capi 260
Prostasin
Trypsin
Hepsin
Kallikrein

tPA

Cap1 317
Prostagin
Trypsin
Hepsin
Kallikrein

- tPA

Figure 1.
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Comparison of the amino-acid sequence of serine protease family(from ref. 9)
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(55 51E]
I. M) T2z & B Na F v )V OTEIELEEF

EEBNaF v RN BNaC) . B, 7. OYTAZy MHASRD, ST 30%
BEOREOS—2ELTNS, BEOHETIE a2, Bl 71 OATFOIIVFI—
eI =y FEZZ5NTWS, v b ENaC I3 EEEEEIDOEH TZOHifEst loop
IIEN L ONDOREDRIT, BEICRES N 4 EERENE T 2 ) BESIN 2 AFTFEEL T
Wa, 7IVFE=, UM TV OREEERDSIBTI /BT HD, Fizbid
OB MY T UMMER TS EWSEFIEZT, T bk ENaCr ¥ 712y hDID
FALICVY < DD mutant Z/ERL. ZOBLITH T B M) T2 ORREH I,
1) FUTT D ENaC EHEIZBNTEDY T 12y MNEENORMNOZD, o B,
@Y DTODOYTIZy hOBEAEDLETREIE, T OMREHIZ.
2) 5wk ENaCyH71=w h®, RKRR, RKRK DEHLIZDWT, deletion mutant 3BK
W 7S5 = B mutant ZEBILT=. 5w b ENaC OFH 712w h®D cRNA % Xenopus
oocyte 12 co-injection L two-microelectrode voltage clamp 12T whole cell Bifi & 852 L7z,
single channel Z&i7ilZ cell-attached mode THEIE L7z,

I 5y NTORY IOy O—=20 L0

1) 5w FTOZY > cDNA DY O—=2 71213 degenerate primer 2 FiV17z PCR Z 1
FlL. £EX/ 00— 53595 ,3 RACE 2T L7z, BRAEEIT oocyte 2
7= voltage clamp ¥ TY I 0 51 RESZMES MU U LABRZE L.

2) Sy NTORY S OMBATIEAND IO TOAY 2 &k cDNA ZHNT/
—H> Ty NETFo, RHRMEIC total RNA % 30 ug DDUKENL 7.

(RAZEfER)
.MU ick s Na F v RIVOTEHEAL

) arOY Ty FTIE MY T BIERESNBENZDITH L. o B Y7
2oy MCREROZ S SIEN DTz |

2) wild type TE N T 2ugml 5 HFIOERT 5.7 fEOEHLAES N, Zh
125 LT, ARKRR Tl basal T wild type FIREOERMEEZENDH, R T iTkD
FEMELIEERD 5NTIh 5 72 ARKRK mutant Tl basal DEHIZNE WAL, wild type L[]
B, 7.8 [EOIEHELEERE Nz,
27T, ZORKRREFICEBEL, NS0T I/ BETNTY I VITERLZ AAAA
mutant THFREDERZITH 7=, AAAA mutant TH, ARKRR L [RIBEIC basal DEFICIE
TEIEB DN T=h, M) T U K BIEE LD R 5 NENo 7z,
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LIy NTOXY T cDNA DI O—=2%

Da—F 4 7V —=2aid 102%p. 5’/ >aA—F 4 7 U—Taid 223bp. 3/
>aA—F4 27V =23 13 956bp, &4 2208bp,342 VI BN S/RBEATH D, B
DDNA > —J T ANSHERIT B ERT I JBNSREL T FIN—I L RAERG,
12 7I)BOIA NFz—28 218 7 )BONE—F—2n5ia5b, £z, R A
[0S 27 )V % 2 AR T 5,

Iy b TAXF T I N TORY S L 1% OMENEND 5. £z, U TOF
7 —PIRBNTEEIRESINTWEEAF I, TANTF 2, Y ONER51EHET
LERHEL TV,

1) Iv b Oy OB

Tw NTOZE 23 23kb DN RELUTHERI Nz, Tv NTORY T UIEHE, KB,
K. BT, M. ERORE. SEICRELTB0. DR R OER. B BT
CRHLTWEN, BICERORE, BMEICRWREERD, £/ 056 ENaC O
57 TV, '

ENaC 13RI L ~UIZBNT CCD,OMCD,IMCD IR L TW\5 2 EAMEEN TN
%, FCTEABETOTORY L OFEEE. K3EREEEZTAL NIERYAY
0% 1+t23 3L, RTI-PCR LIZBEETH D, TORY I NE 376bp DN R ELUTHE
BNz, TOBRENS Sy MTOAY T E CCD,OMCD,IMCD ITFFIET 5 Z EWNHER
SNz, TORY L ATGPL Y U h— REHTH D, RIME TIIERRICHFET %, ENaC
HEPNCEET S 2 ELD, TOAY > & ENaC ER—HMfE LIcEFET 5 EE A5
ns,

376bp

CCD OMCD IMCD

Figure 2. Presence of mRNA of rat prostasin in CCD, OMCD and IMCD
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3) Iv bk TORY T NTEB NaF ¥ RIVOTEHEAL
ENaC D a B ¥ 712y hDcRNA &5 hTTOXF T2 cRNA % oocyte IZF] BiA S,
ENaC DAFE/zIL ENaC & T DAY T U 2IERHIE, 16 FRICY S 051 REsMET-
N ABREBIE L=, ENaC DAL EET 5L ENaC & T ORY 3 2 2RI/
HET7 I O51 RE2HET M) D ABRNB L 2 fITHEmML 7z,

rENaC rE_I[\IaC
rat prostasin

Figure 3. Activation of epithelial sodium channel by rat prostasin
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Liddle SO Na T4 R)RIETOREOR RIC L DIl EORRGEE T OFEE
BEITEM LI N < RS DHENZEINDDH B, ZD Na Fv RIVBEGTOREN
738 Na F v RIVEEZTTESE2ONCONT, AEFFERHEAENe dd 4 OWW
domain WEELBEIZES> TNBZEMNRINTNSA, ZORERFICE L Tl
P Na 74 VBENEET, CEHMESTZZEAWRRENTND,

CAP1 137 7V AW AHTIHIENS 70— 73 N7zbDTE FOERNERZR
Y DI AESNICEN EE A, £S5y NCBO TR EEDE, £ 705>
1% 1995 EiICHV Z LA > 77 IY—D—D2& LT/ O—Z2FINTwWe 10) 2% #
Rl < AIHTEDERE TN TV .

) o 7aF 7 —ETH 55y hTOAY T UIE Na Fr RV ERROGERL, —
EREERET, REEOERRICERET 251505, M) T OEBRHERNST D
&, Na FrR)iZr 372z y bOEERBEZRFDO I EMHALZ, /2. RKRR
BRFIZRNZ0, MO7 S ) BICBEHT S &, Na F ¥ RI)IVOBEHENB 5T, ZOH
PN EEREEE RS TS b0 RSNz, YHOW®ETIX CAP1 1IN aF ¥ RV ZE
YL TV SRR E N TV BEREICIIZEDN a F v RIVAVEE L TH D CAPL
I ARV ETHIUIN T ORHITE L WEREEDH D, EEERIIHE RN EED
N5, F-. PIVRZAFOUEEICED Na Fr D r3 7=y hONY RN 24
BLTBD., y¥Ta1zy MBI TS ATREEAER S N T2, BERMETD
Na F v RIVOEEGICIIFFIRTIVES ETIVEATOVREETHS. 7IVFEATO
AR A KIS L= BENICBEI L aldosterone-induced protein & 4T L C Na-K-
ATPase RZTEM(LT B EEZLNTVBY, FicTORY > UEE L TW TR
PoRENI, TORY I ETIVRZFOUMNY V7 LTWBON, TORY ¥ VAL
LR &> TR BONIC DN TIIE R OB EET 5,

FORY S NIEETICSBICEEL TN TORY > e ENEH, R
b ZEICHEEEIN TS, L, ZHICHREEICERDSNTED, RPTORXs
DRIIIRESRTH B AIREEIEAR N, T v F O R% ¥ 24 CCD,OMCD,IMCD IZHFET
Bz, FTOAZIUE GPL 7oA— REETH D, RMIE CIIERAICHFET 2L
25N, RBTOZY Y AIBRMERROTRENNE V. SETTOAY > OHHER
DA TV S TS EIDZEICL D Na F v 1)V OIEH LR S PURPICHEEE 1
Bk, RETORY L D ORIEICK D Na g & OBIRIRESAIRE T D D BRIEN,
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Lumen Blood

Prostasin| | N Aldosterone

AVP

Figure 4. Schematic representation of epithelial sodium channel activation

(5% DHERE)

TURY > Y OREHRFAITONTINED E ZARENH LIS, ZOTBRY Y
CUHEBFCEETHNUL, MON affEiRTF L OMbD L <IIN a 2EE S E7=RE 1M
ENDORIGETBILTTH B, 9%, L= ToFAT7ov > TIVRXFOV%K, T
YRR FRREFIVESR AUV s F2UR —BEERR, DBEEN a
FIRARTFRR, TORY T T 0P 0HRAEEDHEEROFEICDNTORMAMDRE
NTW5, £z, BRABERLES v MRIEEZET Y NThdDah 1 5w MeHlF
BENEE X5, ARMEEMEICBIT ST ORY L ORENZDNTORIHEES Th
%,
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The mechanism of the activation of sodium channel by serine protease and the
cloning of rat prostasin

Kimio Tomita, Hiroshi Nonoguchi, Kenichiro Kitamura
Third Department of Internal Medicine,
School of Medicine, Kumamoto University

Summary

Abnormal renal physiology plays a central role in virtually all sustained
hypertensive states. In Japan, the population of salt-sensitive hypertension is
relatively high. There are several mechanisms in the kidney to reabsorb Na from the
luminal fluid, for examples, Na co-transporter systems in the proximal tubule,
Na/K/2Cl co-transporter in the loop of Henle, Na/Cl co-transporter and Na channel in
the distal nephron. Recent report has given strong impact on the pathogenesis of
essential hypertension. Liddle syndrome, in which patients develop a form of genetic
hypertension, has been shown to have mutations within the cytoplasmic COOH
terminal of the (3-and 7 -subunits of the epithelial Na channel lead to a hyperactivity
of the channel. In patients with essential hypertension, however, significant relation
has not detected. Recently, a new Na channel activator, channel-activating
protease(CAP1), has been cloned from a Xenopus kidney epithelial cell line. We
investigated the mechanism of the activation of Na channel by serine protease using
trypsin, and cloned the rat prostasin.

RKRR sequence of 7 -subunit is essential for the activation of Na channel by
trypsin. We have cloned a 342-residue protein belonging to the serine protease family.
A major mRNA expression is highly expressed in kidney, stomach, intestine, skin,
prostate, and lung, all epithelial tissues that express epithelial Na channel mRNA.
Coexpression of rat prostasin together with the « 8 7 epithelial Na channel subunits
led to a 2 —fold increase in the amiloride-sensitive Na current.

Our data suggest that prostasin, a serine protease, stimulates Na channel. Further
studies are necessary to clarify whether prostasin and other Na regulatory hormone
systems are closely linked or not.
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