9421  THIRMEMOEEFIF
BhRRERE AP fak (RIGENIERPIUHEE A FEHIRAT)
FERBFRE : Hk FAI (BRKRFE BELH)

Bl M D% TR AT . WIBED 200 mM A BR AEAEFTE 2R
o) BEICHEEEELLEY T A, LA L, HIEHEYCEEL OMEW ST ERFIIN TS
MHEMEZ TR LDLH ., INLOMEPIHEERLTI/VBRELERLLY, 7Y ¥
REAY (LITFREAVEME) ERULAENT2, "I AVEZERT LB T, N5
A VIEERARIZEREN, LPOKEREBEEBETBIIREIPORETLIERAEF-
TWh, NIAVDESRIZHEESTABRRIED I Lo THMLZ DL LML OF
THALAMOLNTWV S, FRFRTIEIOR THROEM 2R TH S LK Arthrobacter
globiformis D) YA F L F—¥DF % lVvd, APFRTIE, Zoa) X y—-F
DEEFAEICTFT VS VE (Y7237 F)7T) Synechococcus L RZFEMEWO 0T A X5
AFIZEBAL, MIBREAL D VIZERAENIZEONRS AV EFRSETL 2 LIZL > THE
WO EE A ES T2 ERIZEZHENET 5,

%4 +ENIE Arthrobacter globiformis D3 ) YA F L ¥ =¥ DT I JEHERD T
IOWWHIAREL, TNnEk TFA<— &L, A globiformis D%/ A DNA &R & L
TS50 nt DKV XZLFF FEERLE, Thi 7a—7& LT A globiformis D7)
A DNA AT FV—%A2 ) ==V 7 LT, ) YAFT F—EDOHEET (codd) &7
O—=Y7 L. TOWERS EHET I /VBREINERE LA, RIZ codA BEFENT S
— 75 X3 F pAM1044 IZHARA, TN EFHWTT Y& Synechococcus sp. PCC 794 2
RWEER L), ZOK, codA BEFIEHI/0EV -20MEONEBICEEICHALTIN
7o COWEERKTIZI) VFAF TV —EIEAREINE LR, SHI260~80
mM ORY A UHFERTHIEEBBLL, REEREAOMEM L . WMEE, s007
ANVDEE, BAEREUTHEMLALZLI A, FELVRRIBE Shiz, RIZ codA BET
N7 ¥ —TF5AIF pGAH IZMARA, T7anNsF)oakfHLTuf XX T
EWEER L, REERK ORI codd BIEFHRIAL, o) A F V¥ —¥ i EEK
L, RI¥AVRERT A RMEE B2 LD TEL, COREBRRKZTF ke KB L
LI, BREBLIUVEERFIZBVT, ELVWIHEMOMMATR O N,

ABFRTIZ, a) oA F TV —¥R 04 XFXFETVEICEAL, WEELZHEMET
BTEIRT LIz, %z, BELRBEYWTHAA AR My ERILIZT YV FFT -
FHEEFZEAL, MEBERHMBT L2 LE2FELTVWSE, 2o BEWOTIENE % H
YA e TENT, HAPORBRBIZKVICEM T2 EHTE 5,






9427  WRMEMOELZFIFE
BIRBIRE A Ak (RIGESLILRPTEE LAY FHIZE)
ERAMRE A FA (BERRE BFELH)

1. FEEED

BEA K D Z IR Z B R MFIZE5 . RIS 200 mM B B EEBTTE R
ST RBIHRBTAELLY T2, L L., MIRMEYREEL OB IZIZEST IS T2
WHEZMATHWELDOLE ., RO ITRF LTIV BELEHLLY., 7 V>
NEAY (UTFNRY A EME) 2EMLINT S, XS A 2 ERTHHEMTIZ, ~N¥
AVIFRERFRERICEREN., LrbBEREEIZL ZREPSCBRETLIEALFE-TVAS
(1] o

NEADEGHRIZHS T AIBERIIEYICL> CTHMAZLOPHELZ LD T THiA
MONTVD, AMRATIETIZOFTHROBM AR TH A LEER Arthrobacter globiformis
DA AFTT—EDORERVE, a) v AFL F—ERIRORGEMBELNY A 2 %
T 5,

HOCH,-CH,-N*(CH,),+H,0+20, — HOOC-CH,-N*(CH,),+2H,0,

(zy ) (R A)

AKWFRTIE, 203y v+ X VY OFEETFEEIITEVS VE (7 /25 7)
Synechococcus EHEMP OO A X FXFIZEAL, MIBREAD 2WVIZEFHRRNIZZLE
DAY AL ERERDIEI Lo CHWDTIEN 2 BET 2 THREA B2 4B
T 5,

2. Wresdiik
2.1. TR M e & 528 5
LHEMUB Arthrobacter globiformis &7 AL TR 2 532406 . Tkuta ZEDH U

o THERE L7, T 8 Synechococcus sp. PCC 7942 1Z/8A Y — VIR L Hh AF L.
ImM 3 VIEESOERNP T, GEHRBLESET, 30CTHEERLE, YO( X F X
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6 8 3

7 (Arabidopsis thaliana WS #k) QX ERAEWFHAFTBHEZEE L (., "M KFEHEE
) LOAFL, a7V F&A—HYKBAREGEYELY S 74 (MAEME) O
TLV—=bFEHBVENARR vy I REELKBEREAENN—I2F254dT, 22T,
24 BFHHBASRMT., 7002 16 B /8 MR EHTTEFT ST,

2.2, AN UAFIY—YHEETFOHE
SURTIANMIVEBALLETY A X T~ (A globiformis LY HR) o732
JHHED 21 BEOHWA,T I /VWRIERE LA, COBHELEICLTIA < —%{ERL,
A. globiformisk DI L7z DNA %28 & LT, PCR (KR AF—¥ - Fx A RIE)
LD 50bp DR XL AF FEMER L, BONARI)X IV AF FORE % UE
LizkZa, a) oA X2 —¥OWMy T I /VBRENIZHET DL X7 FF FEWTH -
726 TOXRY X7 LAF PP LTO—-T REE L. A globiformis ®%°/ 5 DNA 547
SY=%AZ V-V LT, a) v+ FT ¥ —¥EBETF (codA) R HBEEL,

2.3. AN yAFIY-YBETF (codd) OF VEME~DEN

BIZF codA & Texas A&M K% ® S. Goldon X L DRI AT5S I F
pAM1044 IZHARAR, 775 A2 F pAM1044/codA 1ER L72e 2N % Synechococcus
2R X2, codA BIEF % Synechococcus D7 O Y — AIZHARAAT o codA EBIEF
D7 ATY = AICHALEN/LTLIX. PCR AHFIC L DR L 2o T2 0RTaT Y~
AX =L LTERL ARG EDORUSIC L DR L, 20X I L THERLAEE
HEREOMBHNICBIA~NS A &EIZ, 70 —NMR EIZL W EE L,

24. I FFTY—¥RBIZF (codAd) DO XFXFADEX

BIETF codA 125753 D Rubisco M 722y bD IS5V PRTFFE2a—-FT2
# 200 bp ® DNA Wi 2 BB L. E6INAF ) —-~x"r ¥ —735 X3 F pBI 221
(Clonetech ) ICHIRTZ2H VI FIT—EH A2 4 )VAD 355 7OE—% — & NOS
Y—IF—8—Z KL, TNEEERRKEEZMOMMEN L2 5B E N v o
FV =T FTAIFNRY S~ pGAH (B F <A YMMWBETFENA v 42 itz
FEEE) 1AL (Figurel) . BERBEIZ LT TI 79 RAIFA2RATAT /O
NI T )7 A (A, tumefacience EHA101) ICE AL, Th%i 204 X+ X0ty
FROFELLI VAR S, BREHK. 256 mg/1 DFF <A > (Sigma Chemical
i) 15 mg/l DA 7= ALYy (MEME) 2EL TV - ETEFEE, 0%
HTTRERENEIRED 2 -2 ENL., BN HEEREL2RBEE, £ES T,
ZTOET (T2 k) 287, COBTHOAFTSE-BAHEOETF (T3 HE) odrb
AR ETICML TREBAKERoT VA LDZRI Ly BEIERIERE B3 codA
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HindlIl Xbal  Ndel BamHI Smal  Sacl EcoRl

— 35S pro — rbeStr codA . NOS ter

Figure 1. Construct of the binary vector plasmid, pGRH/coda, used
for transformation of Arabidopsis thaliana

The gene encoding choline oxidase of Arthrobacter globiformis
was ligated with the cDNA encoding the transit peptide of the
Rubisco small subunit of Nicotiana tabacum and with cauliflower
mosaic virus 35S promoter and nopalin synthase terminator both of
which originate from a binary vector plasmid, pBI221. This construct
was inserted into 'the Hpal site of another binary vector plasmid,
pGAH, which contains two antibiotic-resistance genes, Kmf and HygF.
The resultant binary vector plasmid was designated pGAH/codA.
Agrobacterium carrying the Ti plasmid was transformed with pGAH/codA
and used for transformation of Arabidopsis thaliana.

Abbreviations; codA, the gene for choline oxidase of A.
globiformis; rbcS tr, the transit signal of the tobacco Rubisco
small subunit; 35S pro, cauliflower mosaic virus 35S promoter; NOS
ter, nopalin synthase terminator; Km', kanamycin-resistance gene
cartridge; Hyg®, hygromycin-resistance gene cartridge; LB left
border; RB right border.
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EE OB AEDORISIZEIDRE Lz, TAREBEBRADAEEIZET RIS A
70 > NMR I2& > THRIBL Tz,

2.5 . fif 35 otk oo FE A

Synechococcus DI H MR OM B IX. 400 mM NaCl 2 &L P IZB 1T D4 FHE
., 70074 VOEEGEEE., BEREEOMMIC LYEMHEL A, o1 X+ XF0E
BRI (ki 1L 0~100 mM @ NaCl 28O X5 N LD TV — b ETOHT 0¥
EEF. BLU 0~200 mM @ NaCl #FTOKIIZBIT 2EFTICL o TFAML 72,

3. WFasT R

3.1, aYrAF ¥ —YEBETF (codd) O u—=27 [2]

Arthrobacter globiformis @4/ A DNA 28®E L, a3V 03X ¥ —-¥D73
B % EICLTHERLAFTY TX2VLFF K52 754<—E LT, PCRIZEY 50 bp &
DizhR) XL A FFEMBLE, Shx7o-7 & LTHWT A globiformis %/
LDNA 5475 )=%RA 5 ) =22 /LT, 7U—TENATYFAXFTETTAIFN
s —2EHB, ThzhlREZLAEL T, 3.6 kbp ® DNA Wik % %7, ZOHD 2.5
kbp IZDOW CHEHMY ZWE L EZA, TOPIZ 1,641 BMOMEERF LY 2531
FEVY-—EOMEBETVROP o7, SOZENLIY A XL F—¥ (F7-13720
HIBAMR) 12547 TI/VHBREPOHEBEENTVALIIEB IUEESFHEILZ 58,000 Th
DI EWbrol, Figure 2 12, 3V A F T ¥ — OB ENEET I/ HREH %R
o TOMEET I /JTREIIO T I KM FMRIZIE., FAD- # TR HELET A EL DY

27,

3.2, AN A XLY —YEETF (codA) 2L 27 vEOBEAESR (2]
. BIETF codA ZHIARAIET S AIF pAM1044/codA % 5 > 8 Synechococcus sp.
PCC 7942 IZEA L., £U-HHEEHRK L PAMCOD ¥&G &L, TNIZH LT codA
BIZF 2 HARATVEZVT 5 AIF pAM1044 2 EBA LA (2> hOo— L) % PAM
Rl PCRICEDRELAE T A, PAMCOD ¥%B L U PAM EIZBWT, Th
LEDT 5 AIFEDEEFAH Synechococcus D7 OV —LDMEDMEIZHIARAE T
WHZ ERMERR Lo, £ BERISIC L 2T, 2 YA F T ¥ —EH PAMCOD Tk
EHLTWAH, PAM TRHEHALTVW2ZWZ LR LE,

N A4 iE PAM BRTIEBRB SN2 5745, PAMCOD BRTIE NS A Vil EIE 60~
80 mM Th o7, 72, NaCl lEE% 0~400 mM FTEILSETH PAMCOD #hp~
YA MIEIZIZE AT L o7,
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-360 GGGAATATCCGTCGTCGTAGACGAGCCCTTCGGCCCGTGTARAGGTGGAGACCTTCCACACCGAGGACGAGGCCGTCGCGACCGCCAACG
-270 ACACCAACTACGGGCTGTCCGGCGCGGTCCTGGACCCAGGACGCCGGCAAGACGCAGCGCGTGGCCGGCCGGCTGCGACACGGCACCGTC
-180 TGGATCAACGACTTCCACCCCTACCTCCCACAGACCGAGTGGGGCGGCTTCGGCCAGTCCGGCGTCGGCCGCGAACTCGGCCCGACCGGL
-90 CTGGCCGAGTACCAGGAGGCCAAGCACATCTACCAGARCACCAGCCCGCAGGTCACCGGCTGGTTCGCTGACCACGGCARGGAGAACTAG

1 ATGCACATCGACAACATCGAGAACCTGAGCGACAGGGAGTTCGACTACATCGTCGTCGGCGGCGGGTCCGCCGGGECCGCCGTCGCCGLC
1M H I DNTIENTIL S D R E F  Di¥i AV UGG GBS A G R A B AR

91 CGGCTGAGCGAGGATCCCGCAGTGAGCGTGGCGCTGGTGGAGGCCGGCCCGGATGACCGCGGCGTGCCCGAGGTGCTGCAGCTGGACCGC

181 TGGATGGAGCTGCTGGAATCGGGCTACGACTGGGACTACCCGATCGAGCCGCAGGAGARCGGCAACTCCTTCATGCGCCATGCCCGTGCC
61 w M E L L E S G Y DWD Y PTIZEZPUGQENGNST FMI® RIUHEARA

271 AAGGTCATGGGCGGCTGCTCCAGCCACAACTCCTGCATCGCCTTCTGGGCCCCGCGCGAGGACCTGGACGAGTGGGAGGCCARGTACGGC
9. K VM G G C S s H NS CTI AT FWA APIREDTLUDTEW®WEA AZI K Y G

361 GCCACCGGCTGGAACGCCGAGGCGGCCTGGCCGCTGTACARGCGGCTGGAAACCAARCGAGGACGCGGGCCCGGACGCGCCGCACCACGGG
121 A T G W N A EAAWUPULYZ X RULETNEUDA ASGU®PUDA ARPUHIHG

451 GACTCCGGCCCCGTGCACCTGATGAACGTGCCCCCGARGGACCCGACCGGCGTCGCGCTCCTGGACGCCTGCGAGCAGGCCGGCATCCCG
151 b S G P V HL MNV?PPXDU®PTTGVATLTLDA AMATCETZGQAGTIF?®?P

541 CGCGCGAAGTTCAACACCGGCACCACCGTGGTCARCGGCGCCAACTTCTTCCAGATCAACCGGCGCGCGGACGGCACCCGCTCCTCCAGC
1881 R A K F N T GOTT VVNGHANTFZFQTIWNRIRADGTI RS S 8

631 TCGGTCTCCTACATCCACCCGATCGTCGAGCAGGAGAACTTCACCCTGCTAACCGGCCTGCGCGCCCGCCAGCTGGTGTTCGACGCGGAC
21T s v s ¥y I HP I VEQEDNZFTULILT®GGULRARZGQLUVF DA AD

721 AGGCGCTGCACCGGCGTCGACATCGTGGACTCCGCCTTCGGCCGCACCCATCGGCTGACGGCGCGCAATGAAGTCGTGCTCTCCACCGGC
24t R R T GV DIVDSATFGRTHRTILTARNEWUVVL S TG

811 GCGATCGATACGCCGAAGCTGTTGATGCTCTCCGGAATCGGCCCCGCCGCCCACCTCGCCGAGCACGGCATCGAGGTCCTTGGTGGACTC
2717 A I D T P K L LML S G I GPABAUHLA AMEWUHBSGTIEUVILSGSGTL

901 CCCCGGCGTGGGCGAGCACCTGCAGGACCACCCGGAAGGCGTGGTGCAGTTCGAGGCCAAGCAGCCCATGGTCGCCGAGTCCACGCAGTG
301 P R R GRAP®AGP?P G RIRGAYVRSGOQAARAHTGRT RV HAUV

991 GTGGGAGATCGGCATCTTCACCCCCACCGAGGACGGCCTGGACCGCCCCGACCTGATGATGCACTACGGCTCCGTGCCGTTCGACATGAA
33T. v G D R HL # P HRG®R®PGU®PPRP DDA ATZLI RTILIRA AUV R HE

1081 CACCCTGCGGCACGGCTACCCCACCACGGAGARCGGGCTTCAGCCTCACCCCGAACGTCACGCACGCCCGCTCCCGCGGCACTGTCCGGL
31 H P A ARLPHHGEW R ASASPRTSURTU®PA AP ARBRL S G

1171 TGCGCAGCCGCGACTTCCGCGATAARGCCCATGGTCGACCCGCGCTACTTCACCGACCCAGAAGGGCCATGACATGCGCGTCATGGTCGCC
39 ¢ A A AT SAI S PWSTRATSUPT QXK GHDMT® RV MUV A

1261 GGCATCCGCAAGGCCCGCGAAATCGCCGCCCAGCCCGCCATGGCGGAATGGACCGGCCGCGAGCTCTCCCCCGGCGTCGAGGCGCAGACC
42 G I R XK A R E I A A QPAMAMEWT GRETLS?PGUVEAZQT

1351 GACGAGGAGCTGCAGGACTACATCCGCAARGACGCACAACACCGTCTACCACCCCGTGGGCACCGTGCGCATGGGCGCGGTCGAGGACGAG
451 D E E L Q D ¥ I R K T H N TV Y H PV GT VR MG AV E D E

\

1441 ATGTCCCCGCTCGACCCCGAGCTGCGGGTCAAGGGCGTCACCGGTCTGCGCGTCGGCGACGCCTCGGTCATGCCCGAGCACGTGACCGTC
481 M S P L D P E LRV K GV T GULIRUVGDASUVMUPEUHUVTYV

1531 ARCCCCAACATCACCGTCATGATGATCGGCGAGCGCTGCGCGGACCTTATCCGCTCCGCCCGCGCCGGTGARACAACGACGGCGGACGCC
51 N P NI T VMMTIGEW RTCADTI LIRS ARAGETTTAUDA

1621 GAGCTGAGCGCGGCCCTCGCCTAAGCGGGAGCGGCCAGCCGCGGGGCCTGTCCGGAACCACCTGGCGGGCCCCGCATGGGGCCGGACACA
541 E L S A A L A *

1711 ATGCCGGTAACTAAGGGTGCGGAAGCAGTCCTGCTTCCACACCCGCGTTTTGCACGCCCGGGCCGGCAACTGGCCCGGCCGGCTAAGCCG
1801 AAGGTCTTCCGGGGGCGGGCCGGATCGCTGCGGGCAGTCCGTCGGCCAGCCGCTGCAGCGTGCCGGCGGTAATGGCGGTGTAGGCAGGGA
1891 TCGCGTCGGGGTAGATGTACTCGTTGCGGGCGTGCGCGCCGTCGCCCACCGCGCCCAGGCCGCACAGGACCGGGATGCCGAGGGCGGAGA
1981 CGAAGTTGGCGTCGCTGCCCCCGCCCACCGAGGCGGTTTCCAGCTCCCGGCCCTGCTCCA

Figure 2. The nucleotide sequence of the codA gene for choline
oxidase of Arthrobacter globiformis and its deduced amino acid
sequence. The shaded amino acid sequence indicates the putative

FAD-binding site.
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3.3, EHEMR Synechococcus DfiftEtE [2]

o E SE Synechococcus @ PAMCOD HROMIEM%: PAM BKROWEME & e L
(Figure 3) » 400 mM NaCl # & L3 BHICH VW TIE, OD7s0 21 ETHERW
PAM BTz @< BLELTLE)DIZR L, PAMCOD #hkTHHEDO4HMITHFEL TV 3
P, FTOHRBHIZEE L (Figure 3A) o 400 mM NaCl & TP IZE VWTIX, 7
oo 7 4 Vi (Figure 3B) 13 PAM BRTIZIR4IZEA § 5 D I3 L. PAMCOD T,
2L o st A TR L 72 BB MR TFIZB 266 HGTE (Figure 3C) X,
PAM BETIXIETLTL ) OIZH LT, PAMCOD #%Tik. RO 2HMIZ PAM #R & [l
MK T2, ZoBEELMNMARE N ZED DA >7 (Figure 3C) o
3.4. 3 UAFL Y —EBETF (codd) 1L B304 X F XSO HEHR (3]

BIEF codA #MARATENRY =T 5 A3 FpGAH/codA (Figure 1) 27 7oy
FUTLENSLTYOARXFTAFIZEAL, 6 BEOBERRS 0l XFXF2MEF LI,
INLEDOHT, <A eNnA7ae A2 &L TV —FETO T2 BT O RFE
WI5%E e AEERRE (—OORBEIZOAHEABETFAFIRY AT AL LHAKENADL)
53 B LN, SRLED T2 @EN L. EEETIMLTHERSKE 257 T3
7%k, 20 T3 EF»5EFLLBEIIBY T, codd BEFIFETAH L. B
LU codA BIZFHFRILTCaY A F ¥ (FVERKDIZLAHEDTFE
60,000) ERSNTVWE I EXMHR LA, TLHEMKICITI) > ORPEFEET S DI
ML, BHEREIZIE I D ERIA D ORMENFEET A LR HRL,

3.5. BHER>oA4 xF+XFoEt (3]

50 mM LTF®D NaCl % &L 7L — P LEUEBTAHMTFORBRFLAFTITHMRE KEE
REICBNTRERERETIRDON 2D 572, LHL 80 mM NaCl 2&E 7L — F LI
BT, UMK OBTIIREFETALOOEREN T LALEET Likdh o7, Thilx L
T, PHERKOEFOL CERF LG, SOILAEFEFLL, Tok#izkoTH
1y AHEEHE LAHEEL 200 mM NaCl X &L BEHHPICB L2BE. H2EME ICHM%ARIE
ETHE LML, BFRERKORIZZESIZET LRI LONH o7, ThHD
Uik | IWRHIRIR A TIHESG R S NARY 4 V2 L » TPl SN2 EZRL T
Wb,

4. E#

4.1, WMEMORME LTz, R)F VoA VEORSTFUEELMBEANS 5V idil
TN BICEMT 2L, NatA Y T REMLT 277 e0 Mo T b, KIFRTIE,
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Figure 3. Salt tolerance of
the transformed strains of
Synechocystis sp. PCC 7942.
Cells were first cultivated
at 30°C for 3 days in the
light at 70uE/m2?2/sec in the
presence of 1 mM choline
chloride. Then the cells
were transferred, at time
zero, to a medium
containing 400 mM NaCl and
1 mM choline chloride, and
growth was allowed to
continue under the same
conditions.

0—O0, strain PAM (control)f
®&—®, strain PAMCOD. (A)
Growth of cells. (B)
Changes in chlorophyll
content during growth. (C)
Changes in photosynthetic
activity during growth.



REA %) bR TAa) 0 F L5 —XD#EIET % LME Arthrobacter
globiformis PHOHBEL T, RV EEERTHIENTELVWHYB LU S VEICE
AL, XA FRETE LRI Lz, TOFER, IO OEYOMEN & K5+
HIENTEL, ThiZa) vAx ¥ —YOBRETFIETHAV T, MWEME EHEL /1
RTHRDORIB TH 5,

4.2, MMREMDEZAIZLRLALLIIE, ) oFF T F—FEa) ooy L%
GWT BB HeO2 ZEET S, HeO2 BHIBICE > TRHBETHY . TOREHILAT
Hod, MBHNIZEN Y T—ERTAINEVERVT XL ¥ —X%ED He02 2 5H T 58
HEMEDPAFETHZEPMONTVEN, TNOEOEZOMHEIZL 5T He 0z ZHIMATHR
HIZEEENR T a2 b0 LiENESN S,

4.3, BFEMWE ) DEESRTIRNDEMATN2OT, )y AFT ¥ —¥YDEN
DHRIZEST, NIALEEBRTED L) 1Zhotze LAL., SYEIEI Y v RESRK
TERWIEH, 1 M I Y EEERICENTI2IEILETH>, THIZLoT, 80
mM N A HHMERIZER LA, TOHFEIL, Synechococcus sp. PCC 7942 124k V)
PERMIBNIZIND AT BB A RAFELE T AR Z RIB LT 3,

4.4, BHERIOA XRFXFEBVTESGRENZI) v FF ¥ —¥or LVERIKD)
B X BHEESF 81134 60,000 THY, Thido ) o> ¥ —EEIEFLOMETS N
o FER 58,000 LIERRFELTHo 7z, TOHEE, Rubisco M7=y b b5
Ty MRTFEETORI VTR L s THRIPATWVWE ZE, BYXUBEERFEAILLTR
HLLo) oA F oV — U EREKIIBITLTVAZ EEZRBLTVS, Thb6DHE T
o, BHBRAIIBY TR EKENIZBOWTHEEOI Y V26N A L 2ESKL T
WHZ L, BIURBEEIRY OA X 5T X ) OMEEF EERENICEITNINRY A 0L -
TL7HENTWAIEEZRIRLTWS,

4.5. BHER>OA XFXFOMEMENFBERIZBOTOBBEN 2, THIFHEA ML
AN b MR FEFRFICBY AMEMORETH Y. EAMIIS VTR EE L2 By &
STV A EHEREI D, AR E 2 WHEMHY OE ET T2 130 H F MY o 1F 1
KBWTHHELZEHEERFOZILARLTWA,

5. SHoOME

AFRTI, 2) 2 FF - ¥ 204X FXFESVRICEAL, MEMLRIMT
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HZEIWWI L, %X, HELZBEW THAAM xR by O adilaY) v+ x4 —
CTHIEZFE*EAL, MIESEMET A EE2EBELTYVS, ThSOEEY OMIEN % /Y
Wi AsZepTEE, MRFTORBHBIZRKCICEMTA2ZENTELEWHFLTY A,

6. 3K

[l] G. C. Papageorgiou and N. Murata (1995) The unusually
strong stabilizing effects of glycinebetaine on the
structure and function of the oxygen-evolving photosystem
II complex. Photosynth. Resgs., in press.

(2] P. Deshnium, D. A. Los, H. Hayashi and N. Murata (1995)
Transformation of Synechococcus with the gene for choline
oxidase enhances tolerance to salt stress. (Submitted)

[3] H. Héyashi, P. Deshnium and N. Murata (1995) Gene-
technological modification of salt tolerance in

Arabidopsis thaliana. (In preparation)
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Gene Technology of Salt-Tolerant Plants

MURATA, Norio and HAYASHI, Hidenorix*

National Institute for Basic Biology, *Ehime University

Summary

Glycinebetaine (hereafter betaine) is accumulated in a
number of halotolerant plants and bacteria as an acclimation
responsé to saline and/or water-deficient environments. Betaine
acts as an osmoregulative substance keeping the osmotic balance
with the environments and also prevenfs the dissociation of
various enzymes at high concentration of salt. Betaine protects
the photosystem II complex of the thylakoid membranes against
the high salt-induced dissociation of the extrinsic proteins.

Choline oxidase, which 1is isolated from the soil
bacterium, Arthrobacter globiformis, converts choline to
betaine via a one-step reaction. We cloned the codA gene for
this enzyme and introduced it into the cyanobacterium,
Synechococcus sp. PCC 7942, and a higher plant, Arabidopsis
thaliana. The codA gene was expressed in these organisms and
the transformants accumulated betaine. Consequently the
cyanobacterium acquired tolerance to salt stress, as evaluated
by growth, chlorophyll accumulation and photosynthetic
activity, and the plant did so as evaluated by germination and

growth.
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