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1.1
(HKT)
(Liu
et al., 2000) HKT
(2006) HKT (
), HKT ( 2
Na* )
HKT
HKT1 , OsHKT2
EcHKT1 EcHKT2 McHKT1
,  K'/Na* ; AtHKT1
, OsHKT1 OsHKTS, Na*

(Rubio et al., 1995; Gassmann et al., 1996; Fairbairn
et al., 2000; Uozumi et al., 2000; Horie et al., 2001;
Golldack et al., 2002; Su et al., 2003; Ren et al.,

2005; , 2006)
Schachtman Schroeder(1994)
1 TRK HKT —_— HKT1,
HKT1
HKT1 cDNA K~
86Rp* ,
Michaelis-Menten ;
, HKT1 (K"
Cs* Rb* Na® NH,;* HKT1cDNA
534 , 10-
12 , ATP ,
HKT1 K* ATP
K* , HKT1 Na* K" 26%
(Schachtman and Schroeder, 1994) K*
Na* , HKT1 Na*/K*
, HKT1 K*
Na* , Km
3 mmol-L™* 175 nmol-L™%, Na*
,Na* K* K*
, K* ,

Na* (Gassmann et al.,

1996)  HKT1 Na* ,
HKT1 3 4
, HKT1

K* HKT1 ,
DE150-L166 HKT1/DL149-E180
200 mmol-L* 300 mmol-L"* NaCl

Na*/K* ,

Liu (2000)

HKT1/

HKT1
Na*
, Diatloff (1998) HKT1
, HKT1 464 ,
HKT1 HKT1-E464Q Na*
, pH4.5 pHB.0 , HKT1-E464Q
Na* 30%-40% Rubio (1999)
, HKT1 8 9 N365S
7 Q270L
Na" K*
Na*/K*
HKT1-AtHKT1
, HKT1

Na* ,
(2002b)
Dtrk1,2 K*

Maser

N- K*
Laurie
(2002) HKT1 ,
200 mmol-L* NaCl ,
, 2Na Na*
, HKT1 Na*
HKT1
AtHKT1 AtHKT1
HKT1 ,
506, AtHKT1 HKT1 41% (63% ),
(Uozumi et al., 2000)
,AHKT1 8 4 ,
K* (Kato et al., 2001)

AtHKT1 Na* K*

, AtHKT1
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Na* , AtHKT1 Na*
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K* (Uozumi et al., 2000) AtHKT1
Na* Rus (2004)
hktl-1
sensitive) so0s2-2
: Ca®
AtHKT1
OsHKT1
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sosl-1(salt overly
so0s3-1 NacCl

OsHKT1,

Na* (Horie et al., 2001; Golldack et al.,

2002) Kader (2006) , NaCl
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BRRI Dhan29
AtHKT1 HKT1
1 P-
HKT1 TrkH(potassium transporter) KtrB
(K* uptake transporter, KtrB subunit) .4 P-
, AtHKT1 ,
1 P- AtHKT1
AtHKT1-S68G CY62
, CY62 K* ,  AtHKT1
; , HKT1, HKT1-G91S
Dtrk1,2 (Méser et al., 2002b)
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(Fairbairn et al., 2000)
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EcHKT1
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K* (Liu et al.,

2001)

Na* Na* 563

1.2
(LCT1) Schachtman
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LCT1 8-10
1 Pro Ser Thr Glu
-PEST
LCT1 K* 7
mmol-L™* K* : 30 nmol-L™* K*
, LCT1
LCT1 Rb* Na* ,
, LCT1
Na* Rb* 170 ; LCT1
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6 )
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Na*-ATP Na* : Na*
LCT1 ,
Na* , LCT1
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man et al., 1997) Amtmann (2001)
, G19
Na* ENA1-ENA4 Na*
; LCT1 G19 , G19
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(Amtmann and Sanders, 1999; White,

1999)
(Davenport and Tester, 2000); NSCC
, Demidchik Tester(2002)
NSCC , NSCC
K*/Na*
, NSCC
:NH, Rb* K* Cs®™ Na* Li*
TEA®, NSCC Na* K* Pna/
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K*/Na* 30,
Na*
(Maathuis and Sanders, 2001) , NSCC
Na* ,
NSCC Na* Na*
(White, 1999)
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and Sanders, 1999); TEA* (verapamil)
flufenamate NSCC Na*

(Davenport and Tester, 2000; Maathuis and
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Na* ,
NSCC Na* (Davenport and Tester,
2000; Demidchik and Tester, 2002) cGMP
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Mgz+ K*
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Ca®* Mg?**
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cGMP | ;
cAMP , CAMP )
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mmol-L-* NaCl 4-7 ,
cAMP cGMP .
NaCl ;
, cAMP cGMP Na*
cAMP cGMP , Na*
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(Maathuis and Sanders, 2001) Davenport Tester

(2000) Maathuis Sanders(2001)

(cyclic nucleotide-gated channel, CNGC)
CNGC CNGC
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S5 S6 1 (P-loop),
(cyclic nucleotide-binding, CNB)
(calmodulin binding, CaMB) C-
; CNGC , CaMB
N- (Talke et al., 2003) Leng (2002)
20 CNGC , AtCNGC2
, AtCNGC2 Li*
Cs" Rb* K* : Na*
, AtCNGC2
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Pca/PnatR 0.2 (Demidchik et al., 2002)
Ca? Na*
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(Demidchik et al., 2002) Ca?* NSCC Na*
, Davenport Tester(2000)
Ca* NSCC Na*

, Davenport Tester(2000)

, NSCC ,

(White, 1999; Davenport and Tester, 2000)
, NSCC
Na*

1.4 AKT
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shaker K* , 6 1
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K* , shaker K*
(Zimmermann and Sentenac, 1999) AKT
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Na* Na* 565
NH,* K* ,
(Spalding et al., 1999)

K* , Van
Dongen(2004) (Monte Carlo
simulation) ,
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, Na”* ; :
,Na" K*
K* K*
, AKT1 Na* K*
0.02, Na* ,
Na*(Amtmann and Sanders, 1999; Blumwald
et al., 2000) Golldack (2003) , 150
mmol-L~* NaCl :
Na* Pokkali BK
OsAKT1 , Na* IR29
OsAKT1 , Na*
AKT1 (Su et al., 2001)
Na®™ AKT1 , sosl
aktl , Qi Spalding(2004)
AKT1 Na* , Na*
AKT1 AKT1
, Na* AKT1
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Na* Shaker-K* (Starkus et

al., 2000; Yellen, 2001)

Wang (2007)

K* TEA®

Ba?*

Na*
(Suaeda maritima) ,
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NaCl) Na* , AKT1
,NSCC LCT1 Na*
(Wang et al., 2007)

Na* , Na*

(Wang et al., 2002) Shi
AtSOS1 /
: AtSOS1 Na*
, (25 mmol-L"* NaCl)
Atsosl Na*
; (100 mmol-L* NaCl) , Atsosl
Na*,
Na* , Shi
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Na™, Na*
Na*
(2002a) Berthomieu (2003)

(2002)
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HKT Maéser

AtHKT1 (loss-of-function
mutation) Na* ,
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(Horie and Schroeder, 2004)
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Na* , (Sunarpi et
al., 2005) Ren (2005) , QTL-
SKC1 HKT Na*

, Na*
SKC1 , SKC1
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, Rus (2006)
Na*
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AtHKT1 HKT
Na*

149 Nax1
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; Nax2 Na*,

(James et al., 2006) Huang
2 Na*

, 149
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TmHKT7-Al
149
cDNA ,

(2006)
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Tamaroi ; TMHKT7-A2
149
TmHKT7-A2
Nax1 Na* Na*
, , TMHKT7-A2 Nax1
(Huang et al., 2006) , Nax2
TmHKTL1;5-A (Byrt et al., 2007)

Na*

Tamaroi

, HKT

3 Na'

, Na*
Na*/H* , Na*
Na*/K* , Na*/H*

2001) (2003) Na*/H*
SOS
AtSOS1 Na*
, Na*
, AtSOS1 AtSOS2 AtSOS3
Na* ,
Na*/H* ,
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(Quintero et al., 2002)
AtSOS1 12 ,

AtSOS1



Na*/H* , AtSOS1
C- , C
, SOs1
(Shi et al., 2000) AtSOS2 /
, , Ca%
AtSOS3
; AtSOS3 SOS2 ,
AtSOS2 AtSOS1 (Quintero
et al., 2002) , Ca* AtSOS3
AtSOS2 2 ScaBP
PKS , SCaBP 6, PKS
23,
: Na* :

(Gong et al., 2004)
, Martinez-Atienza (2007)
AtSOS1 AtSOS2 AtSOS3
0OsS0OS1 0sS0S2 0sS0S3
0OsSOS1 cDNA 1148
AtSOS1 57.5% , 0sS0S1
AXT3K (Denal-4 Dnhal Dnhx1)
, Na* 100 mmol-L! AP
OsSOS1 AtSOS2 AtSOS3
Na* 400 mmol-L™?
(2007)

Martinez-Atienza
0sSOS1 Na'/H*

, 0sS0S1 Na* Ky 29
mmol-L™! 30 SnRK3
CIPK/PKS 10 CBL/ScaBP Ca*
(Kolukisaoglu et al., 2004) Martinez-Atienza

(2007) AtSOS2 AtSOS3
OsCIPK24 OsCBL4
OsCBL4 AtSOS2 AtSOS1,
OsCBL4 s0s3-1
; OsCIPK24
S0s2-2 , , OsCIPK24
OsCBL4 AtSOS2 AtSOS3 0sS0S2

Na* Na* 567

0sS0S3, SOS
(Martinez-Atienza et
al., 2007)
AtSOS2 Na*/H*
SOS1 Cheng (2004) ,
, AtSOS2 H*/Ca?*
CAX1 , AtSOS3,
Na* Ca?*

, AtSOS2 CAX1
(Cheng et al., 2004)

Na*/H* Na*
, Na*/H*
(Na*/H* exchanger, NHX) Na*
Na* Na*
, Na*
Na*/H*
Na* H*-ATPase H*'-PPase
H* ( , 2002; ,
2003; , 2006) , Na*/H*
H™-ATPase/H*-PPase
H*-ATPase ,
, , H-PPase
, (Gao et al., 2006;
, 2006) Na*/H*
AtNHX1 H*-PPase
AVP1 (Apse et
al.,1999; Gaxiola et al., 2001; Zhang and Blumwald,
2001; Zhang et al., 2001) Gao (2006)
Guo (2006)
H* TsVP SsVP ,
TsVP SsVP
Na* ,
, Na* Na*
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4
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LCT1 Na* , Ca®
LCT1 Na* (Garciadeblas et al.,
2003) K*  AKT1 Na*
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1999; Blumwald et al., 2000),
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Na*
Garciadeblas  (2003) mmol-L™t
Na* (Na* depletion) HKT
Na* Na*
K* , Na*
K* ;
[Na*]=25 mmol-L™? ,
, Na*

Na* (Garci-
adeblas et al., 2003; Horie and Schroeder, 2004; Haro
et al., 2005) ., HKT

Na* , Na*/

H* H*-ATPase H*-PPase

Na* ,
SOS1 Na* Na*

' , , (2006). H*-PPase

42, 777-783.
, , (2003). Na*/H*
20, 363-369.

(2001). Na*/H*
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18, 16-19.
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42,1-7.
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Advances in Study of Na® Uptake and Transport in Higher Plants
and Na®" Homeostasis in the Cell

Hongfei Zhang, Suomin Wang*
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Abstract Salt stress is one of the factors that influence agriculture productivity. In this paper, we review transporters and
channels such as HKT, LCT1, AKT and NSCC possibly involved in plant Na* uptake, as well as long-distance Na* transport in plants
and Na* homeostasis in the cell. HKTs are ubiquitous transporters mediating Na* uptake, whereby the charged amino acid residues
play a pivotal role in cation selectivity. LCT1 is a novel transporter found in wheat that can mediate low-affinity cation uptake but
does not function in Na* uptake at typical soil Ca?* concentrations. AKTs, another family of transporters, may also be involved in Na*
uptake under high salinity. Although no gene encoding NSCC has been cloned, NSCCs are considered the main pathway though
which plants take up excessive Na*. SOS1 and HKT are involved in long-distance Na* transport between roots and shoots and play
important roles in Na* loading and unloading in xylem and phloem, respectively, thus affecting plant salt tolerance. In addition, SOS1,
an Na'/H* antiporter located in the plasma membrane, together with protein kinase SOS2 and Ca?* binding protein SOS3, forms a
complex of SOS, which plays a critical role in Na* homeostasis in cells. This regulatory mechanism is conserved among dicots and
monocots both in structure and function. The SOS complex, together with other Na*/H* antiporters and H* pumps localizing in

plasma membrane or tonoplast, controls cellular Na* homeostasis.
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