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FH1E

B|LE fEMOKTER

BTSRRI NEL CO, ZRNT 27-0icEILER <A MBI > TRy E
%5&u§027%§ﬁoTM6c%@t@t,ﬁwﬁﬁ@%%hiﬁméﬁwﬁgmﬁ
HEBTWS, LL, ZHBOSVWETVIOES, DT 20 THAOROF KRS
RROAD GRHN D2 ENMSITS (Boyer 1985). L7adioT. 85 OEKRNA L
— R FHNETNIEYIEA A FLAEST, WhY5 LBt EOoRREETS.
éBKﬁZFVZﬁﬁL<ﬁot%%Kﬁ‘ﬁ§€¢{ﬁﬁzﬁﬁggﬁﬁfﬁgkﬁﬁ
HEBIEFREIT,

E@ﬁ&memﬁﬁﬂémﬁmﬁﬂmB%ﬁéﬁéif@%%§§§§§§§$§§§§
%<ﬁﬁﬁE<ZAwXEbHT@EHQﬁ%ﬁﬁﬁ@%%f%%é%i%%%éﬁﬁ%
1% (Steudle and Peterson 1998) 7%, MOEEM SEELEZZ TOEE. . BT
%#%i%if@%%?ﬁ*mﬁﬁﬁﬁ&%ﬁgﬁﬁ@ﬁﬁ%%ﬁ§?§%§ﬁ%§§;
ﬁ%@%ﬁfﬁﬁ@ﬁﬂt(é,TEbEﬁKﬁﬁﬁ%%@%g%iﬁﬁzigﬁﬁiﬁ
E%@%%&%ﬁmﬁﬁ72&@52?27??9—?ﬁé&§i%5%ﬁﬁi%%@?
fﬁ;i@ﬁ%ﬁﬁ@%%ﬁé%jiitiﬁ§%%ﬁ%ﬁ&%ﬁﬁﬁ%?Z%ﬁ%Eﬁ
%%%?éZ&ﬁf%%gL@L,%ﬁ%#@%&&&%ﬁ%@%ﬁgﬁﬁ%mbtﬁé
Eﬁg&ﬁt%ﬁ@ﬂ%?lﬁ%ﬂsﬁlk&ié%ﬁ%;%iﬁiﬁﬁﬁfﬁﬁéLf
%%t&iﬁ%ﬁ,&ﬁi&@ﬁ@ﬁﬁ&ﬁﬁﬁ%b;%%ﬁéé{$ZF§Z%§QT
‘ﬁ%}ggﬁgﬁzﬁwz%bﬁbﬁggéﬁégLtﬁﬁfgﬁﬁﬁﬁﬁhﬁéiﬁt
ﬁ%ﬁf?ﬁiiiﬁﬁf%§ﬁ@@ﬁﬁﬁﬁﬁﬁﬁﬁ%%ﬁﬁﬁ%ﬁ%?Z@%ﬁib

PrEEREVDI IENDRS.
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BUAROMRG BB T 2 KBHERIZOWTIE. HICBROEE, S EHITE 2K
E£MTW%ﬂ&hfwéoaw&ﬂmm)@\ET®K%%ﬁ%HBO®E%#%%mé
NLENDETINEREL TS (composite transport model, Fig. 1-1). 7HET 52~ (4
fast) AEBOKBEFER (apoplastic pathway)., BBEERZES S > 7T A MEROKE
ThiEpk (symplastic pathway). HIAZO M %3HiB T % M KA B O KB ERER (ranscellular
pathway) @ 3 #E#% T3 % . Symplastic pathway & transcellular pathway 12 DWW TIIMEIZ IR
ARTERNOT, BERMELE LD T cell-to-cell pathway EMEEFN TS,

RORK RS SRR ORI IZIE, Bk omESILEL THANY —BERKLT
W5 (Fig. 1-1). MREAR (ROERTIIR<EBI D OHE) TREBKEHEOLENIS
S AR VEEBRLTVRSEH, TRTIA MEBHOKBENKEHEINS,
L7zo T, REeEEOBEKEREE AT HAICTE, cell-to-cell pathway 123V 2KE%.
ICHIFR O ZEB T © tanscellular pathway NEERBFNERLTLEALND, 0O

transcellular pathway DF— &2 D EEF T, REITHNST 7 7RI ThD,
WE2H TOTRI

PIaMZ, KiZEEE) VEE BB BHRICEEERL. £ENCREZNTHTHTSH
B EHERENTOEL, BEORMEBE, 2 WIHEY ORI KEER D THEL
ZEMG, KERBOEMNHTEBOFEEINREEIN T (Verkman 1989). Preston 5
(1992) 11, bt hOFRMERBEICFEET S Y /N7 E (CHIP28. #IZ AQP1 &fmf) WSKE
BEEEAEB O T EEEHL, CORFE (FHT7HRI ) ELTHELE. £OH. BY
(Maurel et al. 1093) %44 (Calamita et al. 1995). EH (Le Caherec et al. 1996) % TH
KT H TR VHAEET S EMNASRRIN, TITRY VRENILADEER

%tbf%%éhé;ﬁtmoto



TOTHR) PBEKBICEET 5 F v RN THO. W8 TkFv Rl EbIEiTh
%o TOTHRYEESIRILF—2E ML TKEREISHET 20T T2, S8Mk
KEEZET D, BASMITRRRBEENEDBEE, 1 D077 7RY Y Fidmed 20 {4
MH30REDKGTEERT DI LEATES, KBRBEEIRETEIKEL, @)
FHENIRAAOWAMIZEE RBEOENEMSEWHFMIIKNHE) ThHo, Gnik
HIEAKRFPFVBETHD., 1A B2<BBLBVA, FUL0—)l, B#, TXEZ7.
:&&ﬁ%\74%@&7%%%%%?6777&Uyﬂ@&ﬁ%énfmémmRumﬂﬁ

T TR > OKREBEREE inviro THET 2HFITIE, DTFOLSaFESALLN
TWa, fIEICAVSHE (BN o092 Ko THERS
DRSS, FEAIE., BRANMNIEBEEEZ S A THEBEZELIERBEOEEHER
SAKBEEEZRDSEVIFERIETOTNS, FELLORIEIITAELS 2 DOFE
NHO, WENROYA AHRKENVWES @RS LRTI2M) ZE, BRETTEO
BT EEIERE TS (Preston et al. 1992, Murai and Kuwagata 2007) . Bl 0K OY1 X
ARENES (B i, AEWFE (A by 77 O0—XKREE THEEZLER
FT 5 (Laizé et al. 1995), T3, EBRI-EQHEEONLERBHE LIZBEORELDOE
feaflE L. HBEECBAROY - AWEGHAEMEBEERCS 5 2 L (Laizé etal. 1995)
éﬂ%bf‘ﬁm@wwﬁﬁk&ﬁi?éﬁﬁﬁééaﬁ$@®ﬁ41ﬁ$éwa%§§
EidkE<, BAROYA ANKENEEBALEIZ DS I LIRS,

Fi. RETELLBRELIK, BEAEDEMIBEOT 7 7R 2EIZER
LTWa0T. N0 7 s 7R CEEOEEZMETSO0R, 500, L2077
TR L DAEBIEE FET S Oh, TOHMNICL > TREBFETY 7 7R Vgt
EIET S AN ETHE, TITRY CEEOENEL. Sl cBES (B E
WEEL7%. EROA Py 77D RREEC TABBEHERET I LD FE
x5, B, TORTIRRERNTEORBELY, SHBOKERIEEEZRDS



CEDHTES. INHOERETSIHAIE, R, 727 7R CORERTH S HLK
B (HeCl) Z&ML. TOEERENS, 2ABBHIIETA7 7 7R D OREMRERT
9 %, HECLIZT V7R L DBRETES Oy NV BOFEEBRERNEL L TlfET s 2
&y Fz HgClh KR BMEZRTRVWT 7 RY 2 HHBEINTLS (Ma et al. 1997,
Krajinski et al. 2000) Z&n5, HROBRIIIFFEEET L. BRILFo7r7HY »
EHEEDWTEIHMET 2 Z &N TES,

BAD7 7R 2OKEREEEFET B2, 7700V AHTL OISR
RRAR, HLVEAMBORBRETFRERZANEEBRRMLHBEINS, 7700
AHINOBHBER WA FETE, 55200 BMO7 I 7R BIEFO cRNA %
EEFEHHBICEALT, 771U v ERRBICRES /2%, SRPAICEBEEE
B X THEEE{LEE%:BEERET 5 (Prestonetal. 1992). ZOHEEHETHL45. £TO
TOTHRY CEREHNICHRECERESES I L. EEAVLSINRMEIE L - TRERS
BidlsBZ0T7 Ay bM3b5, BRORERBERIZBNOT 7 7R VBETEE
BTREIE). BELSEESEEEL. ZOKEREEEZA My TP T7O0-KEL
#ETHIFET S (Suga and Maeshima 2004) . EFEET 7 U Y AA I OBBHIRER:S
FHELIODEETH SN, T A5 70y MEEALNIEEL ABESCBTRT7 07
ﬁ%&%ﬁ%&ﬂ%?é:&ﬁ?éa@f;777@3;@%&%%E§5?£§g$£
BENEZIETAZENHETHD.

75' FAHED S AMEETHEEL., TNTHOMEBSOTRIIACERILAFET S

{(Murata et al. 2000) (Figl-2A), PO T7HRUHEBER. s DOBREE~U v TAL2ZT
DON—T A w7 Z(EEEAY 7 AOEFEECRS) OREFIE£FD (Fig. 1-2B),
it?%@ﬁ—?&ﬂvﬁl@ﬁ%ﬁ@tﬁ;&m&&gﬁﬁgﬁémﬁf%g7ﬁ§5
2, ERGTHTHEY L AQP O X BUERERROBENS, TOTEI IPKGT

BRI S ERET S AN X ANBIS P57 (Murata eral, 2000). 77 7Y >



OARE@ILE. WO - ADIGEWESHIE <L TWS AL, HBILO PR < 72 o
TWo. 20D NPA EF - TIAERALOARVRDID 3L doBicdeEizLT
FEL. BE 28AOKRGFREDEDBBTEL YA X TWS, THTRY D
%ﬂﬂﬁu\miéétiDjmﬁvtmﬁ%ﬁ&ﬁomftmorméﬁ\mm%%-‘
72 BAHBRITIIKRDFRIEORFZEEW NS AYN, KEKSOMELRIET 5KETF
M5 NPA BT —T7DTANTFLOT I RECEEMA D, KT, KATFILLBEHL.
KFEECOMFERET DL —DONPARF—~TDTANTF L OF7 2 RECHT. &
SIBETOE, FLOMIISMICHET 2KFTFEAEREEL, Fr RN HLEERD
W5, Tz, KEBLELIZEETSY 2V BREOHBKICOWTIE, O - ADIGE
WEIEAKEDT X / BERENZVOIZH L., LOPLAHTIEHKED T I BikEN
£y (Murata et al. 2000}, Z DX D ZRFEBFLOBEAK S T ORR & HB X 2 ATHEIC L
TWaEEZLNTNG,

T T7HRI CHESEATVRDE T 13 BRHOT 2 7R U VHFEEL, ThEho
T TR A ORI RELTEELTWS I &, £7 7R VBIRT
TRIZL VB BEBNELD ZEENHLNIZ0DDOH D (King et al. 2004, Verkman
2005). B0 7 7 7R DT, MBEATOREENELTHILICKD. fMig
OABBUENELT DI ENBETN TS, TO—HELT. BREOTITRY >
AQP2 2T 5N B (Nejsum 2005) . AQP2 IFBRSECLERICEFAETHT I/ TRY T
B0, ESEHROEEELVEEEE T oMM EICBEL TS, Mgk
® AQP2 1. FIFIRFIEY - NV Ly P OEATIF YA b— A& /A
CLESEARS TS, FORE, FHELEO AQP2 BAMEML. EHEROKEAEN Y
ML. £&EIBTEKOBRNAEESNS, N T Ly Y E2RETHLE. TUFY
4 h=3 ek DBERT 7 7R SN BT 5. 20 AQP2 D REHDEILE.

AQP2 DY) B - Y ZE{ES cAMP IZ X BHIEEN L TITONS EVDHEVHO,



TOERBROFINTAT THELED 53T 1D (Nejsum 2005), FU LD BBEEOE
I L SKBREORENL. HTRSFERICELT S AQPS THR 5N S (Ishikawa et al,
1999, Tsubota etal. 2001), MO T 7 7R L ZBWTH, BREZ M 2SI 8a1Z
M L AL TREEPECT 2608E SR TV S (RESW) #, TOEEMERCD

WTIREZHS MZENT RN,

B3IH WHOY TR

BT3B LDE<OT 7R CREET S, AAE, oqRFAF,. FUED

AT THEENTNIS BRUBBERHOT 7 7R BRIRFHREE ENTY 5 (Chaumont et al.
2001, Johansonetal 2001), ZHSHEMOT 7 7R L 72/ BEF LOFHNS 4D
DY 77732 —., PIP (plasmamembrane intrinsic protein). TIP (tonoplast intrinsic protein) .
NIP (nodulin26-like intrinsic protein), SIP (small and basic intrinsic protein) 2 K§&Z N3, PIP
ETIP . TOAMOBY., THENERBEEERBRICIBETST7 /7R Y THL
(Maeshima et al. 1992, Kaldenhoff et al. 1995), PIP 2 TIP O izid. FNEN B EER
BT EZTOBEEEIT 77 R ONFET LI EOR/ESINTINS (Uehlein et al.
2003. Hanba et al. 2004, Jahn et al. 2004, Loqué et al. 2005}, NIP IX. 1 X OMRHIRI 3
ET L ENEAAUABEIRET A TELTEREN (Fortinet al. 1987) 75, BRIORZ
VIEWIC S NIP SR ETFEIET 2, NIP & SIP KD W TILEMEN TOBEN D LT OHE R
Iz O0hS, NIP & SIPL. EHikBAEEAE< (shikawa etal. 2005, Wallace ef
al. 2006). WS OMD NP IZDWLW TR UEa—, RE. 1%, FUREZBETSIL
HMEEREZNTIS (Ma et al. 2006, Takano et al. 2006, Wallace et al. 2006}, NIP & SIP (O
BETORFIZDWTIL. MRES S VDITERIBET S Z EAREENT Y5 (Ishikawa ef

al, 2005, Ma et al. 2006, Mizutani et al. 2006,



BWETOT I 7Y > OERMIEE T 272012, BEEREE E O~ ER8E
ENTLB, YOARFXF0D APIP22 IR TES RET BT 2 7R L THBH. =0
BrT%E T-DNA IZL DB L -MYE. BMEZO DO KEZREIED 5N
ROMIRBOKEBEHNF 30%ETF L7 Uavot et al. 2003), F/z, FNTADT I FHY >
NtAQP1 DFRZEMIFT 5 &, HHBEIBIL. EVEOART Vv VBETFTHELE
I, BOBKRIALE I H L ABMEF LI (Siefritz et al. 2002). > O-1 X+ X+ O APIPI;2
ESNTCBRMAHLZES. RELEROLREZIN. [TILORHMA. XEHKEL LR
L7z (Aharon et al. 2003), &7 L% D HWPIP] % A FTBERR L ABSICIE. BoEk
AFTF AN A0%EML. RITHT 2 EBOEERS 50%MM L7 (Katsuhara et al.
2003), INSOEERMN S, 7‘5 7 1) i3 cell-to-cell pathway IZ BB RBERTE & &
- BT, EMOREERBICLEEES LS VDS,

REAPLAET 77 L OBRFEONToR2 SHIARKRIME SN T2, HIAE,
TOTR) AIEHOEREA B L AMEEBERIIED > TWS I EAHLMIRDDDH
%, Alexandersson &5 (2005) 13, DA XFAFITEBA DL AZEA GG, Z<DPIP
EU TIP BETREZMRICBVTETTAZ&&W5MILE, 2, FNTOHE
77 7R > NtAQP1 OREMZMKHT S &, EEA ML AKH R LEWIBELDH
% (Siefritz et al. 2002), —f4. > 04 XFXF+O APPI2 ZFNTITARRERLIEEE D
Bt Z N 22§ < 755 (Aharon et al. 2003). KHA R EBERA RIZBNT, MRRKRNTY
7RY > RWC3 ORBOBBEEA ML ASEERBEL2EZ5, KHA X TREREN
BTFL. B 2 TimL 7z EnS, RWCS 13BER A R OEBRA b L AREZEHFFLT
WA FREMEASR 27 (Lianetal. 2004) . F/z, KB RCA ML AREETOE—F &R
WT RWC3 2RIBXHE 5 &, %A ML ARENHRIL S (Lian et al. 2004), NS5O
ERERLELHBE, THTRY CRRAROSELGHREA N ABRZECIOWTH L
BRI E & hont, A BT 7R COBRNEGHSEYOELEA L AREC



HREGRADLENONS. BETHL, BHT 7 7R LAUEROBAHRIIEL S <
D, TNEDBHAKEZRET LS00, ZORBNOENCIVERZ ML ATEL S b.f:
bOEEZILND,

WANVAET O TR OMBRIZONTH, ANV ALRBOBRENH D, LT
DO342200mM DA B L AZEZ2HETE. £< O PIP RV TIP BIZETFRERME T
L7z (Zbuetal 2005), —A. A RIZ100mM DA R L AE5 X255, ERTERBOE
T%ﬁé@%ﬁﬁ%ﬁ%ﬂi?ﬁA#@?b?ﬁuymmmué@%%ﬁéﬁt%%tm\
S SITEIRD U </xo 7z (Katsuhara et al. 2003). ZDOHFE. 7o/ 7R CEOEMICL
D, WAPLATIRBOLTA RORAIBRESNZOTIRWNEEZSNS,
BlEDXS. 72 7R > OBRNEBSHEMOGIEPEA ML AREE2 a2 &
- S NITIR 0724, BNEB/S U THERATERVWERKLBE SN THS (TEEH),
INSORKITE, 77 T7HR) COFEHL AN TORE. LT I7R) A —bD
MG OB S A E T B, CNETIRENS ST 77 K OB
EUTIE, U B pH 12 k35— FREAA T Z XA, H0, BEEIZX 2EHEL.
MR REEOELLERHTENS,

DB X D7 7 7R EEHEEE. KUV )T T TH#RE 2317/ (Johansson et
al. 1998), SoPIP2;1 O C kK 274 BHHEUN—T7~1 v 7 A (HB, Fig. 1-2 2M8) E#HD 115
ZEHOV) ERED) VEBALEY 7R SEORBICHATH D &8, SMSHNY
2 /BERT) CBCEERERWEERNMSHASHEIR o, SoPIP2;1 O# EHLERT
D¥ERL, INoOT7 2 /EREQ) VBEAT - 2R DB ETHD Z E2HE
IZR LT3 (Tomroth-Horsefield et al. 2006) .
pH IZ X B EHEHEIL, > 01 XFXFEME &L THESI N TV S (Tournaire-Roux et al.
2mﬂaﬁﬁxhbzt;éﬁ@ﬁ*:yﬁaﬁyxﬁFm,mmﬁwﬁﬁmﬁﬁmfit

%, APIP2;2 OFERIZAIE T 5 loop d (Fig. 1-2 BH) OLAFIURER. ARED



pH Y —ELTHEL. MBS 2 ZOEAF I RIS TR EL. 7

TR T = bHE D, TOANZ AL RTL Y70 SoPIP2:1 O X B ks
FETORERN S WERYNIC BRI N TS (Tornroth-Horsefield et al. 2006). E/-, =O
loop d DEAF L UEEAL. E<OHEYOPIP TRESNTI/JEBRETHIIEND,
MIAEEELICL BT 7 7R 5 — MBI, £2<OEMTRESNALZ AN LA
ThHdEEZ NS,

T, 0Kk 27 7 7R UESHEO T HIEHEIN TS, Lee & (2004) 11,
ERIZEDF2VORDOBEKRILT 7S L AOETI, ERICLKOFEELE B0, N7 2
TR ERERETS2DEC2OTIRANHEREL TS, Aroca 5 (2005) 13, &
REZHORSD M EDISRBEEMEICAWTERZT >/~ KIBUHIZL 280
CPIR2 BT 7 7R CREBROEBERNLEIS, MREELHIZ PIP2 HO Y /X7 Bidw
DRT, DBET 7R CRIBDLAMML T W, —%, BaEOEIIH0,0RE
BREMBL T ERRESZIHSETIHEERICL D H0, BA 2 SI28ML T &b,
H0, M7 7R AR R E TSI EROBKRI LI I ¥ AR ETERZOTHhE
EBL TNV,

YﬁTﬁUPQWEW%Eﬁ@EWEOMTH:ﬁ%@MﬁlA@ST%L<Wﬁﬁﬁ
D51, REEOEREFHROKERMEEZFHE TS EAHSMIR>THS (B2HB
) 2 WY THRCLDRBHEKMNBBINT NS, Vera-Estrella 5 (2004) 1. EAEEY
Mesembryanthemum crystallinum DEZEMBB I ENEEZRW T, BREMT S 7R >
McTIP1;2 ORIEERIM LI, A b L RAZEGZRVHEITIMIEIC RTEL TWieat, 200
mM OBRBEANVAESASE, BEEOARSTHOANHRIITERBETLHLIIC
BRI EERHLU. ZOFNHRTOEFRCDOTIEHES M EN TV, Boursiac 5
(2005) i, 2O XFXFI2100mM DA ML AEEX A, BOBEKIFIH >

ZNHTMN S ST IR IZETL. 4 BERICETOBEOH 0%ETETTLSDIIHL. 7



DT7AR) CBEFBRICY A ORRRRBZAEIEESICETLALWI S EH O MIm L
o GFP &ETOTR)COREY NV AZLOARFIFTHREIE, HAML 225
ATROMRATOREZERL /2L 2, WFE 45 DT > 7IVT. ATIPL] AR
EUEONEHO/NAEMEIZREL TWA I E 2R LE, /-, 0UE 120 SBOY >
wfmrﬁﬁtAmmm\mmmuﬁ%@ﬁ&d%wmﬁmmmﬁ%ﬁuﬁﬁbrmé:t
EMERLz. FHEOWE. INSOBRZHIL. T/ 7RI D OREROEILI M OKE

B EELEIH TR0 THAENLWNEEEZLTNS,

A FHEOEMNEER

BEDEII, BEFTFTIN—ANEELZ O XFAF P hTROISEFRLE
LTHEYIBIZY 77 R VBETFOREE. #BER, BEAM ATTOME, FL
THEERSEENEOSNIRDDDHS, LML, ERTELESDAANRERETZE
BEMARIIDOWTIE, EQXDARTIT7HR) CBEFHFETLION, £z, TOHBE
ZDOWTOWMENDIEV., ANERERBLERRATI, 9BOIRXY 7RI YEDWTH
AR E BRI NTNRIZTER N FNSIEPIP 4% 4 F(OsPIPla, RWCI,RWC3, OsPIP2a)
(Malz and Zauter 1999, Li et al. 2000. Lian et al. 2004}, TIP 7% 4 & (OsyTIPI ., OsTIP1, OsTIP2,
OsTIP3) (Liuetal 1994, Takahashi et al. 2004), NIP %31 % (OsyMIP!) (Liuetal 1994) T
Hole. LML, B2EHTENZL DI, BP0 EUEDT 7T RY PAFETSHT
EMHASHIARS TS, TRT TR VAEBBENTED X S RBEEZRIT O,
T, BEARLVARMTERBIZTZZ 7RI NEDQLDICEOoTWEDM, Lo
E77RYCOBRIMIMTEEERERRBT DI, XA/ OLTITRY U E
AEICBONTERZTDOARTNE RSN, i, M REEKEETEFT LD, I

FTHEEINTWENEIRRRD T 7 7R > ORBELREBURAAIA S P72 5 THE

10



HH 5,

TIT AWETHE, TTFB2EIBLT, REPASHIZENTLRN DA X2DOLET
JTRY CBETERET S ENOHIRERELE. KIZ, B3IET. INS5OTH T
RU O FMENTOBETFRIY N7 LR OREBEBEIIDOWTHLMITEE LD
Iy BARTEHEREOZWVWEERT 7 7R LD WTREIZEF O AEBIEY % 345 L
o 3. ABRDORRDP S, 1FOENENOHE - HETEERRIERLT T2 7R
WIMEDAUN—IEOPEREL. A X7 27K ORE - BE - KBRECET 2
TO7 v TIVEERLZ. BOETH. SO F7 7R VICESAERKD, KEBAML
X,Enth@%wﬁﬁxbeK;oTE%Wﬁﬁﬁéﬁmt777ﬁU>E£®i5
BN HDONHASMITSRD. £TT7I/ 7R CORNEEICERL ThRidET-
Tz

Sk, MBHEETEKEENR LRI LNTEREIN, A FOEEHECRECERS
ERIFTEENNHS, AT BEEZOFLOEEBIZL2BOEERRCERMEN
OE (Bl 1985), F2BESHBOBRICEOEEYAR (FEl 1985). RAMO®
RIZLSABREEORL ZHEOHRENBSEIND. T, FEROKRKA CO, BE LR
FIUHESIRBENP R A 2 OEEN - RECSRSEEE5Z 5 LbFEAON
5, BAOBEA ML AZKA R AEFRIEDTVREZENS, ARTITHR)
DORBOBEEENSBEA N AREATZZLOBRBLHHENS., AHETHS
RENEART 7R COLBETHRCTORKR, BEE. 2L TKEAEREDE
C BAHRIE. BEANLAREAN L LOBBIZAITT, ERO[KEHITHIEL
7o FREEEEROMBICEI T, EICARARERERET 6 bOLEX SNS,

11



B2E AROT VTR VEBETFORE

]

FLIE S

ARIBTET7 77 COBEEASMITHDIE. ETMF0LT7TI7EY
HBETZRETZ2LENHD. TETFIENTLY / LARANE DR MEI N 01 X
TSP, EST HROREL THHEESFM P UEOIS TR, ThEFN 35 BILU 3 H
DET I 7R PREFAHFEFE SN TS (Chaumont et al. 2001, Johanson et al. 2001) ,
TV, 9 # (OsPIPla, RWCI. RWC3. OsPIP2a. OsyTIP1., OsTIPl, OsTIP2. OsTIP3.
OsiMIPI) DT 27 R VREFOIO—-22 7200 THENSHS (Liuetal. 1994, Malz
‘and Sauter 1999, Lietal. 2000, Lian et al. 2004, Takahashi et al. 2004) %%, E7£7 27 7KY
VEEFHHSMCENTVRL, FHEEBET 2 EMICT RO2S ) LRSI
NZeEnS, T, A1F27I 7R CBEFEREL. TORFEHREZASHITS

ZEEAMELTHERET S,

B2H MBEOSGE

FTICET I TR VBRETVRESNTVLS hyEOaL LI 01 X+ XF 0K

FlEbH &, 4RY ) AT ~—2A (RGP; http://rgp.dna.affic.go.jp/) HLNCBI F—F

A —2Z (http://www.ncbi.nlm.nih.gov/BLAST/) #*& BLAST REZE{TWH, 1 XTI 7R A#
EFEERLE. a3, AHETHE. GESRONLVHEROBRTFOAERRLE. B
BEFRIOCEETIHDIZDNTEEEZITL., GBS RT I TR Y BETOHE
7 3 / BB % TEAT Clastal W 7012/ 5 /s (Thompson et al. 1994) 1T RuEHMIREHT €17 5 7.

FEATRE BT TreeView 7017 5 L (Page 1996) I THRR L7z, T, AFXEMTEDITD
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BT TR CEBBELET S RERRR BT o .
B3 R

F=IR—APLRNEINEART I 7HRY D BETFIOVWTER TSI HDICDNT
BELULKR PR<ELBEOT 7 7R D HEFHRBEENA (Table2-1). 128, &
TITRY CEETFOMGE. hYEDIZOT TR COGARICHEN TR, BiE
BICIZ. RO (Fig 21) OREETIC, MEAEIBLRYEODL EART 2 TR
D ATEFEROBLES Bl ; ZmPIPI;1 & OsPIPL;1) 22352 &%)N—LEL, §T
IZOMEDA 2T 7 7R BIRF (OsPIPla, RWCI, RWC3, OsPIP2a, OsyTIPI, OsTIPI.
OsTIP2, OsTIP3, OsyMIPl) IRF—F N—2IZHEFINTWM, ThSIIRHHES
R OMBIZ@RAINTWE (Table 2-1, Notes) DT, MOEHTOMABKREBELZR
B0, AR TR LEOFEICLDEDTHHAETo/, £z, RBEh 33 801
FT7 TR CBETFEN, 77 7R CBEURA 2 OBET S HREFEE L.
TOTRY L OEBHEEGE 6 DOEB@EBRE 2 DON—TA) w7 A, NPA EF— T
AEF) ZRELTVWED, ZL—LA3 7 MCEXVEFERPIIHEEI R BA->TWED,
HEINVRRUKBHZFOTL—LT 7 MZEDRBICEVWY NV BEZO—-FL T
ZEEMNS, INSOBRFIBT TR COBERR > TWiWEEZ, FHOERK
bi)]l]i?‘a:.ﬁl 27z,

13777 HR) CBETOHRET I/ BEFH S REBBITZITo/2EI 5, YO R
FAXFRITEDITTHREINTNAHRLFEKIZ, 4 DOYTT7 73— (PIP, TIP,
NIP, SIP) =AM ENSZ &M AMER-7 (Fig 2-2). TNENOWNRERD &, PIP S
11 TIPA 105, NIPAS 105, SIPA 28 TH-7/. HEOPIPIL, E5122D07)

— 24X, 3@OPIPI BTy 7RY &, SEBOPIP2MT 7R S THERENT
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Wz, 10D TIP i, TIPL. 2, 3 BIAZNEN 2/ D, TIP4 BAT3 fi. TIPS A8 1 F
WO RRSNUz, 10D NIP iE. NIP1 BIAt 4 7B, NIP2 B8 6 fiTdh - 7=, SIP 13, SIP1 M &
SIP2 MM ENEN L HITDOTH o/, REBMOBEORZ NS LHMEINSLS1Z. PIPIFF
NENDA L N—HTEREFIOHREESE o 72 (585~92.7%) A5, TIP, NIP K(XSIP DF

NEND A /N—RBITHL RMEAYEN S 7= (B Z 13 OsSIP1;1 & 0sSIP2;1 DRI 33.0%) .

HaE EBE

AXT 7RI VBETFORL, P04 XFXFTRBINA IS BRLDIEDEMo -
7, BUEFEEYMO NTEOISNED B EBEEFAKTHD. EMIEEMOT 30 @
BULOT7 7R EFDZENERESI N E¥T. 8% (OB 138 12
o, 32z <o7 7 7R) 2D, 3L 0BEETRETE S/ HMicHR
MIZKDERIRLBEE ET2720,. E2ROTFZ7RYCOBEEBA TR EELEZ LT
EWNTESD,

ATRLIC 0 WO 27 2 TR SBETFAT —5 A= ABRENT W, 05
+ 6 (OsPIPIa; OsyTIPI, OsTIP!, OsTIP2, OsTIP3. OsyMIP1) 135 EIOMBATEERM S
RN/ BETF EBEFIH100% —F L T, DO 3%, RWCI (Lietal 2000). RWC3

(Lian et al. 2004) , OsPIP2a(Malz and Sauter 1999) 12 DWW Tid, £NF 4 OsPIPI; 1, OsPIPI;3,
OsPIP2;1 EFEEITEVWD, Riz2EMERF-> T, I L;Lﬁﬁb:iﬁ%éﬂf:?ﬁ?ﬁf
JOBEFHSEBVLAEGE (SR NLY) ERBAZHREMS IO FINEBO
THHIEBERD—DEEX LGNS, FIAE RWCI Y v R REORRE DS Y
H—Z>Z&Nfe (Lietal 20000, L7zA$oT 4 RBEX Lo TT 77 R BIETFES
WERDEL ZREENHZDMD LIEN,

AZTFTHTHRY)COBEICOVT, ol Rz s, (1) PIP. FIZPIPL BT ST
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AN ORENDEN, (2) OB T 7R 2 & HEEEAS RO PIP2 BT 4 TR
)2 (OsPIP2;7, OsPIP2;8) ZSFFTET 5. (3) NIP OFEEAE W, EAbTFoha,

FT () IZDOWTEL YO XFZAFTRSE MY EOISTIR6 MO PIPL BT 4 7
A BRESNTVBDIZML, 13T 3 BLARESNZM -7, LML, o
RFZFPRTEDTL T KNTE<RAL TS PIPL BAEIC 20T 7 74 >
DATH>T, 7ROD PIPI RORBRIIENT EMWEZINT S (Alexandersson et al.
2005. Hachez et al. 2006a), 1 * TRIEZ N7z 3 D PIP1 BI7 7 7R D) 2D0TH,
OsPIP};1 & OsPIP1;2 O 2 O FERAPHIC LV, T 5. 5 1 #0O PIP1 B TH S OsPIP1;3
HHRHNE<SRBLTHEY (EIEBR), INSOAIN—OBTHIIA1 RMENTHE
EENBLPIPL BHOTY 7 7R PERBTHIZENM2DONTNE280EEZ LN 5,

(2) @ OsPIP2;7 & OsPIP2;8 iIZDW T, fDKEY Y 7 7R > S BRI OEN S
REFEZRERE, 1 ARFEOEFRGCEEICEART LAY 7 7RI ELTRESNWTVNS
AR HEEZSND. LAL, OsPIP2B DWW TIHEFE OEFRA T TRRARSEW (B
3EZHE) &S, TRMAHNTOBELOBEISFV VI EBEFEZILNS, WHFE
H, 6 DOREEMBEEE 2 DO NPA EF— 72D ET V7R > OEXNEE IR
LTWaA, ERICKBEBFEEZHEDONEIMI DV TIESHRORMNNLETH S,

(3) ONIPIZDOWTIE, O XFXF T, FAMIEOASTSERREENT
WBDITHL. A % TH 10 BbORETHHESN, 2O RKISHLNS, Ma 5
(2006) ¥, OsNIP2;1 (Lsil) MK TIRZL 71 % (1 FRERICERS N, HERLEZ
B-3THK) ERETZZEEHOMC L, £/, B, Fujiwara 5 (2007) i, OsNIP3;1
MR E (BEEYOMBLATK) ERETHIIEEHEL. LOEMTIE, 777
R RAKEF TR ELARESTEED (Vo). RE TEZT. Bk
FE) EBETHILOHLNIITINDDHS (Maurel 2007) TS, A F NIP DR

ST B0, TORREEEEET S ENBEEFLER SN,
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BIE AT TR CORBEE LURIEERT

1 WS

W2EIIBWT, AR 33 BOT 2 7R UBEETFHEETSZ 2B O NI L,
INSOT I TR O FMENTORBRREHLNT 57010, AETHRET LG
TN LW BIRERIRZIT-7/-, 9, E5CHESEORE l/"illf'(‘l@%fﬁﬂ:?i
TV, BWTTNENOREORBNTOT 7 7 Y RIEHERIT L. Tho ok
RO5, THENOT 7 7R VHEQBED EORBITBELTL 30N EHS ML
7=e

B2E MERUOHE

<H WA R afE &R HES

A 3xEEIHELCTEERAVWE. BFEARINY v 7 A5 -+ SE (HERE) @ 200
EHERFETI HMEELZ®. KCBELT2~3 BHMBBRTHFEHLET 7. NPARK
BRI/ T 28O, /5000 7—A 773 HRy b (EE 159 mm x #HS 190 mm) (ZH#
L7 (Fig 3-1. B, 773Ky MlWFA O Ay 2 2h R8I 2
tybhl, YIVOEZH 2ecm TFTN—IFa2 571 FeREFDOE, N—2F2F1hH
Bz Lo, BTFEEENSESH e OMBICHREL/-. BR%. 773Ky
b EEETILIETEN, ATERE (B 25C/REM 200C, 12 BERIBAIM. ARXHBEE 75%.
JEBEE 400 pmol s m?) ICE W, 4 ABICT NV IHEITL. N—IF 251 OEAK
CBBREITT 7Ny MOKEANTETSE, 6 Bih S KBREERAL K. A

WOMBITESE (NHNO) ., U (NaHPOS. HY (KSO0). AN Th (CaCl). T
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F 7 L (MgS04) 8N4 10 ppm. &k (Fe (111) -EDTA) %804 ppm. <> H > (MnCly)
W 0.1ppm THO, pHSOIWZHBEL THWL, KBHER 2 AT 72 MRy b1 Ey Mo

KB (F9250) MBI NBS LI AHEREITON. HDHNIT 1 OB,

BERFBIOF NI RBERBITAOY T 2 FHE>

SUDHM (B 21 B ROBEESAH (88 56 %) CEHBERES > TY Y
Lice EHIZEALIEMNS, BIIEHRNS 350 1 OFSEHTU 7L, BHICHEE
HERTHBESE-OCTREL =, HIIBESHH (B S6 B S M (e 0
) YT, BLOFEMEILH D8 BEEIE. Fig. 32 A) ho0AY YT
Lice BIEREAODEFTAT —JICEBMHANSH 5720 (Fig. 3-2B). BIEERTHEL TEHR
?Zf*?@%&ﬁﬁbto

<RNA Rl 53>
WkE L7y 7N %, IREERTHAIL 7238k - T TH R L /2. RNeasy Plant Mini Kit

(FT T 4D Z 4T total RNA R Uz, M AEEBA-T—O#RETo ha—Ikic

Tz,

<cDNA D& R>
cDNA D& Fild ReverTra Ace (TOYOBO) & Oligo(dT)y primer (TOYOBO) ZAWTTo

7r. WEEERISE. 2T T 1 BTV, TO#, 9T T 5 FRHZEHE L T cDNA Rk & L7z,
<EFBRHRTPCRIEICE DT 7 7R REABRDREIT>
PCR R5id. AmpliTag GOLD (ABD) &#&7 27 7R > @ 3-UTR EEFI» S EE L FR

f7 54 <— (Table3-1) ZAWTITo/. RIS, 94T - 308 (), s8C-308

17



(F7Z—=U2), 72C -1 5 () 2191 70 ELTITFWL. E7 77K 2 A2 )N—
DEBRBIE U T, BBV 7L (Fig. 3-3. 34, HLRNOHE) T&I S THEMOR
WHMEOEEZ{T >k, PCREREEDOY > TINE 1.5% 7 HOo— 25 TESk#®E., CCD

HAZTHREL. NIH Image 702 5 A (http://rsb.info.nih.gov/nih-image) ZHWVT/N K

DBEBRZEZEB LU/, WEEREL LT, 188 rRNA H 503 actin mRNA BEZAWTE T2 7
R CRERERIELSL. /28, BIHLAE RNA S FHIZH L DNA OBEANRNT &
ZHERRT B2, Table 3X1 I RLA=T 5147 —_7F (PIP1;1-3* & PIPL;1s, i1 > 1

S EBATHRIENTNS) ZHWTPCR 2T 7.

< HLRRE S >

FEk - ABEAWRASR T THRL Y&, 3 FROMBE (50 mM Tris-acetate
(pH 7.5). 0.25 M sorbitol, 2 mM EGTA, 10 pM 4-amidinophenylmethane-sulfonyl fluoride
hydrochloride (p-APMSF). 1% (w/v) polyvinylpyrrolidone K-30. 2mM DTT) @i, X
BUZREE - BT TR BB U, T ORMEIL2T 4C T o /. BBHEE 2,500
T55, EHI210,000g TISHEOCLEE. EHFEBEOHFL—TIZBL. 150000g T
30 HEBREOET o /2. B 5N/ IEER B (50 mM Tris-acetate (pH 7.5) . 2 mM EGTA.,
10 uM p-APMSF, 2 mM DTT) Z&HEML F 72 REI F 4 H—THRE L%, BE 150,000
g T30 HREBELET-> /. HBRICPBROBBREZEML, T70FED MY -TH

BLTHRBTE L.

<FINIBODER>

Bio-Rad Protein Assay (BioRad) % B\ T{To7. BEHILBSA THREL.
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T I TR ANTF RHEOER>

PIP RUNTIP DHEE T I / BB £ TIC &5 THEH RAV2 X 7F RELFI &R L (Fig. 3-2).
BT F RE2ER L%, KLH (keyhole limpet hemocyanin) &S H, HFIm N
LTk zERUz, FUESHMES LU THER L. XTFREREPIBERIT. b2

F R0 % (hitp//www.operon.com) (&L L7z,

<FuE D RIEF RYE DI E >

BT 7T7R) ERBEEBE (F4HE2R) HOHMBURBEEMCHL, ERL
T TR ARTF FH{KEFHLNT:4A)7D'y b (REZR) 2170, RISRRMEE
mad L7z,

<AL/ Ty SR>

FERSHE 53 % SDS-PAGE A4 > 7J)L/Nw 7 7 — (10 mM Tris-HC1(pH6.8) . 6% (v/v) glyc;erol.
2% (w/v) SDS. 0.01% (w/v) BPB) &iR& L. 60CT 10 ruLE Lf:??:‘ SDS-PAGE |z
U7z, SDS-PAGE I 12.5%® e-PAGEL (7 b—) ZHWTiTo/z. KEINY 77 —IZi,
2.5 mM Tris, 19.2mM glycine, 0.01% (w/v) SDS (pH8.2) ZM>. HL L KB 20 mA &
BT 80 PRIk E) L 7=, ik B, PVDF A > 7L > (Immobilon-P. Millipore} 12855 (15 V.,
40 53) U7z, %5 buffer IZ13 48 mM Tris. 39 mM glycine. 20% (v/v) methanol. 0.02% (w/v)
SDS # /e,

TR LARERSOBIEISTHR T o> /c. BEERO AT L V& 4% (wh) skim
milk %% TBS buffer (20 mM Tris-HCl (pH7.5), 140 mM NaCl) T OvF* 7%
Fofe, TOH, 7o 7RI RTF RfifkE, 0.05% (v/v) Triton X-100 %5 T8 TBS buffer

(TBST) 12T 1,000~5,000 fSICF/RL T, A>TV > &—BRiEE 7. TBST T 4 [l

¥8#%. HRP-linked anti-rabbit protein A Hifk (GE NNVAFT TNAFHA L A) & TBSTIZT
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2,000 fEIZH/INL T, AT L & | BRIRS S H7-, TBST T3 @, TBS buffer T 2 DN
2P L /24, ECL detection reagents (GE NJVASY FNA YA T2 R) &1 4BEEX®

BHET o7 LFEAOBEIS T bFr 7Fr— (F =) 2B0LTIFo 7.

<MY TV OEE &Y OER>

A3 (BHELIEDL) Zplo~1TXRTHHEEZRVWTERS Y, KR DkicENE
TOMEADEMIO—RBZYOM U7, BEY > AVICIE. B 18 BEOEMEERAL,
REARBAEOPRBS o BEEGOH L, 37N ORELER. 574 Al
BEZEREVT, 2TERTIT /2. ABYVFEVOHLAZSTTEER 37% (w)
formaldehyde, 5.0% (v/v) acetic acid. 50% (v/v) ethanol) IZAN. 7 AE L —% —ThRR
ETVWODEERERMI Bz, 50% (Wv), 60% (viv). 70% (vv). 85% (v/v). 95% (viv)
DOLY /—IVRIZIEIZ 30 2T OB LU TCEHERE LY / —JLICEBLZE, 005% (vw) T
19)&@&%%(m0Iy/wWT—%%ééﬁotgmwa:&JfW@mﬁfjs
[EALEE U 7=1%. 75% (viv) T5 J =)V +25% (viv) F L 2, 50% (wiv) T8/ —)b +50%
W) F L0 25% (W) IZH 7= +75% (wv) F L, 100% F3 L HIZIEIC
30 HFOBUTHEREF L VI RRLAR. 6204 —T LA T/A5 74 > (Paraplast
lm&mnm)Eﬁéﬁokuﬂa74y%m¢sﬁﬁﬁ%mﬁﬁnbtofﬁﬁbtoﬂ
FT7470y s ELTAMLE BYRRESZYOHLT, 270 b—A RM2125RT

(Z47) CTEE 7Tpm OEHEIFZERL .

<REHBHRE>
GERGRADUTOREDT. £ THRTIT > 8K 208251 KI5 %
100%F 2 LA S BTO2mMEBLTNT 7 4 ERBRIRLE. 100% T4 /—)VHiZ 10

SFED2ERBL. TO®%, 95% (W) T¥ -, 8% (wv) ¥ /—)b. 70% (viv) T
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F /=IO 1 3T DR LIz, 5K, ANAFI IO Ik (03% (wv) Bk
fLkFEZZTE 100% A5 /=)L) 1230 BMBL T, Yo TNITRET L N AFL 55—+
EHEERE L. TOH, KTS5H39D3E, PBSbuffer (10mM U VB b1 & LR
(pH7.2). 155mMNaCl) TS5529 D3 EEFET -2, RBFHRIC, EEOTOED 2/5y
7 (Liquid Blocker Super Pap Pen, KRIFE#) THALHE., 70vF> 7k (1% (wv)
BSA KTr0.2% (v/v) Tween20 %45 PBS buffer) Z/DE (F 100 pl) #BMNIZEML THEF
M70vF 7T, 70y F 2 TRERWE, 8777 R) OATF Riitkd 3
WIS AT TE % PBST (27T 25~300 f5IZH ML T—HRK D S ¥ 7. PBS buffer 12T 3 falik
¥1%. HRP-linked anti-rabbit protein A A% PBS IZ°T 200 f5IZH R L T 1 BRI S 2 ¥,
PBS buffer T 3 [a]i% % L /=, DAB &1 (0.1% {w/v) 3, 3’-diaminobenzidien tetrahydrochloride.
0.2% (v/v) H;0,. 100 mM Tris-HC1 (pH7.2)) & 10 RIS 7z, KT 3 [k Lz,

AN—TZ 22T T, WS (BXS0F-3, 41U 2 1R) TEHREL,
B3Em MR

RTI-PCR FEIZ LD 33 MO XT 7R VBIRTF DR, mm“@:mm%ﬁ&%&
A, TOTR) COMEIZL> TREBLIBEICRELTWS I EMHALGNER DT
(Fig. 3-3), OsPIPI;1, OsPIP1;2, OsPIP2;1, OsPIP2;2, OsPIP2,6. OSTIPI:1, OsTIP2:2.

OsNIP3;1, OsSIPI;1, OsSIP2;1 Liﬁ%&ﬁ@iﬁﬁ?%fﬁ LTWwbsDIIH L. OsPIPL3,
OsPIP2:3,sPIP2;4, OsPIP2;5, OsTIP2;1, OsNIP2;  \IEIZR TRIE L TWWe.— 7. 0sPIP2,7,
OsTIPI;2, OsTIP4:3 ZEICEHTREL Tz, ST OMHERISHHD 2 DOEHER
HTHELAEE, Z2<OFT7 7RI SOV TRAORERREICKELERIEZIASN
2ol

HEREBRE O T, 812 OsPIPI 1, OsPIP2;6, OsTIPI; 1, OsTIP2;2, OsNIPI;1. OsSIP1;1,
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OsSIP2; 1 TP EFBE S 2 WX T NEL LW HEE L TV (Fig 3-4) . £7- OsPIP1;2. OsPIP2;1.
OsPIP2;2, OsPIP2;4 (IO HFEBAUEN - /245, PCR B4 ZNEHhSHML T, & TH
HEBEHZ<RRLTVREEEALSN (Fig34), INSOTF 77 RY CORBIEIRERT
—UHIZINY — W RILY . OsPIPI], OsTIPI;] DX DITREAT— 2RO - TH
HLTHWEH0LHNE. OsPIP2:4, OsPIP2;6 DX D W/NETHAETIZHRE L MBI
BERLZWHOEH 7,

Fig3-3 ORRING, 1 X BATHREFRAROEVWEEZSNBTI 7RIS 9
(OsPIP1;1. OsPIP1;2, OsPIP1;3. OsPIP2;1. OsPIP2;3. OsPIP2;5, OsTIP1;1. OsTIP2;1,
mHMQJE%Eb‘:ﬂB@%?ﬁEﬂ%K%ﬁTé:&ﬁ?%%&j%Fﬁﬁéﬁﬂb
7o BERTALMICHBESEAMRA T/ 7RY LT, ERLARKERIESRT
BEZITO>IEDA, TREFNONMEVNENOSTHOASZFRMIRART S 800
27z (Fig 3-5). #1Z1E. i OsPIP2;1 Hifkld OsPIP2;1 DA %R T 575, D PIP2 87
7R y&:biﬁﬁabf;ﬁ!or: (Fig. 3-5B) . ¥ OsPIP1s Hi{&i3 OsPIP1;1, OsPIP1;2. OsPIP1;3
DETERHL. REWO O F & /2o 7= (Fig. 3-5A) . Fi RsTIP1;] Hi4F (Suga and Maeshima
2004) 1351 2> @D RsTIPL;1 2B L5 TH A A 3D OsTIPLL IZH R L 7 (Fig,

3-5C).

INSEHEREHOBVWREZRNT, EEHCHEMASHEB L/ABREHMIRLYZAS T
Owsq 2 F2FoEl3 FREFNOT VTR OT7 2 JBERFINSHEEEND T
FHA ZIGEWBICN Y BB R s/ (Fig 3-6). W DNOHiE T, Bk (18~28
kDa) M\ Rof, —8&E (35~55kDa) DN KRN, HENUDHHEEHEN
TFRERSSETNS Y LAY T Oy T 14 > F %75 1284 (Fig. 3-6. peptide +) 11,
ZHEONY FRMEELAEZENS, REINENY RIZFAOHFRNEBICILSHO
Tz, BMETRZ7H2 7RI VORI RTHEZ ENHRTER, BEREROTIT

BUOF I VAN TORBREZIBTI L. BEFRELARICSERRESHS
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417z, OsPIP} B4, OsPIP2;1. OsTIP1;1. OsTIP2;2 WI¥EE. HMOEH TREME LN~ DIZ
XU, OsPIP2;3, OsPIP2;5., OsTIP2;} /3B CHREMIZEI L T/,

INGOT TR CHEEANT, BORBATOT 7 7R LB % Grigia
HBIZTRAL 72, B0 58 4 mm O L DERL Z8KUH Tid. 78 80oeTo7 S
TR HESRD D POV ORERMEL O BB RIGL I (Fig 3-7TA~H). £/7 72
TR COBRITL - T, Rp28BICREL TV, A, OsPIPl B R IR OsTIP2;1 1
RNEICRRIIZERL TWz (Fig 3-7B & G). OsPIP2;1. OsPIP2;3, OsPIP2;5 1d, #K.
SRR, R RE. R, ROE%. 2TOHEMICERL TWiA, NETHICHEN.
REMR 57 (Fig. 3-7C~E). OsTIPL;1 {3/ LRSI RANICBEL TWiznizx
U (Fig 3-7F). OsTIP2;2 I .LHIZE <EML TV (Fig 3-TH). 728, ZOREHNS 4
mm AHEOREMRIZIE, 72N —8BRETEL % band plasmolysis MR /- (Fig.
3-7D) .

ARHRA 540 35 mm BENEES (& 0 BIMSE AT EE R SNBERED 5 AL s
YR TR EE R LEEBTJERSVNEREINDODH S I MBI N (Fig 3-710~V),
OB THREMERAET oL EIA, T TR X RECRIGHEE 4 mm OF LS LA
THEL. E-RERME & B L TENPR T o2 (Fig 3-70~V). £ETZ TR
) OBRIC XD REROEWIRERSNT. AR, FRESR. BERSERE. Nk fb
BEII-RICHWRENR SN,

RO & AN TRERBTEZ{ToLE TS, OsPIP2;1 KT OsTIPL;1 ARG 5
1.5~4mm OWAICHEOLE S RBELTED, TINSERICTAN DI DONTRENEH 2D
ZEMEEEI N (Fig. 3-7I~N). £z, RTHZAWRE, SR TRES 1O
EEIREIZ, OsPIP2:1 iR, R, FEAHEIC. OsTIPL] MHRBMEKERELTND
ZEMBEEINS (Fig 3-7K, 1) 7%, BECbREESR SN (Fig. 3-7K,L).

Hi OsPIP1s Fiik & UM OsPIP2;1 s 2 R HOMMIR RIS E B2 & 5, ERAMARIC
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R ROZBENVEES N (Fig.3-8). ToI2. MECHEICIE LA ERIEL - 7225

OsPIP1 BUIHETHMHIZ, F/ OsPIP2;] R L IZH W EENRE E N/ (Fig 3-8B, C).

WA BE

33@@4*?97%U>®%ﬁﬁﬁu\797%U>®ﬁﬁt;ofﬁmofmto¥
EBY TV Z A1 LPCRIFIZBITS PCRYA ZILEMNS, THENOT 27 R CORE
BOZENPBLTHEEINDGDOT. TOMREEEEL TFig 39 IZHEINCESHBLT
WB7 7R OEREELSE. B BTE. TREN 3 EE 16 BOT I TRY
DIMELSEBHLTWBEEZ SNz, £<OTI7HRY 20T, BRHOBERRER
REAT—VICEOSTRSNZENS (Fig 3-3). B4xOT7 7R NEFEHRZE
LTRCHRETHEL TWLEEASNS, O XF XTI ER I THRKIZY
Z7RY CHRBOBREHREMESREZINTWVS (Chaumont et al. 2000, Alexandersson et al.
2005). B2, MUETFEEMORNIEDIL TR, A 277 7R COBREHREME LG
EARMENz, HAIE, OsPIP2;3 & ZmPIP2;5 137 = / B O— FEUROE SRR TG
(91.4 %D [FtE, Fig. 2-1) A%, ZmPIP2;5 TH#HiE X1 /- (Chaumont et al. 2001) D & [FHkIZ.
OsPIP2;3 DB EMICRBRLTWA T 7 7R > ThD I LIIEFITHKE N, BEOY
OE—YEROBFEITO &L, BERERNREZE2 70— FEFIBBEO NI
BZLEBIC, TOE—FEBLEDETITRY COSFRAEEEADZ LTEEGHRN
"oNBEEFEI NS,
BEFLANTORTERENS, HICRREOS W 9 BOT TR > (OsPIPIL,
OsPIP1;2, OsPIPI:3. OsPIP2;1, OsPIP2;3, OsPIP2;5, OsTIPl;l. OsTIP2;1, OsTIP2;2) T
EHL. o075 7R U EBRNICRRTERTF RS 7 BEEAERLE

(OsPIP1;1, OsPIP1;2, OsPIP1;3 = DWW Tk 3 &l TR T 2Hi4F. anti-OsPIP1s HifF
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ZERLE) A, BHOT I TR COHEBRICEET 2HEIIBREOE LI
HROIERITRIN L7 (Fig. 3-5). ZOHAEZRAWTESCRIZBITLT7 7 7R W RE LK
MLicE s, BETLVTORBMEREFAGBOBEFEESRON NS (Fig
3-6). INSDTZTRI S, NI LA THHMIET 2 BETFOREMRON-8E
THRBELTWS L EE2HRTE.

ROVFITHLTTY 77 R) DHAEZRIEZEZ L2, HITBOREN 54 4 mm O
TET7Z77H) OBEIZBEREEEOEVYEEICEN (Fig. 3-7A~H)., #lz
i, OsPIP1 B, OsTIP2;1 iTMEBRMITHAEL TWEDIZH L. OsTIPL;1 i34H 5 /R
BRERNICRELTEY, TNThOT 7 7R OO THEL TWA Z &0H
SEhERof, TZ7RI COBREICIZFEHOEBWVIZOWVWTE, MyEOOa
ZmPIP2;1/2;2 (WHF &R T 2HEEEM) & ZmPIP2;S OREICDWTHENH % (Hachez
et al. 2006a) ., M S S mm OEFAL T, ZmPIP2;1/2;2 K U8 ZmPIP2;S A3 & HIZH ORI &
KRIEL. FEAKPEETHREVRESNIA, ZmPIP2;5 I 5 KRKIZHRIEL, H/
RN Z S REMBEON (REQ) OAXTHY TIROFENERI NI (Hachez et al.
2006a), R EDOITEAFTIIE, 72 7R) > OBRICLVHEBERTHEORVWERLENS
EnSEEAIIE -/ FUTOa PIP2 BE, BRFETHSNER 71 RO PIP2
Bl (OsPIP2;1, OsPIP2;3. OsPIP2;5. WINHBOMEBETIIRET 52, ARICKDEL
JB7E. Fig. 3-7C. D, E) ¢ TRERLMBRERERLEZIENS, BTOTITHRY >
ORI, ThENOREYEICL > TR ZERZELTNS T c‘:_ﬁi‘%i 535,
FHFETIE, PIP ORIZ 5T, TIPIZDWTHT 7 7R > OBEICL D ARZRELED
BB EETNDTHEM TSI EMNTER (Fig. 3-7F. G. H). BOEREMSHL
RIS ROAKBEZE TR, 7R 52 MERMOKGRICMA, HEOMIE %5
4 % transcellular pathway HEELE&E LD 5, Ein, ANHEEZEETHEE. Mk
BED 272 5 THIBRER O KES & 55 2RO KEBEVEE CEETH S (Maurel et al.
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1997) . TNENDA % TIP FRLZDMMTHET S &K, PIP LML ANS
transcellular pathway |2 B1T 5B KBRIZERL TN HOLEEI NS,

NESHE TR, € OMMBEIZBUKEDHEALHE L THANY — P AXY U E &
MLTHED, TRTIAMEHEOKEESHEEINTNS, LENoT, Hokgnsp
DHICELZRAFROKOBERER T, NECHAEMBONSLZERT 2 KGENEE
TR 2 &12D . AT TR ZIT o 72N 58 4 mm OB TIZ. H 20—
T4 U % band plasmolysis WA EHRRICEE XN (Fig. 3.7 TEhSE. 7RI I M
mwmﬁﬁﬁm%émTW6ﬂ%ﬁﬁ%D\W&K%ET%?D?%U)ﬂW&ﬂ@WE
WHKBEZIEET S ETINZFMD> TNRHOTIRRZNDA, EBEX 515,

HBIENS 35 mm N2 T, REMRAEN THRERSHBAEEL TWDH I &M
BEIN (Fig 3-70~V), ZOICH L7 7 7R UHiFERGE B H803 B
i 4 mm OEALIE EHBRRAENE SN2 o 72 (Fig. 3-70~V) . L7zt 2 MWk
M5 H, TZTRD EMBENS 1.5~4 mm ONMETEROLESEHLTHD, 1L
0 EBRNZEN DI DN TRERVH LT LMWL L2572 (Fig 3-71~N). JIIHE
B (1968) XA 7 O0RMA-FERANT, 1 ROBENBHBACTKL TSRS E
TRHDLIMIDVTRITETOFBREBRE L TS, #1513, NEHIREIZ band plasmolysis
MARICEEINAEMN TROKERSEATH D, TNLOERIIHEN D LEARN
BEZETTL I EEBASMI Uiz, ABFETHNAEENS 4mm OBLTHN K-
SZTEY—LANBEEIN (Fig 3-7), T2 T7HR) HFICLIRENBM I E (Fig
3-7A~H) MSHETL T, OB TIETY 7 7HRY >0 E 5 Sk DKBEIMEES R
KBFEATORTWS ZLEBTFHREND. |

ROBM (RERTF—Y) L2727 7R) COREROZRICDOVWTE, bYEDRA
TERBELEEREELLT, SEOAFTORRLEARZLARVPBEINTNS,

Hachez & (2006a) ¥ F7E DD OB 2N S OERIC X > THREMICY > TU S FL
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TPIPHRBERZED T NS A LPCRIEICTRITL /2. TOKR, BENS 0~10 mm O LT
T3 PIP FEBRBRIIE WAL £ I SME (BN S 50~60 mm) 1Z/h - THhaIZHE
BASEMT L ZEE2HSMI Lo RIHETIEHNE - SAE L HIZHREBTO AN 2k
MHERENZZEnS, ZOBEICT I 7R VMNESHKBI B EICLIDEMED
transcellular pathway 12 $5V9 % KI5 % I L C A B O TRV E£B LU TS (Hachez et
al. 2006a). ZDAFREMTEDASTOT 7RI CEBROERIIDWTIE. HazER
ﬁ%i%méoif«f*&FW%D:&&M5E%E®EMKEET%H%ﬁﬁ56ﬁ,
MEORY « ERFHELHFMIIRFUART 2LENH D, ELMOBRELT. 13
ERUEQOSOHOMEDENWAEZEZ SN, M FERAKTHEFTT -0 E BT
PEELTVLLIONREDFERTH S, BEETHEKICERIEREELTHLZD, I
MABEOKREREELRDDE, TORD, BEBKHEBOREL THIRWLIRBIRMIZ 7
7?%0)ﬁ§<%&b‘:@%ﬁ?ﬁﬁ%mﬁﬁbnfméﬂ%ﬁﬁ#iBnéo

EH T, PIP1 B PIPZ1 AEEAMMICE SERL T/ (Fig. 3-8), 0o XF2F
PHANIOERMBE TS, PIP OFERIWE SN TS (Robinson et al. 1996, Otto and
Kaldenhoff 2000) . —75, ERMBELAOEETIE. [ OFL LK (Kaldenhoff et al. 1995,
Fraysse et al. 2005), EFEEH (Fraysse et al. 2005) R UHEERHSE (Yamada etal. 1995) T
OF TR CEENLOA X FAFPRVL PV TETHEZN TS, EABRIZE
ETH77T7RYOHEEEL T, 200WEENEZL NS, | DHE, RAzT2L
DITERAROKRRT > vV E#HFETHIETHS, Cochard 5 (2007) 13, HRHIZX
BUNIOEDBKIALT Y A AEMERD PIP BETHERBEAMICHNEYSHLILE
ﬁ%btuﬁem\%ﬁ%*%éﬁ%ﬁﬁ%ﬁﬁ*ﬁwmﬁ?y&v»ﬁTﬂiﬁﬁﬁﬂ
HERET WS EBBICHELRVAD. 7o/ 7R) BRI TENMROKRT >
S VAT B T LT L DRARBEOETEHHTLAO TRRVNEERL TS

(Cochard et al. 2007). 2 D H®WEEMEIL. 77 7RV AERMRTO CO UMb
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THWHDTHERIENNEND ZETH D, WS DHOEPIO PIP 1213, CO, B@MNH2 - &
AR ZF1T VS (Uehlein et al. 2003, Hanba et al. 2004, Flexas et al. 2006), /=, +7 A
FT TR 2 HPIPL] £ T TEREER S B/2H A, BHNO CO, 057 ¥ A4
MUz EHH|EZTNT IS (Hanba et al. 2004), FEAKIRIFRMICRET S OsPIP] BIA>
OsPIPZ;1 DHEREZH S NI T LoD, COBERELEYD. ISITRMMLETH S,
HWTHECI10EROY 7 7FY UPREL T (Fig 3-4). HORBIERRETAF—
EEBIZRECEAT D, FICERNT. EH RN SIDF. METFEETHRBERA
ERIICREERTS, MGFHNSRBMERBETORFTAT - VRO THT
FREL TWD OsPIPI ] R OsTIPL I H DT 7 7R > & MNEFRNE TICRE L iAM
WIS L7z OsPIP2;4 RTX OsPIP2,6 FDT 7 7R > Tid, $IRTRAESMELE R
LTWBa[EEHNE X 5N 5, Bots 5 (2005) 1. #/N3 0 PIP2 B7 7 73R 1) > (NtPIP2;1)
DFEE R E R A ER E 1TV, NtPIP2;1 5% 82, connective tissue. HiS. stomium
WRET2—HT, #E, BE. = DRT GE) CRBELRWILEZHSH
Iz U7z F7m, 2O NPIP2;1 BIxF & RNA HEIZ X 0BG L /2 EERS /N3 THL
FOBKBIOHBOETHENS :&éﬂﬂ S UL NPIP2; 1 DF5 D IE R/ RAK B KU
BIcEERBEZERLLTWSA M AR Lz, Ishikawa 5 (2006) 13, 7OE—% GUS
ERWEFEILLD, Y04 XFXFOT 5 TR 2 ASIPE] & ASIP2 L BTERICRET
BZERASMIILE. 2, ZN50 SIP OKBEFENENI &P, RATIRER K
BIETAZEBWMELTWS, 1 RXOFTH. NPIP2;1 L bHEEHEO®E OsPIP26, &
512 OsSIPL;1, OsSIP2;1 ML BEL TV &ML, BOT I TR V. #HHERD
L MR B LT AT S EA 515, S5, BET L UV TRAORD
N7 7R ‘/icaﬁ%‘:ﬁb, HOMBATOT 7 7R CREECHERRGOERBT

ERITAHILRED., TOREEZRATILENDHD.
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HAE ARTITRY OKEEER

WLHE HE

BIRIZBWT, BEDARTI TR ORT, BHERTENFN 13 LT 16 FO
TOTR) VHPESBEBRLTWDIEERALMI L. INSDOT I TR RERIZK
EREEFDOT VTR Y KFvrF)) ELTHRIELTWIONES hERND ST
D, AETE, ZOPHSEIZRIRE DS 10 i (OsPIP1;1. OsPIP1;2. OsPIP2;1, OsPIP2;2,
OsPIP2;3. OsPIP2;4, OsPIP2;5. OsTIP1;1, OsTIP1;2, OsTIP2;2) IZHIZERD., ZHHD7

7 7R 2 OREBIENE ERICEHE L 2.

B2/ MERUAE

<ART TR VBEFOIA-Z2T>

BITITTA I OMB LA RNADRSEMRL /2 cDNA I L. KOD-Plus (TOYOBO)
H DL La Taq (TaKaRa) /T 7 7HRY D BEFICKRRENIZ T 71— (Table 4-1) %
AW PCR IZEDBIZTFEIO—22F Lk, PCR DRSS, 94T - 30 8 (£,
58C .30 B (72U ), ”T-24 (R) 2194 7)0EL T4 Y1 7IMMToL
%, X512 NRTT 5 ARBERIEZITo7/7. 28, yu—=_ 2 FLUKBRETFEEBARR
FHREAY Y — (RESR) ONFrO—Z20891 MIUBATEIRD, 7731370
P HIREERES 2 B 5 LD ML TH W, BAEMIZIE. ORF O LML TR
FHEN EcoRI & Sall (50T Pwll) BRMENDIDICT T T —2&KAt Lz (Table
4-1), PCRBIC, HIEFEMEHIEBFUEBL T, AU HRBRLE L -BRRARRNRS 5

—myc-pKT10 (Fig.4-1. Tanaka et al. 1990, Suga and Maeshima 2004) &5 5 —3 3 > &{T
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D72 T4 —3 3 2T, LigaFastTM Rapid DNA Ligation System (PROMEGA) % f 17>,
T D, BigDye® Terminators v1.1 Cycle Sequencing Kit (Applied Biosystems) & ABI PRISM®
310 Genetic Analyzer (Applied Biosystems) ZHWT I —4 A&V, BRIORIETFAY

O—Z273NTWaE I &&mRLE.

<ET TR CBIETOMR TORE L REES OHE >

ERLEET V7R CBEFREBICA NS 2 N #BER Saccharomyces cerevisiae
BJ5458 PRIZEA L. URA3 %48 U T#EH R T o= (Nakanishi et al. 2001, Suga and
Maeshima 2004) . #&Hk & N7z BN S HKEE > 2B L (Nakanishj et al. 2001), 4/ 710
Jb GE3EBI) LEDTITRY RAERELL. ARBATE, F2T7R) 0
NERUGIZ mye FTWDNWy XY &%ﬁff%&ﬁt:ﬁ&%énrmét&b\ AL/ 70y
FRO—KRFEIZIL. anti-mye (9E10) Bitk (FhoA) 2RV, Fh, &7 T7HR) >
ART7FEHFREADRANWT. HHOT 27 7R > ORBEEEN DIz, H5N/N P %E NIH
image 3 %\ X CS analyzer V7 b7z 7 (F h—) TERILT. ERS L TNEHOT S

TR CREBBROERE LR

<KFBBTEHE O E>

Nakanishi 5 (2001) OFHRIZHEWN, BEMSHBES ZHH UL, L /-AERED 2
H5HUDIEEK (50 mM mannitol, 90 mM KCl. | mM EDTA. 20 mM Tris-HCl, pH 7.2)
i7 04 mgml 2B EIBHLTHEE, Ay T h70—%E (model SX18MV, Applied
Photophysics) D DB ) > Dty kL7 (Fig 42). &5 —HORE ) I
%7E#E (500 mM mannitol, 90 mM KCl, 1 mM EDTA. 20 mM Tris-HCl, pH7.2) 2t v b L.
WHEDI) >V ERBIERTORAETS LTI DRELBK L. REL 10CTTTN,
BEAEAAOBRBEE (EORR 50 mM 2L TAR 275 mM) 1R L TIRASIREET 58
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BEJHELE (466 nm) OEMMSHE L. Z3Ud. NIHEE SBUNMIOH 1 ZHES
M HHBEBMRICSH 2 T & (Laizéetal 1995) ZRIAL T35, BAROY 1 XAKE &R
MELE R hE <, BN DY ZXAVNE WEABEERRE D, FEY Tz TH -
CEE10~14 BTV, TOFESEN S RISIHRERD . CORBMREEA Ny S 70—
BEICHBEOYVT7 b7 (SX.18MV) ZRWT exponential 127 4 w5 4 7 W7k,
TOHEEERE KDz,
Pr=(Vo* K) /(S x Vi * (Osmiy — Osmgy))
P BEOKBBIEY (cmsec™)
Voo BUSRTDBUNROEFE (cm’)
K. HEEFEH (sec”)
S: RISHIOENEOERR (em?
Vi KOS EIVAEH (18 cm’ mol™)
Osm;,: B/NRORNMAOREE (mosM = mol cm™)
Osmow: B/NEDSRIDOEBE (mosM = mol cm™)
ERRICBNT, 77 7R COKBEBEED. Y27 R) P ERBELTWIWEROD
B/NEOAKEEFES I T BEH#EK, Thabt MEXKERENE] LLTRDE, L
2T, B 7 7R COHEMKERESEIE. A by 77 0—-BRORBHI—-TN5RD
IEEEHOE (FZ7HR) CERBELTWIVWEROBE/NMIOEEERIINTHH) KK
—HTD, 5. COHMKBEAEER, MHEOA L/ Oy MITTRDET I 7R
DREBOHRTHEL T, MRBELAVEEELZEA4OT I 7R >3 FHEOBEMKE
BFEYE) & U7z, 723, OsPIP1;1, OsPIP1;2, 05P1f2;4, OsPIP2;5 {2 DWW T, BEOMNHAI 300
mM LT 450 mM OEBEEICBIT A ISR 2E L. EROGFERKD.
ABREET. BRAOBEEERUR ISR OB/NRO Y1 XIEEF L TERILT 225
AFETH NS HABBEYE) 1. AURBRETHELLZa bO-) (TR
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DERRUTOWRVEEOBNL 24T 2 i E L TRD 20T, WEREENS
ROLSNTERET 22 LM TES,

BIEH #HE

BT TR EENICEE TRAI S /2%, BIBEES R L. anti-myc HilkE B WT
AL/ Ty MEFET2REZA THENOT 7R COBREOHEFER T A X
(PIP Id 26~29 kDa, TIP {3 20~24kDa) iE<IZN> KAERZ N, BHOTF 7RI 2O
FIHZHER L 7- (Fig. 4-3), PIP BTN OsTIP2;2 TIIHEADMIZZBIEDIN R (PIPIE 52
~57 kDa. OsTIP2;2 1L 37 kDa}) RSN, 2B, TNENOT 7 TR A RAGRA
TFRGE (E3ESHE) 2RAVWESML/ 7Oy FHITH. BEOT 7 7R UORHEL
TWAZEEENDT NG,

BONEESZERWT, BORM SOmM 28 U THAM 275 mM OB BEZICBIT LI
FBEEZ My T 0 —ABELEIC K DKEEEEZAE L. Fig 4-4 3T ORBMT
HHELEDOEN Y~ ERT, T7TH) ERERIFTWRWABEES T <D &
HEELEMSRM L DI A L. OsPIP2;3 %I X 7o MIEE 47 TEIEF IR < JCHELER
BiLiz, €TO7 7RI RDNT, B2EIORLAFECLD, BHL L THE
U7 MK BB 2 R/ & Z 5, OsPIP2;1. OsPIP2;2, OsPIP2;3, OsPIP2;4, OsPIP2;5.
OsTIP22 137 7 7R & FBI R/ TWRNHEREMIZENEHWKEREEZRLZOI
# L. OsPIP1;1. OsPIP1;2, OsTIP1;1, osTIPI;z BKFBRBEENENWI EAHSRERDT

(Flg 4-5) °
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FAR EZ

1ROEERZTITHRIY 10 @@*ﬁi@fﬁﬁm TOTR) COBRIL->TREST
Wiz (Fig. 4-5). 7. PIP1 BUIAKEBEEAE<, FHITH L T PIP2 BUILEHE B -
oo ZORRIIT., A20OH25T, PUEODLRY 1 I%, thoOEMIZ BT SR
%’G%é (Chaumont et al. 2000. Fetter et al. 2004. Suga and Maeshima 2004), F 7= TIP2 B D
OsTIP2;2 i WAKZEMEZR L 22 &, FOED2SO TIP2 MY 7 7R U > ZmTIP2;3

(Lopez et al. 2004) L[RBRD#ERTH o7, LinL. TIP1 MO OsTIPL;1 & OsTIPL;2 D&
WEBITENP I &, OB THRESINTWDEEREEIRE->TWS, 01X+
AFDATIPL1 Y 1 O 2 ORSTIPLTL & HICHWAKEBIEY %R L 7z (Maurel et al. 1993,
Suga and Maeshima 2004) . 1 % LMMOEMTEVWVIR SNLZFERE LT, 2D20EENER
55, £T, SEOA FERRTRNEKIZ mye ¥ 7 EDIERMEI NI BELTTY
TRY VERBHEIRZEVWIEBRROBENTH S Myc ¥ I3 TIP 1 RO FHEIZEEL.
FITR)H— MUY HEZSNDED T, myc ¥ 7 ZRWZTIPL MY 7 7R
D> EAWTEREMLETHS. HIVEDOFERELTELZLNSDEX. TIP1 MO
RBEMOTRENE TH . TIP OFEHIT) VEEPHEAD trafficking KX O HHENTVS
ENSBENH D LMD (Maurel et al. 1995, Vera-Estrella et al. 2004, Boursiac et al. 2005) ,
SEAVEBRORERICBNTIE, TH5 OEERERESREL TOETRESE X
5N5, % TIPl HOAKBBERDNEFYSIENON, THED EROXIREHAT, £HR
E, EWABBENEABEINZOMIDONTIR. SBROBHAVBLETH S,

SEIOBBEEREN S, P EH A F0 PIP2 BB TIP22 KB WKBBIEENHS
EMEHENE, ThEOFTZ TR VDV TIE. 1 RN THHELARERERERS
BEEL TWBEEZLNS, PIP1 B & TIPI BIZDWTIR. ABREBENSLITRNOHR,

FNELUOREEEHETIOMN, X SIRFANHETH S, PIP1 B O OsPIP1;1, OsPIP1;2
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. A FOPTHRLEEBOSWT 7 7R) S TH2 (BIEBW), 2hizblbod
KEBEFEEVENC LBEEICMET S, BESRLL. BERIZZVLOTHROKE BN
K—EORBZELTWLZOM,. H50IEIHENERRNTHSNOBEELA T ZZLHE LD
B TNEDHELHIOMEDBEERE UTHEEL TWAO0. SROBTNLETH S,

Suga and Maeshima (2004) (3. %1 O RsPIP1;3 % F 2T PIP1 B D K EIEHEAUE L
e tlrbs: 2DDON=TANU 9T ADIE CRAUO HEIZTFEET S 1 7 I /BHRE (Hle) TR
WEol&zREUED, F120HE, 2TOPIPI HTIDT7 I/ BREN lle THD
DXL, PIP2 B3 Val TH 5. RsPIP1;3 O lle % PIP2 B0 Val IZE#T 5 &, PIP2 &
I EOKBBEEZR Uz, RaHZ, PIP2 B0 RsPIP2;2 (D Val % lle ICEMRT 5 &, K
WIEEPETUZZENS, Val 2VKBREESICEETH D ZEEZHSMNIT L (Suga and
Maeshima 2004). 1 %~ T%®. PIP1 BT lle A3, OsPIP2;8 %< PIP2 BliZ Val AMRFFINT
W ZEMS, HEICERETAZOT7 I /BAKEBEOCEIIREEZ S A TWD NS
ALND,

PIP1 BIDIEMAL A = AL E LT, Fetter 5 (2004) TN Zelazny & (2007) 13IAT124
BABBERERELTWS, 77 7RI VKT 4 BETHIET EEX5NTHWSH
#o5id. hEDISERMREOTO NI ANRREREAWT, FUECSOTOPIPI
EPIP2 BIZIAT O 4 BEZERRTHZEEALSMILZ. 51T, PIPI HOKRE 4 B,
%5013 PIPL HELDOAF O 4 BT, MBEEARELINT ER KERLTLBEDK
#t L. PIP1 BL-PIP2 B OAF O 4 BEIIMMIRICRET 5 2 & W2 U7z (Zelazny et al. 2007),
FT7)AYAHINERWZFKOERRR TS, PIPI B-PIP2 MDA T T 4 AL TH
MEAOBTHAREEN. MROKEBEBEDENT2 I LEREL TS (Fetteretal.
2004), Fetter & (2004), KX Zelazney 5 (2007) ASEEEALZZDH, W bHMHAICT
FT7RY S EBEREIABETHE. TONTO 4 BAEHHIL PP HOBEEE X
% ETIREITRREN, BRI, BYENTT V7RI OATO 4 BEWERINT
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NEHENIZDNTIR, ESIIRATLETH S,

7HTRYSOATO 4 BREBARICHRT 27— WE SN TS, Ohshima
(2001) B, T 7HRY OBRBAREOBEERVESTHEONWI EE2WSM L, MM
Yrip SR L7 TY 2 A% > 7 0y %175 B, SDS-PAGE (2t 3 % BIRHE 41 o) 18
EZPE<T 5 & dimer 2 trimer O/N> BRI/ (Ohshima et al. 2001), E7/-ABFgEIC
BWTH, 727R C2EFTRRRRIBZEEIT dimer DN FHBEINA (Fig
3-6)0 INHDERNS, T TRY CEEFERTOHEFERITEFITHENZEMEISN
5DLtﬁof.777%U>ﬁ%ﬂt%ménéﬁﬁé%it%%‘ﬁﬁmﬁ%tf
mRNA M5 & /S BICHRINZE. BEHIZ 4 BAZER L THER-SERBEAEIZN
2HDETFEEIND., BRERE. B227778R) U4 FHEOBBEIEICHDHEE
L0BH, ALAFHOBRBEMNEIZDOIHELENEEZOSNSDT, KE 4 BREZF
mb¢?m®TMEM#t%XBH%QL@L\%%KFW%Dijﬁ@émmbtﬂ
RURES & PIP2 BIFiF TRIEKES €5 &, T OWMEL PIPL Bilk L RIS L &S
HEHHDIENS (Zelazney et al. 2007). EYMERN TS PIP1 B & PIP2 OMEWREHT S
AHENEIBET 2 LR TERN. EHENTOTRE 4 BEEAT O 4 REOFER, £
=, TOTHRYOEGHBERE. SRORNVLETHS.
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WHEE REAMNLZAIIHTHZA T 7 T7RY L OREGE
%18 S

B3, ABOHERPS, 1RO BEREOTIFRIDDE, WTEIEBRL., Bk
BBTEMERHF DT 7 7R U & LT, OsPIP2;1. OsPIP2;2. OsPIP2;3, OsPIP2;4, OsPIP2.5,
OsTIP2;2 D 6 2 BE U7z & SITIEHIME WA B D% 12 OsPIPL; 1, OsPIP1;2, OsPIPL;3,
OSTIPL;1 @ 4 F&. ERIFT- TWRVAERSE L EE SN, NORHERO NS
V) PIP2 B0 OsPIP2;6 BLTATIP2 B D OsTIP2;1 @ 2 W HFHAL ., INSHKEH 2 EOT
7RI ADNT, FETREAMVALOBEFRIZDOVWTHRIEZEDZ. EFIDNT
HLEEIC, 3. 4EDOERENS, OsPIPL;I, OsPIP1;2, OsPIP2;1, OsPIP2;2, OsPIP2;6,
OsTIP1;1. OsTIP1;2, OsTIP2;2 D 8 fICEHEH L THRFE#ED .

E1ETHRANDN, BEANLATICBY2EPOEET 27 R > OMKRICDN
Tk, FO7R) COBNESNFEREZ288E. 777R) COFEVBERER LS
BOED 75%& FHETIE., TTENEBHCEBL, BEA N AZLDT 2T RY
CREBIEBTANE SR T IO ERET o 2. BRI, EIBLE LS CO,
MBIZER L TEREED . KRIIBEORKREZE T EH# 5 (Kramer and Boyer 1995) A%,
%@%ﬁ:XAKDmeXﬁ%Eﬂtmojmmmo%:Tﬁﬁt;éﬁmﬁwﬁT&
Bo7 7 7HR) CEEBICEOLS REBGMNRO NN E SR EITo 2. 2. B CO,
MBIz DOWTIE. BHIOTWENS. kG COMEL DB CO, /T T, 1 XOREN
R XN, WEISEMTSZ LA SMIETNTVS (Kimball et al. 2002), —4 T, & CO;
T T, KR CO, &BETFIZHARKALBENET TS (Hunsaker et al. 1994, Kimball et al.
1999) DT, #MEBHMET TS (Kimball and 1dso 1983, Hileman etal. 1994}, €T, P

EHOTZ TR CORMEERN, BBEROETICESL T 3UREC DV TR ZTT
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277,

B2HE MBROAGIE

<H WA R &S HiE>

EBAEERAI RIIDNWTIE, SEHELZTEEMA N, E3FL2<FAUREENH
TALRRBIZTKBEZT- /.

CO,MLIBERRIY, 2007 4D 5A2ANG 6 A21 . RKX7TH20E”58A 13 HD?2
AT TITo e 1 XGBESELIEEEZRV. BTOMWE. FHLIIEIEL
BMUAETIT o0&, S00ml QT SAF v hy T (FAAY T, 537, EHE 100 mm
x & 120mm) 3L 1/10000 7T FF by b (ERE 13 mmx B3 140 mm)
IR L = (Fig. 5-1), BE%, Ry FEBETNIETEN, NTANIZEW:, 3. 4
B#ICTIIBEIITL, CO, WAL, CO, BT, HILBME Y —RNIZHD
TGC (temperature gradient chamber, Fig. 5-2) Tffo/z. TGC2 HiZMERL. 1 B, KK
CO, ~RIL CO#E (LT, KR CO,REIRF)., D 1 #ITK& CO,BE +200 ppm (EL
F. B CO,KEMER) IZHEL /2. 28O TGC THFHIIDWT, KR (TGC Dih %
25 m RUPER (F85m ®2AFRICHTIVEBENW:z. 3, 4 BEM SRS ZH
BL, 1 RPEHDNIEAASREZBLTREL .

<{EiE AL B>

BHE 16 ARIKATESRENSBROBL. 4ACOATRREC TRBALEET /. UE
HERETTITL. BEBCMERTEMNCMEZTY, A RITHEARLVAPEEA N A
A CZNES I UTERRLE 21T o/, LEE 3 B30 4 BRfTL, LEHEE 25CH

W (FEXHREE 75%. YR 400 pmols ' m?) DATLRRBICREL X,
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U B OB E >

T FOEBOERBEDNS 3~4ecm OBFENGFITAY FLEEBIZST T4 AEEN
JeREDSE TR D/, BBROEINY 25CHEH T TITWL. 12 BR%ICKOE
B ZRIE L THEWEER (ngstem 12hr") & L7z,

<EEROHE>

EE, BEORKIIENEZE | BEUTUBREA L. EFNRBRTIH2EE. B
REPOESY 1 RAORGROMEAETTERAL THEMEFHBL TRDZ. HAE £S5
EOESGVEARODEGROSHBEETREL TWHE, HlI48¥E L L,

<HHBOWE >
AHE (T) BUTOFERLDRDZ,
T, =(Wo- Wy - Wg) /LA
Wo: KBMEROR Y FER
W BHEAKBREZRTOIEAMON Y FER
W fBEOT Wy FOEREL CRKEHRORRER)
LA: ¥EHEH

<ERMONE>

BEOAREY T /L, EFEMET (Automatic area meter AAM-9, HET) ZHWT

el /.
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<LEMEOWE>

B, EW. BT/ %, 0C T2 AMB A e, SREfiE L,

< RNA it 7 iE>
FEIREMUFETITo . i O#d T, RNase-Free DNase Set (F74°2) 2HWT

Y 7N ODNA ZBELRE. BIEZA—T—OHR 7O ha—ILIZHEWT 7=,

<cDNA DAR>

RS > T AT DWTRBE I HEFMUFETITo /2. CO EH > T DT
High-Capacity DNA Reverse Transcription Kits (AB1) } {F Random primers (ABI) % AW THT
o7z WEREREE. 25T - 1053, 37C - 2 BT, TOH, 85C TS HREEL T cDNA

ks L7z,

<7 7 7R S REBOHBFT>

ERAEY > 7D TIREIBELFAU L, FERMN RI-PCRIETITo /2. CO MY
> TIATDNTHE, StepOne A5 2+ (ABl) & Power SYBR Green PCR Master Mix (ABI)
ERHWEUTIS AL PCR RIZTHENAET /. &7 VT HRY DT F 17— primer3
Y7 k7 (http//frodo.wimitedw) %MNWTEREL7 (Table5-1). KIERHIZ 95T - 15
B (B, 60C - 12 (Fo—0 T &R TA40 51 74TV, RIS T &I RAR R
S ETO., BEENOREZET o/, RTEEELTT I FURRTERAN, 77T7H
JUREHBEMELR, 28, DNADIFIFx—3 ‘/73‘72113:&’&.6%%’5‘%7:&’)\ L
EERSETINORNAY > T DOWT, &7 277 R D7 FAX—2RAWTU TV

& A Iy PCR 1T\, HEEYMOFELEND,
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WIH MR

A RERAE 2T S &, BWBEAME T L/ (Fig 5-2A4). A0FRBIGA | B #0308 i
D BS%RBEETET L. TO%4 HMONEORM, FOMIIHM LT, LhL, 25C
ARG TR T LA EFABEETEE L. BEAEOTZ77RY XI2o0T. &l
MEPIZHEBRBOETVRD SN/ (Fig 5-2B, O, 77 7RY COBEICEL > TREE
TOEEWARIZ>TW e, OsPIPI;2. OsPIP2;4, OsPIP2;5 %X, WA 1 AETHRS® 1
WHRERMMETLZ0OIIH L., OsPIP2:3. OsTIP2;2 %13 3 A OERBILE TESMTRE
BVME T L. —7, OsPIPL;3 i3, ERAEGICREEOEMAED s/, BRLHE,
25C. HEHTICRLEES. 2 TO7 2 7R X TREROBEMAR SN, 3~9 B%}Féii%
5 REROEBHE SNz,

CO, DAULBZHFEDOERIL, 2007 F£D 5~6 AR 7~8 AD 2EMIc I TiTo . KK
COREBCO XD 2BDTGCNTAND COMER L EEF MM A TR LLE ZA,
L THI 200 ppm OBEETHBE TE T (Fig. 5-54). /. [BETKBHEDRE
FLIZDWTIE. 2B TIEE A EENEN 572 (Fig 5-5B. C). £FMMPIZEBROEL
BEELIZEIA, B CO,KTKREA CO,RLDEFEBIEATNIMNHH LM, 13T
RUEERLE (Fig 5-6), — 4. EHEIIDWTIE, ESFEHEIIRSE CO: &£@ CO,
K TIE & AEED o 728 Bl - ROEMEILE CO, KAV KA CO, &N 4~13%MH < .
ERX TEMRKER -2 (Fig 5-71A). EAEEEIZDOWTIE, KR CO, & CO; ETHE
ETHoMk (Fig 5-7B), HHBIZ2LTHE, R - PRROWTHIZDNT S, 224
HOLOREESTH, & CO,KTKRE CO: KL D# 5~23%KHMBMNRD L TWE (Fig
5-83, |
KIZKRE CO, &8 CO,RTOT 7R VBETREROERICOWT, HERHTH

BETo/. ETHICOVTIE. ERLEOBASMAKRICE IHCRLE 2ZAROT 77

~
lain]



RU T —=7y bERD. BETRRROBFZT o7 VERBICODLTI. & - g
KO®BAE TR LARRBOEHZRTTY 2 7R EESNEN-7 (Fig 59A). 2
WH OIRREIZ DWTIL. OsPIPI; 1, OsPIP1;2, OsPIP1;3. OsPIP2:1. OsPIP2;2, OsPIP2:6.
OsTIPI;1. OsTIP2;1. OsTIP2;2 DFEHBASE CO, KT 16~40%E T L. OsPIP2:5 OB
3 CO. X T 21%EmL Tz (Fig. 5-9B). LML, 2EIBOHBR TR ERT ¥ 7
UIZDOWTHERROZEIIR SNz o /- (Fig 5-9B).

BEIIDOWTIE. B1EICELE 8 BEO7 7 7R VEDWTRETERBROMRINE
Tof. &« PRK@W AT, OsPIPI:]. OsPIP2;2 75 COMLEBIZ LD 11~35%ETFL T
7= (Fig. 5-10). OsPIPI;2, OsPIP2;1. OsPIP2;6, OsTIP2;2 22\ T3, {KBX TIiI& CO,

PBIZED 11~37%ET LTV, PEXTIHERRIZEEERENR SNt T-,
EAm EBE

ERLBIIARORCT 7 7R CBRETREBREZE T B/ (Fig. 5-4B, O). KRL
BIizL 577 7R mRNA BOE T, b7ED3 (Aroca et al. 2005) . RIzBIE
BB ETT o /- % (Lietal. 2000, Yu et al. 2006) THEEINTND, TITHRIYD
mRNA ¥ — 2 F—N— (HFRIZERINTHMINDZET) HEDKSVWOHIFTH S
DMTDONTREFESHIZEINTWARWLY, BRICXOFRIZERENDITITRI >
mRNA BPMET T % & & HIZ mRNA O RVMEE S Nz /cd, 240 mRNA B2ME T LA
EEZLND, £, REBOBETOESRT /7R OBk TERD, AAKE
mmmg.wméx%@ﬁﬁﬂﬁﬁ%iE%TmmAEﬁﬁﬁbtmtﬁb‘wmmm
OsPIP2;2 %3 3 HEOAEPITERDMICHP L (Fig. 5-4B). 727 7R > OFMSHR
PEED mRNA BIZAE S FELTWBERET S &, ETNENOT I TR Y ZAHERIC

HLTIEMORES TOE—F 2HE-TNEEEZ SNS, HIZ OsPIP13 LR MLA
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CHE-RERBAMIMT 57 7 7R L TH O, KRESETOE— ¥ ) LRICHEET 5
EMNS S, S TOE—SPRETOY— A —N—2#BURT T2 21250,
IS OERIEEEOELAHENMIEBEELONS.

ERABIILOE<OT 2 T7HRY D ORETRERMETL, 2ok, ¥RKETLE
HI 5N —> (Fig 5-4B. C) 3. MOBKE ORERER) OFE/NY— > (Fig 5-4A)
E—BL T Yo 5 (2006) &, 7COEBLMIZLD. 150 PIP BIETFRRENE
TL. Z0#%, HRIIRTLEETEINY—EHEL TS, ZOEBNY— 3RO
BRIAVTTY P AOEEL—H L. THEORENS, 72 7R 2 ORMEE,
BAROETIBIGL TR B IEEAEASNS. Lol Murai 5 (BH) & 120
Hoss VCOMRICE S LAES, HOBKIZY I8 P ABRLITETL, 2 BET
10301 BEFTRELT D, ZORMOTIT7RI O RN TORBERITIZE
WEBBHLIRWI EERBESMZ L, LEdoT, BB ABOBKILTIH A0
BT, 77 7R > OBNBESNSWIHAT 2 EMTEY, 7 TRY > OFEHE (7
R ORE) AERTHSAOREEZIOTERNAEERL TS (Murai e al
submitted) . ABFZLTHWEEMELE EMELEEAH, LEBEEBEN) EHFS
DT> HIRRAE S BOAZHAT 5, ABEBMAEN) IFENRZ 0 I
THZEETERWY, EHFEERCELRRTY ORI LRINTOT 7 7R CREEL
EEHTAREN DD, T, BEOT I TR OBEER X EAWTEKIS Y Y
9>xmﬁgm%ﬁ&mm¢5:amxn.7&%*u>m§ﬂ§ﬁaﬁﬁa@@%&w
EMCTBIENTESLEEAONS, KRAT I TR VEE (F—ORB) KEE
E5ABTHERIZDOVWTIE. 727 7EY 200 VEBELANVOEL. $2 W ITHMREOR
PefL, EMEEE. BOKTESOBLEN L HBELRE, el SRHEEDD
PENH D,

+200 ppm DF CO, K TA 3 E24EF I /ABE. BRATH 23% bORHBETIED SN
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7z (Fig. 5-8) T&M6, 1 DORHMELT. & cole'Gﬁiﬂbi’s‘é%@?b?rﬁlJl‘/ﬁ}fﬁif&'J)
U RAKBVPEABRVETLTWSOTRAVWAEEZ SN, LML, BOT2 71
CHETRBEEITS CO K E KR CO, K THMAEER NN/ (Fig 5-9), X517,
= CO, K THOEZMENH 10%WIL T (Fig 5-7) TE2ZETEE, HEkoT Y
TR CRIEE CO, RDOABETENETFRENLZENS, AHROETLROT 2T
A CRERITITEEN 2 <, BYORFIIROILANEEZL SN, 5T k& CO,
R&E CO, RTHINRRDH D VWITROWAKI LTy 7 ARG TELEEBIL, ¥
LAJVTDOT TR CEBRBOLRAL ., HRERETI2LENHS. £z, 777 R
S0 RIS, HHEL L TR DT SIRITT D BTN S 5,
EOYIYRI PEBEEIZDVWTIE, & CO,KDOER - HiRMS ORER T OsPIPI, .
OsPIP2;2 RIBEM 11~35%ET L T\ (Fig. 5-10). BHEEWEIIKR CO, K & & CO, X
TELSRMho7 (Fig. 5-7) Z&MS, EGL2EE L TO OsPIPL; 1, OsPIP2;2 BinF5HR
BHE COETEFLEEEZALNS, LMo T. INSTI 7RI CORFEBOET
MEOKRTF T IIMETENL T RBBOETICHS L TS AIREMNA S 5. 0sPIP2;2
3. AKBREENE B4ESH) M5, TOANZZALICEEL THS RN
B, OPIPL] IUKEBIEEAUE (B4 EBH) 0T, BREEOBKICD LTI
HRHBETHS, b, EHOBCTRRAENI | FHOLOBRT - THD, S5
EHZ@0RELTEREZTY., BEERIATIHEND S, £, SHOERRTE. £
FHEMN ST o & CO B ZETTH> TWAHRYD., 1 FHMREICEIG LT, KK CO, R EH CO,
RCENRHIIS Do/ EDBEALND. ﬁ%bil‘é#%kfac‘:ﬁmﬂ'cmér‘:&x K& CO, X
| TRELEA3%E CO, KI8T, HEWETOHONRETBEOT I TR R
HOBEBRD ZEITID. CORTHT 7RI > OREE S SICHEIZT S Z LN

TEBHHLDEEXLND,

43



3

BOE HMEEH

&

WLE AFRT7UTHR) CORR - B - KBBRECETETOT7 7102y

TOTRY OFERICEO, MK EB BT S0 T EWEHRMED S OBIE SR
LODHd, BIEOFEIMTHFLLERL LD, YO0 XFXFPIIERDDLSE
DBETT—FR—ANHKELEMEDLE L THENED ST, fAL407 27 7RY >
WY OKGER, £, BREA ML ARBEHICRCTREVAS LT OHOMNIRTE
7z (Hachez et al. 2006b. Maurel 2007), F7z. 77 74U > OEHEHIE A B = L LS KES
DMEEFEEBRT SATHEEFICOVTHPENED 51 TS (Hachez et al. 2006b,
Maurel 2007), UL, ABFEEBBLEMATHE, HERTROEDALNERETHE
EEYAFIIDONT, EQLDIRTITRY CBIETFHEFEET D500, E£/-FOBEICD
WTHIENRDR, SBOA XTI 7RI VBETFHARESNTOLLITEBE Mol —
BT, 204 XFXFL hTEDOD S EMHNWHIFE R (Chaumont et al. 2001, Johanson et al.
2001) 25, EWIE0EU LOT 7R CONEFEET S ERTREATW . 12T
7R HEHEATEDL D BBEERZTON, FRBEA ML AZHTIRIGIC
FIFRYHEDLSITHED TWEOh, TOEFBERETH/DITE. 1 20HF
DT TR VELSBEICBLWTHEZEDRTNEAS NI LIFHARTH -7 £k,
A FREAKSGTETT 220, CAETHRESN TWARMERERRAS T TR >~
ORECREHNA S MDA bH oz, TITEARRTR, T ROET S
7HEY DREFERET S ENSHELRBERL E28E). chs07 7R VRIET
OA FMENTORBEHERICDONT, BEFRUEY N7 LAUMSEMICETETO L
biz (EB3E), BRREHBOZ\WT 7 7RI L2D2WTI. TOKEREEZEHIT3HME
L (B48), TNSOBENS. (X727 7R > ORE - BE - KEBEKHT ST
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D77%»%#&?%:&%%~@B%&bfﬂﬁéﬁoto

TTHL2EIEBLT, REHSMISNTOAEN LA FOLT 7D L #ET &R
ELl. BADOIOAXFZXFRbTE0a207 0 7R DEBHETICLT. 134/
LAF=HR=Z L0 BEBOT I 7HY VREFERELEZ. O, 201 XFXF0
35 ff (Johansonetal. 2001) > b EO LM 33 (Chaumont et al. 2001) &IEWVWI &EAth
molt. LInL., TORIMRZERS L, o EDBEND RSN, MOEPII LW
BRI ERFDT 7 7R ) > OsPIP2;7. OsPIP2;8 MEFET 2 Z L, NIP OFENE X
ERRASHERB STz ARBEOT I TR AN DNTIE, GEREORENE
DEBERITO A FIZIRBEEZA N5,

BIETR, F2ETALLAEBEOART S TR VRETH. (20L0REOE
DHBTHRIETLSONEASHIIT S, BERFERUVY NI LAV TORRARVBIE
W27/, £7. REPCREFEIZ LD, BEOLT 7 7R U RIETFORHEEES LR
THEL, 777R) OBBICE>TRASBEREHEZF O EZHSMILE. ¥
BERTIE, ThFN B EXI6HOT 7 7RI JBRETVRESREAL T,

¥ IR THIOERTREROE ) 9 (0OsPIP1;1. OsPIP1;2, OsPIP1;3, OsPiP2;1, OsPIP2;3.
OsPIP2;S. OsTIPL1. OsTIP2;1. OsTIP22) DT & 7ARU CHBEL, IS ZERHITRH
TEHIEMTELIRTF RPEZERL, 77 7R 3RS OBERENE <,
PIP] BIZ DWW TIIMEMNICEZ T EBHBIMERTET, 3 D0 PIP1 HLTZ2BRT 2764
Rz, PIP2 B DWTH, OsPIP2:4 & OsPIP2;S DL 512 91% b OREFHERESR SN
Lb0bH Y, LEN, BFIOLREICED N Af{iH 20 C RIFMOEFIZTT
ﬁﬁthf.EW@?&Y%Uy@é%%iﬂt%ﬁ?%ﬁﬁ@%ﬁﬁﬁ%btonmr:
WThH, BAIOBEHSESNS C KD SRTF REFIZREL. HROHGZERL
o ZTHEEEL OBREORENFIFEZRAVWTT 7 7R CREEZBITLMRR, 4

FTIRERT . ZOBRMFGEZRAVT., TRTFNOT7 7 7R HRPEFOED
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% - MIIZRET 2042 SRR AEICTHS DT Lz, TOE. BT, 108
S ZHL WERL R S 4 mm OFGD) T, 77 7HRY ORI L0 R8I R
LTSI EEWSMIU. BlAE. OsPIP1 B, OsTIP2;1 HHNEHRMIZREL TV
DIZH L. OsTIPL] I35 LREBHSHFRNIZBEL T, Lizdto T, 1 Ridfic 0
TOTHRYAN—EEHERCEBL. HHBNZKBEETOTVWBEEEISNS,

ROBEMECRBIRZRW T 7 7R > REEMITOERMAS, A RTIT7RY
FECHRENS 1.5~4 mm OBURZE</EL. TNIOEBATRSZTORBL TR
WZEHMSMERD . —H, FTEOILTHE, BHEPSK mm OB TIET 7 74
U BEFRERMES., EFBICMNDICONTRERMEMT2 I &MBEsMIaNT
L35 (Hachez et al. 2006a), ZO7 7 7R YHEHOEWE, 1 R&EbTEQITOHED
BEOBEWICERT 2N MNH 5. 1 312, B, AR TEFT 720, KEED
R SN S MAEBTHBTEL TS, BEBRSHARICIIZENEET 2720,
TNWABBORESLZDD S, LT, BEAKHESOREL TWRWLWREAIIZT
7R BESBEL. ZOFMTEREKRIMTON TS BEENDH B,

¥HTIZ 200 PIPHAZAVWTREZREANLEIA, ERARFROLZBENRLN
Fro S OAXFAFRINITHERMBICT 7 7R OHRBET S ZEBHSITTH
T\y% (Robinson et al. 1996, Otto and Kaldenhoff 2000) 7%, AHBFFE TIIIEH I FE AR
ADRENBRINA, NS OERMBERNLRT 2 7R L OBEEL T, Rz
FO/DIBEE TNSERFROKRT v VERBTIREVNELSND, Tk,
HOREY O PIP OB IV CO, BIERENTER TN TS I & (Uehlin et al. 2003. Hanba et al.
2004. Flexas et al. 2006) 5, HSMEBAIITIOEAFRICBNT, COBEHAEE L TH
BLTWATHEREEZISNS, 130 PIP @ CO, BREMEIIDNTIR. 4%, RAVLE
TH 5.

EAETE, SEOHMETHRE LS RT I TR CHERIZ TKFv ‘/*)I{J LT
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BHELTWARONEIDEWSMICILE, B FENTERROZ VL 0EOT 7 7E Y
> (OsPIP1;1. OsPIP1;2, OsPIP2;1. OsPIP2;2. OsPIP2;3. OsPIP2;4, OsPIP2:5. OsTIPI:l.
OsTIPL;2. OsTIP2;2) WZHHBL TINS OKEBEEZBEHNITHML Iz, TOHR, PIP2
MY 7R 05 i, RO OsTIP22 WHM A KERIEEEH DO & 2B o hiz Lk,
“ﬁ\HH&MﬂW]@@KE@ﬁﬁ@ﬁmjtamn@@ﬁﬁﬂﬁ<\m&@&@ﬂm
BARWEW D ERIIMOMEY THE SN TSR (Chaumont et al. 2000, Fetter et al. 2004,
Lopez et al. 2004, Suga and Maeshima 2004) & —# L7z, LU, TIP1 BIZDWTIIMOHH
Y TEVIKEBIEEDRE 4TS (Maurel et al. 1993, Suga and Maeshima 2004) DI %
L. A & THERN >z, TIPl BOBEOWEBREFEEIIA XOATRONDHKZOND., THE
BRI NOFEEHEA N T LRH 20N, SEROBEFNPLETH D,
DLEORRERTEL., A XTI 7R CORE - BIE - KBEAEICETST077 1)
% Fig 6-1 ICE L0 7= T, 72 < & B OsPIP2;1. OsPIP2;2, OsPIP2;3, OsPIP2;4, OsPIP2;5,
OsTIP22 @ 6 BEMNESHROT 7 7R ELTHIELTWSEEZIHNS. & 5IHME
B OERERNOEET DL, OsPIP2;1, OsPIP2;3, OsPIPZS DWW T, WK 25D
ELTHOE L DEIZREL TWA DT, transcellular pathway 1L REEZ R T &
EZZo5N5, —H. OsTIP22 EHORICRETSOT, POETORKERZEEL TND
LEZ LD, EHTIZ. OsPIP21. OsPIP2;2. OsTIP22 O 3 BEAMEHROT 7 7R
CELTHEELTWSEEZSN, Z0DL, 0sPIP21 iZDWTIHE. ERABICKHELTW
BIENS, ERMBOKRT v )VORFICERL TOR2ARENEASNZ, AT
i3. OsPIP2;1. OsPIP2;2, OsPIP2;4, OsTIP2;2 WEHROT I/ 7R Y L THIELTWDS
EEZSNS, 128, OsPIPL;l, OsPIP1;2, OsTIPL;1 IZ DWW T, 4 EOKEBIEERIE
EETIIAEBIEMNAIMEDN - 7248, 8 3 BOD RI-PCR DR RED 5131 FMENTORRENR
HEWNT &, £/ TIL transcellular pathway DO F &2 5 REPAE TORENBREIN

=T k. X517 0PIPl DA N—RERMBRICESBEL TWEZI &SNS, Iho0H
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MTOABBEIZMSNOEML THAHAENSH2DDEEXI NS, 4%IT. ho

DT 7 TR > OEERE AN =X AEDWTRITE D 308 S5,
B2 ART TR DHBMEA N LRSI R T

E2~4EDOEREMS, 4%@33@&@757%0 vDDB, ﬁﬂbﬁéﬁ’f‘%h%‘hé‘ﬁ
RBEL. KEBFHEOBWT 7 7RI BRHESNLDT,. BE5ETIH. 2hs07s7
R 2ERF-Ty bELT. REA hVZ&G)BﬁﬁL:?bﬁilﬁ%ﬂéiﬁ&bto BLED
EIHITHLLBRLZLIIZT, BEA M ATCBI2ENONEELT 7 7R > DM
FRIZDOVTIR, 727K COBRMEHIFEREL2BEE. T2 7R OFEENFEE
LBBED 2 BOHHIEN. MOMEMERVERPSHASMIRDDDH D, &
£TIE, FTRNLHCEEL. BEA R ALY, EROS—F v NERDZIFT Y
7R OBIETFREBRNEETOINE D MHEATI/DICERZIT O,

EHETIE. BRBAEEE CO, LEIZERA L TERLEDE, 7. KRBICIDRKE
DEFEROTZ 7R VEETFREBICEOI D LAGARONLINE S PRI ET -
7z. ACOKIRNEE 1~3 HETD &\V§z< DT TR ABIATFRRBIET L. 20
#, HBRICETERBE LR, 208 —13. BOBKE GBHER) OXEHNF—L
—HLAEZENS, THTRY VRETORNMEHH, BAKRBOETICHEL THWSHARE
HACRENE, LA L, Murai 5 &FHH) i3, A X OBDOAZE 10COERICE 5 LES,
BOEKIALY 7Y D ABRLIETL, 2BRTI0 50 1 BEETHRDTIH,. ZOMH
DT HTRYZOF IR LANTORBRIIEEALEHLIRNT EERSHI L,
L7=2tsT. BiRICEABOBKRIALFIZ L AOETR. 7277H) > OBNEH NS
HEBAT2 2 ENTET, 777RY OEE (U— NOBR) BERTASHOEEE

ﬁ”t@fﬁtm#t%ﬁbfu%(Mmhmmwmm®°$ﬁﬁfﬁ,797ﬁ0>ﬁ
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RFRRECBOBKEOEHTHEBRONA, ZOBRERMNT LoMMIzT X4
WRREEAIH B DT, SHRITEEL XL TOMGRED O TR E D 5 685 5,
LARTORRFEN G, KK CO, BEL D E CO, £ F T, 1 ROMEMAEE N, i

AURMNT S 2 EARASMIENTNS (Kimball et al. 2002). —5 T, # CO, %8 F Tl
K& CO, RBETITIARTILBEIME FT S (Hunsaker et al. 1994, Kimball et al. 1999) T,
AWEIME TS (Kimball and Idso, 1983, Hilemanetal. 1994), 7 Z T, BOEZOT 77
A OBMEEMN, B CO, £H T TORMBOETIZESL TWBEHEEIID VTR
Zf7 D72, +200 ppm O CO R TA #ZEHF SR HE. BATH 23% b OERHRIE T
DL, —H. WOY 7R VREFRERIZESE CO, K & KR CO, X THMLE
HAESNAho722 8 s, ZBBEOETEROT 2 7R V#ETRERICITEEN 2
WEEZS5ND. FHOT TR ZDWTIE, OsPIPI 1. OsPIP2:2 RREEMNE CO X
T U~3S%ET L. INST777R) CRIEFRABRDE T, BHEOKRT vl
ETFENMLTCEARBROBETICFEL TWAWRESENSH S, §&IL. BETOHRSTY >
RO LAV TOEBSIEL. 75 7R > ORNEHIARERIL FIaSs LT 500
E3h. BENITLHEND S,

PLEDENS, HIEBAEIIDOWTIE, 77 7H) CORNEFNSIEA ML ARE
MEHHTELRWIARRENREINE, 5% VCEBEELNVOER. $20WITHMRE
Esthib, EMEEE BoRBEoL ez Lat@heE, 7o 7RI OEEL NI
TOREEBICONT, RADBAENSBHNEZEDLILENDH D,

¥, AT T7ERY COBNEEERER ML AGEHICHBENH S & D AT
SNTIE, &< BETH Z &3 TERN BE KEBEENE < RREDE L OsPIPL],
OsPIP2;4 DEREFREREBLIURBROH I XEERL TS0, ChS5ERNWT, #K3
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Summary

Aquaporins are membrane-bound channel proteins and transport water molecules efficiently in
a wide variety of organisms. Recent studies on plant aquaporins have revealed that they play an
important function in water transport in cells, tissues and whole plants. In 4rabidopsis and maize,
more than 30 members of aquaporin genes have been identified. Many studies are in progress to
clarify their expression patterns and function in vive. On the other hand, little is known about what
members of aquaporins exist and what their function are in rice, one of the most important staple
food on which the most of the world’s population relies as a main cereal. I set two important objects
of this study using rice plants: to identify whole aquaporin members and to determine a total profile
of their expression, localization and water transport activities. Furthermore, after I selected several
aquaporins that are likely major molecules functioning in each organ and tissue, the relationship
between mRNA amounts of these important aquaporins and response to environmental effects on
rice plants was analyzed.

Rice aquaporin genes were identified by homology search with those of Arabidopsis and maize.
Rice had 33 aquaporins, which is almost the same number as Arabidopsis (35) and maize (33). Some
rice aquaporins have unique sequences compared to other plants, such as OsPIP2;7 and OsPIP2;8. In
addition, the number of NIPs was greater in rice than in other plants.

RT—PCR analysis revealed that 33 rice aquaporins had different organ specific expression
patterns. In leaf blades and roots, 13 and 16 aquaporin genes were expressed well, respectively.
Among them, 1 focused on nine aquaporins which were expressed really well in these organs. After
isoform-specific antibodies of these aquaporins were raiséd, localization in sections of roots and leaf
blades was analyzed by immunocytochemistry. Using samples prepared from root at around 4 mm

from root tip, tissue-specific localization was observed with various aquaporins. OsPIPI members
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and OsTIP2;1 accumulated predominantly in endodermis. On the other hand, OsTIP1;1 showed
specific localization in rhizodermis and exodermis. Analyses using longitudinal sections of the root
revealed that aquaporins accumulated highly in the region adjacent to the root tip (around 1.5 to 4
mm from the root tip) and not so much in the region at around 30 to 40 mm. These results suggest
that rice aquaporins may play distinct roles in different tissues and cells, especially in regions just
above the root tip, tol facilitate radial water movement from root surface to the central cylinder. In
leaf blades, OsPIPl members and OsPIP2;1 were localized mainly in mesophyll cells. These
aquaporins may play crucial roles in the maintenance of water potential in mesophyll cells.
Otherwise, they may be related to CO; uptake since some plant aquaporins have been proved to
transport CO,.

"Water transport activity of each aquaporin member was analyzed using a yeast heterologous
expression system in combination with a stopped-flow spectrophotometry. In this analysis, ten
aquaporins which were expressed well in rice plants were selected. Five OsPIP2 members and
OsTIP2;2 showed high water transport activities, while two OsPIP1 and two OsTIP1 members had
low activities. From these results, at least 6 aquaporins, OsPIP2;1, OsPIP2;2, OsP1P2;3, OsP1P2;4,
OsPIP2;5 and OsTIP2;2, were considered to function as active water channels in roots. In leaf blades,
OsPIP2;1, OsPIP2;3 and OsTIP2;2 may play as functional water channels.

Next, the relationship between mRNA amounts of these aquaporins and environmental stresses
were analyzed. At first, the effect of low temperature on aquaporin gene expression in roots was
analyzed, since low temperature reduces considerably root water uptake. Low temperature treatment
at 4°C for 1 to 3 days decreased aquaporin gene expression. After moving the plants back to the
room temperature, the gene expression recovered. These expression patterns were similar to the
patterns in bleeding sap volume, which is closely related to an ability of water uptake from roots.

Secondly, an effect of elevated CO; treatment (+ 200 ppm compared to the normal atmosphere) on
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aquaporin gene expression was analyzed in leaf blades and roots. Elevated CO, treatment decreased
the transpiration by 23%. On the other hand, no significant changes in aquaporin gene expression in
roots were detected when exposed to elevated CO, atmosphere. Therefore, there may be no apparent
relationship between aquaporin gene expression in roots and the decrease in transpiration under
elevated CO; conditions. On the other hand, the elevated CO, treatment decreased OsPIPI: ] and
OsPIP2;2 in leaf blades by 11 to 35%. Decrease in OsPIPI;] and OsPIP2;2 may lower the water
potential in leaf blades and, as a result, transpiration may decrease in the elevated CO, treatment.
From the results in the present study, I found that rice aquaporins had various water transport
activities and showed organ- and tissue-specific accurnulation, suggesting that they may play distinct
roles in facilitating water movement in different tissues and cells. Furthermore, 1 demonstrated that
aquaporin mRNA amounts were not necessarily correlated with plant responses to under
environmental stresses. Future analysis is ciearly needed to determine aquaporin amounts at protein
level under stress conditions. Furthermore, the effects of the environmental stresses on aquaporin
activities (i.e., gating of aquaporins) should be investigated. Both analyses on aquaporin amounts
and activities will uncover comprehensive functional profiles of ac;uapoﬁns on the stress responses

of rice plants.
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Fig. 1-1 Pathways for the movement of water in roots. Steudle (2000) has established a composite
transport model that explains the water movement through non-vascular tissues in roots. In his model,
three parallel pathways are considered. The first is an apoplastic pathway, which means a flow through
cell walls. The second is a symplastic pathway from cell to cell through plasmodesmata. The third is
called a transcellular pathway, where water and solutes have to cross cell membranes, including plasma
membrane and tonoplast. The second and the third pathways cannot be usually distinguished and called as
a cell-to-cell pathway. Casparian strips and suberin lamellae in the exo- and endodermis interrupt the
apoplastic water transport. As a result, water must flow in the cell-to-cell pathway in these cells.
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Fig. 1-2 Aquaporin structures. (A) An aquaporin tetramer in a membrane. Water molecules
pass a narrow pore in each aquaporin monomer. (B) Structure of aquaporin monomer.
Aquaporins have six transmemerane domains (1 to 6) and two half helixes (HB and HE). A
N- and C-terminal ends face to cytoplasm. The two half helixes.a contain NPA motif which
plays key roles for water transport.
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Table 2-1 List of rice aquaporin genes

Genome sequence accession No. cDNA clone
Gene Protein * accession no.

OsFiPl;! APOOSI08 BAD23398 AK061769 identical to OsPIPla (AJ224327), similar to RWC I (AB9665)

OsPIP1:2 (AL60668T) * AK098849

OsPIP!.:3 AP004026 BAD22920 AK102174 similar to RIWC3 (AB029325)

OsPIP2;} APD0O3802 BACI5868 AK072519 similar 10 OsPIP2a (AF062393)
OsFIP2;2 APO06168 BAD?23735 AKO061782

OsPIP2:3 AL662958 CAD41442

OsPIP2:4 AP0O04668 BAC16113 AK072632

OsPIP2: 5 APOD4668 BAC16116 (AK107700) ©

OsPIP2;6 AL731636 CAEQ5002 AKO61312

OsPIP2;7 APD0G149 BAD46581 AK.109439

OsPIP2;8 AC092263 AAP4474]1 AK109024

OsTiPI:] AC090485 AAK98737 AK058322 identical 10 OsyTIP} (D22534)

OsTIPI1:2 APO03627 BAB63833 AK111747 identical to OsTIPI (AB114829)

OsTIF2:! AP005289 BAD25765 (AK064728) identical to Os77P2 (AB114830)

OsTIPZ2;2 AP004784 BAD61899 AK099141

OsTIP3:1 AC023240 AAGI13544 AK111931 identical to OsTIP3 (AB114828)

OsTIP3;:2 AL663019 CAEQ5657 AK108116

OsTIP4:1 AC145396 AAS9IBAZR AK060193

OsTIP4:2 AP0D1550 BAA92993 AKO0991%0

OsTIP4:3 APOD1550 BAA9299] (AK069192) ©

OsTIPS:] AL663000 AKO070602

OsNIP1:1 AP004070 BAD27715 AKO068806 identical to yMIP1(D17443)

OsNIP1;2 AP003105 BAD73177

OsNIPI;3 AC135918 AAV44140 (AK062320) "

OsNIPI:4 AP003682 BAD53665

OsNIP2; 1 AP00S297 BAD16128 AK069842

OsNIP2,2 AP003569 BAD3747] AK112022

OsNIP3; 1 AC068924 AAG13499

OsNIP3;2 AP005467 BAC99758

OsNIP3:3 AP005467 BAC65382

OsNIP4;1 APG03219 BAB61180 AK106825

OsSIPI: 1 AP03047 BAB32914 AK109424

OsSIP2:1 AC119748 (AKO71190) ¢

@ Protein accession numbers were obtained from the result of annotation analysis in the rice genome database.

b AL606687 encoded a gene which had a high homology to OsPIP!;2 (see Results).
¢ cDNA clones in parentheses did not contain full-length sequences.
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Fig. 2-1 Phylogenetic analysis of the deduced amino acid sequences of rice aquaporins with those of
maize aquaporins. The scale bar of 0.1 is equal to 10% sequence divergence.
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Fig. 2-2 Phylogenetic analysis of the deduced amino acid sequences of rice aquaporins. The scale bar of
0.1 is equal to 10% sequence divergence.
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Fig. 3-1 Hydroponic culture of rice plants. Rice seeds were grown in Wagner pot
(1/5000 a) with hydroponic solution (A). Seeds were sown in vermiculite at 1 cm depth
from the surface (B). Whole plants and vermiculite were hold by plastic colander (C).
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Fig. 3-2 Sampling of anthers. A. Schematic view of the rice panicles. Spikelets were taken from the
specific locations on the panicle: the third to fifth spikelets from the top of the three upper primary
branches (stars). B. Relationship between spikelet length and pollen developmental stage. Anthers
which contain pollens at objective developmental stage were selected based on this relationship
between spikelet length and pollen developmental stages. After removing palea and lemma, anthers
were picked up by a tweezer and then immediately frozen in liquid nitrogen.




Table 3-1

Primers used for semi-quantitative RT-PCR of rice aquaporin genes.

Name Primer Sequence Name Primer Sequence

PIP1;1-5' tgcgcagoogacgacatyg TIP4;1-5° ggtcaagaggacccatgag
PIP1;1-3! catacagtgactgagtactggattac TIP4;1-3" cagcccttacaggectac
PIP1;2-5' ctgtcaagatgccaateccagag TIP4;2-5"' tgaggtccacgtggcttc
PIP1;2-3" gaaccgaactccaataggagga TIP4;2-3" ctcacttgtaccggcacataé
PIPL1;3-5' ccgtctggtgategatgaage TIP4;3-5"' cctaggaatgacggcgackt
PIP1;3-3! cataagaggggatgagaggaggta TIP4;3-3" cattcttagcccaaccaatggaag
PIP2;1-5" tggctggaaggcgttgatgaag TIPS;1-5°¢ caaacggtggtegtgtgatg
PIP2;1-3° ccatataggagaggegggea TIP5;1-3° gtactacccaaaccatecattagte
PIP2;2-5!' gcgaggtggecgetgaay NIP1l;1-5' gagcatgaaccggatgaactc
PIP2;2-3! cttggaagcaccagcggy NiPl;:-3' gaggcagagaagttcecacac
PIP2;3-5" cgctggatgcatgacegg NIPi;Z2-5' gctecgegtaggagttagtg
PIP2;3-3' accatatgcacacagetege NIP1;2-3' cgtgtaaccgacgtacgtg
PIP2;4-5' gagctegtctggtgatatee NIPL;4-5' cagtcgotgatatgtgggtac
PIP2;4-3" catgaagacaacagagggacag NIPY;4-3"' gtaacacatattctcgeoctatcace
PIP2;5-5" gcttaagccgeaatcaaatgtge NIP2;1-5° cgagatgtcgtcgategtg
PIP2;5—3' cgatcgaacaatgtcacacttge NIP2;1-3! ggaacaagcaactgctggag
PIP2;6-5" gatggccatggetgetetyg NIP2;2-5' gtactgeacgegtacgtac
EIP2;6-3' gcagatggcaattggtggtyg NIP2;2-3" caacgaaagctcagetcette
PIPZ;7-5" gtgaggaagacgacgatgtte NIP3;1-5! gtgtacacggcggtgaag
PIP2;7-3" cagatacatacaggeactccac NIP3;1-3' cacgcggatttctettggtg
PIP2;8-5" caccccatttttaatcecatgeac NIP3;2-5"' cctteaggcaagaacaatattcaateg
PIP2;8-3! gctagattacgtacagacagtacag NIP3;2-3" gcagtectaacatgetgettyg
TIP1;1-5" gettytecatgategecteg NIP3;3-5° ggtaacttgtgactctttgagecatg
TIP1;1-3" ctggttgcgéatagcgatcg NIP3;3-3' ggtcttygagctagtaaaaacage
TIP1;2-5"' cgaattcgtccoceeegtcte NIP4;1-5° catcgtagecttectetg
TIP1;2-3' ggtccteatttggaggaage NIP4;-1-23' ggatggaaaatetetattggttggte
TiP2;1-5"' ccgtgtcagtttgcatgeate SIPl;1-5" cctaaggcocaagaaagcatgag
TiP2;1-23! cagaaaagggacatggcttee SIP1;1-3"' catccaccagttcaagagcaaac
TIiPZ;2-5"' cgccatcggcaacacge SIPZ;1-5' ctaggagtatgggtcgtgac
TIP2;2-3! tgcgaggagaagacacaage 8IP2;1-3" ggcttacagcataaaaatgatcetgtc
TIP3;1-5! ccteecagetacaatatctattagetatg PIPl;1s caaggaccatgcctaggaatag
TIP3;1-3! cactggtagcteactgtteatac 188 rﬁNA-S' caactttegatggtaggatagag
TIP3;2-5' gagctgaateatagcacetge 185 rRNA-3! ccaattaccagacactaaagecge
TIF3;2-3"

ctcgaaagtatgeagecttcag
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Fig. 3-2 Partial amino acid sequences of rice aquaporins and peptide sequences of antige_ns for each rice
aquaporin antibody. Four OsPIP and two OsTIP antibodies were raised based on the ;{eptl_de sequences
{doubly underlined) of N- (A) and C-teminnal (B) sequences, respectively. An underline in OsTIP!;! shows
a high sequence similarity to an antigen peptide sequence (INQNGHEQLPTTDY) for antl-Rs:l'iPl;l
antibody (Suga and Maeshima 2004). Transmembrane domains (TM1, 5 and 6) and a half helix (HE) are
boxed. Amino acid residues that are commeonly preserved in all members of listed aquaporins are marked in

asterisk.
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Fig. 3-3 Comparison of the expression of rice aquaporin genes in various organs. Total RNA fractions were
prepared from leaf blades (L) and roots (R) of 21-d-old plants (1), 56-day-old plants (2) and_ al_athers (A)of
67-day-old plants. The levels of mRNAs were normalized to that of 188 rRNA. Photographic images of gel
electrophoresis are shown at the bottom of each graph. Data represent the means + SE for three
independent samples. Numbers in parentheses indicate the number of cycles needed to detfact the PCR
products. In the case of OsPIP2.7 and OsTIPS; 1, where marked by an asterisk, the annealing was
conducted at 61°C instead of 58°C (see Materials and Methods). NIP1;3 expression in anthers was not

analyzed.
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Fig. 3-4 Comparison of the expression of rice aquaporin genes in anthers at several different
developmental stages. Root sample was used as a reference. The levels of mRNAs were normalized to
that of actin. Photographic images of gel electrophoresis are shown at the bottom of each graph.
Numbers in parentheses indicate the numbers of cycles needed to detect the PCR products. In the case
of OsTIP4:3, where marked by asterisk, the annealing was conducted at 61°C instead of 58°C (see
Materials and Method). A1, T/EE stage (see Fig. 3-2B); A2, LE-EM stage; A3, LM-ML stage; A4,
MP stage; R, roots.
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Fig. 3-5 Binding specificities of rice aquaporin antibodies. Crude membrane fractions were
prepared from yeast cells which expressed each rice aquaporin gene indicated and then
subjected to immunoblotting with the aquaporin antibodies for OsPIP1 members (A), OsPIP2
members (B) and OsTIP members (C). 0.2 pg protein was applied for each lane.
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Fig. 3-6 Comparison of aquaporin protein amounts in leaf blades and roots. Crude
membrane fractions were prepared from leaf blades (LB) and roots (R) and then subjected
to immunoblotting. Each aquaporin antibody was reacted with a membrane after
preincubation with (peptide +) or without a peptide antigen (peptide -). Protein amounts
applied for one lane are 0.5 pg (for anti-OsPIP2;1 and anti-RsTIP1;1 antibody), 1.5 pg (for
anti-OsPIP1s, anti-OsTIP2;1 and anti-OsTIP2;2 antibody) and 5.0 pg (for anti-OsPIP2;3
and anti-OsPIP2;5 antibody. Black and white arrow heads represent monomeric and dimeric
form of each aquaporin, respectively.
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Fig. 3-7 Localization of aquaporins in the primary roots. Cross sections (7 um) were prepared at the
position of approximately 4 mm (A to I) and 35 mm (O to V) from the root tip of 38d-old rice plants.
Longitudinal sections (7 pm) were prepared from 0 to 5 mm (J to L) and 30 to 40 mm (M, N) from the
root tip. The sections were hybridized with each aquaporin antibody and then visualized with a HRP-
linked second antibody and DAB. A, J, M, O, preimmune (100-fold dilution); B, P, anti-OsPIP1s (50-
fold); C, K, N, Q, anti-OsPIP2;1 (C, K, N, 300-fold; Q, 100-fold); D, R, anti-OsPIP2;3 (50-fold); E, S,
anti-OsPIP2;5 (100-fold); F, L, T, anti-RsTIP1;1 (F, L, 300-fold; T, 100-fold); G, U, anti-OsTIP2;1 (G,
50-fold; U, 25-fold); H, V, anti-OsTIP2;2 (100-fold); I, a close up view of D around endodermis. AE,
aerenchyma; CC, central cylinder; CO, cortex; EN, endodermis; EX, exodermis; RH, rhizodermis; SC,
sclerenchyma. Arrow heads in I indicate band plasmolysis. Bars represent 100 pm (A to H, O to V), 50
pm (I), I mm (J, K, L) and 500 pm (M, N).
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Fig. 3-8 Localization of aquaporins in leaf blades. Cross sections (7 pm) were prepared
from the middle part of the uppermost leaves of 18d-old rice plants. The sections were
treated in the same method as indicated in Fig. 3-7. A, preimmune (100-fold dilution);
B, anti-OsPIP1s (200-fold); C, anti-OsPIP2;1 (300-fold). BS, bundle sheath; EP,
epidermis; LV, large vascular bundle; ME, mesophyll; MX, metaxylem; PH, phloem;
PX, protoxylem; SC, sclerenchymatous cell; ST, stomata; SV, small vascular bundle.
Bars represent 100 pm.
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Fig. 3-9 Organ specific expression patterns of rice aquaporins. According to the results of RT-PCR
(Fig. 3-3) and immunoblotting (Fig. 3-6), three (in a green box) and six aquaporir: members (in a pink
box) showed organ specific expression patterns either in leaf blades or in roots, respectively. Ten
aquaporin members (in a box mixed with green and pink color) were expressed both in leaf blades
and roots. Eleven members (in a yellow box) were expressed in anthers according to the result of RT-
PCR (Fig. 3-4). Asterisks and double asterisks mean that these aquaporin members were examined
about their tissue-localization only in roots, or both in leaf blades and roots, respectively, by
immunocytochemistry (Fig. 3-7 and 3-8).
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Table 4-1 Primers used for amplification of aquaporin ORFs
with restriction enzyme sites

Name

Primer Sequence

PIPlsF

PIP1;1R

PIP1l;2R

PIP2;1F

PIP2;1R

PIP2;2F

PIP2;2R

PIP2;3F

PIP2;3R

PIP2;4F

PIP2;4R

PIP2;SF

PIP2;5R

TIP1;1F

TIP1;1R

TIPl;2F

TIP1;2R

TIP2;2F

TIP2;2R

gaattcatggaggggaaggaggag
gtcgaccgeggggettaagace
gtcgacgctgatgcaggttacgace
gaattcatggggaaggacgaggtg
gtcgacgetegaactectttgatatecacg
gaattcatggcgaaagacattgaggcg
gtcgacgccgccgatctcégg
gaattcatggcgaaggacattgaggce
gtcgaccggeggegtetage
gaattcatgggcaaagaggtggacg
cagctgccagacgagctcaactacyg
gaattcatgggcaaagaggecgac
cagctggecacatttgattgeggettaage
gaattcatgccgatccgcaacatcg
gtegacggeggcgatgagettag
cggaattcatgccggtgagecgga
acgcgtcgacgatatgatcagtagteggegyg
cagaattcatgtegggeaacatcegcee

acgcgtcgacggtaattagaactegetgetag
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Fig. 4-1 Yeast expression system used in Chapter 4 and constructs for expression of rice
aquaporins in yeasts. A. The system was developed in Prof. Maeshima’s lab (Tanaka et al.
1990, Nakanishi et al. 2001). The yeast strain BJ5459 lacks functional aquaporins (Suga
and Maeshima 2004). B. cDNA of each aquaporin was inserted into the multi-cloning site
(MCS) in the interface region between the GAPDH promoter and the terminator of the
myc-pKT10 vector.
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Fig. 4-2 Principles and apparatus of stopped-flow spectrophotometry. A. Principles of stopped-
flow assay during the shrinkage of vesicles. Osmotic water permeabilities are calculated from the
rate constants of exponential fittings of the reaction curves. B. Schematic diagram and the whole
system of stopped-flow spectrophotometer.
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Fig. 4-3 Comparisons of the expression levels of each aquaporin in membrane fractions.
Crude membrane fractions were prepared from yeasts and then subjected to immunoblotting
with anti-myc antibody. 0.3 (A) and 0.35 pg (B) proteins were applied for each lane.
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Fig. 44 Typical changes in scattered light intensities during the shrinkage assay were
shown for vector control myc-pKT10 and OsPIP2;3. Each reaction curve shows the average
trace of 14 independent determinations.
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Fig. 4-5 Comparison of water transport activities of rice aquaporins. The relative
stimulation fold of osmotic water permeability was calculated as the ratio of the rate
constant of each aquaporin to that of the vector control on the basis of the expressed amount
of protein. Except for OsPIP2;4, values are expressed as means == SE calculated for three
independent experiments. The result of OsPIP2;4 is a mean of two experiments.
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Fig. 5-1 Rice plants used in experiments in Chapter 5. Rice plants were grown with
hydroponic culture in a growth chamber as described in Materials and Methods.
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Fig. 5-2 Methods in chilling treatment of rice plants. 16-d-old rice plants were transferred
to a 4°C dark chamber. In the 4°C chamber, samples were put into a small cage with vinyl
cover where the relative humidity were maintained at almost 100% by humidifier. After 3-
or 4-day-treatment, the rice plants were transferred to a 25°C chamber with continuous light.
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Fig. 5-3 Temperature gradient chamber (TGC) for growing rice plants. (A) Picture of the
TGC. (B) Schematic view of the TGC. In the front of TGC, air is cooled by air conditioner.
Due to the fan at the back of TGC, the cooled air flows from the front to the back. The air is
gradually warmed by outside temperature, as a result, the temperature gradient is formed in
the chamber. In this experiments, rice plants were put at two different temperature zone,
low (L) and middle (M). Zone L and M were 2.5 and 8.5 m from the house edge,

respectively.
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Table 5-1 Primers used for real-time RT-PCR

Name

Primer seguence

OsPIP1;1FW37
0séIpl;1Rv147
OsPIP1;2FW2
OsPIP1;2RV84
OsPIP1;3FW103
0sPIPLl;3RV242
OsPIP2;1FW125
OsPIP2;1RV244
OsPIP2;2FW106
OsPIP2;2RV191
OsPIP2;3FW122
OsPIP2;3RV236
OsPIP2;4FW37
OsPIP2;4RV166
OsSPIP2;5FW45
OsPIP2;5RV150
OsPIP2;6FW169
OsPIP2;6RV276
OsTIP1;1FW40
OsTIP1;1RV180
0sTIP1;2FW194
OsTIP1;2RV324
OsTIP2;1FW97
OsTIP2;1RV185
OsTIP2;2FW9
0sTIP2;2RVS1
OsActinFw213
OsActinRV350

cgcaatcgtgatgtectgtt

acgattgagttgttcagggttc

ctgcatcagctattatcactgtcaa

aagcaggcagcgggaaa
acgtgtgttattaccgtctggtyg
cgcacacacaagtaccatttctc
ccgectggtegttttgttte
tacaggctaaacacatgagacatcec
gcatttcgecteogtggatag
cggacatagttcaaaggaatgga
agtttatccteggtttctggettt
gcacacctggaagaaacattgag
attgtttgggctctttctectte
tgcaaacactgaaacatacaccac
atgggaagaacagagcacagg
acttgcttttgatagcgeacac
ccggtgggatttgttgtatg
aaagccgaagcagtttgtatctc
tctecegactecegatecaac
cacagttttacagaagcaaagcaac
gtgctgtcaaccaagccaac
cgtgaagaacgacagtgaagaga
gctttgtattttecggtttacctte
gatttccccttecagacaacaa
ttegecatcggeaacac
ccaaatcagtccttcacaacaca
ggactatgaccaggaaatggaga
atgaaggaaggctggaagagg
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Fig. 5-4 Effect of chilling treatment on mRNA levels of aquaporins in roots. (A) Sixteen-day old rice
plants were placed in a chamber at 4°C (gray column) without light under 100% humidity for 96 h and
then moved to a chamber at 25°C with continuous light (white column). The bleeding sap was collected
into the cotton at 25°C in continuous light for 12h. The data represents the means = SE for 19 to 27
independent samples. (B) The mRNA levels were analyzed by semi-quantitative RT-PCR. Numbers in
parentheses indicate the number of PCR cycles. (C) The relative mRNA levels of OsPIPI;3, OsPIP2;3,
OsPIP2;4 and OsPIP2,5 were quantified from the images of RNA gel electrophoresis and normalized to
that of 18S rRNA.
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Fig. 5-5 Changes in CO, concentration (A) and temperatures of air (B) and hydroponic solution
(C) during the experiments. These data are for the samples located at a low temperature zone in
the second experiments conducted in August. Hydroponic solution was exchanged at times
indicated by arrows in C.

92



6.2

—— Ambient
8) 5.8 1| —@— Elevated
@©
k7]
— 5.4 -
4]
@
| 5
4.6 ! i 1 t I
8/8 8/9 8/10 811 '8/12
Date

Fig. 5-6 Changes in leaf stage during the experiments. These data are for the samples located
at a low temperature zone in the second experiments conducted in August. Leaf stage was
measured as described in Materials and Methods.
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Fig. 5-7 Comparison of dry weights between different organs (A) and leaf area (B). Samples were
dried at 80°C for more than 2 days before measuring dry weight. Leaf area was measured before

drying leaf blades. These data are for the samples in the first experiments conducted in June.
Values are expressed as an average from two or three different pots.
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Fig. 5-8 Comparison of transpiration. Transpiration is calculated from the changes of the pot
weight during 24 hours on the basis of the leaf area. (A) and (B) represent the results in June and

August, respectively. The values are expressed as average = SE from 3 to 5 different pots.
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Fig. 5-9 Effect of CO, treatment on mRNA levels of aquaporins in roots. Data are expressed as ratio to
the aquaporin expressi_on level under the ambient CO,. Aquaporin expression levels were normalized to
that of actin. Data represent the means £ SE for three or four independent samples. A, the results in
June 2007; B, the results in August 2007.
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Fig. 5-10 Effect of CO, treatment on mRNA levels of aquaporins in the leaf blades. Data are expressed
as ratio to the aquaporin expression levels under the ambient CO,. Aquaporin expression levels were
normalized to that of actin. Data represent the means = SE for three independent samples conducted in
June 2007.
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Fig. 6-1 Profile of genes, expression patterns and water transport activities of rice aquaporins. 33
rice aquaporin genes were identified from the rice genome database (Chapter 2). Organ specific
expression patterns of them were analyzed (Chapter 3). Red circles mean that these aquaporin

members have high water transport activities (Chapter 4). Asterisks and double asterisks mean that
these aquaporin members were examined about their tissue-localization only in roots, or both in leaf

blades and roots, respectively, by immunocytochemistry (Chapter 3).
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