9720 FFYvaBHEREORMIC L 2THERAEY 0N

B A B (RGELAFENZERE LU
SERRFe A Ak (R E S SEFITses SR S irsenT)

S OBEERYIEEERTBICEBTTELY, Lks o THEORREIINEY Z I
pECEEEERRERTORSTY, TOLFIrbbERLERNEZEFO LT
5%, SEBECAVEDOBEEEREL LTEIR, (1) MENCESEIEZZEICE
HLUNERELOBBENNT Y AEROILTHORAR KRS ORBENL, TOE
Mgt E MET A REC, (2) MBKICHA LB EBERICHIAD 5 v I
BAMT LT, BA NV AREARTIREREPMONT RS, TNITHOLILHHE
AEEET AR IR, B (Nat) HEHICE T 24020 - ST EWFHM
B CIRS 7, MEMOBEFIZNS =5y P LTHZOHMREL 22D
ENTVWAOFHRRTH B, AFZROHEIIRETFERMEIC L 5 Nat FFHBBOEMRIC L
DM R EET A MRMEELZ L Th b, MR ICB TEOMBEL D
LOHEMAEHEI BLRETFO12IE, Nat/H 7 Y FR—F —ThrLHEEINTV L,
77 THEEER (Schizosaccharomyces pombe) BIEDNat/HY 7 ¥ F K — 5 —®IZTF
P ERSHOSEEYTSEFTYAICEAL, Nat FlBESEELZ T V2
oy 7iEWMEERT A2 E 2 RAA T,

SEBERONat/HY 7 v F K= 7 — (sod2) BIEFERNTERNZTTE-Y =D
%ﬁﬁﬁTKBwfI&ﬂ%%U—iﬁxsFtﬁ&ﬁa,7?UN7%U¢A%ﬁL
CFSEFTYACRETFEALL, BRETFEALER, <75 —sFHORATERE
FORBABEIINA 7UYA YV ICWHELE VT YAV 2=y 7HEY (To) EEHELT,
<L rBONFEEFYEAREHL, PIUATVI=y 2 BR (T1) 2HB. FT VAT
oy ZHYF ) AAD sod2 BIEFOKAE PCR BICLDHER L, TLPT VA
Jroy JREMICBIT S sod2 BIEFOEEEWMOFEEL, sod2 BIZFICEENET T
L 2=t HY (A) BB ET T4 —2AVEES PCR EIC L VHERLL, L
PLJ =y Tay METIR sod2 BEFOREEMEHRHT A LB TE 2D 2%
TNLOREIR, NI YAV v ZEEBRICBVT sod2 BIZFREFEINTS
P, FOEEEWRIARE, ELDTEVLAVTLAFEL TV eI LERLTY
2. B, sod2 MEFFHERNTRZLAFER T UE—y —ORARMPO L L TT
SERFTYRLBALTVS, '
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1. MEE®

ZCOBEEBY IEFEBIEICET TE 2 v, Lo T HED BB ZEW 2] D
BLSESIRREBTOLDTY, ZOEFIL P bIROEAN ZRF D1 O TH S,
BERECHCEVOBSEEL LTEIL, MBRICESEE 2281058 LA EE L
@ﬁﬁ&@ﬂﬁyx%ﬁo:t?ﬁ@ﬁl?mﬁ@ﬁm%%i\%@Eﬂ%%%%%?é
Bl 2, MBPIZHRA LB BEOICABNS 2 IEEBICBAR T L T, 52 kL
A BT 2BELRELMONT VD, ChoOBECHTH2ETF X, MWD KA
LEOSTBIETTFEDS =7y VCh b, EBRBEABECOVTIX., 2OELRERD
BHRL TN ICHD ABED 70—V 7oA, T TCEEABREDA A ML S
YAV 2=y OB FHEN NI DA T WD, RbORRS V— 7 b E HEY
THELERSNWABEBEED LM, 7)o Ry VRERE L BREFIZICLY T
TEFTVABLIUAAOMEEZHBT L2 LICKRILTWS [1-4), L LBESEE
BT AR L IR RE IS, MBI BIE (Na©t) BEMICEI § 2 4 (LSl - S5F A
MAMARXD R, MEREDBETFI¥0O S -7 v Ve LTOZ DR b2 7% D725 BAT
WEDOBBRIRTH 5. ABFROB MIZEIZTFRIEICE S Nat OMBEZ 2 5 0 BB bk
DEERIZ L DHEY O TIEN 2 EB T LT RMEELIZ L Thb, HYWEBIC BT EOM
REAPLOHFHZHEIBOZRTFOL DIk, Nat/HY 7o F K- —ThrEHExEsn
TWd, Na¥/HY 7V 58— 5 — ity (REEERBER) &% 3HBHNI (iR
BREEL) © Na']BL U HY) KEELTILS OFAB%EEZTIES 52 BTh
o CNETHLIHME, BE, WAELEPL/U—ZV 78N TWA D, YRR
‘@ﬁﬁ?-@NAuowTﬁﬁﬁﬁﬁﬂu&wo%Cfﬁﬁﬁﬂﬁﬁ@me+7Vf
K= —DBIET (s0d2) &, WEREUOFERW 7S5 F7 L AICEAL, Nat HEH
WEVPMELAL NS AV 2oy W AER TS Z L 5Ra 7,



2. BIRA &

2.1 MEHH

7S5V K732 (Arabidopsis thaliana ecotype Wassilewskija) % et B DfE ThE
W R Uize 7 7O FU Y AL BEETFEACERL 2Bk E Ti N T =7
52 3 FIZZNEN Agrobacterium tumefaciens EHA101 & pIG121Hm T, &b IC &
EREEE . hNSRAEL) HEL TV E Wz, sod2 BIEFD cDNA 70 —=~
T2V 55 R (Schizosaccharomyces pombe) I EEZEERZEHFTES - KEFR
EPOEELTWIZZWnTZ,

2.2. sod2 BERNXIT 4 —DIEE

s0d2 cDNA 1 §. pombe P4 RNA 2§ ML L 72485 PCR ik W B, HEER
1 oligo(dT),, ;4 €7 74 <% —& L T TimeServer cDNA Synthesis Kit (Pharmacia
Bmww)uibﬁokopmzKmmt7§4v-u%ﬁw]t;bﬁﬁttﬁ,ﬂi?
23 FADBALR DD Xbal &5k Sacl F4 FEEA L7 (TS HRE RS L
) |

SODI (sense): 5'-aatctagaaaacattctettgigga-3'
SOD2 (antisense): 5'-gggagctectaaacgtaateticetg-3'

PCR D& MIZLLFTO®EY : denaturation, 95C/1 min; annealing, 50C/1.5 min;
polymerization, 72°C/2 mino 3 IEL 7 cDNA (#1.45 kbp) & XballSacl YIH 1%,
MWQMm@ﬁﬂm%ﬁKthme@wﬁE?tﬁﬁT%%ﬁﬁlLt(MGm&
Yars) o sod2 MIETFOEMIIZ OEEMAEZREL, PCRICEHERDEADZ
k%ﬁ%btoﬂGmau%@TDNAﬁﬁun47D74vymﬁﬁﬁﬁ%(mm)%
BonTInEREER~ - — CRE L (Fig. 1) o

2.3, N5 AY =2y 7 -TFEFTLIADMHEH
mema%77nN7%0vAt%lL,755F7&zm%%&%gﬁmmﬁmbto

EREW L CNA 70, Y VMBEINVAE N T VAT oy JHIBELTEKL, I
LAWK ICEN LS e, BRAEE T1 BT 2872, RRICIE TL HAZ AV 72,

24.b5>191:77-755F7>2®9¥i%$®ﬁﬁ

WA L7 sod2 BIETFTHVEHRRE £&ET T1 #A KEFHINTWAERE) P ERAXRD
2. TL N5 VAT 2=y 7 EDENDL DNA ZHBEL, 358 7O E—5 —ORNE
2 L7 54 <— (358: 5'-tcgttgaagatgectetgeega-3') & SOD2 7 A~ —%AWVT
PCREfF o770 DWVT s0d? BEFORREARL O T1 bTF YAV =y 7D DL
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% RNA ZHIHL, Zh%#&EE PCR IMEH Lz, HE 5K oligo(dT) B3 % & L
77 4<— (dTM4) T4\, PCR X SOD3B LU M4T5 { < — TLRE LD &M
TIT 2 72,

dT M4 5‘-gttttcccagtcacgacttttttttt(ttttt—3'

SOD3 (sense): 5'-agttgatgacctgttgatgt-3"

M4: 5'-gttttcccagtcacgac-3'
CPCR IZL DIGIE SN:DNAKF IZ 75 2 I FX2 % — pT7Blue(R) (Novagen) 2% 7
JH—=—=v 7L, TOREBNEFA I VY =20 v 7B EYVRELS, AL
RNA AR anE/ =2 70y FGATICSHA Lz, N{TYVFA¥ -2 a vTn—T
LT sod2 BETHBEY hph BETOI - FEMES Y YA T 54 AEICE b % 32p T
Wk L7z,

3. MZE®BR

S. pombe D Na®™/HY 7 ¥ F K — ¥ —B{ZTF so2 132 DI — FEMPUZ 1 BOA > oy 2o
DT, £0D DNA & HE&E PCR THEHE, RTFEEY THRNPOBRM EEERLE T4 7
T =T AT ANA 35S TUE—5 —DRBTICBVTT 7085 71 & ARREES B v
TIEFT Y REA L, BIEFEAMBYE ., N7 5 — 55 OEKH ISR ET O 53 % f9iE)
NATOTA MR 7Y AV =y Z i (T0) %:BKL 720 & 51285 n-HEE B
KEZBHL, VSUAVz= v ki (T1) %487,

TL {8 7 BAD so2 BIETFOMAZHERT 5720124 ) 5 DNA #FBE, 355502 BlEF
EHIET 2 PCR 21T o7z (Fig. 2) o ZORR, N1 7074 Y VitlE FFEWIZo VWTide
TFBRINBYAX (1.7kbp) @ DNA FHIEEN, 5 VAVz =y 2 kR IZBLTY sod2
BIZFPZEBICRBENT VA ESH LI E o,

RWT TLHEPICBN T sod2 BETFHPEESNTUEREI P EMB 1010, b5 VAT =
v 2 {7 HHE L7 RNA IS 55 DNA EEIE LT sod2 15 BEMIC 5\ C IS PCR %
o7z Figure3 IR LIZL I, TOBAG LT VAV 2oy MM LT OMMIIZFE X
725 F T4 X (0.7kbp) % FD DNA PHEIFBSNT2, D DNAKH %75 23 FRY & — |29
T U= T, TOEBERE R RE Lz, WIBS NTH T ZD 3 3K 12K A)YBEEEA
TBY, Lo TID DNA DI sod2 BT F DEBEW ICHRT 5 = & 2FER L7, MLE
DFERIL, BAENTZ so2 BIZFIE TL W IZB W TEHEE SNTW 22 & ZRLTWA,

SO so@2 BIZEFOBEL R NVERRL 2012 ) —FrTay N OATEAT 07285, FRIZKL
T sod2 SR FDREEY ZIRINT 2 Z L HTERDo 72 (Fig 4) o WERERE LT sol2 BIEF
ICBEEL, FIU35STUE— 4 —DEEHMTICH 201 7074 Y Y HMEETFIco W
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Kﬁgﬁwmva%%&taza,:@%ﬁ%tomfuvﬁfwﬁ&&énto:nem%
2ix, v VAT =y 7 WWABICB VT sod2 BIZFIREEINLTWALE, %@ﬁz‘:ﬁﬁ%biﬁ
;"Eiﬁ%b&bﬂ&mw\“)vf‘L#“ﬁ“&t“(\ﬂ&m:a’S:H?L'C\n%o

4. EE

m%,%K%W%®xbvxmﬁwﬁmuﬁﬁﬁ%ﬂ$03§&%%@1oﬁ%ao$
ﬁ%fdﬁﬁﬁ@ﬁ%%ﬁ%ﬂ,Nf@%@%E#%@ﬁ&%ﬁ%ﬁﬁttfﬁyxvl
:vﬁﬁ%@ﬁ&%ﬁ&to:nifu,ﬁ%«mmﬁﬁwﬁ%@ﬁﬁ%limiﬁtt
CHABEAEARAORETEAL V) 770 —FHFMONT &7245, WEMEOMALIC X
DEEDH BHEE R OND Na©t HEH AR AL & R A 7261 1ZAEY T2 Vo W TIEE
CEOBIEEES EELLNS Nat/HY 7Y FR-y—Fs7a-= V7SI NT RO
o MV EBMBTH A ERORET sod2 # AL, BRICBVT sod2 kiR
%EWME%EﬁK%ELTm6O775F7?1K§1Ltswzﬁﬁ%ukﬁﬁtﬁ
%Kﬁﬁéﬂf“tﬁ;%6htéf@P57191:77WKOMT%®%EVNWﬁ
b TEWIEFPEOp Lo, COBRBELTUTOEHPHERIN S,
() WO THERNETOE—Y -2z s0d2 BIZFORERIZITSEFTVAD
Wi AL AT I AR R, HREELTRABOEVEAL2RFD nizh o
720
(ii) Gene silencing IZ X % & N EIEF OREHEAL,
(i) sod? BEEWHTIEF TV AMBIIBNTEDO TARETH S
INLEDIB () KOWTRABEPBETE Nat/HY 7Y FR— 5 —BEFTORE
ﬁumﬁﬁ%ét%?émm,%@VNwm;oTuzn6®ﬂﬁ@%m%%L<m%?
5:tﬁﬁ%énfw51moit@u)uomféhaamuws&ﬁﬁ%,%KE&E
FEORETFOBE, BALLEEFOI - FEBRICATIA VY7 RBERE - K
(M) L&D RNA O 7 0ey Y7 ICBET5 Y ARFLELTRBHRENGWIIEFATY
L lih Y, EEEMSE/ —F UM ETHRBENZVHASHZ (6] PT YAV ==
vy TFSERTIVRARBIAEDOTEY sod2 BEFOREHICOWVWT, RIZHR IO
3% (1) O EMS —FBVEEZ TVD IR 78Tk B T8 M Ml
CEVWEROREFEFAVTVAZYE, 80N MYILE T Y AV =y 7 BRI
DNnT—HI ) —F YA TEEERF RS N2 2 Ehb, (i) & (i) O KR
ﬁwt%iBh%#Bf%%o:ﬂ%@ﬁ%%@ﬁ?%tbuﬁﬁ)Kowfﬁ%%&ﬁ
PUEARETE A2 EENAROER (Z0%e, EFEN T 0E- 5 - ORAAH),
m)mowfﬁ?%%ﬁﬁ%<@%kﬁﬁ%t%bfﬁnz~ﬁ@rayzvl;yym
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W@ﬁﬁ?%:tﬁéﬁ%héomnmowrﬂﬁ%@%@%ﬁ%ﬁﬂ@ﬁ%m&wﬁ
&%fﬁﬁﬁ&?&u&wﬁ,ﬁ%%ﬁﬁﬁ%tﬁﬁ&ﬁ&ﬂﬁ@%@%ﬁl#%:tﬁ
TEFILwEwi s, '

5. SHRORE

WAL sod2 BIETFILL ) Nat/HY 72 FK— MEM O ESRTB L LCRD 6
NBES YAV =y JHBOERPRETH S, B, EARETF OBHEOD side effect
EEETLZEEHMIZ, TSEFT Y ARBEOHEBZES O E -9 —3FHL- %45
sod2 BIEFET FEFNTVRICEAL TS, $72, BEABEFOMBHBER & 12
HBEREBHICOVTOSBBRHATILENH L L ZEX N3, B, HFEBE LI
%EKEE?%&%%éh%%ﬁ@NHH+7&%%—5—ﬁ%%§nt@?WL:@
BIETFORPMB~OEASEL TS, '
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Hindili Xbal Sacl

sod2

plGsod2 (16.5 kbp)

Figure 1. Schematic representation of plGsod2. Abbreviations used are: 355-P, promoter of the
355 RNA gene from cauliflower mosaic virus; hph, gene conferring hygromycin resistance; LB, left
border of the T-DNA; nos-P, promoter of the gene for nopaline synthase; nos-T, transcriptional
terminator of the gene encoding nopaline synthase; nptll, gene conferring kanamycin resistance;
RB, right border of the T-DNA; sod2, gene encoding Na+/H+ antiporter from S. pombe. Horizontal
bars refer 1o the regions that were used for synthesis of the probes for Northern blot analysis.
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1.7 kbp

35S primer —p
' <€— SOD2 primer

PBC1234656 7
(kbp) -
1.7 =

Figure 2. PCR analysis to confirm the presence of the sod2 gene in
transgenic Arabidopsis. A. Genomic DNA from a T1 transgenic plant was
amplified by PCR with 35S and SQD2 primers. A 1.7-kbp fragment is expected to
be amplified. See the legend of Figure 1 for abbreviations. B. PCR products were
resolved on a 0.8% agarose gel and visualized by the staining with ethidium
bromide. Templates used for PCR are: P, plasmid plGsod2; B, blank (no DNA
added); C, wild-type plants as control; 1-7, independent transgenic plants.
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* transcription
<@— dTM4 primer

* reverse-transcription

[s  ocod2 eDNA 3|

: 0.7 kbp
SOD3 primer —P>

<@— M4 primer

+ RTase

cC1 2 3 4 5 6

- RTase

C123456

(kbp)
0.7 —

Figure 3. Reverse-transcription-PCR (RT-PCR) analysis to examine the
occurrence of the sod2 transcripts in transgenic Arabidopsis. A. Scheme
for the analysis. Total RNA exiracted from a whole shoot of a transgenic plant
was reverse-transcribed with murine reverse transcriptase (RTase) with dTM4
primer that contained an oligo(dT) tail. After the reaction, cDNAs were subjected
to PCR with SOD3 and M4 primers. cDNAs derived from the sod2 gene would
produce approximately a 0.7-kbp fragment in RT-PCR. See the legend of Figure
1 for abbreviations. B. Products of RT-PCR were analyzed on a 1.2% agarose
gel and stained with ethidium bromide. +RTase, RTase was added in reverse-
transcription reaction; -RTase, RTase was omitted in reverse-transcription
reaction. Abbreviations used are: C, wild-type plants as control; 1-6, independent
transgenic plants.
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sod2

hph

rRNA

Figure 4. Steady-state levels of the transcripts for sod2 and hph genes
in transgenic Arabidopsis. Total RNA (10 ug) was denatured, fractionated
on a 1.2% agarose gel containing 0.66 M formaldehyde, and blotted on a
nylon membrane. Membranes were hybridized with the 32P-labeled probes
derived from a coding region of sod2 (top panel) or hph (middle panel) gene,
as indicated in Figure. 1. As a loading conirol, rRNAs are visualized with
ethidium bromide before blotling procedure (bottom panel). Abbreviations

* used are: C, wild-type plants as control; 1-7, independent transgenic plants.

-287-



Engineering Na*t/H* antiport in higher plants for salt tolerance

Atsushi Sakamoto and Norio Murata

National Institute for Basic Biology

Summary

Salinity is a critical factor that severely affects the growth and the productivity
of a large proportion of land plants. Nevertheless, halophytic plants can survive and
grow in high-salt environments by acclimatized processes that include biosynthesis
and accumulation of compatible solutes, and intra- and exira- cellular sequestration
or compartmentation of excess amounts of Na*. Recent progress in transgenic
studies has demonstrated the possibility of metabolic engineering of compatible
solutes as a sirategy to confer salt protection to plants. On the contrary, litile effort
has been made with Na* sequestration as the target for genetic engineering of salt
tolerance. One of the staple elements in higher plants that is responsible for the
sequestration of accumulated Na* to vacuoles or extracellular spaces is regarded
as an Na*/H* antiporter. Thus far, however, no genes or cDNAs have been
available of plant origin.

In an attempt to enhance salt tolerance of higher plants, Arabidopsis
thaliana, a salt-sensitive species, was transformed via Agrobacterium-mediated
method with a gene (sod2) encoding Na*/H*-antiporter from a fission yeast
Schizosaccharomyces pombe under a strong, constitutive promoter. Molecular
analysis by polymerase chain reaction (PCR) with genomic DNA from transformed
plants confirmed that the introduced gene was stably incorporated and was
transmitted to the secondary generation. Reverse-transcription-PCR analysis using
total RNA indicaied that the sod2 gene was actively transcribed in transformed |
plants. In order to examine the steady-state levels, Northern blot analysis was
performed with the same RNA preparations but failed to detect the sod2 transcripts.
These results suggested that the sod2 mRNA is unstable or the levels of the
transcripts were extremely low in transformed plants. Currently, the sod2 gene is
being introduced into Arabidopsis plants under the transcriptional control of a salt-
inducible promoter.
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