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7 2 7 R Y v(aquaporin, AQP)L B AKF * A VBELXF T 2—HOBHORHFE TH 5,
AQPIRIIREFDHMB ML TEX AT 2 KMECEELRAEXRLZLTBY . RE
FTIL, MM CTHAQPIALSITHSEOAQPH I -2 Y7 ENTE, AQPAT IR
CAQPRWFN O AR Lo TAF v+ A NVBEFEESNE I EBM 5N TS, AQP3
B FMREOREHMI0MEIC 20—V 7 LEKF *F VT, BTRESEOMEN
BEREEL. BLIAANATFYAORBREELEH 2 ELL T3, AQP3EAK NI
7 ea— VeRELVo ARG TFLIETEN), 727XV Y773V —-DPTHLHFR
GHBEEELTw A, 77 VAV AN VIEBMERICER S ¥ ZAQP2L AQPIDR EE
KEBEPDIH TAKEFRLHLEL 2L 2 5. AQP2DOPIIEA 4°50% TAQP3 D PFif
DHAF3I0%TH o2 L LD, AQP2ICH L TAQPIRMAMMIC KB METHL Z LW RE
Nizo AQPIDYDYAFVREVKBRIUETHEPERNTEALD. 62 VATV
(Cys-11, Cys-29, Cys-40. Cys-91, Cys-174, Cys-26T) %tV ¥ CERLLERET
RELEE A, Cys-11BKBPBEBUIAF Vv TH BT LA L, AQPIRAQP2IC
BWCl, KERSHIVRF V2 AEL[UPELFET A PV 7P 77 Yy CERTHI LICLE
STHKF ¥ FVEBENHETEI E2L ., KREEUVRF VY HKRT v 2 VILOBBKICH
boTWa T ERREINTWE, LA L, AQP3IKBWTHCys-112 b Y 7P 77T
BHRLEZERECIHIWIRBWTS, PIRFHABAQPILAETH oL b, AQP3T
. KB EHY X F VAT ¥ AVILOBRIHD > T WEF X 6o AQP3D
F8 Y V212(Tyr-212) 1. AQP7 7 3 V) — ICHE ICHRHF & 172 2 nd Asn-Pro-Alaft ¥l
(NPAK Y 2 )25 32LHO7 I /B THY., AQP1, AQP2OXRMER MUY R 7 V&
%Y 5o & OTyr-212% Y AF ¥ CEE L2Y212C TRASEIC & BPHEEE A L,
FY L7 P TERLEY2IZWTR, PR BOPIOL AV E TET LTKF v 2V
BEEASED Nz, MEED | Tyr2122KF v 2 VABRICHE LT 5 2 L RR S 1,
2nd NPAK Y 7 2AFBAOT7 I JBHEAF v 2F VILBRICED S &£\ ) AQP1, AQP2 TR
SN B AAQPIICL HTH AT ENFMW &N, Tyr-212ER4KAQP3IDPgly % §ll
EBLAERE, VAFVBROABEZIUENBEALLASLIY 717 7 VERTEBYESY
&b h%,ﬁﬁ*\ PRl EREL T o072 —F L /=, PglydFHE ML 2 V¥ — 134, 5kcal/mol
THN, 7V O —VHEF A NVRI)BEINIBEOIFI NV F-ITARL Tz, ML
Db, KETZ) Ea— VAR —DAQPIF ¥ ANILELXF T AL ARR EN,
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BTG | RIR B (RRERER A Ex)
HERTIEE | Af B — (eI Aawmk)
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T 2 TR ¥(aguaporin, AQP)L HKF ¥ ANV EBELPET A BHO0BEAOBRK TH S
AQPHEREZEH OMBISM L TEZ N TAKGLICEE @S B/-LTsh ., BE
T, MAECTIHAQPIPLSETOSENDAQPA 7 O —Z v 783 TWwh,

AQPAZECAQPE W TN L KREFIL Lo THF ¥ A VEBEFEESNL I EXD LN T
Who COMEHRIE, KMATY AF VIREIIEML TAQPEADHEEL(LE bo T
I EZEXALNT WA, N TV Y VERZHAQPTSH 5L F AQP20HE EERXE Y M1A K
AL7z(1)e AQP2E 6 BIEEEMOEZER T, D7 73 Y — |23t EICRF S N/ Asn-
Pro-Ala(NPA)EFINPAF v 7 )k 2 BAHIA LTV b, YAF VR AEHRICHELEL, &
D)L 2nd NPAK Y 7 ZAEBEDCys- 181 KBEABUTH B I EMNFE LT 5(2)0
iz, Cys-181 2 KRELMEAXOOPY T b7 7 Y TEBRT A KT v 2ANVEEIEDR
o TORERIECYs-181%EF L 2nd NPAK vy 2 AF LT 3 JEMEKF v 7 VIL O
KBS L. FPYT P77 VD KT » ANVILEEEBEELZ D EBRE A TW 5,
AQPIKBWTHLFAEDHMILY AT Y #HFE L. AFKOEEFHEE LT A,

AQPIIt AL ENTIWMAI0M4EIL /0 — =V 7 LEAF x 32N T, B THELSED
MEWMRCFEL. BILEAANTV2AORHILEE 2 EZ % R/7-L Tw5H(3)e AQP3IE
HKOMIZT Jead —VeRFEV o AFFLET LV, T/TRERY YT 73 —0rf
THRELZHELYFL TV D, ELMOAQPED 7 3/ BMAHRE MM B ML . 728 2
HAQP2LE D ABRMEH34%TH 5o LLED L AQPIFEED S 6 b MMDAQPER % 5T
WARTRREATRR SN SN, 4F CTHELEECHT 2MBEEFLALLZERTYV 2,
BI1BICE FAQP3MIEEENRER L/zo AQPIbKBREMNS A EMbNR TWA
. AQP2DCys-181ICABE T A2 HMIC VA F Y BWELE LT, KERIHE XFvED
B TH2PETHATH 5,

AR, AQPIDRBEBELOMBEYHAL P T A LR EME LTz, EEMITE,
AQP3IZB W T, AQP2L D KBEBMTHILENED L 2L . KBEBRZTHI X F ULl D
AL TH B . KT v FIVILEA SAQPIRAQP2 LA 2nd NPAK Y 4 ZFLICH 5
LHERENDDD, KEMFFHERUEF v FNVILELRALTVAIDL, VI 4EIDOW
THRH L,
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1. AQP3ER K DIER
AQm%ﬁﬁﬁy—@myywn&%ﬂth\%ﬁ%ﬁAﬁMM7§7xyb%

polymerase chain reaction (PCR)% AW TR L7z AQP3RIR N7 ¥ — O Clalg2 AL

L BglI B & (nucleotide 932)NH R LR ¥ &G 757 ¥ P TERL 7 ZFRIIDNA

Sy —Z THZA L0 AQP2E AQP3CRNA X No(I TH B L 72AQP cDNA% il \» T,

T3 RNA polymerasell TYER L 7z,

9. FIUAVAFINRBEARNBEEAKEBEL /Y Lo - VEBED WE
BB 1. 40 nl DK % 72 133ngMAQP2cRNA, Sng®MAQP3cRNA%IE A L. Barth's
bufferd T200C 12 T8I A ¥ % 2 x— Y a ¥ LEEICHER 7T% » 2(1,4)e BEEK
BBMEEHE R B 720, I MM %200 mOsm 570 mOsmDEENF L 7B o iifa
BENEIL%. CCDAA S LHEMEEBEAVCOSBBEILE=Y — L, PO &
MOISHEONBAERELL VR, 7)) L o—VEBEE@gy)E, 1C.7V £a—
WOTYAED 6 KD, WMEMEY 2 HH4C-r) ta— e vyFan—va vl
10%SDSTHIAIE Y BB E ¢ BBy v F L —Ya vy vy—iTHCEME LR,

3. vyzx4v7uayt

K % 7= 1 AQPICRNA & P A48 B 0 91 B il > MAIEE B4 E £ R L, 70°CT10
SR A v % aN— 3y L Thr6SDS-PAGEL TRMAL L@, EAET AT Y T4NVT
—KBLTHhbO., 745 —%AQPIDCKEMIST I /B% BRT 5 HAQP3 HLH(1:200
ER) L 1BMA vEa =Y vli, 7408 — BR8P LTa7AVA
P1BEA vEaR—Yavl, A-FIVFITFT T4 TEBERIEL 7

MEER

B2i35 v )k bh)DAQP2, AQP3%¥ BB ¥ 1IN E MR OPLEPLICK ¥ 5K
DIENBE R T LB bDTHb, Ak EAL IR DPFIE23+2(SE)x107
cn/sTH o725, AQP2. AQP3 cRNA%¥EA L7 JBMIEOPEI6-9fF & FMIC EHL
0.3mMMDEALE = KB T 5HMA v F 2 X—¥ 3 YERIRPORW TG EA L H(+He) s
K CEBRATHH2ANATELE ) —hGEaM)TISFHA Y Fax—varyTat
PREAIMEE ¢ ¥ CTHEA L 72 (+Hg+ME)o L7222 T, K4EDPEICH T % EER ti#fﬁri
BEMHETHE (. KF v AN CERNEATHL EEXL NI, AQP2 & AQP3ID K
G E Y BT A L. PEFAQP2TIMSOBET LA L TAQP3ITH #30%1ET L
e L ¥ o772, AQP2ICH L CAQP3 AN A1 KRB F N E W C & MRE NI,

AQPIDE DY AT vRENKARRETH D PERBT H L0, 62V A F v (Cys-
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11, Cys-29. Cys-40. Cys-91, Cys-174, Cys-26T)PE*h¥h %t +) Y TEHRL-ZTE
HEERL THBMRCERSE2(E3) Y YEREOPIE VTR BHEAQPID
PEEREEN 2L, KF xR VBREBIRIA TV, KBEDS v Fa2x—3 3 vigi2
C29S5. C40S. C91S, C174S, C267SOPFREEEIN /DI L TCLIS DPERA LT
HolelENL, Cys- 1P KRBEREM VA F Y ThHorLEIbN Tz, & 62Cys-11% 7
TJ=Y MY T P I T CEBBLIEEREGYERLE, Sho 0ERECIIS. CLIWD
POXEFHAMAQPILAHE T, TACIISER LS KAERETH - 12,

AQP3DF O ¥ ¥ 212(Tyr-212)H 2nd NPAK Y 2 A 632 L7 3 JBTH Y
AQP1l, AQP2DAKBERM YR F vy HMKHAYU T 5, COTyr-212%607 3 J BTEIR
THIER LT, PIRAKBRBEMRSEAT 20 2R Lo (@ 4)e Tyr-212% Y 2 F ¥
TERLLY212CTR ., PERTFUHMAQPIL AETH o 7245, KIS L APIEE1363% &
BLE2HBIHEAR L, Tyr212% € ) Y TEBL 72Y212S Tit, PFOKERIC L BPIEZE
b HMAQPILRAETH o/cs Tyr212% P Y 7+ 77 ¥ TEHBRL 2Y212WTIE. Pfid
MEOPED L RV E TIETF L, KF v AVEBENEbLZ, 6K Tyr-2120 %007
S/BRTHAHT7 5 =V213(Ala-213) % Y RF v, kY v, FY ST ‘r YTEBHRLILER
EERL TABORT 2 Tolte TN LOEBUTY 2 20BRTEONAEEL S -
72 =% L 720

K5, FHMAQPIB L 'Tyr-212, Ala2 3N ERAZ AP BABE KRB LTW
BREVIRAIY Ty PITHAELEZD D TH S, BHERMAQPIDCRNA%REA L 7= 5F
BRI O SE Tk, 26-kDatl¥ D/ F L33 —45kDatli S DIEDE VAN Y FEE®D 12,0
NG, AQP3IZEBH L ED PN BFHON VY FTHA L ZEX b N, FAEDNN Y FiF
Tyr-212, Ala-213 DERECRNAYEALZIBABOESEIZO b i Enb .,
NBMRE~NDERIGHER L LZRMOAQPITHBETH A ENXRBR I N,

BFHEAQP3 L Tyr-212, Ala-2130 K RAEAQPINS ) Lt u — VEBMOH EEE 4 E

6T LD oo BFHBAQPITIE, cRNAEAIL L > TPglyld 3 &ML, A&tk o
TPgly33%ME SN/, Y212CTH . cRNAEA KK & - TPgly 3 B B AQP3 L A 72
ETHIL 2225, KBICL 2PelylAEH61%E EF L. APRSHSHALLEEL LR
loo Y212W. A213WDPglyid 3 RE BB TAQP3IC L 57 L u— V& BREM., MY
ThI7 7 VEBRTERDbRLLZENTEN 12,
BRI, Pgly @B AIEMALT AV ¥ - 2k 572012, Pgly%¥4°C. 20°C. 30°C i
TUELAE 7))o PEMBEARKED /Y Lo - VEBRYAET 5D T, AQPI% R
RS0 B OPgly(Bh D AH)» 6 3 FRIF A OPgly(@d AW A) % 2 L3 nw
ZZAQP3EKF HPglyk 70y b LAz(HF DEAM)o Arrhenius plot & h kKo 72 FHAL = 5
WV F —1d4. 5kcal/mol TH » /=,
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KRB KT v A VEEBEE T HMICEET A2 L i, BT LD L (b hTwi, XK
Fau AT A KERMONEE., 4T TOEHLOHAET, 0.3mMOE/LE ZKET
544 Y Fan—vavBICEMEn, THEMER S 5IK5-10mMD2- ANV AT P25/
N T5-30F A v Fa—YavBREFHENT W, T Thhbnb, AkNT D
Fa— R AWTT YA Y AN DV MR IR & ¢ LAQP2 L AQP3DPIILK T 5
KBRS B L 2o TR, AQP2OPIRD #50% TAQPINPIRHA 230%TH o 7t
CrLln. AQP2IcH L TAQPIRMMMIC KEMMETH S Z L REN 1o OWE &
SHBELTAHASE, 0.3mMAS KT 2EHE,S . KEBRZHEEVEA,L
AQP1(62-79%FL%E)> AQP2(47-53%)> AQP3(30-33%) > AQP4(0%) £ & X b 1L 120

AQPIDY AF v k&) Y TER LAZ RGO KBRS, 6. AQPID K SES M HAL
lﬂh&“?b%Ct#%%LtoAmﬂ?Amnkﬁwfd‘ﬁﬁ@§E7Z+V®bU
STy BB Lo TKF ¥ A VEEFEET AT Ehb, KEBERZWY AF ¥ IKT
YA NVILOTECEbo T VA I EHRFTRENTVS(2), L2 L. AQP3IKKE VTR
@yu%b97k77yvﬁﬁbt%ﬂ¢muwmﬁwrﬁ\muﬁﬁﬂmp3tﬁ%'
Thote LI >TAQPITH ., KEBREM Y AF Y HKF v 2 NVILOFRICHAD T
WhWwEZE X b, AQPIN B AKBEENR VAT YCys-1IOFERRR, o0&
ATBHTH 5,

AQP3#AQP2ICH L TASAM M TH 5 D 1k, AQP3 I 1 5 AQP2OKBMBEIEY X 7
VA MBAL(Tyr-212)3 Y AF Y TREVEDTH LTS 52, CORBERIET 5
tb,Tw4u%vx%yvﬁ&Lt%iﬁwauc%ﬁ&btoancuﬁﬁﬁmpat
ok v 3 VEERA LTV 225, KBERIUIBALLI LY, 5, ERARIIE
LW ERFENTe LD, Tyr2120 b V7 77 Y BRTKT v 2 VHEESKD N
T Ehe ., Tyr2128KkF v 2 VILBRICKES LT a2 & M¥RRENT, & 6ICAla-
FIBRERBILBVT L, Fon AROEEIBONL, BLEL D, 20d NPAK Y 7
AFBDOT I JWHPKF v ANVILBRICHEbDS &) AQPL. AQP2TIR & 7z HIR A
AQP3ILL HTIREHI ENXTRENT,

B, M—0AQP3F ¥ A VILkKE 7V k0 =i EDNFFHEL N L) PO
wT@ﬁLtQTwQU\AMQB%%%A@%@MW%M%Ltﬁ%ﬁ\vz?vﬁ&
KBRS HIEALAR Y T LT 7 vERTEBMEN KDL AN, PIMEHERL
ol —B L. —REM IR AL % V¥ — fH6.Okcal/mol AT i, 7 v AV IL% &8
FABENIANF IR THE SN T A, PglydiEH b= V¥ — 124, 5kcal/mol T
Holothb, ) u— Vit AQP3F v AN EEBT HLEX bz, b LAQP3IK
KeEZVEO— NV EBT 52PN R Lo F A ANDPEETHLERET A& 173
JBBHBRAING 2HEOF v ANV CABOBENTLE LS LT LR 2, UL,
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COTRMEREDD TEVOT, FROEREAKEZ U 10— LHFAQPIF + % VIL % 2
BT 222 FRBRTarEEILLNI,

Bk, SEOMET. AQP212k L TAQP3IKBAMME TH S 2 &, AQP3I DKM S 4
B A*Cys-11TH 5T &, AQP1. AQP2LRAAEICAQP3ITYS 2nd NPAK Y 2 ZAFTAD T
SOBEKRFANVIERICEDL 2L, KEZ YL — VHAQPIF ¥ AN % tE +
AT ENTFBREN T,

SHORE
KFxANVOEEBLSUBERAOMATH., BRI REBHEISBEI AT 3,
AQP3KBEI L TH ., KERZUHMUCYs-1IOFEEZLHSL 2ICT 52 &, 2nd NPAK
v ARBT I BRUSNOKF  ANVIFERICELIHMLEBEO,ICTAZIE, F YLD
—WVEBHERELTWAET7 IV BREM*BHPICT AT LR ETH S, T /2. AQP2OD
KF % FNWIAHEBLIZOVTE, WO RHPIFBBEN TV I b DD REIL L -812¢
&w@T\é%KﬁﬂK@ﬁ?EﬁﬁﬁééoAmﬂ@ﬁﬁ—ﬁ%%ﬁ%?%t?@ﬁ?
TENEPYE, AQPLEHERK Lo TRETATHRMETH 2, ThbL, BHERE
ERENDAQPLEETFERHMMNARENAQP2OEE-—BEOBP /I DEE X LN 5,
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Structure and function of aquaporin water channel
Michio Kuwaharal, Kenichi Ishibashiz, and Kiyohide Fushimil

1Second Department of Internal Medicine, Tokyo Medical and Dental
University. 2Internal Medicine, Oume General Hospital

Water channel function of all aquaporins (AQPs) but AQP4 can be
inhibited by mercury reagents. To compare mercury sensitivity, AQP2
and AQP3 were expressed in Xenopus oocytes, and osmotic water
permeability (Pf) of oocyte membrane was measured.  Preincubation
with 0.3 mM HgCl) decreased Pf by ~50% in AQP2 and ~30% in AQP3,
suggesting that AQP3 is more resistant to mercury than AQP2., Mercurial
reagents are believed to bind specifically to cysteine residue and block
the aqueous pore of AQPs. Because of the low homology of AQP3 to other
AQPs, it is not certain whether the pore structure of AQP3 is similar to
that of the others. Determination of mercury-sensitive cysteine residues
in AQP3 and comparison with those in other AQPs will help to resolve
this question. To identify the mercury-sensitive site, 6 individual
cysteine residues in human AQP3 (at positions 11, 29, 40, 91, 174, 267)
were altered by site-directed mutagenesis. Mutant of C11S or CI11A had
a similar basal Pf as wild-type but acquired mercury resistance.
Replacement of Cys-11 with Trp, which possesses a large side chain, did
not decrease Pf. Mercurial inhibition of Pf was still observed in 5 other
Ser-to-Cys mutants. These results suggest that Cys-11 is the mercury-
sensitive residue in AQP3, and that this residue might be independent of
the aqueous pore formation. Mutation of Tyr-212, a position
corresiaonding to the mercury-sensitive residues in AQP1 and AQP2, to
cysteine enhanced the mercurial inhibition of Pf. T212W had no water
channel activity. Expression of AQP3 increased glycerol permeability
(Pgly) 3.1-fold, whereas Pgly of Y212W-expressing oocytes was similar
to Pgly of control oocytes. Cysteine mutation at Tyr-212 increased the
inhibitory effect of mercury on Pgly. The activation energy for Pgly was
4.5 kcal/mol. These results suggest that the structure of the aqueous
pore of AQP3 resembles to those of AQP1 and AQP2, and support the
hypothesis that water and small molecules share a common pore in
AQP3.

-209-



	9642-J
	9642-W



