9621 TYYFEYF—VEETLEALLFERES :OFE

BB HE Ak (REE A esE sy
RS A % (MIGESLEFEEE EEEEwFR 7R

TRECEEN2BREESE. KPPEBELEORERFEAUVHFOREE
EEZLLHRBLTWBI N XBRTH S, LA >TEI ML ICHELE
FEYMOER. BILEFEFRMEICLIIMEE2ME L -VESZBREFYORREIL.
BYNAAF7/ A —DEBELRETH D, s EREICEAVEDCHMEYDEZ
CIERNLACHEHBT3EEN1 DL T, BARETHBTY S oNES
(UTARE AL &) 2MBACSEECER T2 THEREER TS L
EioNB, NEALEEANLATTCORBERGCB O&L 5F. 218
STEDSRIEEODRBCLYREE D, BUERBNTREELZ /N BES
EHDOEDNRERDBEREZINDEREENSC, LEF2TARNEAL VEERRD
WAL, BEMOBEMRERLO-DNRLEDLBEFIZNEED 1 D L
TNTW3,

TEEYTHI A FENEGAEDCNT, & REBEICEBY, s id, B
AORbHEMENEA AR R EHEDLEME Arthrobacter globiformis 7 5 /X
L4 L ARBETHE UL XL 4—tDBET (codd) #EBEEL. ZhET
SANRIFYSLEN UEBESERICEN A ZALIICEALE, B 2WE
S R codABETFERBUANZS L EBML 1, codd BIEFIRT EES
TERICEVNTHREICE ZMP N MRNA, 2> NTEDL NIV TEZDRBREE R
Bk, ChOoNMESBEE., TU LT 54 —E v ERKS D VIMIEIC
B, HEESS AL YL 1 pmol. BEIE 5 pmol ON A 2ETE L =,
CODEHE, Y FF UL -—CEEMREICEOWMEGZBEDIE D PNEZL D
ERLANEED >0, KEARBEEEEBCL LB ML Xb L CEBEES
CHT AR, NE A EERFCERTOMESERED I FERLT WA,
ZDZ el N EARERSDEERFRFEICE 2 X MU IMIERED R LIS
(53N %ODE{%EZ@,%EH@W}%EEB&#‘E%@ AFTHas2ezmrmLTWVWE, b
ORERREIL. EEFEREICELY codA BEFEEAL. ERAETN M5
AREEBZEIL L THA4LERHEENICH L TIEI M ZPEEAEX ML XIC
WTAMEEMNE T HAIEEHERB LT VWS,
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9621 a2VUAXVI-—LEEFFEALLTE®RAS FOWR

BYBT4eE - HE Rk (RIGEI LRSS 54 WEmsem)
FEEBEE A % (MIFEIIERBIZemRE ZE0E 4 Y 2 22 i)

TBEIIEENIBRAESE. KHPEELENORERTEH UM RNBELEEEEL
CHEHBLTWARX PLAEBERETH 5, LEF> THEWNMF7 7/ -12HWT, X
P ZICTHMEEZBEMOER. BICEREFRECLIMEEZEEL - WESREBEDOD
HECEELRETH?, SBREBEICEVENOSCRBIEIN L AIERT 52FEN1 D
ELT. BEBETHBT UL NS (UTARESAVEER) #MBERICSEECS
BT 2L TCMBMEEZRBTIEEALLOND, N&A L EFBEX NLXTTORBEREC
B<DAEET, N7 EOERBEDRF ICHIREFH D, BILERKEATESES
EUNVEBRERENILEDINERNDBRERERDIBLREERC [1]. BEMONEA L E4E
R Cowd EMERIELEME Arthrobacter globiformis "EBT3 21U > 4% 4 —
CORT., ABRE IV 4EEE L TTURTRICEMBULANEZS VEERT 5,

2H,0,
CHy \ ¥,
H3C-N*-CH,CH ,0H B> HgC- N *+.CH,C00"
]
CH,4 CH

ay REA >

A blElONEA VEARBRICEBE L. ChETICAV o AFV4—-E%22- KT 3
COdA BIEFEEHBL, ChENZALEDLL B3I ENTETHERSIMENS VEP S
MY OARFIFICEAL ., TOEMME SEBREDBILICELCEDTH DL £HAS
MIZLTE = [2-4], RARTHEBRBESEORRNEMEN TH S 1 RIZ codA BlEF %
BAL.ANZACAREEZEEL EHWESGRS IOV T., ZOWEGEHRBRADNZ
1 EHRENEIE & ZDMIBMEIZ DVWTHRANE,
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2, MRAE

2.1. AR MH

S v RZAHBA X (Oryza satival.cv. Nipponbare) € 770 N7 7 U LBRRE
CEB3WMESERICAVE, 77ANIFTUILETI N FY-TIXTIFCREEINT
Agrobacterium tumefaciens EHA101 & pIG121Hm AL (£d ICHHEXRE
g b=k L) #5) .

2.2, AYUFFUIF—ERRRIE—DEE

AYLHF XA —EEEGBRET ARERETCERT L5 2BEONAFY =T
23 KAXZ & — pChICOD & U pCytCOD #1E® L 7= (Fig. 1), +iEM@E
‘Arthrobacter globiformis 7 5> BB L 7=-3U > F %2 4 -+ (codA) ElzT %
plG121Hm £® B-glucuronidase B FELBER TS 2 LIC& ) codA EIEZF %
cauliflower mosaic virus (CaMV) 35S promoter DEERE TICH Wi, &/
pChiCOD SRV HAFII—EEEREFCBESI R D . FF2T 9 PRTFFR
#23— K% 3 DNAES (1 % ribulose-1,5-bisphosphate carboxylase [RbcS] &1
FHK) & codA BIEFNS ERMICIEMRLAE, SHICEFEEMTH 513 TOEET
HEEAZHBE=HIC. TNZhDDIU >FF 84— EEENT 2 —0 CaMV 355
promoter M FiIZ 1 % copper/zinc-superoxide dismutase (SodCc2) EIE FNDE 1
{2 bOYEBRLE, BEEL > 72 plGI21HM T D T-DNASRIICNT JOT 12>
ERIMEEIEF (hph) 2B OO0 T h eWEGRY-D—ICFAL &,

2.3. MEERRAS FOFH

LD 2 BED TI N FU—-TSRIKE7 7N FY LN LTA RETRE
EEDHNXIZEALE, ERBHETNI 7 OYA D MENNVI ELTHES BRIER
EZHBLEDB, CnNSEEMEFECEMLES S, F/Iv I YT /Y B LUY
TR AUHMICEY codA BEFEXERT 2 EMEGFZEE L. BRITEE T EF Z
B, ZEEICIE T1 MR EMAV A, LI, pChiCOD $& U pCytCOD 34 ¥ 3 T E &
HiEY % ChiICOD 1 X LU CytCOD 1 % &EMX (Figure legend TIE ChICOD
plant 3 & Uf CyiCOD plant) o

2.4. REGRSA ROSFEMEN - ELEOBIR _

BALE codAd BEEFrERXEERT T1 HRACRUHINEREL VI ES D
MBI, TI WEEBREDEICOVWT. codA BREFOERE RNA (/ —¥ > 5
) BEU G NIE (7222 oAMBLUBERERE) OLANVTHRANE, ELWEE
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BEILEITIEZINL2ABLTTYCODEEER. EXPSSI{/T7>F_9LEFRFERL L, 2
n#% H-NMRIZBtUBZ ETEE L &,

2.5. RELGRA FOEWES L CERTE

HFHEIBEKSBEEL 2 T1 HEWES STHFEHE 0.15 M NaCl Tl 5< 2 &2
S 1BEIEXMLIICE S5 L, NaCl 2REHS SIC3 BRKHREZRUAEDOE
BOEEBELE, TABICLYEFRICRET AR GEEZRID Etkg. 0.1 M
NaCl (2@ LERIZ DV TR ICEE Uz, XEREER 7007 1 VEESTEICK
AN, £/-EEBXBET (5C, 1300 pmolquantam?2s™!) TOXNE A > DIRE
SR ERIRICHEEBOEMEIC L YFFML =,

3. HRER

3.1. REERA* (T1) TO codA BEETFOERBEERER

ChICOD 1 % & CytCOD A XD T1 #HR A2 5& 3EFICDOVT codABEFD RNA
BEUGLNNTBEBLANNTOERRE /-0y bEBLU Yz 270y FET
ANz (Fig. 2)e / =¥ > TRy hTEETO TIHEM T codA 70 - T IZHERAIEN
1TTVEAZXT2H2 kb DY TFH ViR Ehiz (Fig. 2A)e CNIEFHREN S codA
RNA DB FH A ZICHET S, ChiICOD A X TIRHE SN B LT FILDRFHAXH.
CytCOD A X DITRICBLTPLARZVDE, AFRICLT > Iy hATF KED -
Ry 2EMNEFED2EDEEIONZ, MOV FXF IV 4—ERBEEA VLI X470
Yy R TEHETO T1HEMTH 60 kDa DR UNTF RARHEE N (Fig. 2C). RV
DA XV —EEELBME SNz, ChICOD 4 2 Tlk k52T MARTF K EHE DRIEE K
DD FH A X (Fig. 2C, lane Pr) T AL, 2 T Oex a4 X7 Fun
M &N/ (Fig. 2C, lane 1-3)e 2D Z EF. 2NN EEGRETIE IV > X2 &
—CYUREGEIBELTVWDIZLERELTV S, UEDRKERIE, BALKE codA EIE
FHARMRICREL TR HINAEEL TVWEZEERLTV 3,

3.2. WEERA TORNISAUELUIYLDEE

BELPOSIET >EZJLEEZRMUE. 'HHNMRZBHA VW TN 2/ > LU0 > E
BL /& (Table 1)o HFAMA R IV O ARHEE LY, WHERAIENEI L F
AR -BRLTWABIEPEAL PEL o/, ZTOETEEWE. ChICOD I X BLU
CytCOD A X THE IS LELY ZNTNRE 1 umol BLU 5 pmol TH - 7=, —7H.
REACEBRDEBBE G2 AV DEEUHRERAN X EHWEGRA X TELAEENAD
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Table 1. Levels of glycinebetaine and choline in leaves of wild-type and
transgenic rice”. '

Line Glycinebetaine Choline
Wild-type plant ND 0.8%0.2
ChICOD plant
#1 0.8%+0.3 0.8+0.2
#2 1.1£0.3 0.7+£0.2
#5. 0.7%0.2 0.8%0.3
CytCOD plant ‘
#8 3.9%0.2 0.8+0.2
#27 5.3+0.4 0.7%£0.3
#83 4.7%£0.3 0.8%£0.3

*The results are the averages with standard errors obtained from three independent
experiments, and are expressed in pmol g-1 fresh weight. ND: not detected.

TLU#OfCo

3.3, WEER/ TOEMES & CERTY .

A rLZ (0.15MNaCl) TTOHER S SUHBEGRI XTOEFTEEBLE LIS,
ZRLAMBORTEEE E b4 ERESLUARBEELBELEN ADNA N o,
LAL. A hLXEMHERELS SICHE LTI LA, AR XNEBUES
AL ZOFINICHLTEYECEEL £ (Fig. 3)o ChICOD 1% & CyiCOD 1 % Tl
EBILEEAEEDED - Iz,

D NTEIC LY BBICAET A HARESE 2 MEOEDEEDBEOEIEE T 2T,
B RLZICHT BMMEE ML -, BERS 2L USHESERA IOEZ 0.1 M
NaCl KB BICE %, BENICI/ORT A LOEKEAUTEL L2 s, WEEREDKS
BEREENEEREICHERTHEEES HICC WS & FEZE Nk (Fig. 4)o ChICOD
4% & CyiCOD 1 % &ET . BETLENNARBFUEDERETFLSDONF A I DREDD
BENBREI Nk, SS5IEEBNMERGET COXRER BEENERTERAN L 25,
ChICOD 1 X TOHREMRNI &5 iz (Fig. 5)o

4, ER
BALSE codA BEFUFESHR A X TEXECAERICEEL. AKENGSA 228
Bt ATWELREEINTVWBZEERLE, CNODOWEGR A XFFIEBIMLIEHLT

WEERL. BV A X4 -5 EREKICE2—5 Yy &/ ChICOD 1 X H{ER
CHLTHEMEEBELT WA, 2h>OMEFRIE. BEFREICLY codAEIZTF
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EBAL. BEBETARNAA D EARESE B EILE > THLALAHEEMICHLTIEZ b
LAPEBR ML ST Mt 25 T& 2 Alged £ RIEL TV 3,

AVF X —EOMBRAREBMULEEE T3 2 BEOHEGER A X TENZ LD
EWREBICAENGEEN S5 N7 (Table 1) 2 NICIE codAEBIETFD RNA BL U IY
TELULNIVTORBEE, DU A X4 -E0OMBEARBREILLSLUVEFEBE L33 >0
BRANDENAHLZ ENFEBEEA TVWDIEEZIS5NSE, ChiICODAXDANL A EHE
BRICEGHICOU LT F 24 —-H22 -4y FLAERESER SO XFIFDEEEF
ERUTH 5% (~1pmolg™ fresh weight) [4]e CHOLANLDONEZ A LEHEETH
EMEHB LU THEGRFEOX ML IAMEDE EAEEEA AN, AL VYYD LSk
MIRMEHENEX P L AT TINEN 10 BEULEDONEZ A D EBHET S, LENSTE D
CHEGREMISNT cod d BETFORBEEL LTS BEHEEEEDZ 2 LIC L
e SNEDLEMEEZENICHETEITEEN S, BRI L ICHEMN 2 tHE
BRAZXETEIAVCDEBIZEENED o7y D EUHEGREDICHIBINEZA
EERTEEE IV COHBREBREESE VI ERLTL 3,

NEA L EERDIGEVHERENTREL3EA. N4 DI ML ICHTIREDRICS
WTCTLBNPEINEMB =D, VLA XL F—FDOMBERBREN EL 2 2BEOME
B A R EFHEL . N2 A CARENMEEWEEBRA XD X M OB IZE S
THo70 . ThIFHRE L) LEREIINE I AKRRZREE A bf:t%t:;?)?h%ﬂ@“(“
Ho 7z (Fig. 4,5)e SN ERBNE A CEEREMSDEGFEFIREICL 2EHD I ML
M MEEDE LIS, TOEEKDMIEABERUNIEETCH 32 E4T7E LTV B, T
BOBEKEEFEEZ—T v P ELVEERBEZRETS 2 EHPHESHRBYO X L WK
ICEMEEZDN D,

5. SRORE

SHRELVERIECAY -WEGERA TOMEETDOI ML AMEOFMIVLE &2 3
2, WEIEDVWTUE., RIE codA BETFORBRBICAVTVAERN7OE—42— (CaMV
358 promotier) ICATIX ML XBBIZCHSWTDAINEZSA L 2 XBICEAKRT2LE d 5
BAGIANLIAFBEEDNTOE- S —DRRHD2VEHREIVETH S5, £-EHICD
WTHRE2MRBREREZD S, —EORBICH MDA BEDHAEZRRZR,» SEE AL
IERASHR TMHMERBRET O LD SEODEBLEX Ty TERDZTHA I,
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Figure 1. Schematic representation of T-DNA regions of pCytCOD and pChICOD.
Abbreviations: codA, choline oxidase gene; hph, hygromycin phosphotransferase gene; IN,
firstintron from the rice SodCc2 gene; LB, light border; nptll, neomycin phosphoiransferase
gene; P-358, the CaMV 35S promoter; RB, right border; T- nos, terminator element of the
nopaline synthase gene; TP, coding sequence for the transit peptide from a rice  RbcS gene.
Abbreviations for restriction sites: C, Sacl; H, Hindlll; N, Ndel; S, Sall; X, Xbal. The
horizontal bar refers to the codA-coding region used as the probe in Northern blot analysis.

C Prauvwt:

‘i
1

Figure 2. Expression of the codA gene in leaves of transgenic rice.
A. Northern blot analysis. Total RNA (15 pg) was loaded and hybridized
with the 32P-labelled codA probe prepared from the 1.4 kb Ndel-Sacl
fragment from pChICOD. Wt, wild-type plant; lanes 1 to 3, three
independent ChICOD plants (line #: 1, 2 and 5); lanes 4 to 6, three
independent CyiCOD plants (line #: 8, 27 and 83). B. 28S rRNA as an
internal standard. C. Western blot analysis. Soluble protein (10 ug) was
used for immunological detection using the anti-choline oxidase
antibodies. Pr, in vilro synthesized choline oxidase precursor with the
transit peptide; Au, authentic choline oxidase; Wi and lanes 1 to 6, same
as in Figure 2A.
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Figure 3. Growth of wild-type and transgenic rice under salt stress.
The 3-week old plants were subjected to salt stress in 0.15 M NaCl for a
week, and then planis were allowed to grow under non-stress condition for

additional 3 weeks. Left two plants, ChiICOD plants; middle iwo, CytCOD
plants; right two, wild-type plants.
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Figure 4. Photosystem Il activity of wild-type and transgenic rice
under salt stress. Leaves from wild-type and transgenic plants were
inoculated in 0.1 M NaCl at 28°C under illumination (300 pmol quanta m-2
§71). O-0, wild-type plant; @-@®, ChICOD plani (line #2); @-®, CyiCOD
plant (line #27).
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Figure 5. Photosystem Il activity of wild-type and transgenic rice under
low-temperature photoinhibition. Leaf disks from wild-type and fransgenic
planis were incubated at 5°C under high light (1300 pmol m-2s-1). O-0O, wild-
type plant; @-®, ChiCOD plant (line #2); @-@®, CylCOD plant (line #27).
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Study on Salt tolerance in Transgenic Rice with

the Gene for Choline Oxidase

Norio Murata and Atsushi Sakamoto

National Institute for Basic Biology
Summary

Development of genetically-engineered crops with enhanced stress
tolerance is an important challenge in plant biotechnology. Glycinebetaine, an
efficient compatible solute found in a number of halotolerant species of planis and
bacteria, is implicated in playing a crucial role on the protection of cellular functions
from salt and dehydration siresses.

Cereal crops with agronomical impacts such as rice do not accumulate
glycinebetaine and cannot grow in high salt environments. In attempt to enhance
salt tolerance in cereal crops, genetically-engineered rice (Oryza sativa L.) that
acquires the ability to synthesize glycinebetaine has been established by
introduction of the codA gene that encodes choline oxidase, a glycinebetaine-

" synthesizing enzyme, from the soil bacterium Arthrobacter globiformis. The codA
gene was successfully inherited to the second generation of transgenic rice and its
expression was stably maintained at levels of the mRNA, the protein and the

enzyme activity. Levels of glycinebetaine accumulated in leaves were estimated as

high as 1 and 5 pmol g1 fresh weight of two types of transgenic plants that targeted
choline oxidase into the chloroplasts (ChICOD plants) and to the cytosol (CytCOD
plants), respectively. Inactivation of photosynthesis as a measure of the cellular
damage indicated that ChICOD plants performed better than CytCOD plants against
salt and low-temperature photoinhibition, despite the fact that higher accumulation
of glycinebetaine was observed in CytCOD plants. These results indicated that
subcellular compartmentation of glycinebetaine biosynthesis is a critical element to

efficiently enhance stress tolerance of engineered plants.
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