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Abstract ; Soil salinization is a major abiotic factor that adversely affects worldwide agricultural preduction. One of the
effective strategies that enable plants to resist salt stress is to compartmentalize Na ™ into the vacuole, which is accom-
plished by the vacuolar Na®*/H" antiporter. In this paper, recent progresses on molecular structure and function,

expression and regulation of the vacuolar Na*/H™ antiporters, and their roles in plants salt tolerance were summa-

rized; the future goals of this research field were also discussed.

Key words :salt siress, vacuolar Na*/H ™ antiporter, salt tolerance

R Tb R 2 T 5V B A SR s ) R
FEYRRZ—. TEPLEH Na* 3 RAEYH
BRAGES ALY X KT FEAR T B FR 0T
R = BB I 38 OE 8 K i A e %

WA MEAER AT B A2 B, B2

B Y BE T, AR AR PR A A R
o BRI A YR AR I T RO
— el VIR Na' /H " 3% [ % 38 & H (vacuolar
Na*/H" exchanger or antiporter, {&# NHX NHE
5 NHA) R4 M b 12 2 5 Na ™ X IR4b 7E 000,
—H R 2 Na* SR NEE, 5 —F
MATH Na * VA —F0 A 25 998 B T T Rk R 40
izl e A » AT 1t 4y B B 407 34 368 7 £ 5%
A, B, B Na*/H BB B R
P E LT Eh ok e B 7, LEAE Yy T 0 B a8 1 2

% H #7:2007-11-26 ; 1& = H #A:2008-02-29

Ry HEAHEMNANE. EFEK, HRBEE
Na™/H* BB EORMREZBFRAN 2
K, B R UR BT R RRER I T .

1 BEENa"/H BREEEQNSF
HSThRE

1.1 i Na /H B EEaNS FEH
1.1.1 @@ Na'/H B QH#EE NS T 4
B 1999 4, Apse &P ERIB I P K E TH A
SV Na*/H W a iz EE 2R
AINHXI , S5 , ANTTAESRAE At B ke b T e
H ARSI Na* /H* 53 5 8558 B LA (3%
1) (B4R ZH0R B # H Y s A Y, HRYE
HWRBE AR R XS IS, R RT-

EEMWMH:973 B H (2007CB108901) ,863 1% (2006AA10Z126) , E % B SRR £ 54 (30770347, 30671488) MG LHFBAA K

FritH (NCET-05-0882) %87,

e ALER, ML RE, FENFUESRAEM RS T A YRR BAEE . TR, 852, 4 S0, T2 N FH Y
A 55 F PP THE, Tel; 0931-8910983, Fax: 0931-8910979; E-mail - smwang@ lzu. edu. cn


http://www.cqvip.com

£ O O O http://www.cqvip.com|

14 OE &R R R 10 &

PCR #l RACE 7, NREZ X BAEHEY T £
( Zygophyllum xanthoxylum) vp B J{ ) 7 15 2 I
Y Na* /H * 53 1] 5 15 26 1 0 /) IR R TR ZxVHX
(B35 KR EU103624 fEEFFRR) o
fESEREWIIE Na ™ /H " Wi i R E 2 K /Y
AR, MR EERIE L& FEY R
5 Na*/H * 36 [ % 32 8 3 3576 504 1R 2 B Ciso-
form) , 3t H7EARZ WY P w ekl T 4i%iZE R

77} 5 3 K (homologous gene) . B U, 4afKRE

WML Na* /H " B R AN RIEER E0H
5 A (OsNHXI-S)™ W T ELH 6 4
(ANHX1-6)™) | B k4 6 I (ZmNHXI-6)
1 KEHEAH 2 A (HNHXT-2)P, B %

B, X e [RYR L Rt X AR F R A (B RS
PSR BT HE AR, R, B Na* /H " 3
mEBEEARE-TEEERE.

KEFRRY, KEZEBORWE Na*/H" 311
HiEEAREEH 1410 ~1 668 MELEFRRMIFH
BE SEHE (ORF) , 4@fid 470 ~ 556 Ma FEERFR I (R
1), 300 5> F 8 M 47kDa 5 179 kDa K%, i
LRI IF AINHX1 207 & 2 47 kDa®!, %
VYNHX1 | 3 60 kDa'™ | 7iij 45 3 HiNHX1 & ik
178.53 kDa'"!, g Mt AT I, AR A A 0 9 R
Na*/H* ¥ [0 5% 35 8 B 0 2 BRR/MNEEK, 70
TREESE —wERM. I Na*/H" 3
s & e L LT RE A AR

®1 SSHEYREENa/H FR%iEER

Table 1 The vacuolar Na*/H " antiporters from various higher plants.

¥y Species FER LK %@Fﬁﬁ‘%% . ﬁ%@?’ﬁ%ﬁ e BTN
: Gene names GenBank ‘accession no. - Amino acid residue numbers References
JLiREE Awriplex gmelini AgNHXI AB038492 555 (4]
EHZE Beta vulgaris BvNHXI AY189676 552 [5]
4% Citrus x paradisi cNHX1 AY028416 542 [6]
FA Lycopersicon esculentum LeNHX1 AJ306630 : 534 [7]
JH3¢ Brassica napus BnNHXI AY189676 515 [8]
AL Gossypium, hirsutum GhNHX1 AF515632 543 [9]
ThHBE Suaeda salsa SsNHX1 AF370358 556 [10]
T Tetragonia tetragoniovides TtNHX1 AF527625 554 [11]
ZmNHX1 AY270036 540
ZmNHX2 AY270037 540
FK Zea mays ZmNHX3 AY270038 539 [12]
ZmNHX4 AY270039 538
ZmNHX5 AY270040 545
ZmNHX6 AY270041 541
B Z= Rosa hybrida RhNHX1 AB199912 543 [13]
KR Glycine max GmNHX1 AY392759 546 [14]
¥t Populus tomentosa . PiNHX] AY660749 544 . (151
PiNHX6 AY832912 526
KAEZ B Agropyron elongatum ’ AeNHX1 AF507044 546 [16]
353 Helianthus tuberosus HiNHX1 ABM17091 ; 549 (171
BIERFE Pennisetum glaucum PgNHX1 DQO71264 470 [18]
INE Triticum aestivum TaNHX2 AY040246 538 [19] -
#% Vitis vinifera VoNHX1 AY634283 541 [20]
FIEMEZEE Elyrigia intermedia ’ TiNHX EF409418 546 [21]
" JEF Aeluropus littoralis AINHX AY825361 540 [22]
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Fig.1 Phylogenetic analysis of Na®/H * antiporter proteins from various plants species.

VRHLJEE Na* /H * 5816 85 5 8 I HOR RN EE B PR 2 S-S 43 B « YK H o 78 McNHXI (AM746985 ) ; JK %8 CgNHXI ( AY371319) 5 22 JTUR
KNHX (AY825250) ; 254185 SeNHXI (AY131235) ; fi S083% ScNHXI(DQ512716) 534 PeNHX2( DQ414512 ) 3 5 ZxNHX ( EU103624) 5
I AINHX] ( AY685183 ) 5 #h 7F TRNHXI ( DQ490966 ) ; B & MsNHXI ( AY513732) ; (4 =M TrNHXI ( EU109427 ) 3 # ﬁ RpNHX1
(EF675631) ; (575 & INHX2( AY730277) 3 K3 HoNHXI ( AB089197) ; /KR8 OsNHX1( AY324877) ;%35 PaNHX1 ( AB211145) ; 35 #¢, CmN-
HXI(EF396235) ; H A5 4 InNHX2 ( AB194065 ) ; &5 #F 1% NcNHX( ABOS1818) ;4575 4= PRNHX ( ABOS1817) ; HiAth NHXs X 1,

The sources and GenBank accession numbers of vacuolar Na™/H * antiporter genes are as follows: McNHXI ( AM746985 ) , Mesembryanthemurﬁ
crystallinum ; CgNHX1( AY371319) , Chenopodium glaucum; KfNHX ( AY825250) ,Kalidium foliatum;SeNHX] ( AY131235) ,Salicornia europaeas
ScNHXI(DQ512716) , Suaeda corniculata ; PeNHX2 (DQ414512) , Populus euphratica; ZxNHX (EU103624) , Zygophyllum xanthoxylum; AINHX1
(AY685183 ), Arabidopsis thaliana; ThRNHX1 ( DQ490966 ), Thellungiella halophila MsNHXI ( AY513732 ), Medicago sativa; TrNHXI
(EU109427) , Trifolium repens; RoNHX1 ( EF675631) , Robinia pseudoacacia; INHX2 ( AY730277 ) , Iris lactea ; HONHX1 ( ABO89197 ) , Hordeum
vulgare; OsNHX1 ( AY324877 ) , Oryza sativa; PaNHXI ( AB211145) , Phragmites australis; CmNHXI ( EF396235) , Chrysanthemum morifolium ;
InNHX2 ( AB194065) ,Ipomoea nil ; NeNHX( ABOS1818) , Nierembergia caerulea ; PANHX( AB051817) , Petuniax hybrida;The other NHX;s refer to Table 1.
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Fig.2 Proposed topological model of AINHX1™
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