9334  KFrRILDIEEEBEEDORIT
BIRRTFSRE ex A RRCERERERKRE EFH)

ERPFRE KRR BEF CERERBERKT)
NE E—GRRERERKXE)

B ¢ Bk R 19924ERE OV b 1 £ =¥ ABFSeB OB B i & 5
. ESEKF v FIVOCDNAZ O —= ¥ ZIZHE) LAQP-CD & A1) 72,
KAEFEOTZED B & ODNAZ T — ¥ & Fl\» T AQP-CDODHEE L B 0
AT, FEICRAF 2N T 73 —OWEEOHNTEIT2) 2L TH %,
F5i% + AQP-CDDCDNA L W cRNAZER Ly 77U &Y A HZVIINFT D
ABEE RIS €. COPTORBBMES WE L, BALEROMNE
BEt4 %, cRNAICmutationZ AL, e, ZEHERZ LET 2,

R eEE: 1) AQP-CDI2710 T I VERL D LD A5, CRO42EDT I
DR REL THEEICE XD bk o, KT ¥ RV Dporeld & 1L
FONKIHFEELTW S, 2) 256%E Dt ¥ #Akinasell & 2V Y ER1E
I TH B, AQP-CDERILTWAT 71U H Y A H ZIVIIIZCAMP% 1%
542 L KEBUOTIEIED SNz, 256FED LY VET T = VITER
BECOFBIHEE L, U YEMLATUKF ¥ RV ORERE % EIE B ITIRET L
TWHT EDRENT, 3) VAT VIRENAOFET 05, 181FHL
Ao b @ (Cmutation® AN THEALIZ o 7275, BIFED VAT A V1
7SV R B EHeCRUZ & B RHERIRAVEE L 720 4) 124FHOT R
IS5 YT AE T B S, VY I VERICE X B LRESA A IHEA L
P LA LATF ¥ AV EIRETH o7, CNOLDEEEEAERTK

F ¥ AVOHGEIZTED 72,






9334 KF v 3 ILDIEIE & BRED BT
Bhp gt e R B ROREERMEERI RS BE5ET)

ERIFFZEE KRR 1EH GURERERKZ)
NHE E—GRREERER KT

MEERY

HATI992EFE DY IV M A v AWM FOW R %517, T v b
ERDESEKF ¥ X IVDDNAZ O —= > 7 IZHE) LAQP-CD & & 11T 72
D, RKEEOHED BHIZZ DDNAZ O — ¥ % I\ T, site-directed
mutagenesis DFE I & ) AQP-CDDAE EHERED AT, TITIIAKF ¥ 27 7
) —DREEDIENEIT R )T ETHE, TRHLVWAKF Y ANT 73
—DAYN—%RZO—=V 7L, MBI Y N—E KIRT 5 C
EIWZED. SHIEKF YA N—EOHEEEHEBIC OV TOHRLED D
L% BT,

FHit .
1, fifE & HEREDMREA,
AQP-CDDcDNA & D in vitroCecRNAZAES L. 77V A1V A A T )VIINFT
LAKEHEREB S ¥, COPTOREEMEAEBME 2 WE L. EEHE
EREREDHBEARET T 5, 77U Y X A TIVIIIZCRNA%Z 2-20ngiEA L .
2 B 1 8 £ Tincubationf® (CKE@ ML ME L 720 AEBMEET 7V 4 Y
AA TV R RIREER I E T BB U5 A =4 — THIE L.
WMOMMESE 32 € 2 —5 — @ Lk 72 2, cRNACmutationZ A
720 . 4E#E L72cRNAR® ¥ X T cRNAX {ERL L. Z DHfRE & FHESEBL % wild


SSRF020
スタンプ


typek W T %, BERBEIET 7V 4 Y A # T S AIIEE & % Western
blotk % Jil v CHAF L. 5638 & & % R L 72,

20 FrLwAKFx A VDrO—=v 5,

FICAQP-CD% 2 0 —= s L7z EFUFED 2H L7, BoMED
mRNAZZHRE L TeDNA%X S L. THICPCRY O —= ¥ FER1T7% 577,
BONZHHL WY — s TV A%2F$AHPCRY O— ¥ % 70—~k LCEK
DDNATA T ) =% A2 ) —=V7 L, FrLwro—roeLE g,
AQP3E X T 72y =0 2V A L BAIEETMIIDOWRE. HEOFER.
Northern blot#k & B G0 (2 & B EEBEM ORI E. BICFT7 7Y HY AN
TVIRT DIEREFEHRER % 1T % 2 72,

270
epgbeeeaeeeeeocmm S
0 &
' o
Q) ®

enn- ' L00VCCCY COOGEEOEAY

X1, AQP-CDD#EEX


SSRF020
スタンプ


BREER:

1. 18& EHEAED AFBA,

1IZ/RY £ 912, AQP-CDIE271D 7 I VR L VLA 2 L Er 4
IKF v RNV Dpore LR L TWB PR B 72012, T CRD % A 72,
229% H. 239%H. 259FHD T IV BRUE %40 1) i 72AQP-CD % F 3 &
TTH, REBAMICIRELZZBRIROON LD 072, iE> THIBA DC
Uit l3IK F % A )V DporeF 5T DAEEICIEE S L Tw i wEE 2 b/,

256 H DX ) v HTAkinasell £ A VIERILER AL E FAEE NS, F 72
AQP-CDEFEILTWAE T 71U H Y A HTIVIIZCAMP R &5 § 5 & K%EH
HEDTCHEDTFRD b iz, 2568 HD L) v %75 = VIl 2 b &I DcAMP
DIFVEHEE LTz T72T7 705D A F VIS FET & ¥ 72 wild typedD
AQP-CDZH #%in vitro CA-kinaselZ & D ) YIS LD Z & b HERD S Tz,
LLEE Y cAMPIZ & %) Y EEILASIK T ¥ 2V O#ERE % EEMICHE L T 5
THEMEATRIE & 72®) o T2 L IFESE T B\ TADHSV2EAMEE N L
THIFLPA cAMPIREE % L5 &, Z DAMPAKEBM S LA SR L
B =T 5, {ERAMPOIERIIAKT ¥ 2 VDAL PIFFEERAL 2 & M
~Dexocytosis® JTLHE S B EE UL N T & /205, A DERIT RS D
AHNZZALSFETHIERZRLTWS, ZDAQP-CDD Ciit ® A-kinase 2
%) VBALERMLOBESIE Z0H s o —= v Lz bDAQP-CDIZB W
THRFEENTEY Y | ZOREHADEES 2 REL T b,

KF x AVIEKBEHITHH S B e bNTBY . Z OVEFAEML &
LTYATA YHPBEEIN TS, AQP-CDDEFINICIEY AT 4 V554D
AT 5 A5, 181FFH LAt b @ (Zmutation e A LT b AGEE M & 7k GRA &
THCEAR 2072, —HIBIFEEHD VAT A V2T 7=V ILERDLE
HgCRIC L BHERNEMSTHE L7z LEXV181IFEEH DY X7 14 ¥ H5/K A


SSRF020
スタンプ


DYEREM TH . T DELDHIKF ¥ 7 )V Dpore, 72\ L idporeD L %
KB LTWwD EEZ bRz,

124FHDT X85 FVIHEHBHET 5 LV EDT I BRI P» LT
MEND, COTANTE VR TIVE I VEBICER D EMEETEDHET
% Z & % Western blotik THERR L7z, BBRIEW & &IC 2 DERAQP-CDE JE
R TIUHYATINVIICB W TKEBERIAETHo 2, TNLE
D AQP-CDMESHIEE L TH 1. M AGE B & FEHRE L 7z »AkHE
BRIL-LTWA I ENTRBEI NI,

A4 [Zmutation DFESE 2382 L. FMBOKT ¥ RV EDF AT EMEK
L. KF % 2V 0fEE L REDBIEIES FETH 5o

2o FILLWKFrRIOIO—Z27T,

KF % FVOREE EHEEICBAD ) —2oN T 7O —FiE, HErdLE
BEKFxRNRIO—Z VT L, FOT I /R EREE &4 L
ﬁ%ﬁﬁﬁ%&%tfw%%&%ﬁ%?é:&f%%o:@E%@tbm
AQP3E LA 72 LVWkF v 3 0% Ty NEL D s a—=vr L,
AQP3I3279M @ 7 2 JERE WAL D . MOMIP7 7 I U — DX Y N— L[F
6l DS E BB AT bz, MOMIPY 7 3V —&H & OMHFENKE %
gz &, KBEO 7 o — Vi (GIpF) & & b AHREIMED S < (42%)-
AQP-CD%AQP-CHIP & i335%fL Tdh o720 T DFERKT v & VO E(LIE
K% 2 B ETHEEEN

2 15T & 9 1T, AQP3DmMRNAD £ & 434 % Northern blotik THI < %
Y. mRNAD ZTT BHE . TREUSN KRG, M. B BRI B
ooz, EHIZCMICHYS T 2R 7T FITHT 2 HiEE /R L.
CNEGHLREREIC LS, BTRESEEMBOMKIIAE D


SSRF020
スタンプ


RobNhrz, BEEFMEOEEIRICHFIET 5 AQP-CD & I3 BB 72 4347
THH. TOTODKF ¥ FNITE Y, REELETOEREM D S A
NDKDHiED IV — b HHEE L 72 o BUSTIEHEILE LR, B LR
REX LR MIRFEIE D& LR ICTFIENS RO b iz, > TAQP3IZ I b
DHRETOKEEICESG L TWA Z e 1 b,
TI7VAYAHTIVIITOEBERER T, AEE M ITAQPIFIHIC &
D10 L. ZF OBEINIKERNIC L p Il S iz, T DFERE ) AQP3IAH
KF % 2NV TdHAHI ENFEH SN, F72AQP3ITEB W T bSHEN KT H
B ENBUHLNPE R ST, |

2 2y 3
8 Q =4
= 8
c §§§§§=§§§
_tg; S @ 5 6
D [ S -
835335358 538883
— 28s
4
. --18s

2 . AQP3®MNorthernblotiEIC & 52 B lidss COHIR


SSRF020
スタンプ


AQP3Dpore DAFIEZ TN B 72012, ) T —VEREDTA Y b =7
TNVEDRIE T T I)AIATINVTRE L7z, BREZ LT &
H =)V DEEMITAQPINEETC L h 4N L. JREDFE BN 2 REHE N
L7ce SNb DS [HEH < 5 HgCl2 & phloretinil & o THi &
Nizo THDTE X YAQP3ID porelTAMICARIRM TR, bIDLKAE %
BEHCTHH7) 00— VERZDBEBBEEE I EFWALDER 072, L
LAAYRb o EGFREDRE2ME, 73/ BROZEEMEIED bhizd o
2o ZOAQPIDIEREIFIERAKT v AN DIGERXE XS ) 2 TAEEELF
PN Db ENFEIND, AQPIVGIpFEMHFEMEDSE DT, Dkt
ROFERTIZVA, GpFIIKZ BB I TR VWOT, FOENFED LI 1T
LTH72h SNBIEEBRE, 4 IEHFEAQP-CD, AQP3, AQP-CHIP O 4
BEMLOD F A FHEEER L. TR ZAGEENE. BEEEEONFH 5
& L poreBfLDPE. poresBIRMED A 7 = X A DIRBEAFIZEF T 5,
BOED—EDIKF ¥ F)VDDNAZ O — = ¥ 7 DFER ., ERPIZIZ ST
DIRF % FIVHTELE L. KIGEDRE A ZEL TOXKBEICEHHR L TWD S
DXL ER 07T $AEOAQPIN S H— =V S TIRENT L D
KT % AVOBEFEDH— TV L0 h o720 5 HKF ¥ A VEHD
FiE AR REDBIE ORFZE D HEE T 2 72 513, BALHLHE T DK % 06K b
HoPELN, TORFEICLIDFREDHFLELEL P E T BT ENTF
BEh b, 20 L) 2WROFEIN 2 T s DAQP-CDDEEF DY,
FELTOIMY EED Lo TUIRMERED 72, 4R ELIZIDF v &
WELTRI=Z= BKF Y FNVOEFEEPEIPIILTITLFETH 5,


SSRF020
スタンプ


SRR

1. Fushimi K, Uchida S, Hara Y, Hirata Y, Marumo F, Sasaki S: Cloning and
expression of apical membrane water channel of rat kidney collecting tubule.
Nature 361:549, 1993.

2. Fushimi K, Sasaki S, Yamamoto T, Hayashi M, Furukawa T, Uchida S,
Kuwahara M, Ishibashi K, Kawasaki M, Kihara I, Marumo F: Functional
characterization of AQP-CD water channel in the kidney collecting duct. Am. J.
Physiol. in press

3. Kuwahara M, Sasaki S, Fushimi K, Marumo F: Protein kinase A regulates
water channel of kidney collecting duct expressed in Xenopus oocytes. J. Am.
Soc. Nephrol. 4:855, 1993.

4. Sasaki S, Fushimi K, Saito H, Saito F, Uchida S, Ishibashi K, Kuwahara M,
Ikeuchi T, Inui K, Nakajima K, Watanabe TX, Marumo F: Cloning,
characterization, and chromosomal mapping of human aquaporin of collecting
duct. J. Clin. Invest. 93:1250-1256, 1994.

5. Ishibashi K, Sasaki S, Fushimi K, Uchida S, Kuwahara M, Saito H,
Furukawa T, Nakajima K, Yamaguchi Y, Gojobori T, Marumo F: Molecular
cloning and wxpression of a member of the aquaporin family with permeability to
glycerol and urea in addition to water expressed at the basolateral membrare of
the basolateral membrane of kidney collecting duct cells. Proc. Natl. Acad. Sci.
USA in press

6. Sasaki S, Fushimi K, Ishibashi K, Marumo F: Water channels in the kidney
collecting duct. Kidney Int. in press

7. Sasaki S, Fushimi K, Marumo F: The apical membrane water channel of

collecting ducts. Exp. Nephrol. in press


SSRF020
スタンプ


8. Saito F, Sasaki S, Chepelinsky AB, Fushimi K, Marumo F, Ikeuchi T:
Human AQP-2 and MIP genes, two members of the MIP family, map within
chromosome band 12q13 using two-color FISH. Cytogenet. Cell Genet. in press

9. Uchida S, Sasaki S, Fushimi K, Marumo F: The isolation of human

aquaporin-CD gene. J Biol. Chem. in press


SSRF020
スタンプ


Analysis of Structure and Function of Water channel Proteins

Sei Sasaki, Kiyohide Fushimi, Shinichi Uchida
Second Internal Medicine, School of Medicine, Tokyo Medical and Dental
University

Summary

Receiving 1992 Research Grant from the Salt Science Research Foundation, we
have succeded in cloning of the ADH-regulated collecting duct water channel and
named it AQP-CD. The aime of the study this year was to get insight into the
relationship of protein structure and function of this protein. Two approaches
were adopted; 1) site-directed mutagenesis of AQP-CD and its functional assay in
the Xenopus oocytes, and 2)./cloning of another water channel protein and
comparisson of sequences and functions with AQP-CD.

From site-directed mutagenesis study, several observations were made. 1)
Removal of upto 42 amino acids of C-terminal did not affect its water channel
function, implying this portion does not constitute water channel pore. 2)
Mutation of 256-Ser inhibited the response of AQP-CD to exogenous cAMP,
implying direct regulation of water channel function by phosphorylation by
A-kinase. 3) 181-Cys was the site where HgCl2 affect its inhibitory action,
implying this area may compose water channel pore.

From cloning study, we obtaind another water channel protein, and named it
AQP3. AQP3 is 279-amino acid protein which belong to MIP family with
homology to AQP-CD 34%, E.coli glycerol facilitator 42%. Its localization
distributes kidney collecting duct basolateral membrane, GI tracts, bladder,
choloid plexsas. Functional assay confirmed its water channel function, but it also
showed that AQP3 transports glycerol and urea. This functional characteristics is
distinct from other water channels, and may offer a key clue for the identification

of the filter of water channel.
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