AL A E 2011009 123~ 126

AtN HXS

AN AN

(1. s 529566; 2.

s s 510631)

R RAF G0 ot Sk SRR T Sk 709 Na /H ' £ 4455 B4 LB AINHXS
FNIBE, 2#E £ 55 £ . PCR A= RT-PCR #90, 1E8 AtNHXS € FNIAFE AR A H 24 AR
o gk, FaE A RM AR # AR (FPA AD M ARSI A A 300 mM NaCl 89 1/2MS 355k &
L RS AR ARG AR AR KT HAR. FESH 300 mM NaCl 49 1/2MS 2R A4 K 4
JE JG84 #irih 3453 18- NaCl 89 1/2MS 355 A5, 35 R AR Bk Wk B A K, f B4 A AR &
KAgi, GRRULABRIA AANHXS B T 3% B8 k1,

AtNHXS5; H
:(0943.2 LA

3 Na' . (D Na

;) Na : 3) Na
( ). Na /H"

b

Na K /Na pH ,

Na /H'
8 AINHX 1~8, AINHX1
1 ,

B ANHX1
NaCl, KCl. (ABA)
. AtNHX1 SOS
ABA ABA

AR E966-), S AL BRPHIR TR F A M
MR E TAfe BE M A LUE R ARERIRS T AMRE LHF
IAE.
: BR 8 KA A 58 8h98 (30170667).
:2011— 03— 11

: 1001—0009(2011)09—0123—04

AtN HX5 NaCl ,  LiCl )
Na' . AtNHX5
SOS ABA )
(Munns  Tester 2008).
, AtN HX5 (AF490589)
o, K326 1983
AtNHX5
, AtN HX5

K326

(Nicotiana tabacum L. K326
EHA105
. AtNHX5

(Agrobacterium tumef aciens )

pHQSN-F 9,

(hpt), AANHX5
CaMV355
(castor bean catalase)
pHQSN-F EHA105 ,—80°C . RNA

QTAGEN , DNA TaKaRa
»dNTPs.Tag DNA ,

1.2
0% 30 s 5%
C 0.1% 15 min. 5~6
, Ms' ,
0.75%, pH 5.8. @5+ C,

35 tmol *m > °s ', 12 h 28 d.

123



JbF A Z 2011009): 123~ 126

1.3
—8 T EHA105/
pHQSN-F, 2 ML 50 mg/ L
0 mg/ L. kanamycin 5 mL YEP
. (BEDC 210 v min 24 h,
, ) 1/2 MS
(pH 5.2), ODao 0.5.
0.5 emX0.5 em , 10 min
, , (MS+2 mg/ L.
BA + 0.5 mg/LL NAA+20 mg/ L , pH
5.5),25C 34, 500 mg/ L.

b 9

(MS+2 mg/L. BA+0.5 mg/ L
NAA-+25 mg/ L hygromydn—+500 mg/ L »pH
58, @5+DT ,214d

b b

3.5cm (MS—+0.1 mg/ L. NAA+

25 mg/ L hygromycint250 mg/ L. . pH 5.8)
1.4
, 2d
( : ; =2 , 1
, ; (5+DC
15 #mol *m” °s"'( 12 h),
0% . 10d ,
10 d
1.5
(T1.T4.T7.
T8.T1I0 TID (WT) 200
mg, CTAB DNA, 100 L
RNA 100 mg ) QIAGEN
RNeasy Mini Kit RNA ,

RNA 50 #1. DEPC .
M-MLV RTase ¢DNA Synthe-

¢DNA TaKaRa
sis Kit
T T7 RT-PCR
. RT-PCR TaKaRa .

. RT :65C1 min, 0 C5min .15
min 65°G65C 30 min, 98 ‘C 5 min,
4°C5 min, , ¢cDNA . Ac-
tin . RT-PCR . Actin

Actin F (5 -TTC TGG TGA TGG TGT
TAG C-3) Actin R (5 -CCT ATC AGC AAT

TCC AGG AAA C-3). AtNHX5

124

AtN HXSF (5§ -ATG ATT TCT CCG GTG GAG CAC

GACCC- 3) AtNHX5R (5 -CTA CTC CCC
ATC TCC ATC TCC ATC TG3).
2L 10XPCR .0.52L  dNTP.
0.2.0.1"L Tag (0.5 U/PL).1%L  cDNA.
20 L. PCR .94°C
3mn9%C  30s5.60C 305.72°C 1 min, 30
72°C 10 min, 4°C
10 ML 1%
1.6
T3 T1I T7 WT)
. 1/2 MS . 1od
1/2 MS+300 mM NaCl (pH 5.8)
5, 3 . 28d
, NaCl 172
MS , 6
12
2
2.1 AtNHX5
AtN HX5 pHQSN-F
ChpD),
25 mg/ L
50 .36
1 ) 25 mg/ L
. 32
.32 6
(T1.T4.T7.T8.T10 TID AINHXS
PCR . 1A WT
AtNHX5 , T1.T4. T7. T8.
T10.T11 1 554 bp C 1A).
1 50 mg/L
1/2 MS .
. T1 T7
108 33 116 37, 3¢
T1 T7 15 .
. 2 . TT T7 15
, Tl
15 4 . T7 3
. RT-PCR . RT-
PCR , AtNHX5 Tl
T7 ( 1B), 1 554 bp,  At-
NHX5 ., WT .
AtNHX5



A A T 2011009 23~ 126 ° °

WT T1 T4 T7 T8 Ti0 Til

A «—1554 bp

WI Tl 17
«—1554bp

y ——
I~
1 P(R(A) RFPR(B)
: WT. s T1, T4 T7, T8, T10, T11:
2.2 AtNHX5
TL T7
300 mM NaCl 28d
WT : 9 b
( 2WD. WT T T7
1~2 . .
C 2,T1.T7).
NaCl 1/2MS JWT
. . , 12
d ( 3, WT),
, ¢ 3, TL.TD. At- 3 (WD) (TL T
V2MS (pH 5.9 6d 12d
3
1999 AN HX1 L2
, At-
NHX1VY, 4NHX3" . AANHXS? . LeNHX2®
. Na'/
H .
Na /H"
Na /H™ .1
1. AINHX1~4 I, . AtNHX5
LeNHX?2 . K
. LeNHX?2 1l
(Endosomal vesicles), AtNHX5 ~6
o , AtNHXS AtNHX1
nhxl, s, AtNHX5
AtNHX1  AtNHX2 Na /H"
. UER 0 4tNHXL
AtNHX2  , AtNHX5 Na"
. , AINHX5 LeNHX?2
2 (WD) (T1, TD , K+
[8 10 . [3]

1/2 MS+300 mM NaCl (pH 5. 8 28 d

125



JbF A Z 2011009): 123~ 126

Na , K'
. AINHX5
. AtNHX5
N a+ K+
B, , AtNHXS

[1] Munns R Tester M. Mechanisms of salinity tolerance [ J . Amual Re-
view Plant Biobgy, 2008, 59: 651-681.

[2] Ape M P, Aharon G S, Snedden W S, et al. Salt tolerance conferred by
overexpression of a vacuolar Na'/ H' antiport in Arabidopsis| J| . Science
199, 285: 1256-1258.

[3] ShiLY, LiH Q Pan X P, et al Improvement of Torenia fournieri sa-
linity tolerance by expression of Arabidopsis AANHXS5 | J] . Functional Plant
Biology, 2008 35: 189-192.

[4  Murashige T, Skoog F. A revised medium for rapid growth and bioassay
with tobacco tissue cultures [J] . Physiology Plant, 1962, 15; 473-497.

[5]  Zhang H X, Blumwald E. Transgenic salt tolerant tomato plants accu-
muhte salt in foliage but not in fruit [ J] . Nature Biotechnology, 2001 19:
765-768.

[6] Zhang H X, Hodon J, Williams J P, et al. Engineering salt tolerant
brassica plnts: characterization of yield and seed oil quality in transgenic

plants with increased vacuolar sodium accumulation [ J]. The Proceeding of

the National Academy of Scienes USA, 2001 98. 12832-12836.

[71 LiuH, Wang Q Q. Yu M M, et al. Transgenic salt-tolerant sugar beet
(Beta vulgaris L..) congditutively expressing an Arabidopsis thaliana vacuolar
NaT/H™ antiporter gena AtNHX3, accumuhtes more solubk sugar but
less salt in storage roots|[J] . Plant Cell Environment, 2008, 31. 1325-1334.
[ § Rodiiguez Rosales M P, Jiang X, Golvez F } et al. Overexpression of
the tomato K™/ H' antiporter LeNHX2 confers salt tolerane by improving
potassium compartmentalization [ J] . New Phytologist 2008, 17% 366-377.
[9 Venema K Belver A, MarimManzano M G et al. A novel intracellular
K*/H" antiporter related to Na*/ H™ antiporters is important for K ion
homeostasis in plants [ J] . Journal of Biological Chemistry, 2003, 278
22453-22459.

[ 10] Pardo J; Cubero B Leidi Es et al. Alkali cation exchangers: rok in cel-
lular homeostais and stress tolerance [ J] . Joumal of Experimental Botany,
2006, 57. 1181-199.

[ 11]  Yokoi S, Quintero F J, Cubero B et al. Differential expression and
function of Arabidopsis thalisna NHX Nat/ H™ antiporters in the salt stress
responsq J| . Plant Joumal, 2002, 30. 529-539.

[ 13 Aharon G S, Apse M P, DuanS L et al. Characterization of afamily of
vacuolar Na*™/ HT antipotters in Arabidopsisthaliana [ ]] . Plant Soil, 2003
253. 245-256.

(
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R . b
Abstract: Na /H  antiporters have been shown to sequester exeess Na into the vacuole and therefore represent

attractive targets for application in molecular plant breeding of salt tolerance. In this study, transgenic tobacco plants
overexpressing AtN HXS showed higher salt tolerance than wild-type plants (WT) under high saline conditions. After

salt stress recovery period, the growth of WT plants was obviously inhibited, while all the AtN HX5 transgenic plants

recovered growth quickly. Taken together, the results indicated the feasibility of improving tolerance to salt stress in

tobacco via genetic engineering, by introducing 4t NHXS5 into the genome of tobacco.

Key words. Arabidopsis AtN HX 5; tobacco; salt tolerance



