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JKFE Ca?/H R [a)435 5Kk OsCAX3 BYTHRES R
A0 2 B E LA 5

f2R Z&t Wetw BPA BER KEW K B IFE-

(P EARME R A 2 A AR, B SR AR BAE A TR 5 5206 92, B3 100094)

WE  Ca¥/H RINFHEAAE N —2 Ca S FLIads, TERIPIIE TR 55 il A 45 E AR . Sk 7K
T Ca/H' R B IL R 0sCAX3, FEFI W] OsCAX3 HA 11 MBI, et 6 Mg 7 MEEX 2 A
A 17 DEIERADEI TR YERL T (acid motif), THAEHANSEIGUEW] OsCAX3 HATHEIZ Ca ThE, JF HIH N i
26 N IEIR T Y HE Ca? BAT— 5 AMHI1E FH. RT-PCR 40T B OsCA X3 26142 FIHME Ca* 135S, FIH
PSORT prediction 347 W4 i 52 {7 4047, FIFIF OsCAX3-GFP il A 8 A 215 0 HTiE W, OsCAX3 EA7 141 i
JRE. DA 5 AR, OsCAX3 J&—Fl e T 40 B i L1 Ca?/H & [l 4 ia 4.

KHEIR KHE, Ca?/H' kIn#iafk, RT-PCR, JEABUiE, Wik

FRA%RS Qo4

Ca* fERAY) P HAT AW EEMER, R
L/ DISTHINE= bl SR ® Y L/ EINA NS Y A= RSPl
AP ) P B A A A O T AR R AN ) Ca*
iy, MWL Ca? 18 R G0k 5¢ Ok Ca* (1)
B, Ca®/H X In i kA — 2K Ca* shIn i1z
&, AERYINE TR 5 T ol A AR F A
B AN Ca? IREEAL TSR, 20k Ca> f7
Ty K Ca¥ AT . ISR, ER
555 S Ca> WK IS Ca> IR K Ca®
IEH T AN g5, AT PR 25 FhRE S AL %
IS () R 33 A 700, K B e — P B AR S E W,
SO E B Y, Rk, WS K RS
Ca?/H* 3 [ 532 1 FL A 8 R Iz e 1) 00 7 3L

AR, TN BEREFIAEY) e b2 T —
LY Ca/H* [ [n) #5618 PRIE NS, $8 g I+ Fk R 4 b A7 £
12 A REM) Ca?/H' Jx In) S is AR, Jrp i
W Te AT CAX1. CAX2. CAX3 1 CAX4P. Hff
FER CAX] AT IS5 N i X 12
M Ca* iz XL KAE T LA OsCAX Ta % 50 %
K, e CAX2 —FEfgiLiz Ca* Al Mn> 1M, 5 KK
FE 0 FoAth Ca2/H" Jx 1) B 3 M Ik DRI R 0 42 4 ik R
DLHE. FAEMIEE SR, Ca¥/H X iE AR
YA 2R A 7, AR AN
RO, {H H [T C 2 v B B Ca®/H* I ) 8 Sk
BRI, CAXI. CAX2. CAXAM 'SR (5 M) #
SENL T RIS, A G TUIE Ca2/H J 7] #5348 1
SEPRI 1) vt I A LA T

AR ICWF G T KRG Ca¥/HY IR T 38k
OsCAX3. TATH v be TixAE, JPal iR,
OsCAX3 HAT 11 /> n] fie 1) 5 )5 X R0 — AN R 1 Ak )7
(acid motif). P¥ BE 548 /& K667 ¥ % 1k S 5 3% B
OsCAX3 W LUz Ca*, JF HIL N Uil 1~26 17 %
FER P A% OsCAX3 iz Ca [T ey — 2 il
M /E . H RT-PCR [ 7 iEE I B 7E RNA /KF F
Z RN AN Ca? (1) 553 155, FIH PSORT Prediction
TEAT V.20 0 5 A7 500 53 A A W OsCAX3 & A7 T4
WA, TR 45 R, RATM AT
OsCAX3-GFP (green fluorescence protein) il & &5 1
FARAE, AT ST A A0 SR A A, 45 R
7 OsCAX3-GFP &N 1E 40 J i |-, X 264k L i
OsCAX3 & — e Ao 1 40 W i JiE 1= 1) Ca/H* J= 1]
gk, XXTRANEME Ca?/H = 0 e ia AR AE Al
Y ohae R EEE L

1 RS TT%

1.1 EYMRIEESE

T FH K FERERE R e 93, /K R b1 2 T 1Y 7%
Je AR ST AT 3% EREAT 1%350 i 1) MSPOES 23 [ i
R, 30CHEE TR 3 RIGHA 3] 25 CRi=. 4K 10

* [E I L Ak wE 9T R RS B I (973) (2006 CB100100 11 2003
CB114300), FZ HAARHFEH:A 25 H (30370129 Al 30421002).
IR A

Tel: 010-62732706, Fax: 010-62733450

E-mail: xewang@cau.edu.cn

Wehs HH: 2005-04-22, #:52 HIH: 2005-06-29



2005; 32 (9) EMUFESEYYNIEHE

Prog. Biochem. Biophys. . 877 -

KICZKAE S b RS AR A R, fRAET-80°C
£ H. R 1 ML IR T AT MS Br R AR
(P & TR 2%, B 1%, pH5.7) b, 4'CHAL3
K, FasCi=/tEK 6 Rakikse tifd, T
22°Ci = HE TR
1.2 OsCAX3 W5 b& K R34

FRPE NCBI 1 OsCAX3 (758 E— 535 57 51
Y. OsCAX3-F: 5" TGCGGATCCATGGAGAATC-
CTCAGATTGAG 3', OsCAX3-R: 5" TCAGAGC-
TCTCATCGCTGGATTGTGGA 3'. 5|4 FRIZk ik
5354 BamH T F1 EcoR T BEVIA7 A K RELh 1
IR RNA, H MMLV (Promega /A 7)) BEIEAT
sk 5 358 —%% cDNA, Hl PCR KI5 iLy 5] H
4&catr, Brfd H 4 il A2k pMD-18 (TaKaRa
AT MFAEE. sOsCAX3 (AL 0sCAX3) HLEM
i N\ pMD-18 ] OsCAX3 ¥ #9432, Fr i e
Y H sOsCAX3-F: 5" AGGGGATCCTCCAGCATG-
GTTCAGTCCTGG 3', N5 0sCAX3-R 1]
AR i B 7 511 SURLLE K+ 17 B4 B DHS o
T
1.3 EBEEHEREEL

S5 v BT A H IR 9 BE TR PR Ol K667 (MATa,
vexl, pmel 2 TRP1, ade2-1, canl-100, his3-11,
15, leu2-3, 112, trpl-1, ura3-1)M", 3X— B Bk B
KT Ca & (PMC1) & Fl Ca*/H' Jx ] ¥ iz 1k
(VCXT1) K DK, DA Otk 7 e ok J3 4 2 1 1) s 97 0k
(200 mmol/L CaCl,) L ANGEAEK. ¥ H 1t F Beddi N1
RER IR AR pYES2 (Invitrogen 2 ) ] BamH 1 1
EcoR 1 B VAT 55, K H LiAc/PEG(Yeast Protocols
Handbook, #PT3024-1, Clontech) J5 1% AL 1 ). 4
pYES2 ZF # 4K Fl pYES2-OsCAX3 73 5ill i 1k % BF 14
Pk K667. JIt 15 BH M 7 B /1 SG-Ura i 2Kk 35 77 & |
i 1.
1.4 Ca*fiitE5#r

1A RS FREE X R IE OsCAX 3 HE DA IR I B
Py Ca? A0 Mn® Tif V5 23 A s2 56, BLES Ak
PYES2 “5 g% (1) 1 BE B AR AT A B 1) BB AT P AT
SR DR W BE R R 23 i AR K AE B A 200
mmol/L CaCl, f1 4 mmol/L MnCl, (] [f]{& YPD %437
BB, BEFREE D 2% RER I . 1% 40 W H
Wi 2% - FLBHAN 1% A KBl . 78 AR B 77 2L T A
(RIEEBERT Ca? T PR 73 A S8R 1, T 30°C H SG-Ura
WK IR I TG TR LE AN M, K3 Ao 4 1.0 B,
W P AS I BER 35 29 73 i 54 50 2] 200 mmol/L

CaCl, ) YPD B5J=iibii e 10 £, JBON 24 FL4H M ks
FERH, AL 1 ml, F 30CAK 24 h J5I A £E
R IR LB FR W 4 I N Ca*-ATPase [ 471 il 5
FK506 4448 4 0.5 mg/L2.
1.5 OsCAX3 fEKFEPRIRIEFED I

H RT-PCR HIJ5VEWEST T OsCAX 3 AE7KAE 111
FINRFE. St FTH I 5 I KRR 70 AR 1)
JEAL B, EmEh 30CHF 3R, REHBR
12MS ARG FR AL T 25 C AT 85 9%, R R S 4 —
WEEFRW. 10 KRG, B AKBHHER2SH
80 mmol/L CaCl, [f] 1/2MS ¥ ¥ 43 il i & 0.5~
16 h, Xt BRI GRS ] 1/2MS W AR 85 77 3L EAT 8%
I MOGT HECRIAL BRI KRB 40 v b 2 HOE RNA,  HX
0.5 wg &t RNA N, [ esk frf3 56— cDNA
HIRY 18 0sCAX3 K IER AT OsActinl™. 0sCAX3
K514 4 0sCAX3-F: 5" ATGGAGAATCCTCAG-
ATTGAG 3'; 0sCAX3-R: 5 TCATCGCTGGAT-
TGTGGA 3'. OsActinl (51 A OsActinl-F: 5’
GGAACTGGTATGGTCAAGGCPCR 3'; OsActinl-
R: 5 AGTCTCCCATGGATAACCGCAG 3'. PCR
FEYIE 1% B IRbi e ik, CAERETfS PCR 7~
W IERAPE S T — . R PCR N IR AR (1)
AU NGRS, DURIEFTE OsActind ) H 47
SRR —E
1.6 R ITIT R ZH AR & R IR RYER 1L

¥ 0sCAX3 4 N pBI221-GFP ] Xba 1 Al
BamH 1 BgYIAL pi 2 8], o it Iy ek ik 40 7
W PRI 200 I i A AR 1) 7l 2% R Ak 2 B Sheen (1) T
%, BURE AR 3 ~ 4 BT T A A% s AR
ik, H PEG & 34T ¥ 46, B 100 wl il & 4 11
JR AR AR, 4y N 20 wl pBI221-GFP Al
pBI221-OsCAX3-GFP Jit fii. DNA 1 110 pl PEG,
BEES), WA 30 min, ] W5(154 mmol/L NaCl,
125 mmol/L CaCl,, 5 mmol/L KCl, 2 mmol/L MES
pH 5.7) ¥ 2 I, 1 1 ml W5 SRR, i
AN 6 LB TR, 23°CHYFE 16 ~ 24 h. | LSM510
TP ISR A WS (Zessi) W %¢ GFP FTfR 78 ) 2
.

2 & R

2.1 OsCAX3 HIFFIHHh

R OsCAX3 BRI P H) vt 1 — X e 5
). F PCR 7w R T OsCAX3 B, 1%
FERAL S 1 254 B3E, 4afd 417 D2 IER. AR
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(a) acid motif

12 3 4 5 6 7 8 9 10 11
(b) OsCAXla 1 ~HERARRHER GRELLRAEHPHGR SR
0sCAXIb 1 CHIW S EMNME SHTHAE EMAVEHELE 1O 65N
CAXI1 | ~-MASIVTEPWAVARNGNFA ITAKGH FRELAT AR
VCAXI | - --HESHQHEFNLLENGNF - - - - EVLTREMEHEgRE R0
0sCAX2 | mmmm e e - MTARGE Hﬂ:n.t.nrsn TGELAMYABRSLATRRE
0sCAX3 e ettt MEHPQITEMGAFEASIAFOLONGGLASSMVOSNNLORF
CAX2 ] HMECCEVPVLIEAQVERNVEANELENESLFEQ EI.IJAE’J TEE HEQOBLETE !"I'-:HTEKEI.'

OsCAXla 50 AkpCEREFDOY - S ATREVMNETR 1 EFEENE Sy

OsCAX1b 58 AR LEFSOWV- LYrFLARRLAEF
CAXI1 59 EC CHETREQF - i TPLAREETF
VCAX1 54 T CEFFRP ST

OsCAX2 31 ML L8 AMHG o L L FEYR ]

0OsCAX3 37 IL TTERHEG-

CAX2 61 LY HIDSES -

OsCAXla 109
OsCAX1b 117

CAX1 118 ¥TAFPT Eﬂ".-'r'_n.— GEATELT

VCAX1 113 Y TAPTVAOLLNATEaNT=LT

OsCAX2 91 rrTarTaoLLNATEORAT E]

0OsCAX3 96 FTFaFEVadaLLNATFANLAT E]

CAX2 120 AL L_.lJEJ._.HH' LL W Lo A

OsCAXla 169 Pl FRAGENEVEAT HIAIF n

OsCAX1b 177 L 'u'rE-:.lI'.l:Hl.l'u':lu- :

CAX1 178 ELWGRLE NG - l.ﬁ."L.::l:

VCAX1 173 l‘ . ALTYD I-:I

OsCAX2 151 < EVOYOESEN S

OsCAX3 156 A ':r- ————- BEVEZRASEVE

CAX2 180 A - - - - - - AEEVAMNES SN
FA

OsCAXla 229 it 1 pEvYBoSDAE- - - <
OsCAX1b 235 i 21T - BODEDLVIA

ETYDOOVE - - =

- BEOhBENGS - - <

CAXI1 236
IFEQEE- -EVTEDE-
EG HFAEDAAEE -

VCAX1 228
OsCAX2 205
LD FHOHNEETEAR -

OsCAX3 210
CAX2 234

LLPIVONARESEGAT IFAfENELD T
LLT EVONLRES LS T Falf i) D
LLPTVENLNELAD 3 4 ENE
LLPIVEANARENAGANEF ENELDT
LLFEVANAKEN l.Tl-l'L.l'sl'T oI
IVEANAREN 17}'1-1*-'_-.-'1':”
ILLPEVOMAREHAGNT BT

OsCAXla 285
OsCAX1b 295
CAX1 293
VCAXI 284
OsCAX2 262
OsCAX3 269
CAX2 293

OsCAXla 345
OsCAX1b 355
CAXI1 353
VCAX1 344
OsCAX2 322
OsCAX3 329
CAX2 353

ARDEAGHAN- - - SNGEALL
IRERSABGT - - - DGVHHL
DELEOXONATNLEANDAH TTATRGEEVFAE
PlORTEEN = =25 =2 = === QRINTHY IFNEVL = -
Mla v DD s s HHE - - i
Buveloagnn . - -

EECHQDGE - = -

OsCAXla 405
OsCAX1b 415
CAXI1 413
VCAX1 404
OsCAX2 382
OsCAX3 389
CAX2 413

Fig.1 Deduced amino acid sequence analysis of OsCAX3
(a) Hydropathy values were determined according to Kyte and Doolittle over a running window of OsCAX29 amino acids residues. The protein has 11
transmembrane domains and an acidic motif which is a hydrophilic, acidic-residue-rich region between the sixth and seventh transmembrane domains
(residues 234 ~ 250).(b)Alignment of deduced amino acid sequences of polypeptides encoded by OsCAX1a, OsCAX1b, OsCAX2, OsCAX3, CAXI,
CAX2 and VCAX1, The accession numbers for them are AB112656, AB112770, AB112772, AB112773, AF461691, AF424628, and AB012932
respectively.
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Kyte S5 I VLT 56 KR o3 A e W], 12 IR 4 )
MEASE 11 AEEEX, Hpds e M5 74
PEREIX 2 () —AN 17 AR 2 3 R R SR 41 B
1% P 5L JF (acidic motif) 45 1 (K] 1a). OsCAX3 5
OsCAXla. OsCAX2. CAXIl. CAX2 4t & 1
VCAX1 AR s i RIS TE(E 16, hitp://www.
ch.embnet.org). £ OsCAX3 ) N i 5 — 27K X
B, FAUPLR I CAXT () H A< e,
2.2 OsCAX3 ¥z Ca*BYThee 2 4f
M0 e fE 724 N o 306X, FATT
OsCAX3 55 27 A2 LR A o we vk Bie 514,
P 5 15 R L) 0sCAX3, fiv %M sOsCAX3.
¥ OsCAX3 Rl sOsCAX3 ' N P BF 98 A% 4 B bk

Mn*

Ca*

Vector

OsCAX3

sOsCAX3 |

Ao

K667, OsCAX3 Al sOsCAX3 #i GE 1 il K667 *f
Ca? MU, RiE sOsCAX3 RN I L ik
OsCAX3 [P T9 BF 40 A= K HE B, {2 OsCAX3 Al
sOsCAX3 #i A figfl K667 £ 4 mmol/L Mn* [1) 15
IRt B AR (B 22). TEREFRME Ca® I P 23 A
i, OsCAX3 Fl sOsCAX3 #REAL IR BE R K667 7F 7%
200 mmol/L ] Ca* Bi 72 A, T 4% N8 ik
pYES2 X} BB AR AE H & 50 mmol/L Ca* 55 72
WA A K. FAE, # sOsCAX3 ¥ B b L 3%
OsCAX3 [P AR K HE B (4] 2b). 1X % 1] OsCAX3
et iiz Ca*, JF HIL N i P 41X Ca* iz B
A T IR A

0.6

0.2 1

0 50 100 150 200

Fig.2 Cation sensitivity assay of yeast K667 strain expressing vector, OsCAX3 and sOsCAX3
(a) Ca*" and Mn* sensitivity assay of K667 strain transformed with vector, OsCAX3 and sOsCAX3. The indicated

yeast strains are grown on solid media supplemented with 200 mmol/L CaCl, and 4 mmol/L MnCL. (b) Ca*

sensitivity assay in liquid media. The indicated yeast strains are grown in liquid media supplemented with

200 mmol/L CaCl,. Cells are diluted 10-fold into fresh media containing a range of CaCl, concentrations from
50 mmol/L to 200 mmol/L and incubated for lday at 30°C in flat-bottom 24-well dishes (1.0 ml/well). Optical
density at 600 nm was measured for each resuspended culture. [J: Vector; [7]: OsCAX3; Il: sOsCAX3.

2.3 OsCAX3 TEKFER R FTIEFFE

H RT-PCR )77 3400 T OsCAX3 ) mRNA
TE7KAB LI BRI v (R 28 e DA B 75 52 B AR
) Ca S, G REK M, 0sCAX3 {E/KFELHH
(1) 2 ik = WA T AR b g Rk (8] 3a), 4 H]

(®) 1/2Ms

80 mmol/L [¥] CaCl, &b HL/KFE L) I, OsCAX3 11
mRNA i 5 4k B[] (1) 55 03z 28 B9 0 (18] 3b), X
Pt B OsCAX3 7F mRNA 7K ¥ | ) %3k 52 51 4h Ui
Ca> [11155 7.

Fig.3 RT-PCR analysis of OsCAX3 gene expression in rice seedlings
(a) OsCAX3 transcripts were detected in total RNA from root and leaf by RT-PCR. (b) OsCAX3 transcripts were detected in
total RNA from seedlings treated with 80 mmol/L CaCl, for different period of time by RT-PCR.
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2.4 OsCAX3-GFP B ARt E 1L

NV A0 B e 457 T 43 B (http://psort.nibb.ac.jp) &
W] OsCAX3 & A AEFEA A i b T 5ikiX—
E9L, BT T pBI221-OsCAX3-GFP [ i 3R 1A
B, 4> K pBI221-GFP % {& #I pBI221-
OsCAX3-GFP fili & 25 A4 e A AU B 57 - PR 41 i D A
JRAR. G5 R, e84k GFP [ A farh, 5ok
70 41 Mo o R4l M A% b A o An . i R A
OsCAX3-GFP [HJ4H i, 2825 56 W) 43 A 7 41 g
5T B b (&l 4), X3 OsCAX3 J& — > Jit JiE
Ca?/H" Jx [ s 4.

Fig.4 Transient expression and subcellular localization
analysis of OsCAX3-GFP fusion protein in mesophyll cell
protoplast of Arabidopsis
(a) Confocal microscopy images of green fluorescence in protoplasts
expressing GFP alone. (c¢) Optical sectioning microscopy image of green
fluorescence in protoplasts expressing OsCAX3-GFP. (b), (d) The same
cells of (a) and (c) in bright field. Bar in (a)= 20 pm. (b), (d) Cells were
photographed in bright field shown in (a) and (b).

39 #

3.1 OsCAX3 3t Ca*$5iz 4571t

1 % S R 7 A0 R84y #Hh, OsCAX3 5
CAX1 [FIVETE N 42%, 15 CAX2 (1) [F) J5 o ) s ik
74%, {H1E, OsCAX3 W M4 s & 1z k£
PEF A CAXT AL, '© 1% CAXI —F¢, #4k
PP RESEAR R K667 Jiis HREMITZ R PRI Ca® Uk
ZRANE], AR M BUEPE. CAX2 WA EL
32 Ca¥ M Mn¥. £ CAXI 45— CaD (Ca*
domain) {7 T CAX1 55— FISE —ANEEIEIX 2 8] 1)
87~95 N MR, {E OsCAX3 KA X I 5 CAX1
fK) CaD [FIYEPEIR /N, £E CAX2 3 4 MEEX A4 3
MNEIEIR CAF #N A 5 Mn> [§5 1814 K™, 76
OsCAX3 55 4 A5 X o s [A] B A7 fE — A CAF

X3, 1] OsCAX3 HIARE iz Mn>. Al 1HENX ]
BEAE FH T CAXO W B 15638 I e AU e T
FEBRFIRIGIT S, eI = YE L i UL A4
NGV EE S
3.2 OsCAX3 BhFik4EtE

FH AN Ca* kb 2K F8 %)) 1 7T LU 5§ 0sCAX3
mRNA KL, X5 OsCAX3 n] L1z Ca 111
BE A2 AHAF 0. 346, 6 KRG %) 1 1) AR AL i o
OsCAX3 HRIE R HIA K, TERR T ZRIAIEILT
PRy 2k IX U] OsCAX3 78 K R AN 7] 41 27
H AT Rk, OsCAX3 nf RELE K ARG AN [ & & I
W ASTR] ) A B g S A R4 .
3.3 OsCAX3 B9 £ B E L

IV 41 D 5 A I 43 A A OsCAX3-GFP il & 2
1 40 s A AT LR B, OsCAX3 s v 78 T [
WOR L 1 Ca/HY [ In) e A S A7 AE T I BT
Ca?/H" [ [ i ia AR n] e 4G 7 L EIAN IR %
CAX1 LN IR T A P Ca? 35 W I vy Ty AR 7
SRR, KU IR LK) Ca?/H* i ) B R T DL
{EREY K N L £ 1 Ca® WO o v %02 B0,
NN 9 I v R PS8 1 Ca S5k 4 M ) 8 081, g R 8 7
TEF L 1 (1) Ca?/H [z [0) e ia R+ Ca? 7E 41 i
Z VR PR A% 33 DL Je Ca®* 7R P AN AR 1) 43 T Ak
FHEEAER. T Ca?/H* [ [F FHE KT LUK Ca> 42
NAEYI L A, MTT S0 Ca? ERIW 1A Y F) 4%
T BCEILL B A 5 1 40 V) (1 £ 328
34 Nins 57T 0sCAX3 #55E Ca*IREHI AR

TERLRG I ) CAX1. 251 VCAXT FHZKAE 1)
OsCAXla ', #AFAEAE —/N N uiff AFIHIX, X
AN DX AT USR] X 2 Ca2/HY [ 7] B5 18 AR I 3618 1
PE, R X e A AR N I DA AR
AT Ca* (WIS T PED. AT AL 28 N i 1~26
ANE LRI OsCAX3, Bl sOsCAX3 H 4k % RE T bk
K667, it Ca* My VE4r#r o, L&A E
200 mmol/L CaCl, ] YPD [l #4575 B vhids 2 76 &
50 ~ 200 mmol/L CaCl, [f] YPD & 14 % 7% 5
sOsCAX3 % KL DS I B B AR AR KK T 0sCAX3
BESL NP BE AR (K] 2). IX 1] OsCAX3 %) Ca* %
EINEEM T 5 TN Ca/H' X IH) 535 44 1 i 4
T AP ZE 5, X 22 el Re S e 1A AR )
V4 5E A7 AT 5. 7F OsCAX3 ) N Bt £ 78— AN %) 3
Ca BTG PRI I X 8, HIX — DX IAS fiE 52 A4l
il OsCAX3 X} Ca* [#Eiz, 1y b ke 2] — & i
S9/E . XA N i P45 X AT ANl i 5 I AH AR 1
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DX ICRAT A Thfe, i JE i oAt Uy SOk AT
M. FEHVRFAE 73 AT 2R W, 78 OsCAX3 1 N %ij 1~26
NIRRT AL AW BET) A AL 2, 4
A& GAFK Rl GGLR, FRATTHEDNAE OsCAX3 X} 1L
Ca BEIZ (PR, N i [ A 7 s IE Ak ] i 7
1.

Bigt & Hirsch 1+ . Ning Hui Cheng f& + FlI
Cunningham {8 -1 24 AT TH2 4L T 9% BE B K K667. %
G R 5 = B Ji B ot i PR A ATT S AT T 3
FK506. 8§ B - 185 1 O AT 42 fit pBI221-GFP
Ak

& % 3 Wk
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Functional Analysis of Rice Ca*/H* Antiporter OsCAX3 in Yeast
and Its Subcellular Localization in Plant

QI Bi-Shu, LI Chun-Guang, CHEN Ye-Miao, LU Ping-Li, HAO Fu-Shun,

SHEN Guo-Ming, CHEN Jia, WANG Xue-Chen™

(College of Biological Science, China Agricultural University,
State Key Laboratory of Plant Physiology and Biochemistry, Beijing 100094, China)

Abstract Ca®/H" antiporters play important roles in plant nutrition and signal transduction. A novel Ca®/H*
antiporters gene OsCAX3 was identified from rice. Sequence analysis revealed that OsCAX3 has 11
transmembrane domains, and an acid motif consisting of 17 amino acids between sixth and seventh transmembrane
domains. When expressed in yeast, OsCAX3 complemented the mutant growing deficiency at high Ca*
concentrations, and its N-terminal (1~26 amino acid) partially suppressed its ability to transport Ca**. RT-PCR
analysis showed that OsCA X3 mRNA was induced by exogenous calcium. OsCAX3 was predicted to localize in
plant plasma membrane by PSORT prediction, and this was further confirmed by transiently expressing
OsCAX3-GFP fusion protein in mesophyll cell protoplast of Arabidopsis. All these findings strongly suggested

that OsCAX3 is a Ca*/H" antiporter located in plasma membrane.

Key words rice, Ca*/H" antiporter, RT-PCR, protoplast, transient expression

*This work was supported by grants from The Special Funds for Major State Basic Research of China (2006 CB100100, 2003 CB114300) and The
National Natural Sciences Foundation of China (30370129, 30421002).

**Corresponding author . Tel: 86-10-62732706, Fax: 86-10-62733450, E-mail: xcwang@cau.edu.cn

Received: April 22,2005  Accepted: June 29, 2005



