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Abstract  The Arabidopsis thaliana AtNHX2 gene is one member of the drabidopsis NHX Na"/H " antiporter gene family
and play an important role in salt tolerance. A sequence-analyzed 2. 8 kb DNA fragment on upstream of ATG start codon of

AtNHX2 gene was cloned into pCAMBIAL301-1. The promoter activity was detected by transient expression in onion
epidermis. The reconstructed vector pCAMBIAI301-1/ AtNHX2 promoter was transformed into Arabidepsis thaliana by
Floral Dip method. A:tNHX2 promoter-GUS analysis in transgenic Arabidopsis showed that AtNHX2 was expressed in all
tissues. Strong GUS expression was detected in guard cells suggesting the possibility that it is involved in stomatal
regulation. AtNHX2 promoter activity was decreased by NaCl and up-regulated by KCl, demonstrating that NaCl and KCl
regulation to At/VHX2 expression occurs at the transcriptional level. GUS activity in old leaves was higher than in new

leaves, which reveals a role of AtNVHX2 in salt tolerance. Strong GUS activity in root hair cells was observed. It suggests

that A¢VHX2 may play an important role in partitioning of Na” into the enlarged vacuoles of root hair cells.
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Soil salinity is a major limit factor to productivity
of crops. High salinity causes ion imbalance and
hyperosmotic. stress in plants. Excessively poisonous
ion should be excluded from eytoplasm or partitioned
into vacuolar and therefore ion homeostasis was
reestablished. Na®/H™ antiporters are ubiquitous
membrane proteins that play major roles in cellular pH
and Na® homeestasis throughout the biological
kingdom.

The plasma membrane Na™/H* antiporters SOSI
gene was cloned from the salt sensitive
Arabidopsis  mutant'l . SOS1  encodes a plasma
membrane Na®/H* antiporter and has functions of
controlling long distant Na™ translocation from root to
shoot in Arabidopsis'™. Overexpression of SOS1
improves salt tolerance in transgenic A. thelione and
inereased salt tolerance is correlated with reduced Na®
accumulation under salt stress'™ .

A Na’/H" exchanger that is energized by the pH

overly

aCross the tonoplast facilitates vacuolar
compartmentalization of the cation. The Arebidopsis
AtNHX1  was  isolated by  functional  genetic

complementation of a veast mutant defected for the
endosomal Na'/H " antiporter yeast { SeNHX1)} and has
sequence similarity to NHE
transporters'* "*).  Transgenic Arabidopsis and tomato
plants that overexpress A:NHX1 accumulate abundant
quantities of the transporter in the tonoplast and exhibit
substantially ~ enhanced salt tolerance!®®”),  The
transgenic rice plants overexpressing the AgIVHX1 gene
displayed a significantly increased level of salt tolerance
under conditions of salt stress™ . AtNHX1 expression
was detected in all tissues except the root tip by AzVHX1
promoter-GUS  analysis  in

mammalian

Arabidopsis.

transgenic

AtNHX1 promoter activity was up-regulated by NaCl,
KCl or ABA™ . AsNHX2 localizes to the vacuole of plant
by transient expression in onion epidermal cells of an
AtNHX2 0 GFP translational fusion and has a major
funetion in vacuolar compartmentalization of Na* '™

Here we reported about the pattern of expression
and salt stress regulation of AtNHX2 in Arabidopsis.
AtNHX2  expression was detected in all tissues
including the root tip. AtNHX2 promoter activity was
down-regulated by NaCl and up-regulated by KCI,
which will suggest that AtNHX2 expression is regulated
by NaCl and KCI at the transeriptional level.

1 Materials and methods

1.1 Plant materials and growth conditions

Seeds { Columbia} were surface-sterilized in a
solution of 10% Clorox for 5 min, washed with
sterilized water for five times, and then planted onto
agar medium containing 172 Murashige and Skoog
(M3} salts, 10% sucrose and 0. 7% agar, pH 5.7,
with or without antibiotics. Seeds were treated at 4C
for two days to synchronize germination. Plates were
then incubated at 22C  under programmed for a
photoperiod of 16 h day and 8 h night. For the growth
of mature plants, 10-day young seedlings were
transferred from MS agar plates into pots which
contained a soil mixture of vermiculite/ perlite {3: 1)
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and grew under normal growth conditions.
1.2 Plant treatments

Ten-day old seedlings grown in MS agar plates
were used for different treatments. For NaCl, KCI,
and cold treatments, the seedlings were transferred to a
filter paper soaked with MS salts solution containing
different concentrations NaCl ({ 100, 200, 300 and
400 mmol/L} or 300 mmol/L KCl for 5 h, or stored at
4% for 24 h as deseribed before'”. For dehydration
treatment, seedlings were transferred from MS agar
medium to a filter paper and kept in a hermetic
container for 30 min.
1.3 Construction of AtNHX2 promoter-GUS

Twoe primers  were  designed  aceording  to
Arabidopsis genomic sequence { GI: 5932531}, P1: 5’
ATCAGAATTCTGGTGAAATCTTTCTGCAGC 37y P2:
5" CGATGAGCTCCCCTTITTCTTCACCAATGA 37,
Undetined sequences are digested sites. A 2.8 kb
promoter region just upstream of ATG start codon of
AtNHX2 gene was amplified from genomic DNA by
PCR and verified by sequencing. The PCR fragment
was cloned into the EcoR I /Sac | site of binary vector
pCAMBIA 1301-1 (355 promoter was cut from
pCAMBIA 1301} to obtain a transcriptional fusion of
the AtNHX2 promoter and the GUS coding sequence.
The activity of promoter was tested by transient
expression in onion epidermis, and then the constructs
were introduced into Agrobacterium and transferred into
Arabidopsis Columbia wild-type plants using the Floral
Dip Method". Two testing primers { Test P1 5’
GTITGGAATGGAGGGTCCGGAAAG 37; Test P2: 57
TGGCACAGCAATTGCCCGGC 3")  were used to
validate transgenic plant by PCR. Transgenic lines in
the T, generation were grown on MS medium containing
35 mg/L hygromycin and were
R-glucuronidase { GUS) assays.
1.4 GUS assays

Young seedlings at different developmental stages

subjected  to

and different parts from mature transgenic plants were
collected and used for histochemical detection of GUS
expression. For general detection of GUS expression
patterns in seedlings and different cells and organs,
these materials were stained at 37°C ovemight in
0.5 g/I. X-glue, 0.03% Triten X-100, and
0.1 mol/L sodium phosphate buffer { pH 7. 0} . To test
the induction of GUS expression by NaCl, KCI, cold
and dehydration, the treated and control transgenic
seedlings were stained for 5 h {for histochemical
detection as described before!™ .

2  Results

2.1 Cloning of A{NHX2 promoter and construction
of AtINHX2 pramoter-GUS

P1 and P2 were used to amplify a 2. 8 kb promoter
region upstream of the AtNAX2 ATG start codon from

genomic DNA and the product was tested by 1%
agarose gel electrophoresis ( Figure 1}. An about
2 800 bp fragment was obtained and purified. This
purified fragment was cloned into pCAMBIA1301-1
vector and was fused with the B-glucuronidase reporter
gene { GUS}. The recombined vector was digested with
EcoR 1 and Sac | and its sequence was analyzed

{ Figure 2} .

Fig. 1 Amplification of AtNHX promoter
by PCR from genomic DNA of Arabidopsis
1: DL2000 marker; 2: AtNHX2 promoter.

Fig. 2 Restrictive enzymic analysis of
the pCAMBIA1301-1 /AtNHX2 promoter
1: DI2000 marker; 2: Digested pCAMBIAT301-1/AeVHX2
promoter by EcoR I and Sac [ .

2.2 Transient expression

Constitutional plasmid was enwrapped with golden
powder and the chimeric construct was delivered into
onion epidermal cells by particle bombardment.
Transient expression of AtNHX2 promoter-GUS was
monitored by GUS assays. The result shows that
AtNHX2 promoter have activity { Figure 3) .
2.3 Test transgenic Arabidopsis

Transgenic plants were validated by PCR. Test P1
and Test P2 were used to amplify 450 bp fragment from
genomic DNA of positive transgenic or wild Arabidopsis
and the product was tested by 1%
electrophoresis { Figure 4). A 450 bp fragment was

agarose gel
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obtained from transgenic Arabidopsis and control was 2.4 The expression of AiVHX2 is detected
not. throughout plant development

A promoter-GUS analysis was employed to check
the tissue expression pattern of AtNHX2 during plant
development. The construct of AtNHX2 promoter-GUS
was Introduced into wild-type Arabidopsis plants. As
shown in Figure 5, GUS expression was examined at all
developmental stages by GUS staining, from seed
germination to flowering and seed setting, confirming
that AtNHX2 is expressed at all developmental stages
and throughout the Arabidopsis plant. GUS expression
was detected in two-day old germinated seed, it had
strong GUS staining in the hypocotyl, but relatively

weak in the emerging radicle. The root tip at this stage
Biged  Ermdentepression fmomton, epidermis had GUS expression ( Figure 3a). Similarly, GUS
activity was checked in the root tip of ten-day old
seedlings ( Figure 5b). GUS aclivity was also cbserved
in the vascular strands of root ( Figure 5¢). Strong GUS
expression was observed in the root hair of young
seedlings. It suggests that A:NAX2 may play an
important role in partitioning Na® into the enlarged
vacuoles of root hair cells { Figure 5d}. AtNHAZ was
expressed at a high level in leaves and the expression

was significantly strong in older leaves ( Figure Se}.

When  observed under microscope at  high
magnification, a high level of GUS expression was
Fig. 4 Testing transgenic Arabidopsis by PCR

tected 1 lls which i k bl
1: DL200O marker; 2: Transgenic Arabidopsis; 3: Wild Arabidopsis. slefected o guard ke W SRpeA O dark: blue

&) F!-‘h . &)
-' *_‘
1

Fig. 5 Expression pattern of A{NHX2 promoter-GUS in transgenic Arabidopsis plants

{a) Two-day old germinating seed and amplified picture of roct tip. (b) Ten-day old seedling and amplified picture of root tip. { ¢) The vaseular
tissue of root. (d) Root hair. (&) Leaves. (1) GUS activity in guard cells and amplified picture of guard cells. {g) Flower. (h) Silique.
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spots of GUS staining in the leaf { Figure 5f). Strong
GUS staining in flowers was viewed in sepals and in
pollens within anthers (Figure 5g). In siliques, GUS
staining was obvious { Figure 5h) .
2.5 ArNHX2 promoter activity is regulated under
NaCl and KCl treatments

The activity of AtNHX2 promoter was decreased by

(a) (b}

treatment with different concentration of NaCl. The
decrease level of the GUS aetivity was correlated with
the NaCl concentration used in the treatments { Figure
6) . AdVHXZ promoter activity was up-regulated in leaf
and root by tre&ting with 300 mmol/L KC1, but was not
impacted by cold and dehydration ( Figure 7).

Fig. 6 GUS activity under salt stresses in different NaCl concentrations
{ a} Control. [ b} 100 mmol/L NaCl. (e}200 mmel/L NaCl [ d} 300 mmol/L NaCl (e} 400 mmel/L NaCl

(k)

Fig. 7 GUS activity under different stresses
{a} KOl stress. (b} Cold stress. [ ¢} Dehydration stress.

3 Discussion

AtNHX2 gene, one member of the Arabidopsis
NHX Na®/H" antiporter gene family, was localized to
the vacuole of plant same as AtNHX1 gene!™. A
2.8 kb promoter region upstream of the A:NHX2 ATG
start codon was amplified by PCR. A:tNVHX2 promoter-
GUS was construeted and transformed inte Arabidopsis
thaliena.  GUS  expression and  distribution  were
monitered via histochemieal staining.  Strong GUS
expression was observed in the vascular strands of root
and root tip of ten-day seedlings (Figure 53, b). This
pattern is reverse to that of ANHX1™. And we
speculated that their funetions may be compensative.
Stronger GUS staining in old leaves than in new leaves
were observed In this expeniment. The result shows a
potential role that AtNHX2 accumulates poisonous ions
into old leaves preferentially and avails natural
development of plant (Figure 5e). The expression of
AtNHX2 in guard cells suggests the possibility that it,

like AXNHX1' | is involved in stomatal regulation.
GUS expression ecould be depressed by NaCl
treatments and 1ts depressed level was correlated with
the NaCl concentrations { Figure 6). This result was
different from another study. Shuji et al. 'Y reported
that seedling steady-state mRNA levels of A:tNHXZ2
increase after treatment with NaCl. It may be due to
the promoter region is not long enough to include the
up-regulated boxes or there may be some boxes in the
gene to increase the gene expression. However,
AtNHX2 promoter activity 1s up-regulated by KCI
treatment. In salt stress, AtNHX2 may improve the salt
toleranee of plant by absorbing K* and this may be the
reason of Tigh A:NHX2  expression at root tip
consistently. Venema et al. " reported that A:NHX1
recenstituted in artificial lipesomes was able to mediate
low affinity Na® as well as K* tmansport. Therefore,
excepting the Na* transport, A¢NHX2 in company with
AtNHX1 may be invelved in K aecumulation in the
vacuole and in pH regulation in guard eells and other
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cells. Tt would be interesting to identify these up- 5 Gaxiola R A, Rao R, Sherman A, et al. The Arabidopsis thaliana
proton transporters, AtNHX] and Awvpl. can function in cation

regulated boxes or reduced boxes which regulated the
detoxification in yeast. Proc Natl Acad Sei USA, 1999, 96 (4):

expression of AtVHAX2 and to elucidate further AeNHX2

1480 ~ 1485
function in vive by future identification of the location 6  Quinero F J, Blat M R, Pardo ] M. Functional conservation
of AtNHX2 in the root meristematic cells. between yeast and planmt endosomal Na®/H™ antiporters. FEBS

Lett, 2000, 471 (2 ~3): 224 ~228
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1 FIIF AINHX2 J8 )1 I T I K b 81 43 47
B0 B A0 T &0 R keET

(VHEAFEGNFESHAFRS FEYFERATRE, FREYEFENTRESTRE, S8 AT 330046;
VT REERARE, BUEESSEYUEEREATRE, HM 3100200

I ANH2 EFEERES NIX EREEN A, @ T iR 0y Na /1 S s i a0 A5 10 R 6
FEENWIFH. RHPCR Y EH R E TR ANER BEFEBHER T FF2. 8 kb f1DNA HEL. AR ERERfY
FIEF 5 pCAMBIALIZ01-1 &, MEAEFHMBFFEAREBTRENAE NSNSz THEE BE4Amn
pCAMBIAI301-1/A:NHX2 promoter ¥ b FIT H M IEELE 7. ANHX2 promoter-GUS 747 B om ANHX2 FL B WA FHE R
ik, BREBL TERIHBRSENR TEIE GUS ik, X & HERWM, ANHX WERARE pH BEN K BREN
HEEEEMER. ANHX2 B TRFEETT#E NaCl 305], FF B33 858 E R/ Nacl BRE R IEF 2. 300 mmol/L KC1 402
AT SRR TIVEME, AR NaCl F KCl B I8Eg A0 FiFE ANHX2 FIFRIE. frErts GUS SEMLL T Frrt R GUS ya 08,
KGR T AeNHX2 SRR E BN E TRBEZM T, WNTEFATFENYERAE. ERFBAR T 0WN2] TRz GUs &
T, XRRE TR T ANHX2 TEF ARV TS Na b

FHER ANHX2 BET, BRRTERIA, FTIAEIASAT, A

ERGES Q432
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