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BhEEARgeE A % (MEE AP EREEYFR TR
SIS0 5 2 N N1 = W S T e s st e R i)

+EOEFEEBILOHEDOWELFICLAFEOHEEIT, HERKOEBRIIBEDOTRER
BEY5 20005, BEMWETBEOERIEIZINIINT2HENFEDO1IOTH) ., &
PEREOREA L L AT ELZEWOETR. HICRETFRECL 2 FFEIBAEY
R BEONSTEELT Y Thd, FLOBEMYIBEFEEBLEIIEFTTE WD,
EiEEEEE O A EYEE, FOECEEL L GEABEYESBR LAY, MEEAIC
BALE BB BN R RICSR L) LTHEERZERL, AN LAZH
B2, ChOOBEEBICIT»2RFIE, omEd{ts B TEGTFIFEOEN
Thb, HWTIIE (Na¥) HEH MR ICET £ - S TFEPEMNMRIIZ LY
B, FORENEZESLLTCULBLZEFNL 2@ Na™/HY 7Y F K -5 —Tdh 2 LHEE
XNTWD, AR TIEEETRMEICL 2N PR 0 MmIbIC X ) YA TR« %5
TAMEERZELZ LB E L,

Nat OWR~DSEEEIEA PV AFET CHBS W BEBRREY EFEET 51
¥, W THEET 2L Ex 5N AR (Saccharomyces cerevisiae) O Nat/uat 7o
FHR—F —%a— FT2EET nhxl %, HAPML AL L VBEEFE S 02+ X
FOTUE—F—DREBHBMTICEV: FASEEFEBELL, ChET7UNT T
U REALTYOAL XFAFICEA L, BEEREYICB WV TEALL nhx] #BIET
OB, FEBYVEA ML AZETCRAHEATYEY, HAFMLVRAKLINBEFELA
VCHEI NS, nhx]l BEFOEACL)BEERED B THEEF A EL TS
NEIDPERASRL DI, FEUNBIUOBEEREYOEF L 100 mM B LT 200 mM
NaCl &% MS B FICEEWICEREL, 20RFEBIVYEDEOERTZRERLL
2 GEDEY - BEERRYOM TORERI > CEEAERBE SN B o1, B
HEREW O L ) M2 TEEOTFMIESBROBETH ), Na© OFH 0L
LA OTMIEREORET LENEBOTREL BRT S ) 2T, AHRUENEZ/EH
TEEZ D, ‘
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1. HEB®

TEOBBEEBILCHAEROBEILFIZL 2K OEEIE, HEROERERIIBROTKRKELR
WEBE5 227055, BEEYEFTFRAOHARIZIZNIIHTHIRENEEDO1D>THY, ik
REBEOCREREA ML AIHELZ2EDOER, FICEETFRIEC L2 FEEIIHEREY
BFEICBEONALEELRT Y Thb, MPHIEELX LT AFT VORI TRIEENR
ENTVBDIEF YT a44>y (Na¥ ) Thdr, < OBEEMEYIE Nat HERE LRI
EBFETEL V), SREERECHEOD 2MWTEIL, ZOBISHBELL RS A V26
ThWIA— VR EORSTFHREILEY (BEEE) vE£&RLZY, FAMBEBMICHKAL
TR AR EEICAR LAY Loz rMRL, MAMLARZEBLT
WBHEEZLND, TNOLOBISRBICH TS ETFIE, EHoORWEMILr BT EET
THOENTHY, ERBEEGHEEICHETIERT LEZORRL L TALLOBEI V-
RS A VEBROBEFEACLY, FVE, YOUAXFXFBLPA AOMERDE
BRIZHII L T A (Deshnium et al., 1995; Hayashi et al.,, 1997; 1998; Sakamoto et
al., 1998),

W Na©® BRI O MBIt BT 2 L% - D FAEMFHMRIZZ LS, 20k
AR LTVWEELAFO 12 Nat/HY 7V F K- —ThrLEESh TV,
BRSO Na© EEE 70k ViEE (pH) IKKFELTI O 2O A 4 > O Xt %% 17
ITOEY 3Bk, BEEYTIERERS LOCRBEICBWTEELTWS LHEE
ENTWVD, KL TIERGEFIRIEICE ANa’ SEREED RIS X 0 MY AT a1 % 1%
BIAUMERELELZEAZLZEMIC, (1) BFERTOE—F —DOERGNHTICH 2R
HEDORIIEE Nat/HY 7o F R — 5 —BEFLERSHOBEMWICEAL, HX b
VATIZBVRTOABY Nat/HT 7o K- MEBARBT 2 HEGIRED 2 EH T
55 (2) BT CoNat OMBLEE DS BRI DALY, WY OWIE I E B2
EdrE#ET A,
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2. MRAE

2.1. MEMBESLUVEDOETEH

WHLES Nat/HT 7o F K- —BEFOI/U—= Y 7DD FER
(Saccharoﬁyces cerevisiae RAY3AD) 2 # & L7z, BEEFEANBEEY & LTIEY
A4 X+ X+ (Arabidopsis thaliana ecotype Wassilewskija) Z W7z, Y04 X+ X+
~NDBIZFEADOBRIIET FO/8N7 51 7 A Agrobacterium tumefaciens EHA101 % Fi
Wiz, 3y ba— v (FAR) EWB L OHEREEYIL 227C, 16FMEEE (75
pmol m ™2 1) U TOHIE LA, MFITRBEMEE, ZO&EICHBTRNIC 2 B 4T
I2& 6 LIKIRZFTRE L 72,

2.2. 5. cerevisiae Na'/H" 7o FR— 4 —BEFOI/A-—Z>TELTDH
HANT & —DIEE

S. cerevisiae DIAIEE Nat/HY 7 v F K- % —BEF (nhxl) 34 ¥ POV %G
FTRVOT, BERMB LD ZSIAY-XEICE) £ DNA FHIBL, Thesgile Lt
PCRICE N# 1.9 kbp DBEBETHISOAEIE LA, PCRICHAWVWALT I (47—
(YDR456W3, YDR456W2) DEFIZBEH (Nass et al., 1997) DIRERTI % TIZHRIE
L7z, WMPMRERAY & —OBEZESHIT 200205 BLU 3 RimlZidth
ZI Ncol, Sacl M ELEAL (THER) ,

YDR456W3: 5'-atccatggtatccaaggtattgetgaat-3' (sense)
YDR456W 2: 5'-atgagctectagtggtttgggaagagaaate-3' (antisense)

PCR 1213 LA Taq polymerase (ver. 2, Takara Shuzo) M L, LT O RIG&EH TIT
577 - denaturation, 98°C/20 sec.; annealing and extension, 66°C/3 min. (30 cycles)o
WWE L7 DNA WiFid—HB TA X2 % — (pT7Blue(R), Novagen) 170 —=>7L, %
OB RELT PCRICLAEEBROL W LEARHER L, 2DT T AINE
Ncol/Sacl YIWF L nhx] BEFHENLDOL, BHFEEHTOE-F -2 FH2 Ti N1 T
1) — 79 A3 F pRDsod2 (Gh%E%E) OYHLFIRBEFLHMICIHFA L7 (pRDnhx1; Fig. 1)o

2.3. WEGSBR>OAXFXFDEH

pRDnhx1 Z@FERMEIC LY 7 7oy 7Y Y AIZ8AL, INEFEICL) YOS
XF X FONEEICH L TR S g7, N O ALY BEOHFTA Y VRPN S 15
CEETEAMB L ERL, EWEE CEMLS S, BoNLRERREY & BRI
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S, TIFEFZHBLINEERICAH NV,

2.4, WESHB D OAXFXFTORTEMENBENR

BALZ nhxl BEFH» T1 HRICFTBIN TV I 050D T1 KRERR
T2 DNA # AR L ERRT 54 v — %M/ PCR 24T>7- D%, Southern
hybridization (Zff U7 T WIEICHEWIREEIBEY 254 RNA T L, Northern
hybridization #T-> 72 782 —7& LT pRDnhx1® Ncol/Sacl ¥0KfIC & ) BIL L 7
nhxl BEFWR 2550754 2Bk 32p TEM LA, WA MLV AICL2EIET
HMOFETEMEE® 200 mM NaCl IZ3BERE 6T I LIZL DT,

2.5. WESHB YOI FZFTDMIEEOERT

I U VEYBLOEERIEEYHEEOTEF % 100 mM 721 200 mM NaCl %
HU MSEM ETHRF - AFSY, BE2AZORFEB LU T7THROYEYHROLET
(FEER) 2L,

3. MEBR

Na* OB~ OHEHAEA TR b L AFET THEB S A RERREY 2 FHT 5 2
LEBWIC, MRECHIET AL ELLND S cerevisiae ® Nat/HY 7Yy F K-y —%
3= F¥38(ETF nhxl %, A ML ARKIEET 2204 XFXFDT0E—-F — (rd29
A promoter; Yanmaguchi-Shinozaki and Shinozaki, 1994) ®FEHBH T IZE V72 Ti /N
AFN) =R I —(FELI, SOTITAIFEFOT /Uy 7)Y LICL5EETE
AL MEYEREARIMIL5 BHROBERIFEI O X F X F 2B, THD
BEHERMEYIE T PO — VY E LB L TAFT SCHEBICHEEIRD SN Ehol, TN
LOWEERYR A BREHLTEONAL T1 MPWIOWT nhx]l BIEFICHRNE T
S 4 < —%M\vT PCR/Southern hybridization & 1T\, H4FHEEF OB ERILARIEA
SNhTHh, BEABEFHFLEL TRERIIZTHEIN TV L Z L 2R L L (Fig. 2)o

BALL nhxl] BEFHEEFNTELEFERO 7O E— —OFERFBTICH LD
THEEOEFTEUHTHEHERAL W EZEZbNL, TTTHEAMLVAGHTTEFSE
gty 2 5 £RNA% M L, nhxl #{zF% 70— 7% L T Northern
hybridization 2fT»>72& 2 A, FHEBY ZOFEBPILEE TE 7% 2o 72 (data not shown),
DVTHEERES L UFETEY % 200 mM NaCl DA ML AT T3 RMMEL
Db, ERNAZIHE LU Northern hybridization 24To72& 2 A, 5 Rkifd 5K Eik
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Wik S 5o 2 %#% (lines 2 and 5) THIZ L D nhx] BEEFOERFENALLNL
(Fig. 3)o MO 3 RHEIIOVTRBEEZETIIEASNTVE LDDITE L NNV TEDFREIL
TEBALL TV, TAEAMVARLABEETFRAFTEORY T4 73 b0 -V TH
LZHEALD rd29A BIEFOXEBIE, TOEA ML ARBIZLI)I Y PO — ViEYSB LT
LETORERBEIIBV CEEFEL ZIT 72 (Fig. 3)

nhx] BEFOEAC L VEEEREYICBVTHEE M EL»E) 22RNS
DI, Ao —ViEYB X OREEREYOE T4 100 mM B3 L0 200 mM NaCl %
G0 MSHEHEICEEMICEEL, TORFEBLVCHEDEOEFT ZLE L (Table
e CNHED2ODNT A =5 —TRLZNEY, BFELLTOBDEFTIIBT 5 FEREY
CIBEEREM OB COMBERIC D WTHELRERBER SN 2 o7,

4, EE - SHOBRME

WY oOWMER*581L+ 2 LT, Nat OHBELRESE T2 LR>BDRAIT TV —
rEIXLND, COMBILHTHLATFOL 2 NaT/HT 7V F K- —ThHr7, &
RIS BT Nat AR - RBICAEE 2R ICERNICER SN D,
BREEORMER Nat/HT 7o F K- -2 EMELTY O X FAFICRETFEA
Lo 30N RBBEFORBICL ABENZ REARBED~OEZBLEMT 5720,
FORBEA N LVAFERTOE -y —ICLOHIE L, RERREDICBVWTEALL
nhxl BEFIE, FEBIFEAPLAEETTEREAL 2V, AN LALIVEE L
NVTHEEINDL L RMWR LT, 7275L, nhxl BIEFOS VS EBLIUZOEN LV
NVOBIIEFE L ToTwARV, CHICEHLTAMERECHEBS A5 R&KS v b
LTUTD28%%xTWb, (1) nhxl BIETO Y ¥ /37 HL XV TORBRHEN. (2)
FBEEREDHBICBI) S Z0BEFENORBE~DS —F vy 747 TNHDOHE
S Ao 57 OB, RO (H 0V Ad L WIZEREME) *EBRRAHVL L
ERFE LTV,

%EE%@%@W&%%ﬁ%?%%ifﬁ%ﬁ%&%@f%ét%i%ﬁ,ﬁ%%mw
iR OREEROE R, BALZFOREAEREYOMEEORM LERRTHL0T
o, COBAELTETOMMEBECRIEARETEDOBERAIML TH 2K
JAD A REL TWAWI EXEZ LN L, BEERMEYO X )M 2RO FHlL 4
BOBRETH D, BEHERGOTIEEZ B ICTFMT 5720100, e 2EFEREOEY
H, SHICKRMEOMBICIOWT EDREERE TILENFH D, FICHROTEL 24
W BEILOWTINETI LT, AZERETHENLATKERIREY O ELEIZ>
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Figure 1. Schematic representation of the T-DNA region of pRDnhx1.
Abbreviations: hph, a gene conferring resistance to hygromycin under the control
of the 35S promoter from cauliflower mosaic virus; LB, light border of T-DNA;
nhx1, a gene encoding a putative vacuole-type Nat /H* antiporter from
Saccharomyces cereviciae; nptll, a gene conferring resistance to kanamycin under
the control of the promoter of the gene for nopaline synthase from the
Agrobacterium tumefaciens Ti plasmid pTiT37; P-rd29A, the promoter for the
rd29A gene from Arabidopsis thaliana; RB, right border of T-DNA; T-nos, the
polyadenylation signal from the gene for nopaline synthase. Abbreviations for
restriction sites: H, Hindlll; N, Ncol; S, Sadl. A horizontal bar refers to the nhx1-
coding region used as a probe for southern and northern blot analyses.

BPC1 23435

1.0kbp—p Wl e e

Figure 2. PCR-Southernanalysis to detect the nhx71 transgene in
transgneic Arabidopsis. Total DNA from a T1 transgenic plant was amplified
by PCR with the primers YDR456W3 and YDR456W2. After resolving on a 0.8
% agarose gel, PCR products were transferred to a nylon membrane and
hybridized to a 32P-labeled nhx1 probe. Templates used for PCR were: B, blank
(no DNA); P, pRDnhx1; C, wild-type plants, lanes 1 to 5, lines 1 to 5 of
independent transgenic plants.
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Figure 3. Salt-induced expression of the nhx7 transgene and
endogenous rd29A gene in transgenic Arabidopsis. Total RNA was
isolated from wild-type and transgenic plants exposed to 300 mM NaCl
for 3 hours at 22°C. An aliquot (10 pg) of the RNA was loaded on a
1.2% formaldehyde-agarose gel, transferred onto a nylon membrane,
and hybridized to a 32P-labeled probe derived from the rd29A4 gene
(top), the nhx1gene (middle) or 16S rDNA (bottom). C, wild-type plants,
lanes 1 to 5, lines 1 to 5 of independet transgenic plants.
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Table 1. Effect of salt stress on the frequency of germination
of seeds from wild-type (WT) and transgenic plants (Lines 2
and 5) of Arabidopsis.

Germination frequency (%)

NaCl (mM) WT Line-2 Line-5
0 100 100 100
100 63 66 60
200 0 0 0

Thirty seeds from wild-type and from each of the two lines. of

transgenic plants were imbibed at 22 °C for 2 hours and then
placed on agar plates of MS medium containing 0, 100 or 200

mM NaCl. After incubation at 4 °C for 2 days, the seeds were
transferred to 22 °C under 16-hour of light and 8-hour of dark
daily. The frequency of germination was calculated 2 days after
seeds were transferred to 22 °C.

Table 2. Effect of salt stress on the growth of seedlings of
wild-type (WT) and transgenic plants (Lines 2 and 5) of
Arabidopsis.

Fresh weight (mg)

NaCl (mM) WT Line-2 Line-5
0 31.2 321 31.2
100 10.1 10.7 9.4
200 1.3 ' 1.2 1.0

Thirty seeds from wild-type and from each of the two lines of

transgenic plants were imbibed at 22 “C for 2 hours and then
placed on agar plates of MS medium containing 0, 100 or 200

mM NaCl. After incubation at 4 °C for 2 days, the seeds were

transferred to 22°C under 16-hour of light and 8-hour of dark
daily. Fresh weight was measured 7 days after seeds were

transferred to 22°C. Average' value from thirty seedlings is
shown. The deviation of value was less than 5% in every case.
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Salt tolerance of plants transformed with a gene
encoding an Na®/H* antiporter

Atsushi Sakamoto and Norio Murata
National Institute for Basic Biology, Okazaki 444-8585

Summary

Salinity and water deficit are two major constraints for the worldwide
distribution and productivity of plants. Therefore, the development of
genetically -engineered plants with enhanced tolerance to salt and drought is
an important challenge in modern plant sciences. For the survival and
growth, plants have evolved various protective
mechanisms by which they manage to overcome unfavorable environments.
Two of which that ubiquitously function in plants are the accumulation of
compatible osmoprotectant and the active salt sequestration to intra- or
extra-cellular compartment. Genes involved in these biochemical and
physiological processes are the principle targets of genetic engineering for
the improvement of salt tolerance. One of the staple factors in plants that
is responsible for the salt sequestration is thought to be an Na*/H™*
antiporter that is associated with plasma or tonoplast membrane.

In an attempt to test the possibility that engineering Na*/H* antiport
activity result in enhanced salt tolerance in plants, Arabidopsis thaliana
was transformed with a gene (nkhxI) for vacuole-type Na*/H™ antiporter
from Saccharomyces cerevisiae under the transcriptional regulation of a
salt-inducible promoter. In transgenic plants, expression of the nhxl gene
was activated in response to salt whereas the mRNA was undetectable
under normal growth conditions. When examined salt tolerance, however,
transgenic plants did not significantly differ from wild-type plants with
respect to the frequency of germination and the subsequent growth under
salt conditions. Further physiological experiments are under progress for

the precise evaluation of salt tolerance in transgenic plants expressing the

Nat/H" antiporter.
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