9522 EGFIETHEMEA +ZED{HHR
BIARBISCE - MR Aok (RIBTENISERBITRMA SR FRF5ET)

EREFEE : Ak B (MREERPIFERE)

BAMBHOREFZTEORMITKESEHFELTND, HFICIBOBERE X, EHE R
NEL ST EXELBERFOPTHL, TOAFLHEHLIBEVEERRFO125THY
LiedS o THEHE OBRILIZEBEDOREFRECBYIREERBEN 1oTHD., £<
DAY ITESLPEREEITHL, HBEN 200 mM 28X 3 LAEFTTERI 22D
BECHRBXECLYV TS, UL, HIREYCRBHOMEY \IXERE ICHT 2 W
EHATVALOLEL, ThbDHEDIIHEABE LTINS —EDLEW, T2bD
7o) YIIRFENIEEOT I LRI -V, ELTT Vv rRE LY (UTFR
ALV EBRE) ¥PEELEY T, BRI VEBERENICEEINL, LrbXER
PRI IDRENLRETIERMERF> TV,

B DRI AV ESRBO PTHEGBEMARIILEE Archrobacter globiformis 235
A Y VAR F—EORTHB, TRETRIY VS —CYOREFEARE
BT UEPLESHEY (Ve AXFXT) OREEOEBIIHEECFNITHDLZLEZH
S L, RBFRTH., BEFILFEMFEICLD A XOTESERILEZBER L, 413
B A 2 EMETHEEREEGETRAEFTTERVWOT, a2 ) A ¥—¥0EE
FEEAL, BWHEERAXOMBEL D WIERENCEZRBORIAA VEESRIED
LI Ko TMHEMA X E2EHT DI & 2RABRT,

FTTILrsa—=v7 Ll A globiformis ®a Y A X ¥ —¥RETF (codd) %.
BV T ST—FEF AT U4 NR358 TaE—F—LAf XARDA YV a0 RRGEHT
KA B, BIRRBICHBREDH BVWRTIAFRTRERTDILD XA J codABBF &2
HLl, ThHER=F 47 AT VEZAVTIAL T u~v A, Y UEBRBETFE L BITA R
FEMBPIZTHEALEL, "M 7u~f o rhEzEECBEERMARER ) —=v T Lk
DHLEHEICESILE®, EHIT DNAY VT oy b RNAF AT oy b BITY
TAE T uy MTEY, coddABEBEFEEY /) DCHEELa) VAR F—PERBAT
BREEGBEAFERE L, TNOLOBBEGREIIRIASA VEERTH I ENTEL,
INIEBEFIEHFECLIVASARBRIA VERBEERL OO TOHATHS, =
THBEREREFEL LB LI ZH, BEGRETIHER MV X TIZBIT 5 HEREEIC
MY OWMMA BB I N,

SHIRIL LV EZERTIHEAGREOTEEICH L CHMICRETSITFETH D,
AR TA FOMWE M LB TN TERE, HRAPORBHBITKWIZERT S
TENTERLDOLEHF/LTNS,
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9522 BEFIFTHHEES +ZD WA
BIRRSEE AR Aak (RBSESStRBIRME  BRED LR

SERBFRE RAE B (RISEILERGIFEE)

BRAEDORERIIEIEORFICKRESEELTNDS, HFILEHROEHBER, EHER
DESSESERRERFOPTYH, TOAFEHELARLVEEZRAFDO1S5TH B,
ZOREEDITELEBREMFITH . HBEN 200 mM 2HX 34T TER o
EOVREBICREZELCEY T3, Ll MEEDXLEBEMOEYITITEREICT TS
MHEEHELATHDILDLEL ., TRNOLDEDITHEABE L RITND —EDIEY. T2
bLb7o Y VIITRBRENDIHEDT I VBRI A —N, ZLTT YV r_EA2 (U
TAREAERTE) EERBLIEVT A, HFIT_I AL UV IERBRICER SN, L2bX
EHREBICEDAENORETIERZFE-TWVS (1],

NEADOERBICHEETIEERIT, EVICLoTHMELOLLBEMELRLOET
BeMbONLTWD, ABRTIE, ZOFTHEOLHEMEFZETH 2 LEME Arthrobacter
globiformis WEHT 22 ) v X v F—¥0RE2HAWVWE, 2 ) vr3AFxF v F—FPiRKOK
EME LN A EBERT D,

(CH3)3N*CH,CH,OH + HyO + 20, — (CH3)3N*CH,COO™ + 2H,0,
(=Y ) (&4 V)

INETR, BEZBWEIATDOT VBREEHEY (VA XFXF) 22571 LT
An, aV Ao F—FPoBGTFEANTOMBEEOWMICERT AT THEI L%
AL LTER (2,3], TNHDRE L LICAMATIE, BEFIENFEICLDA
XOTHEERIEEZ BB L, A XA V2 ERE T EERELRECRAT TE 2N
DT, aVrFXvF—POEBETFEYEAL., BHEEA XOMBED 5\ ITHEFEN
WEBORI A VEEARIELI LI Lo THEMNA FE2EHT I L2RET,
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2. FRAE

2.1. FFRME

BEFEATOHIARE LTHEAGHRAOHIIL TWVWDE VY R=H8 (Oryza sativa L.
cv. Nipponbare) {EA L7, EMBLFTHDa ) v FF ¥ —F (codd) BisFIT.
T CICLBEME Arthrobacter globiformis 7> 6 BBt L7 (2], codABEBEF A DY 7507 —
EFA T T4 NR 358 TRE—F—DBEEHETFTT, BREICIY V45— ¥4
RBEDLDWVIZEFKEICRESEL LI RATEEDOF X T codAEEF & 75 X2 FpUCLY
LEIZER L7 (Fig. 1) ERGRBERE A R 77 F (35STPcodA) 21X, BEFEHO
EFE~DOMEICHLER TV y hRTF R a— R+ 5DNARSY (Fa - ) To—
A1, 5-ERYVBRANKEX T —BEBETHE) FcodABGEFDS LA T L—2
ICRE Lz, MIREBER X MF 27 b (35ScodA) I OBRFIZFEF-2V, SHICH
FEEDTHIAXITORRAELZED DI, TRFADa L X N5 7 FD3sS 7o
F—F —TFRIEA R - Cu/ZnHA—NR—F XL FF 4 AL —PEEFOE 1AL ray
AL X A TEMLETF (35SINTPcodA B LT 355INcodA) bIER L 7=,

2.2, A XAR~OBEEFEA

RO ABREOR A T codAT VA NT I P EENENBE~Y— I —ThH N ( Fu~
AVUTHERBGETFLEEBIC., ST A IAHVEBE AN TA FEFEE DL H KD
HEMBICEA L, BREBETA S /o~ VUTHEDI VA L LT REGERENEZ
BHRLEOL, IO EWEICEN LS TR, Y AT—PF o1 RE (PCR) K&
LV codA B FEMYT /) DB LIS o~ VUl X2 EHICBK LT,

2.3. BEGHEAXONTFEYEN - A(LERMRAT
PCRIZEVBHLEBEEHREILSDVWT, SABGTFOKS ) 2P0 ar—KE2Mm5
TeHIZ DNAZ AT ay Mol aiT> 7o, codABBEFORBIL, BEEY (RNAFY VT o
v ME) BEOSIUARIE (VxRF T ay FBRIUOEREENE) OV AV THRELE,
Eio. codABEBEFNOELL A hParyBRESRTVWENE I DEMBIHIT, 1V
berzfzx Y VREINCESIS T IAv—AVWTHETPCRETo 2, HEGHK
AR (RRIE) KRBT ARFA U OEREII Y b UoBBREBEEL BV TRE LE,

2.4, FRHEHBRA ROMWEMED FMH

R E BREREERBILUONI A VABDO VXL TodABEFORRLERTE =
BEEBREIZ OV TNaCIEZ B KT 2 To, BA MV ATREZZTHZ VAR
EHE~ORBEI a0 T ( VERSTEC LV AS FREABREOE L HRTH 2
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EIT XY MM &L 7,
3. IRHER

3.1. codABBETFOA F~DEN

N T, Y UTHE ETRTREGRRESEEEIC OV TcodA BEF 2 HIET 5PCR
EITVEF A T codABBFIZDONTSONS 100D TR EE ik Bk Lz, 0B EEGR
FIZonWT, ZRRICa) v AFF—PEERTIb0E VAT Ty bEICEY R
V==L, A vrbharEFlvwar 2 b5 27 b (355TPcodA B L
35ScodA) FEA LA ROV T IBELE LR, —F. A by EEo
2V ARSI R EEA LA RISV T B 000 TR B TR R
(35SINTPcodA), #MREREMEMETF (35SINcodA) L bIZBFHIENTERZ, ThbHD
WEGHBREDOEL D WVITRIAOMB LI ABEMHES T2 ) v AV F—PEEZR LR
GEZNIIAERMED 2 ) v A X7 —BFEHEEFZ2V) . ZhHUBOERIZ. 2hbo
2o0aYAMNT I PEEANLLBEGREDICOVWTITo =,

DNA V7 my MEICED, BAEINT codABEFOavr—HrFhFhoa =z
7 MIZOWTHEED 200 REERIETHIZEZ S, BEEHRA X5 5 (4K)
WiE2264 a3t —0 codABEFRFEEL TV (Fig. 2). WTFNOHBADS 4 kbp Bl E
DO FRBHERTWEZENE, Hx DAY RIZHET 5 codABEBETIIELR2ET
BAZINTWEI LD EEZ LN,

il

3.2. TRHIEHA X TO codABEF DI

EE D35SINTPcodA 8 LU 35SINcodA DHEEGHE (TN Eh 5 @A L0 3 FEEK)
ICOWTcodABIBEFDRRRAL RNAFY VT By NETHNRTZ L ZAH, ¥ RTOEEKIZON
TcodABGFICRHENREBETEEM DI RE &7 (Fig. 3A), TD LV,
35SINTPcodAIC DWW TIREEEREMFIC L o TENRZ b NTZH, 355INcodA T2 W Tk
BUEMICHEE2HBEIIR D bR hol,
DNWTHUVNITHELVRLTD coddABGEFORRE Y2 RS T oy MNETEERNE
LA, FTRBYVIRTORBEGHRE T2 Y vUAXF U ¥ -k &Nz (Fig. 3C), I
BIEBTEEL O 35SINTPcodA ZEA L7IZ b DIZ-20 T (Fig. 3C, lanes | to 5), F TV
VERTF REFORIBEO S FVA XTI TN et A I N Y A XK
BBRH ENT (Fig. 3C) ZOZEF, Th LD BHERBETIEZY v AF & —FITE
BECBELTWVWAZ LZRBL TS, EEL, ERGEREABEEBEDa Y v
FUS—VEUARAIEEREIT. MBEREROZNICHANT—HICE,ro 72, ZOHRRIT
EEEOZVWEFIZ OV THALNIZDT (Fig. 3A, lanes 2 and 3), #EEPCRE TV
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7 9 3

AvbprOFuty VI OVWTHRLLE LA, ERERBERER FMAOEE SN
7emRNAM 5 3’-acceptor site DERVEBERZ VNI B~OWRVEZ Y 2 R VWEHO
splicing variant &N, —F, HBREREAELCFRKOVWTREER kv v
YIZIZHET D PCR EWOLHBE S iz (data not shown), T DT & bERERER
BEFEZEALLBEGEREIBT BRI ALV RIERBAEIR., 22 LEb
mRNARTREDRE 2 7oty Y VRBEHLTVWDI EE L bR,

3.3. WEEHBRA X TONY A4 VERSRK
AXRBAEPOWERT Y E=ov LEZHALE, 7o b UBBRESEBREBLZAV TS
A EFEE& LK (Fig. 4). EFMER/ER (Fig. 4B). MBHEBAER (Fig. 4C) L LITHE
GREEIRIA VEERKR - BERLTWAIEXHALN LR, TOEREEBIX. 5F
IZcodABIBFERATHMEM (Fig. 4C) THMES 7 LEHHE Y 4 pmole Th o1,

3.4, WHEGHA XOMEME M
COdABBFEZRERTHRALGHRA RV BALMORT L EREGRELRAEKICL
BoeoKBORMEHE TR AB L, MEMHOTFEERICAHRZEZEAL, SFEHEGHR A
IR IVCHBEEBREZ 100 mM NaCl ZE L 0.05% NARRy 7 AKFRICBE, &
BRI a7 VORXERELLE ZA, BFAGHREO AR BEEILERE BRI
ICHERTHEEEZZITICSWZ ENHE I N7 (data not shown).

4. BE

WEEOBICIIBIEYD OECTFRIECBTIREERHED 1 5THD, AFRTIE.
REAEAYUPLERTEA) VAR I —POEGCFEASARICEAL, NZ AV
EEGH  EEITHILICHEDLE. TRNEBEGTIZEMNFEICEID A XN A v
ERETESLENDTORTHD, KFRTHWLFIES, ZEEDOEZ &4
ABRHEBDIZIANIA VEREEZMNETAILICANTHAILERLEATHLESREEREY,

4.1, BHERA XITBIT D codABEFDOHE

BHFEECAVITUV—FEF A7 U4 VR 358 TRE—F—% AT codABIEFEXF
EED THHIIVOARF XS TREASELIEEZHBELE 3], LEhLEAToE—F— i3
AXIBNTcodABBFAREBRITIDICE+ D TRERNP-7Z, ZOZ L3 AFERD
A bR V%R 35S TaE—F—LHEAEDLEAILICLVBERTE, VXA F T oy b
THREFAIEZRLVNVE TcodA B FORRAIFETL ZLICKHLE, LAL—FT,
AV IR VOEREREL IV ANT I PO MIE., £ OmRNAFBEDOBRE 2 AT
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SAVUTEEFNITHEI ZFURIBEVALOETE23ERBILE, 202 i3a) s
XU —POERE~DREC, RFEAKOIF Py PXTF FEa—FT3
DNAERFIZAWEED EHESND, ZORJZEFERFREROLDLERBRT HZ LITL
D, RIS VEERBEIZ Lo LRV ERI T ENTEILHFaND,

4.2 WHEBRA X TOXY L VERRK

QY ARV POEGEBER L MNERERMEGEREOH TR A VE®
B AERENZONE, COEEELT (1) a)rAXvy—¥ s v s HOER
BOE. (2) £EaV L OAMAANRKECS T3 BHATOE (2 L IZMBE TE
AREND) \ ERHEFOENB, LEL, "I LDER FLAICHT HRBPRICO
WTHZOMIBAREK BT ABRENEETHSOT, 2HEOHEERETHLLND
BENTHEMOBREIC CNIELEBEE2 50 RFATHE, ZORIESROHETH
LT LW, $a ) A =PRI VEROBICHRIZE o THEEZ AR
AR GBIED L LTAET 58, BEGHREITERICAET Lz, Lk 8> TRELK
T, MO MR IIEBEONMBBICL Y ERLNACHEEI N TS LD L
ExbNh5,

4.3, BHIEMEA X OMHEE

HEMBEHEEZEEL LEMESERE T, PEGREIBVW IR VIZLIIREDR
DEEINLI L, AFRICLIMMEEAS XOEHOAIEEEXFT I LN EE LT
W3, EEL. ARBRTREBEEGRYNR (T 2AVTEY., ZhbiE2nrbdar—
DcodABGFERHOILEALBICLTND, Y/ LAED 1 ab—0hEFOHEHE
AETRREBRVETHE®NS DD, BRIHIC Lo THRAGHRKER (T2) 2/,
INBIRODWTHEAREORELEGXEALTEY ., BIEBERE2T > T,

5. 5B0ORE
FBHEEHREOTEEIC ST T2, T3 HAEZ AWV TREFEA, MEAEBRFZOBRID» D
FORHMICEM LTS ZERURETHD, ZZTAVEFEICLY . A XCWEEZ

LEbT IR TENT, BEFIBCI2FAEDOMEERILICE 2L LR
D, HROLEBMBICHELTOLART DI ENTEDLEEX TV,
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Hindlll EcoRl

P-35S] codA |[T-nos 35ScodA
Hindlll EcoRl

P-35S{TP] codA [T-nos 35STPcodA
Hindll EcoRl EcoRl

P-35S§ IN | codA [T-nos 35SINcodA
Hindlll EcoRl EcoRl

P-35S] IN |[TP|] codA [T-nos] 35SINTPcodA

Figure 1. Schematic diagrams of the chimeric codA gene
constructs used for transformation of rice.

The abbreviations are as follows: P-35S, cauliflower mosaic virus 35S
promoter; codA, gene encoding choline oxidase from Arthrobacter
globiformis; T-nos, nopaline synthase gene terminator; TP, coding
sequence for the transit peptide from the tobacco gene encoding
ribulose-1,5-bisphosphate carboxylase; IN, first intron from the rice
gene encoding copper/zinc-superoxide dismutase.
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Figure 2. DNA gel blot analysis of the codA
gene in transgenic rice plants.

Total DNA was prepared from leaves of wild
type and transgenic plants by the
cetyitrimethylammonium bromide method. The
DNA (10 pg) was digested with Hindlll, sized-
fractionated on a 0.7% agarose gel, and
hybridized with a 32P-labeled DNA probe
derived from the codA gene. Lane 1, wild type;
lanes 2 and 3, two independent 35SINTPcodA
transformants; lanes 4 and 5, two independent
35SINcodA transformants.

-338-



C

AP C1 234561718

Figure 3. Expression of the codA gene in leaves of transgenic rice.
A. RNA gel blot for the detection of mRNAs specific to the codA
sequence in transgenic rice leaves. Total RNA (15 pg) was
electrophoresed on a formaldehyde-containing agarose gel, blotted on
a nylon membrane, and hybridized with the radiolabeled codA probe.
Lane C, wild type; lanes 1 to 5, five independent 35SINTPcodA
transformants; lanes 6 to 8, three independent 35SINcodA
transformants. B. Ethidium-bromide staining of the agarose gel
visualizing 28S rRNA as an internal standard. C. Protein gel blot
showing the appearance of choline oxidase in leaves of the above-
mentioned transgenic plants. Soluble extracts (15 pg) were separated
by sodium dodecylsulfate-polyacrylamide gel electrophoresis and the
choline oxidase protein level was detected in Western blotting with
antibodies raised against choline oxidase. Lane A, authentic protein;
lane P, in vitro synthesized choline oxidase precursor having a transit
peptide; lanes 1 to 5, independent 35SINTPcodA transformants; lanes 6
to 8, independent 35SINcodA transformants.
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Figure 4. Accumulation of glycinebetaine in leaves of transgenic

rice.
Quaternary nitrogen compounds prepared from leaves were
subjected to TH-NMR. Peaks are marked GB (glycinebetaine) and Ch
(choline). A, wild type; B, 35SINTPcodA; C, 35SINcodA.
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Genetic Engineering of Salt Tolerance in Rice Plant

Norio MURATA and Atsushi SAKAMOTO

National Institute for Basic Biology

Summary

Improvement of salt tolerance is an important challenge in genetic
engineering of agronomically valuable crops. Glycinebetaine (hereafter betaine),
a quaternary nitrogen compound found in a number of halotolerant plants and
bacteria, not only serves as an osmoregulatory substance, but also prevents
proteins from salt-induced inactivation and denaturation. Therefore, this
compound is considered one of the most critical factors for providing tolerance to
salt stress with halotolerant organisms.

Rice (Oryza sativa) plants do not produce betaine and cannot grow in high
salt environment. Aiming at the enhancement of salt tolerance in rice, the codA
gene of Arthrobacter globiformis encoding choline oxidase, which converts
choline into betaine through a single-step reaction, was introduced into rice plants
by the microprojectile bombardment. Expression of the codA gene, which is driven
under the control of the cauliflower mosaic virus 35S promoter in combination to
the first intron of the rice SodCc2 gene, was confirmed at levels of the mRNA, the
protein and the enzyme activity in transgenic plants. Betaine was detected in
these transformants, demonstrating the first successful production of transgenic
rice that accumulates the compound through genetic engineering. Photosynthetic
activities measured by chlorophyll fluorescence suggested that the betaine-
accumulating transgenics are more tolerant than the wild-type plants to NaCl

stress.
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