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Ik FEKIBIEE HOsPIP1;35 Bttt iR EharpinZ&E HHpal E{E X R R
TR, HIFR, £XHA

B AR R 2R AR 5B, B 5210095

W KA R B R Ao 5 R 6 5 kM 2 5 A KAG(Oryza sativa)/KiB 8 & @ OsPIP1;349 & A, i@ iE JEAE AR S Ze 3

HATE G BAR ST, B4k R A KAG G o4& 9% 1 (Xanthomonas oryzae pv. oryzae) harpinZ & Hpal #-5 OsPIP1;3 Z 4%, {2 4n
R 440sPIP1;389— A~ 4h A 71 (loop E) & OsPIP1;349 5 5 N85 R B (TMO)MIIR, W ZAE RAE K A, #t—Fx276~279 aait

A7#3%, OsPIP1;3 5 Hpal RE L A BAF, X2k £50L8A, OsPIP1;3 4 7] L #loop EFeTM6 Lk 44 £ Ik B2 2+ OsPIP1;3-Hpal

MR EE2Hrh, M276~279 aa 2 7T 44 EAFIS 5.,

X %218): Hpal; OsPIP1;3; & & R & ; B ML %, & & &4F

7K 3814 25 [ (aquaporin, AQP) & &4 iufiE I A
s KAy I AE 85 L J& Tmajor intrinsic
protein (MIP)#EZK %, 4> Jii &= ~21~31 kDa, (L))
Y. MY LKA ER T2 A7 /E(BorgniaZE
1999) ., HR4f [\ 73 LA i 5E Az, A4 AQP
B A KRS i B N E 2% A (plasma membrane
intrinsic proteins, PIPs). Y&/ N 7E & H (tonoplast
intrinsic proteins, TIPs). Nod26/i& P4 7 & H (nodulin
26-like intrinsic proteins, NIPs) A Az & f7 T N Jiii
17N 73 B P4 R P E 85 (small and basic intrinsic
proteins, SIPs) (Maurel2$2008). PIPs# & 671N
JEEZE R I8, RE % RN B A M5 I, FERE A 7K 4y
1B YEFRR KT AT ST ia T B B I R R 4
rhkg = AR FH (T RIRIA52011; Azad%52008; Car-
breyfl1Agre 2009; Kammerloher%51994),

harpin & H 55 2% BB MEAE Y095 SR 40 7 7= 2B 1Y
PE 5T AN Dy e AR AL — SRR E BT, R BUR Y I i
J2 Vi (hypersensitive response, HR)F) = 2 K] 1-(Li%5:
2011; Liu%§2006). #ff 50K, Hhitiharpinféifs T4
YiPimE . b A B, 2 2 Y A4 K (Chen%E
2008a, b; Dong%5:2004, 2005; Zhang%$2007). i —
U 1 SEEGIE S, harpin®g [ (191X 28 2 0P 2 i T3
W Z2MARRE S B, ORFEDEEN
S EHRGEY. BEE. MR
R G ARAT PUEBUK Y TR R R S 5T O A SR
(Dong%%1999; Liu%2010; Li%$2011; Pengs52003,
2004; Sang%5$2012; Zhang%52011). #AIMharping H
MAEYD A 51 12 21 20 i N AR YD % 6 1 e A 4
UNENCE SR

SIS T I A FT 4 ORI, U EE T I
i P9 75 2 1 AtPIP 154 B2 5 7K A8 1A 5 B (Xan-

thomonas oryzae pv. oryzae);="f: ffJharping [ Hpal
HAE(LiZF2015). i3k — B RIS L 73 Hr K I, KRG
(Oryza sativa) ™ 5 AtPIP1;4 245 & FE [B] 5 14 10
OsPIP1;3[A 1 5Hpal f/77E H.AE, {H 2 A1EH AL 5
RWFTIERE . AR A B RIE D K B 5 P
SRR T VE R R R SRR OsPIP ;38
AR, R T BEXURAS W 7 1E 0 L R ik 5
Hpal () BAE1E I, LARA E OsPIP1;3% [ S5 Hpal [
LR A

MRE7EE

1 b
Pfu DNA¥ & . MutanBEST Kit, DNA
marker DA &2 2= HHFE AL BE Dpnl i [ TaKaRa /A ], Bi
A BE A H Solarbio /s 7] . 1 i pMetY Cgate::OsPIPI;
3NA S EARAE, RIGHFF I (Escherichia coli)Ek
DH5 oM ¥ BE(Saccharomyces cerevisiae) # P
NMYS51 [MATa his3delta200 trpl1-901 leu2-3,112
ade2 LYS2::(lexAop)4-HIS3ura3::(lexAop)8-lacZ
(lexAop)8-ADE2 GAL41¥)NA S = 4RA7 . HiAth
RN o Hr 4l
2 SLWHE
2.1 5|4t
N 51 ¥ %1t B A Primer Premier 5, DA
pMetY Cgate::OsPIP1; 39K, it A Rk
B EAR S (1) PA S rU R AR BAR 5] P(R2)
(EAEA52008).

fs  2016-03-28  fEE  2016-06-21
EE A ZBPEATILCR AR B 15(201303015).
* JEIER (E-mail: hsdong@njau.edu.cn).
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Table 1 The sequences of primers in deletion mutagenesis and their deletion regions

Bk E2RiS SIIFFFI(5—3") G S [X d5k/aa
A1~94F ACAAGTTTGTACAAAAAAGCAGGCTCTCCAACCACCATGTCGTTCGGCGGCATGATCTTCG 1~94
A1~94R TCCGCCACCACCAACCACTTTGTACAAGAAAGCTGGGTAGTCCCGGCTCTTGAAGGGGATTG
A94~144F GCCATCTGCGGCGCCGGCGTGG 94~144
A94~144R CCACGCGATGCCCTGGATCCCC
A144~288F ACAAGTTTGTACAAAAAAGCAGGCTCTCCAACCACCATGGAGGGGAAGGAGGAGGATGT 144~288
A144~288R TCCGCCACCACCAACCACTTTGTACAAGAAAGCTGGGTACAGGCACTGCATCGCCATGTAG
A156~178F GGGCTCGGGGCGGAGATCGT 156~178
A156~178R GAACCCCTTCACCACGCCGGC
A208~288F ACAAGTTTGTACAAAAAAGCAGGCTCTCCAACCACCATGGAGGGGAAGGAGGAGGATGT 208~288
A208~288R TCCGCCACCACCAACCACTTTGTACAAGAAAGCTGGGTAGGAGTCCCTGGCGTTGCGCTTG
A230~279F AGAGCAATCCCCTTCAAGAGC 230~279
A230~279R GGGGATGGTGGCGAGGTGGAC
A246~288F ACAAGTTTGTACAAAAAAGCAGGCTCTCCAACCACCATGGAGGGGAAGGAGGAGGATGT 246~288
A246~288R TCCGCCACCACCAACCACTTTGTACAAGAAAGCTGGGTAGGCGGCGCCGAGGCTGCG

2RI 1T RAL T WP A B RAR L A
Table 2 The sequences of primers in quick change mutagenesis and their mutation positions

EIR/ERiS SIIFFFI(5—3") KA pifaa
P255~257F CCCACGCATGGCAACACCAGTGGATTTTCTGG 255, 256, 257
P255~257R GAAAATCCACTGGTGTTGCCATGCGTGGGCGC
P258~260F CACGACCACAGGATGTTGTGGGTTGGTCCGTT 258,259, 260
P258~260R CCAACCCACAACATCCTIGTGGTCGTGCCATGC
P261~263F GGATTTTCTGCATTCGTCCGTTCATCGGAGCG 261,252,263
P261~263R GATGAACGGACGAATGCAGAAAATCCAGTGGT
P264~266F GGTTGGTGCGTACGTCGGAGCGGCACTGGCGG 264, 265, 266
P264~266R GTGCCGCTCCGACGTACGCACCAACCCAGAAAAT
P267~269F CGTTCATCCGACCGACACTGGCGGCCATCTAC 267,268, 269
P267~269R GGCCGCCAGTGTCGGTCGGATGAACGGACCAAC
P270~272F CATCGGAGCGGCACAGGTGACCATCTACCACGT 270, 27,272
P270~272R GTAGATGGTCACCTGTGCCGCTCCGATGAACGG
P273~275F GATTGCTCTGATCACCACCACTITGGGAGGTGGCC 273,274,275
P273~275R GCACTGGCGGCCACCTCCCAAGTGGTGGTGATCAG
P276~279F GGGGATTGCTCTGITCICCICCICGTGGTAGATGG 276,277,278, 279
P276~279R CATCTACCACGAGGAGGAGAACAGAGCAATCCCC

G5 LT R

2.2 RTHFHE

Jr B R kA i PApMetY Cgate::OsPIPI ;3
R SRR AT PCRY 1, 51tk foR; 755
fEMutanBEST Kit (code No. R401)3t B+ (http:/
www.takara.com.cn/DownLoad/R401.pdf).

PR IRAR IR pMetY Cgate::OsPIPI ;35
LRGN, I RAR AL i B AN 56 4 VLI 51 P kAT
PCRY™ 1, BT 51N 3R2 17~ . PCRI A £ A:
Pfiu DNAKEHEL pL 10xPfilR G BGLZMRS uL-

2 mmol-L™" dNTPs (470 it A% B % F = 1 iR
dATP. dCTP. dGTPHIATTPLE K EIR &) 2.5
pL. 50 ng-uL ' JFORAEATL uLy 10 pmol-L' ¥ 1E 2
590451 uL, FMWAE K50 Lo PCRJ N 4+
94°C 3 min, 1/ME¥F; 94°C 1 min, 60°C 2 min, 68°C
15 min, 17MEH; 68°C 30 min, 1MEH . BUFS
FIPCRF=4)10 L T B i w e Je rRL DK o 47 38
&, REERIR A3 uL Dpnl N VIR (%
il n] DURE S g 1) 56 42 FH L I CATC R 41)), B2 B
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WA TURL, f ) Dpnl B V) 5 1 50RL 1 4K
AT DHS o, I8R5 T-37°CH3] B 1 9 1 1 (£ 26 0%
£52008). BREUPHMESERE R IR, S H WAL & oA
$LFE IR (2005) [ J7 5, I FH W0 284 gk v 42 B o R
DNA, JFf FH 55 B I BRI/, % /N IER 1
JERLIEAT DU 54T
2.3 JEERRF AT LG

split-ubiquitin/ii £ [ BE B XU AR AE R Gi 2
AR B 143 9] 5 978 HAH L 43 B8 142 25 N (R
NubG, Nub 1347 5% 2 B2 K22 H 2 1) A1 C i (B
Cub)FHELE, PN I B 8 AR AR, mT A
I3 02 2 N A1 Cg AH I, Tz =% —
4 25 F B (ubiquitin-specific proteases, UBPs) i 1] 3
S EUR T T A B s OE R BN A ) i B RE IR, 2
1M B ARSI . SR MEERENARAL RS
FHLE, split-ubiquitin/i5 & 1 BEXURAE RGEA FRAK
WA 8 A% N e SO LR, W]z P T A
I Y g S RER (ST

A S50 38 ok T R B A Ak 7 VK OsPIP 13-
Cub+NubG-Hpal. mOsPIP1;3-Cub+NubG-Hpal
(Fr B e AR B AU A #AK) . KAT1-Cub+NubG-
KAT1 (FH A% A 4H) 2 KAT1-Cub+NubG-SUT2 (I
PEXTHRAH) 4 & LG BINMY S 1R BF 1, 4 3%
LIRE W4 W AT BISD-WL (8t S a5 FR I
SERBRI IR L) SD-WLH (=8k, s/ (K
LA TR AN Z R M 1 772 55) St SD-WLAH (PYk, 5k
DEEIR . E R SRR A RS R R 77 55 )
PR b5 FR3~4 df5 SV AR K AG L, 7ESD-WLH
JSD-WLAH#$ 73 bR 263 7035 e A= K 1) v B

A a e
. N Al 9
S LN LN

10000bp [
7500 bp

>
\56,\1@,#;@'36»%% B
NSNS

B N B v R o BRECEAS BR v B TR U 1 7R R AT
X-Gal G th k6 I (5% W AT & 7 Fl 7 2E 7K 2005)

SRR

1 EE R ERKRRESRTHENEE

PLpMetY Cgate::OsPIP1, 35Uk AR, 43 71 PA
FAR2FT AR5 N 519, 3 1pMetY Cgate::OsPIPI ;3
UKL, K PCRIHEAT B IR BB FELVK IR AIE . 45 2R
WENFTR, B BOR/ANIER, s ] W, WP IR,
FIIERAT 1 A S50 B 75 B 1) 5 A RAR AL s B FLAH
2 EEXIEBRIFAE

B oG, LR RE XU AE R GE R OsPIP1;3 =
N AR (pMetY Cgate::OsPIPI ;3 o, pMetYC-
gate::OsPIPI ;3 1. pMetY Cgate::OsPIPI ;3 44-55)
AT R A BAERI, 455 2oR, Hpal 50sPIP1;3 ()
FAERL AT T 144~288 aalX 45 P (K12). #E— 4,
Xf144~288 aa it il A FECHEAT X Bear 1, JF F P
IEH J5 IOsPIP1;3 Jv BL ik 2k KRB A (pMet Y C-
gate::OsPIPI;3 55175~ pMetY Cgate::OsPIP1; 3 y505.255~
pMetYCgate::OsPIP1;3 550255~ PMetYC-
gate::OsPIPI1; 3 yyu6 255) AT IERE XU 2 AT S LG, 45 R
&, Hpal F10sPIP1;3 ) HAE [X 15 5246~279 aa,
ZIX B £ Loop EAFITM6 S R4 #)3(F12) .
3 OsPIP1;3 SR HEARLFHI 04

N B AR AR AL R, BATE S TM6S
JRIX B L 4 R 24N IR R EAT 1€ FURA, 84
RAZFAR TGN E 3~ AN R IR, KA G
OsPIP1;3 R FE AR I I3 PR

wo gt PP

10 000 bp

9414 bp
7500 bp

Bl &5 OsPIP1; 3578 R BURL IR FLIK 20 Bir 4 2R
Fig.1 Electrophoretic analysis of plasmids with and without an insert of OsPIP1;3 mutants
A S EI BN AL B: S S5AR A, FRid: DL15000 marker; #44: 45 OsPIP1;3 /% 41l ffipMetY Cgate i kif; A**: PCRY 1

F BT ;PR PCRYHE s 58574
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A A156~178 I: A208~288 >
| ¢ 'l A230~288 .
LB LC LD
™3 T™4 oH
2.
< A144~288 >

B
SD-WL
SD-WLH
SD-WLHA
SD-WL
+
X-Gal
‘0X$0‘°
¥ RS
S
<> <>
P2 Hpal50sPIP1;3 5 F X1 % &
Fig.2 Identification of Hpal-interacting regions in the OsPIP1;3
A: Fr Bt R AL B R L B Bk AR AR REXUR A 45
#3 Hpal5OsPIP1;3 5848 8 A4 [T BE XU S 3Bt
Table 3 Yeast two-hybrid tests of Hpal in combination with OsPIP1;3 or every mutant version of OsPIP1;3
) RVEAEK )
R (s el X-Gal#eth
R =t Py ik
OsPIP1;3-Cub+NubG-Hpal HDHWIFWVGPFIGAALAAIYHVVVI + + + R EN
Mity55_»570sPIP1;3-Cub+NubG-Hpal QHQWIFWVGPFIGAALAAIYHVVVI + + + Wt
Mity55.2yOSPIP1;3-Cub+NubG-Hpal HDHRMLWVGPFIGAALAATYHVVVI + + + Wt
Mityg,.»;0sPIP1;3-Cub+NubG-Hpal HDHWIFCIRPFIGAALAATYHVVVI + + + Wt
Mitygy.24,0SPIP1;3-Cub+NubG-Hpal HDHWIFWVGAYVGAALAAIYHVVVI + + + Wit
Mityg2450sPIP1;3-Cub+NubG-Hpal HDHWIFWVGPFIRPTLAAIYHVVVI + + + Wt
Mtz 57,0sPIP1;3-Cub+NubG-Hpal HDHWIFWVGPFIGAAQVTIYHVVVI + + + Wt
Mty 57s0sPIP1;3-Cub+NubG-Hpal HDHWIFWVGPFIGAALAATSQVVVI + + + Wt
Mity75.5740sPIP1;3-Cub+NubG-Hpal HDHWIFWVGPFIGAALAATYHEEEN + - - SRE)
A2 “mu”fRROSPIP ;3 RAAR, 4[], +3FR A T, LR LRVE, RS IA IR T RIZhric.
4 EAERRRTHL BB 75 = ORI DU kA9 952 b AP K FLX-Gal

LI, DU A mURARROsPIPL3 Y, BL ALFA IR, & A R4ERKAZOsPIP1;3 5Hpal
Hpal & A R YIBEAT BEREXURASAT I o SEIGR I, 7] IR 4 T R 1 0 /8 #E = R DY g e IE 5 2B K
4276-279 aa I 4TEF- WA HUAM-RREAR  JF HX-Gallb B B i (0 ([94), Lk % REW,
RN EB-BEB-A AR L5 (83),  276~279 aafR A Al 425k £ O0sPIP1;3F1Hpal & 1111
EHIZRAHIOsPIP1;3 (muOsPIP1;3)f1Hpal i) 1 HAENT 5.
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SRR
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g |[YHVVV IRAIPFKSR
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B3 548 Bk I DNA S 28R 1 41

Fig.3 DNA and amino acid sequences of the mutation plasmid

A: DNAJ 731 B: AL G (A FE 1R 5 51 o

SD-WL SD-WLH SD-WLAH SD-WL+X-Gal

e ;3-Cub+NubG-HPa1 m - - m

4 Hpal 50sPIP1;3 5838 4 A B BF BF XU 2% 58 526 Je X-Gal e
Fig.4 Yeast two-hybrid and X-Gal assays of Hpal and OsPIP1;3 or the mutant
OsPIP1;3-Cub+NubG-Hpal OsPIP1;34: 28 4%; muOsPIP1;3-Cub+NubG-Hpal AOsPIP1;3[(]276~279 aaZE4s; KAT1-Cub+NubG-KAT1 K
X KAT1-Cub+NubG-SUT2 Ay 1%t i .

15 i RS RAT T T HAR XA K — AN AT AR ELAE
_— . o AL ri, XY BEOsPIP1;3 5 Hpal ) F AR AL 42 it
Z T I — B ORYE T PIPs UiAv] 58 Bl /K 43 ¥ TR %5 Mloop ERITMGIX B 5
JRIR I3 T MOS0 KU B WA (YanefP52015;  OsPIPY:3 40y AN -5 Hpal B fF: 1724 I 96702
Yooyongwech®:2013), il K MIAQPHE AR M- TM6RS 45 Myt i 276~27947 PUA 5 32 5, Os-
o3 B A HAE B AEYI BT PN, EHLEE KRG PIPL;3 S5Hpal (9 HARN 2%, R WIZAL SR B 7] e
9 (Tian%52016). A SC@EE X OsPIPL3 AT Besh /2 AR RU(El5).
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K5 OsPIP1;34h Fh &5k 5 X [&]
Fig.5 A model of topological structure of OsPIP1;3

T TM6 5 I 45 74 38 a0 7] 52 i OsPIP 13 5
Hap 18 H ) BAE, FATHEN — AT §8/2276~279 aa
(1) RAZ 2 OsPIP 1,3 1 = AR 4 1), BERERUZR AL
Rt A BAER R BERT I 558 &
H )R IE &, AT R BEXUR AL S5 o ik A I 2148
5511 OsPIP1;3 5Hpal (1) TLAE(H 52007, KB W55
2013); B —Fh Al fE/£276~279 aa’yOsPIP1;3 5
Hpal () B.AELT &1, Hap LR 7] fg & AE NN 73R
E, T Mo AR AR AE S R B B A A R
€ H H(BocsanczyZ5$2008; KvitkoZ£2007; Li%s
2011), T CAH TR, S A harpinf) i B )
B8R I AL TR B W harpin & 11 1 A= 22
RNz, 2 B harping [ 1A FH A7 SR 0T B8 47 T4 g
M (SangZ£2012; Choi%52013).

Nk — B E176~179 aalI/E FH, FA 1 HE4T
BLFE X5 ¥ RO BANSL IR AE N (1) 8 3 HLAE SR 5 DL
T 52 S 45 R a5 . OsPIP1;3 5Hpal &5 H.
VEAST £ 00375 BT ) R, Ks A F 78 Hpal Wifel 5 S A4
ot BSOS FIE 5 B DL AQPSE Wil 2 5 E Y B
PRI AR X — % SR S,

SE3H
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Studies on the interaction between aquaporin OsPIP1;3 of rice and harpin

protein Hpal of Xanthomonas oryzae pv. oryzae

WANG Huan, TIAN Yi-Min, DONG Han-Song*
College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, China

Abstract: In this study, we generated mutant versions of rice (Oryza sativa) aquaporin OsPIP1;3 by fragment
deletion and site-directed mutagenesis, respectively. When a split-ubiquitin—based yeast two-hybrid system was
employed to analyze protein combinations of Hpal (a harpin protein of Xanthomonas oryzae pv. oryzae) with
the canonical form and mutant versions of OsPIP1;3, interaction was found between Hpal and the canonical
form, but not in the combination of Hpal with the mutant protein generated by deleting a short intracellular
region called connecting loop E and transmembrane domain 6 (TM6). Analyses of additional substitutive
protein mutants indicated that residues 276-279 in TM6 were also important for the molecular interaction.
These data suggest that loop E and TM6 are determinants of OsPIP1;3 interaction with Hpal while particular
residues 276279 play crucial roles in the molecular interaction.

Key words: Hpal; OsPIP1;3; site-directed mutagenesis; membrane-based yeast two-hybrid; protein interaction
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