50 3 Vol. 50 No. 3
2014 3 SCIENTIA  SILVAE  SINICAE Mar. 2014

doi: 10.11707/j.1001-7488.20140306

Na®™ /H

NtNHX1 "
1 23 1 23 23 23 23 23
(1. 410004; 2. 100091;
3. 100091)
Na*/H* Na* Na*
) RT-PCR
RACE 1 NHX ¢DNA NitNHXI GenBank KF751928.
. MNHXI 2 134 bp 281 bp 5’ 218 bp 37 29 bp  poly( A) o cDNA
1 544 8. 14 59.9 kDa. NHX1
Ni:NHX1 81% . NiNHXI 12 T™3
( LEFIYLLPPI) Na* . PCR
NiNHX1 NN : (200 mmol * ™" NaCl)
NiNHX]I 12h . NiNHX1
: Na*/H* ; NeNHXI ; ;
. S718.46 DA : 1001 —7488(2014) 03 —0038 - 07

Isolation and Expression Analysis of a Vacuolar Membrane Na* /H "
Antiporter Gene N¢YNHX! from Nitraria tangutorum

Tang Xin' > Wang Ruihui'  Yang Xiuyan’®  Zhu Jianfeng’®  Liu Zhengxiang®’
Ni Jianwei’ * Zhang Huaxing2 3
(1. Central South Forestry University of Science and Technology ~Changsha 410004; 2. Research Center of Saline and Alkali Land of State
Forestry Administration ~ Beijing 100091; 3. State Key Labortory of Tree Genetics and Breeding Beijing 100091)

Abstract:  The plant Na® /H" antiporter ( NHX) can regionalize the excess Na™ of cytoplasm in the vacuole. This
process can avoid the noxious effects of Na® in the cytosol and maintain osmotic balance by using Na* amassed in the
vacuole to drive water into the cell thus facilitating the plants to resist salt stress. In this work a fulldength ¢cDNA
sequence of NtNHXI gene was obtained from leaves of Nitraria tangutorum using RT-PCR and RACE named N¢NHXI
( GenBank accession number KF751928) . Sequence analysis indicated that NeNHXI is 2 184 bp in full length containing
a 5 -untranslated region ( 5°-UTR) of 281 bp a 3"-UTR of 218 bp and 29 bp of the ploy( A) tail. The NeNHXI cDNA
encodes a protein of 544 amino acids with a pl of 8. 14 and a deduced molecular mass of 59. 9 kDa. Amino acid sequence
alignment with other species showed that the N. tangutorum of NeNHX1 displayed the highest similarity( 81%) to citrus.
NitNHXI has twelve putative transmembrane ( TM) domain structures of which the TM3 transmembrane structure includes
the conserved amilorude-binding sites ( LFFIYLLPPI) . The amilorude-binding site was found to be responsible for playing
a competitive role. Relative Real-Time PCR analysis indicated that NeNHXI expressed in root stems and leaves. The
expression in leaves was highest. The transcript level of NtNHXI in the leaves was obviously increased by 200 mmol L ™'
NaCl treatment and the expression of NtNHXI reached to the highest in 12 h of treatment. The study indicated that the

expression of NtNHX1 gene was related to the induction and regulation of salt stress.
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Tab. 1 Primers used in this study and the processes of PCR
Primer Primer sequence( 5’ —3") Amplication length/bp Function
Ml TTGGAAGAGCAGCTTTTGTT 565
M2 GCATTGAAAAGMACCACHGATG For the conservative fragment
UPM CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT 1 636 37 RACE 3’
M3 CTTGAAGAGAATAGGTGGATGAATGA 3’ ending amplification by 3’ -RACE
UPM CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT 929 5" RACE 5’
M4 CTTCACTAAACACTAATAGATGCGAGC 5’ ending amplification by 5’ -RACE
M5 ATGGATCAATTAAGTTCGGTTGTATCG 1 635 cDNA
Mo6 TCAGTTCCATTGACGGACGCTC Fulldength ¢DNA amplification
M7 CCTCCTAAATGCTCCTACACACACG 155 NtNHX1
M8 CGGAACGAAGGGAACAAAACC For the expression of NtNHX1
Act¥ TTGCTGACCGTATGAGCAAG 179
Act-R TGGATGGACCAGACTCATCA For the internal control
1.4 NINHXI N RNA
NCBI ~ NiNHXI 500 ng ¢cDNA 1
DNA ( http: // www. ncbi. NiNHXI ¢DNA 1
nlm. nih. gov/BLAST/) ; DNAMan M7 M8( 1) 155 bp
NtNHX1 o ( Nitraria sibirica) Actin
; Compute pl /Mw NiNHX1 ( AB617805. 1) Act¥  Act-
; Mega 5 R( 1) o
Neighbor—
Joining o SOPMA ( Geourjon et 2
al. 1995) NtNHX1 2.1 cDNA
: Scanprosite Motif M5 M6
( http: // us. expasy. org/prosite) ; TMHMM ( ORF) 1 635 bp,
( http: // genome. RT-PCR  RACE-PCR
cbs. dtu. dk/services/TMHMM/) ; ProtFun 2 134 bp NHX cDNA
NtNHX1 ( http: // www. cbs. dtu. dk/ NiNHX1( GenBank » KF751928; 2014
services / ProtFun) ; Signal P N - 5 28 ) o NtNHX1 ¢DNA
( http: // genome. cbs. dtu. dk/ NCBI ORF Finder
services/Signalp/) ; Protscal NiNHX1 c¢DNA 1 635 bp 544
o 3 218 bp 5°
1.5 PCR 281 bp.
NiNHX1 NiNHX1 Na®/H"
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Fig. 1 Comparison of NtNHX1 with other plant NHX1 antiporter
Antiporter inhibitor” s amiloride-binding motif is marked with red box.
Nt: Nitraria tangutorum; Cr: Citrus reticulata; Se: Salicornia europaea; 7x: Sarcozygium xanthoxylon,
Ag: Atriplex gmelini; Ad: Atriplex dimorphostegia; At: Arabidopsis thaliana; Os: Oryza sativa.
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Fig. 2 Phylogenetic tree analysis of Na* /H* antiporters from various plant species
Ss: Suaeda salsa.
3 NiNHX1
Fig.3  Bioinformatics analysis of NtNHXI1 protein in Nitraria tangutorum
A. ; B. ; C. o A. Secondary structure prediction; B. Hydrophobicity
analysis; C. Transmembrane structure prediction of the antiporter protein NINHXI.
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Fig.4 Analysis of relative expression level of NeNHXI in Nitraria tangutorum

A. NtNHX1

; B. NaCl

NtNHX1

A. Relative expression level of Ne/NHXI in different tissues; B. Expression of NtNHXI in the leaf under NaCl stress.
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