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SPECKFI CATI ON METHOD FOR PRODUCI NG OSMOTOLERANT PLANTS

FIELD OF THE | NVENTION 5 This invention relates to a nethod for
producing ‘plants with novel properties, nore specifically, a method
for producing salt-tolerant and/or osnotolerant plants whi ch are

hi ghly resistant to environnmental stresses. 10 DESCRI PTION OF THE PRI OR
ART One effective way to prevent global warmng is

greening of uncultivated soils such as desert or salt- accumul at ed

soil. As a means therefor, the deve'%ﬂ%ﬁﬁffEAT oN Plants which are
resistant to environnental stresses in conbi nation wth an engi neering

solution such as i jiep PORPPRODURINGTPSMORDLERANS PRAR®S! IOl |ing
encroachnent of desert, pronoting greening and preventing gl obal

war m ng. Salt accunul ati on causes the foll ow ng damages: (1)
20 accunul ated salt lowers the water potential in soil to

FIELD OF THE INVENTION

5 This invention relates to a method for producing
plants with novel properties, more specifically,. a method
for producing salt-tolerant and/or osmotolerant plants

which are highly resistant to environmental stresses.

10 DESCRIPTION OF THE PRIOR ART
One effective way to prevent global warming is
greening of uncultivated soils.such as desert or salt-
accumulated soil. As a means therefor, the development of
plants which are resistant to environmental stresses in
15 combination with an engineering solution such as
irrigation plays an important role in cohtrolling
encroachment of desert, promoting greening and preventing
global warming.
Salt accumulation causes the following damages: (1)
20 accumulated salt lowers the water potential in soil to
prevent plants from absorbing water; (2) the sait absorbed .
(penetrated) into plants disturbs their metabolism; (3)
salt inhibits the absorption of other ions necessary for
viability (Sato, F., Plant Cell Engineering, Supplement,
25 “Envirqnmental Problems and Phytobiotechnology", pp. 33-
39, 1994). Especially, the inhibition of water absorption
causes plants to lose turgor pressure and close stoma.

Thus, photosynthesis is deteriorated and growth is
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prevent plants from absorbing water; (2) the salt absorbed .
(penetrated) into plants disturbs their netabolism (3) - salt inhibits’
t he absorption of other ions-necessary for viability (Sato, F., Plant
Cel | Engineering, Supplenment, 25 "Environnental Problens and

Phyt obi ot echnol ogy", pp. 33- 39, 1994). Especially, the inhibition of
wat er absorption- causes plants to |l ose turgor pressure and cl ose

st ona. Thus, photosynthesis is deteriorated and growth is

seriously inhibited. ey | ants have evol ved various nmechani sns to
adapt theﬁ§£$98§1¥olgﬂéﬁlgﬁ§|ronnents In a sinple adaptation

model PLant cells Kappugtl UL | Sydl I8 PIERRS iER g o diEige and

outside of the cells in Sone y, and restore urgor by water

absor pt i on. FO‘EhEﬁ‘ngRJVgS g8l Qﬁéﬁt 8hi2ronment¥hi CPnanesiap1el aahptrhevener .
keep an osnotic ance bet ween the inside and outside by accunul ating

salt in the mod@Q"ﬁlahE tBl3sCrReBp AAVBE¥MbLitt disfdréhteubetweendeéne 10
themto environnental (osnotic) changes, because
5 inside and outside of the cells in some way, and restore
turgor by water absorption. For example, halobacteria,
which are not plants however, keep an osmotic balance
" between the inside and outside by accumulating salt in the
cells. 1In this case, however, it is difficult to adapt

10 them to environmental (osmotic) changes, because
intracellular metabolic enzymes per se need to be salt-
tqlerant. |

Therefore, a better adaptation mechanism is the
synthesis of a specific compound called “compatible

15 solute" for keeping an intracellular osmosis depending on
extrinsic osmotic changes as'many salt-tolerant piants do
so.

As the compatible solute, bipolar compounds such as
glycinebetaine or proline and polyols such as pinitol,

20 sorbitol or mannitol are known. These compounds are
dharacterized by low molecular weight, high watér-
solubility, low metabolizability. non-influence on
metabolism, etc., and are suitable for osmoregulation.

Among others, glycinebetaine (hereinafter referred'

25 to as betaine) is noted as a compatible solute found in
plants and bacteria which are adaptabie to salt-
accumulated and/or water-deficient environment. Betaine

is thought as a compatible solute found in higher plants
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iantracel lular nmetabolic enzynes per se need to be salt- tol erant.

Therefore, a better adaptation mechanismis the ~ synthesis of a

speci fic conpound called "conpatible 15 solute" for keeping an

i ntracel l ul ar osnosi s dependi ng on extrinsic osnotic changes as many
salt-tol erant plants do SoO. As the conpatible solute,

bi pol ar conpounds such as gl yci nebetai ne or proline and pol yols such
as pinitol, 20 sorbitol or mannitol are known. These conpounds are

;2?338? F;;fffi Shicti s Chengendeasrae ' CEoliagae: « fplapecsasnoas, KLhi ARl e
or osnoregul at . . h . i i i
oferron 95 EyRonpsteriey FechRRadnle gol metty 8 20h shEnpis Cund' ¢

PR L R e Y S R R
found in highepjR@"d1. Biol. 44:357-3584, 1993). Betafne is an
5 osmoprotective substance which keeps an osmotic balance
with environments (Robinson, S.P. and Jones, G.P., Aust. J.
Plant Physiol. 13:659-668, 1986) and prevents the
dissociation of soluble enzymes due to high salt
concentration (Gabbay-Azafia et al., Arch. Biochem.

10 Biophys. 264:333-339, 1988). 1In addition, betaine can
protect photosystem II complex against high salt
concentration by stabilization of neighboring proteins and

. manganese cluster within photosynthetic oxjgen—evolving
complex (for example, see Murata et al., FEBS Lett.

15 296:187-189, 1992).

In Escherichia coli and spinach (Spinacia oleracea),
betaine is biosynthesized from choline via two steps of
oxidation as shown in Fig. 1. E. coli contains two
dehydrogenases; one is a membrane-bound.oxygen-dependent

20 choline dehydrogenase which oxidizes choline to
betainealdehyde (Landfald,-B. and Strom, A., J. Bacteriol.
165:849-855, 1986), and the other is a soluble NAD-
dependent betainealdehyde dehydrogenase which oxidizes
betainealdehyde to betaine (Falkenberg, P. and Strom,.A.R.,

25 Biochim. Biophys. Acta. 1034:253-259, 1990). In higher
plants, it has been demonstrated that betaine is
synthesized in the chloroplasts via a similar pathway to E.

coli. In spinach (Spinacia oleracea), the first step of
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such as Chenopodeaceae, G am neae, Sol anaceae, as well as

cyanobacteria, Escherichia coli, etc. (for exanple, see
Hanson, A.D., Annu. Rev. Plant Physiol. Pl ant Ml . B
1993). Betaine is an 5 osnoprotective substance which kee
bal ance wi th environnments (Robinson, S.P. and Jones,
Pl ant Physiol. 13:659-668, 1986) and prevents the dis
sol ubl e enzynes due .to high salt concentration (Gabba

Rhodes, D. and
ol . 44: 357- 3584,
ps an osnotic
G P., Aust. J.
soci ati on of
y-Azaria et al.,

b ot ect. phot 0sSEISRTEP T dfp e SAyARA. Py f 8EEppoxti-a0feblully BRGTARS can

stabilization_&%n%g g%%ggégEghﬁhQ%s ndg ?Foggqgaggﬁgtc

phot osynt heti ¢ 0Xygen-evo onpl ex exanp
al ., FEBS Lett gg :]3%_2-%%3,1%813%9anh9%%)bNAD_-dependent betks

PHYEeH1W thin

see NUrata et_
ﬁBQ&H@B&ﬁeC0|

and spinach (Spinacia ol eraceay), etaine i s biosynthesized from
choline via twyehiRRdgehase whixhdahitalyasésskbensedohddstép bf eglidation
contains two dehydrogenases; one is a nmenbrane-bound oxygen-dependent
20 chol i nes deliwéreddnask , WE.@h @t alzes Pdhaltane 178:342-362t, ailnéal)daagde
(Landfald, B. and Strom A., J. Bacteriol. 165: 849- 855, 1986), and the
other is a sol aireadfDbeen isddadedont These pdangishyesed&opadodenase whi ch

oxi di zes bet ai neal dehyde to betaine (Fal kenberg, P. a
increase the activities of the both enzymes

nd Strom AR,
and thereby

the amount of betaine under salt stress (for example, see

' Hanson, A.D. et al., Proc. Natl. Acad. Sci.

10 82:3678-3682, 1985).

U.S.A.

Alternatively, choline oxidase from the gram-

positive soil bacterium Arthrobacter globiformis is able

. to oxidize choline to betaine in one-step oxidation

reaction (Ikuta, S. et al., J. Biochem. 82:1741-1749,

15 1977).

Attempts have been made to confer salt tolerance by

intégrating such two genes as found in E. coli and higher

plants or choline oxidase gene into a plant
constantly express these'genes (for example,

20 et al., Plant Physiol. 107:703-708, 1995).

to allow it
see Nomura M.

However, no

success has been achieved so far in obtaining a salt-

tolerant and/or osmotolerant plant by integrating such

genes into a plant, especially a higher plant expressing

them stably.

25 Choline oxidase is commercially avail
amino acid sequence has not been determined.
it would be highly desirable to determine a

sequence encoding choline oxidase which can
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25 Bi ochim Bi ophys. Acta. 1034:253-259, 1990). In higher pfants,"it

has been denpbnstrated that betaine is synt hesi zed in the chl oropl asts

via a simlar pathway to E coli. In spinach (Spinacia oleracea), the

first step of : -3 _ ‘oxi dation

I's catal ysed by a ferredoxin-dependent choline nonooxygenase

(Brouqui sse, R et al., Plant Physiol. 90: 322- 329, 1989) and an

NAD- dependent bet ai neal dehyde dehydr ogenase which catal yzes the second

t f i dat i ‘5 i | nyk . Nt a, , -

P et el b Cobeafbarton. F Thingbed 06 156 1200
e activit ) '

inder Ceal't strBIEnE, B0 S1ToBNTETED RALII LR ess sp18CsBHRMALED WHELRLDS

Acad. SCi'.U'SgéPduéQnﬁgg:?ggﬁt3@ﬁ§ch13§5lolerant to envAtbAmBathYe! Y.
chol i ne oxi das romthe gram positive soll bacterium Arthrobacter

gl(?g;{ ?(r)frr s is(3kiBtic) changéisdisa@hChel hAght 8abet 8bAeehBrateos! ep
' 5
DISCLOSURE OF THE INVENTION
After profound study to solve the above problems,
the present inventors succeeded in isolating a novel gene
encoding choline oxidase (The Japanese Society of Plant
10 Physiologist, Annual meeting of 1994, the 34th Symposium
held March 28-30, 1994) and integrating it into
cyanobacteria, brassicaceous and'gramineous plants to
obtain salt-tolerant and/or osmotolerant plants.
Accordingly, this invention provides a method for
15 producing salt-tolerant and/or osmotolerant plants, which
comprises the step of transforming a plant with a
recombinant vector carrying a gene encoding choline
oxidase, as well as the salt-tolerant and/or osmotolerant
plants obtained by said method.
20
BﬁIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic representation showing the
oxidation process from choline to betaine.
FIG. 2A is a schematic representation showing the
25 constructs used for transformation éf Synechococcus
PCC7942. PAM refers to Synechococcus PCC7942 transformed
with pAM1044, and PAMCOD refers to Synechococcus PCC7942

transformed with pAM1044 carrying the codA gene. Dashed
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reaction (lkuta, S. et al., J. Biochem 82:1741-1749, 15 1977).
Attenpts have been nade to confer salt tolerance by I ntegrating such
two genes as found in E. coli and higher pl ants or ‘chol i ne oxi dase
gene into a plant to allow it constantly express these genes (for
exanple, see Nomura M 20 et al., Plant Physiol. 107:703-708, 1995).
However, no . success has been achieved so far in obtaining a salt-

t ol erant and/ or osnDtoIerant plant by integrating such genes into a

I
ghgrfneeggsgggél ﬁﬂgﬁgagFl§ ﬁ%%%éngﬁﬁg FP $Eh3taﬁF%8ng§ga sequence
has not been detergggg% & Qg %5 ncogtektcho#nggelngggh¥ed%ﬁhrable to

Ry
determ ne a geﬁgp sequence I né OXlI aase can

efficiently ientati 8n of the P -4- ~convert
choline into befaine and to I nteg ate |t into a ~ plant toallowit to

stably express said spggensg. e n
Col erant 1o envi ronnentg 68, 1¥N8he8Ys - PAGE PFESHESERt 2t DOR N pHbESGrash

5 of electrophoresis) showing the complete replacement of
chromoscmes by the-spectinomycin-resistaht gene and codA
"gene in DNA of Synechococcus PCC7942. Ldne a: A-
HindIII/¢x174-HaeIll fragment; lane b: the wild-type

| strain of Synech&coccus PCC7942; lane c: the strain PAM;
10 lanes 4 and e: the strain PAMCOD (lanes b, ¢ and 4 show
the results of PCR with primers 1 and 2, and lane e shows
the results of PCR with primers 1 and 3).
FIG. 3 is a Western blot analysis representation
(photograph of electrophoresis) showing the expression of
15 - choline oxidase in the Synechococcus strains PAM and
PAMCOD. Lane a: protein extracts from the strain PAMCOD;
lane b: protein extracts from the strain PAM;-lane C:
purified choline oxidase.
FIG. 4 shows the effect 6f NaCl on growth. ‘Growth
20 of the Synechococcus strains PAM (O)-and pAMCOD (@) in
the presence of 0.4M NaCl is shown. For comparison,
growth of the Synechococcus strains PAM (Z&) and PAMCOD
(A) cultivated on the medium free from NaCl is also shown.
FIG. 5 shows the effect of sorbitol on growth.
256 Growth of the Synechococcus strains PAM (O) and PAMCOD
(.) in the presence of 0.8M sorbitol is shown. For
comparison, growth of the Synechococcus strains PAM (L)

and PAMCOD (A) cultivated on the medium free from
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Tosnotic) changes such as high salt concentration. 5 DI SCLOSURE OF
THE | NVENTI ON After profound study to sol ve the above problens,
the present inventors succeeded in isolating a novel gene encodi ng
chol i ne oxi dase (The Japanese Society of Plant 10 Physiol ogist, Annual
nmeeting of 1994, the 34th Synposium hel d March 28-30, 1994) and
integrating it into cyanobacteria, brassicaceous and gram neous plants
to i oFtainhsaIt tol erant and/ or osnotol erant plants.
Accordingly, this _invention _provides a nethod for 15 roducin

sal t-tol erant SMFVtHsict A% ant s, whi ch colrorpri ses tghe step of

ehoodi ng chal ne - Pakl o8 ghows’ $BB SEESPHSECRRET oPh; éhirBpfigs
DESCR! PTI N oF SRR (R R OBy 1Y RRlepafE % ene’EynecndddcEis
representation ) B (O) ofiY] SAESD P@FORP 5 OBEIRAE 40 Bl ne.

FIG 2Ais a sc enatlc represéntation showing the 25 constructs used for
t ransf or mat 5on ppfc ISR HREEUS _PCC7942. PAM refers to Synechococcus
PCC7942 transforned wi th pAMLO44, and PAMCOD refers to Synechococcus

PCCr942 FIG. 7 shows the effect of sorbitol on chlorophyll
content. Chlorophyll contents of the Synechococcus
strains PAM (O) and PAMcOD (@) in the presence of 0.8M
sorbitol are shown. _

10 FIG. 8 shows the effect of NaCl on photosynthetic
activity. Oxygén evolution levels from the Synechococcus
strains PAM (O) and PAMCOD (@) in the presence of 0.4M
NaCl are shown.

FIG. 9 is a schematic representation showing the

15 restriction enzyme map of the codA gene.

FIG. 10 is a schematic representation showing the
structure of the binary vector plasmid pGAH/codA used for
transformation of Arabidopsis.

FIG. 11 shows Western blot analysis (photograph of

20 electrophoresis) of choline oxidase in soluble fractions
of the wild-type and transformant plants of Arabidopsis.
Lane 1l: choline oxidase from a.commercial product of
Arthrobacter globiformis (Sigma Chemical Co., St. Louis,
MO, USA); lane 2: soluble fractions of the wild-type

25 plant; lane 3: soluble fractions of a transformant plant.

FIG. 12 shows the effect 6f NaCl on the growth of
Arabidopsis. The wild-type (A) and transformant C1-0 (B)

‘plants in the presence of 60mM NaCl are shown (photographs'
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transfornmed with pANn044'carryihg t he codA gene. Dashed

-5- - arrows indicate the prinmers used for PCR Triangles
represent the conll pronoter. Arrows indicate the orientation of the
genes. FIG 2B is an SDS-PAGE representation (photograph 5 of

el ectrophoresis) show ng the conpl ete replacenent of chr onosones by

t he specti nomyci n-resistant gene and codA gene in DNA of Synechococcus
PCC7942. Lane a: [err]- Hndl I /]err]x174-Haelll fragnment; |lane b: the
wld-type strain of Synechococcus PCC7942; lane ¢: .the strain PAM 10

| anes-d and e: shiewimg he mmlﬂgé(n% fhec oxgand swdw the results of
PCRwth priners 1 and 2, and | ane e,  shows

priners 1 and 3). FIG. 13 shoys §h?segf9@§t8fnsBFé%%3%a?9s£§e growEH

of " 15 chol | ne o AFRBEET e e MOLoAIRE P e BRERARgrEn® Rainen"

Lane a: prot ei Q,l%ttfsa%stft{ Brdende e 1%'\/0930 and 400mM sorbitol are

5 - shown (photographs showing the morphology of the:
organisms). |
FIG. 14 shows the influence of salt stress on
photosynthesis system II in leaves of the wild-type and
transformant plants (Arabidopsis). O: the wild-type
10 plant incubated under light conditions; @®: a transformant
plant incubated under light conditions; A: the wild-type
plant incubated under dark conditions; A: a transformant
- plant incubated under dark conditions. Each data
represents the average of triplicate runs with standard
15 deviation of =5%.
| FIG. 15 shows the structures of the two chimeric
codA genes used for transformation of.rice, i.e.
35SINTPcodA and 35SINcodA. |
FIG. 16 shows NMR charts representing betaine
20 accumulation in rice plants of the wild-type strain, a
transformant (A) not expressing the codA gene, and a
transformant (B) expressing the codA gene. ;n the figure,
GB and Ch represent peaks corresponding to betaine and
choline, respectively.
25 FIG. 17 shows the influence of salt stress on
photosynthetic system II activity of the wild-type and

transformant rice plants.



1ane~b: protein extracts fromthe strain PAM lane c: purified choline
oxi dase. FIG 4 shows the effect of Nad on growth. Gowh 20
of the Synechococcus strains PAM (0) and PAMCOD ([err]) 'in t he
presence of 0.4M NaCl is shown. For conparison, growt h of the
Synechococcus strains PAM ([err]) and PAMCOD ([err]) cultivated on the
medium free fromNaC is also shown. FIG 5 shows the effect of
sorbitol on gromth. 25 Gowh of the Synechococcus strains PAM ([err])

d PAMCCD ' ' h [ [
Eg\rrpari ?([)n, ]g; l[‘%rsr“]t #g‘lwn ; : régs?%lrjg? O&Mﬁi&r l(Jl[teflr]l)S shovvnéngor
MCOD err cultiv t '
v (er 1) Ut gl Lo ihasse uaet. 15 i (1
effect o . Ry , | .
ot oohonn ! SR, qono, AN UyeglO0 Rk ROBREMR 0L e

8‘;} 2h|4(|\)/|r OﬁhyWQOrﬂf&tﬁmholine into befta®ne’ 19N AVSnknd teb’ 2ehc?h oo ahidl ol

5 which may be derived from gram-positive soil bacteria of
. the genus Arfhrobacter. For example, it may be preferably
derived from Arthrobacter globiformis.and Arthrobacter
pascens, especially Arthrobacter globiformis.

The present inventors successfully cloned the codA

10 gene encoding choline oxidase from Arthrobacter
globiformis and determined its nucleotide seqﬁence. The
codA gene contains an open reading fréme of 1641bp, which
encodes 547 amino acids. The nucleotide sequence and
amino acid sequence of the codA gene are shown as SEQ ID

15 NO. 1 in SEQUENCE'LIST.

Plants can be transformed With such a choline
oxidase-coding gene integrated into appropriate vectors.
Then, the gene can be expressed in the plants by
introducing into these vectors an appropriate promoter or

20 a sequence responsible for the expression of character.

Any gene having a nucleotide sequence resulting
from addition, deletion or substitution of the nucleotide
sequeﬁce encoding the amino acid of SEQ ID NO. 1 in
SEQUENCE LIST or a part thereof may be used as the gene

20 according to this invéntion so far as it encodes a
polypeptide showing choline oxidase activity.

According to the method of this invention, salt

tolerance and/or osmotolerance can be conferred to a large
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content. Chlorophyll contents of the Synechococcus strai ns PAM _
([err]) and PAMCOD ([err]) in the presence of 0.8M sorbitol are shown.
10 FIG 8 shows the effect of NaC on photosynthetic activity.
Oxygen evol ution levels fromthe Synechococcus strains PAM ([err]) and
PAMCOD ([err]) in the presence of 0.4M NaCl are shown.

FIG 9 is a schematic representation showing the 15 restriction enzyne
map of the codA gene. FIG 10 is a schenatic representation

Cranst or mat i on oaﬁ;é%tdé%&%n@erﬁﬁ@/ 2%} Uyt n paerd 1!
anal ysi s (phot ﬂaﬁp%e cf%&%or%&%f N S S 19/ lﬁm 'an,e n@ﬁéia%%.—gaﬁi%qdybl e

fractions ype an ransfornant pl ants of Arabi dopsis
Lane 1: cholingx fE iR ©s UBERISd adhdy AHiAd lﬁs:.cally“\rttHH Qhad er

gl obi form s (Sigma Chemcal Co., St. Louis, MO, USA); lane 2: soluble
fractions of thhotdshmnittieti®medhanism | heaolplbint o gt ity oire
transformant plant. FIG 12 shows the effect of NaCl on the

grom h of 5 ecasbiviopsarssfdimedytal-gixpe {b% meshltrsanisf @ redrtCl:itne B)

plants in the presence of 60mM NaCl are shown (photogrA?

-7- Some transformant-type cyanobacteria readily incorporate
foreign DNA into their cells to cause efficient
recombination. Such cyanobacteria include Synechococcus
PCC7942, Synechococcus PCC6301 (ATCC 27144) and

10 Synechocystis PCC6803 (ATCC 27184) (Protein, Nucleic Acid,
Enzyme, Vol.35, No.1l4, pp.2542-2551, 1991; Crit. Rev.
Microbiol. Vol.13, No.1l, pp.111-132, 1985).

Higher plants include dicotyledons and
monocotyledons. In Examples described below, highly salt-

15 tolerant and/or osmotolerant plants could be obtained from
a brassicaceous plant as a dicotyledon, but it is not
limitative and other families and genera of dicotyledons
may be used. The method of this invention may also be
applicable to monocotyledons. It was found that a

20 monocotyledonous plant rice, which originally lacks
bétaine-synthesizing ability, gained this abilify, and
therefore salt tolerance after transformation according to
the method of this invention.

The vectors into which the choline oxidase-coding

25 gene is integrated and the procedures for transformation
and selection of the transformant plant materials can be
appropriately dhosen dependent on the_nature of the plant

to be transformed.
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showi.ng t he norphol ogy of the organi sns). FIG 13 shoms t he
effect of sorbitol on the growth of Arabidopsis. The wild-type (W and
transformant (T) plants in the presence of 100, 200 and 400nM sor bit ol
are 5 shown (photographs show ng the norphol ogy of the or gani sns) .
FIG 14 shows the influence of salt stress on .- photosynthesis systemll|
in | eaves of the wld-type and transformant plants (Arabi dopsis).
[err]: the wild-type 10 plant incubated under light conditions; [err]: a

bl ant i noubated under PR REBBRAR: | BRaentaprFboR R RUCERs fon B8 dhed1VPE
tripl i cate rundol (T EERRe T ors THa a5, 5P ReERaRts nbVing aégg-%?af
shows the strugilyes. ﬁﬂéé'&%ﬁ‘ﬁ%‘ggﬂgﬁﬂéa by: th%p@ﬁt§%ﬁ6%16§e§eéﬁgtant

transformation of rice, I.e :35SI NTPcodA and 35SI NcodA
FIG 16 shows _%éﬁ"&rdsf‘eﬁm a3y ithéseepdiadmids. This J._nventlon

5 succeeded in obtaining the plants which stably show salt
tolerance and/or osmotolerance by transforming the
cyanobcterium Synechococcus PCC7942 with the codA gene
encoding choline oxidase from Arthrobacter globiformis.

When the Synechococcus PCC7942 transformed with the

10 codA gene was cultivated on a medium supplemented with
choline chloride, the Synechococcus was found to take up
exogeneously supplied choline and convert it into betaine.
In view of the report that choline transport is induced by
salt stress in several salt-tolerant bacteria, resulting

15 in accumulation of higher level of betaine (Kaenjak, A. et
al., J. Bacteriol. 175:2400-2406, 1993), the influence of
salt stress on betaine accumulation was examined by
treating the transformant Synechococcus produced by this
invention with NaCl at various concentrations. However,

20 the influence of NaCl concentration on betaine
accumulation was not significantly observed, suggesting
that the transporter for choline uptake in Synechococcus
is not specifically induced by salt stress.

It has also been reported that betaine not only

25 acts as an.osmoprotectant but also plays an essential role
in protection of photosynthetic mechanism in
photoautotrophic organisms (Murata, N. et al., FEBS Lett.

296:187-189, 1992). The Synechococcus transformed
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20 accunulation in rice plants of the wild-type strain, a
transformant (A) not expressing the codA gene, and a transformant (B)
expressing the codA gene. In the figure, GB and Ch represent peaks
correspondi ng to betai ne and choline, respectively. 25 FI G
17 shows the influence of salt stress on phot osynt hetic system |
activity of the wild-type and transformant rice plants.

- 8- _ THE BEST EMBODI MENTS OF THE | NVENTI ON The
gene encodi ng choline oxidase used in this i_nventiqn.,is gﬁgene whi ch

encodes a pr ot @AFEHRY EDithis Inyemidon WEsc RYLAYAR 1he i TR R Ce
bact or & of - oF iy GARESREHAIRR NALT o5 SOERANCR. Th CRRJIBE SEeMEPuab y
e e o 1O DI, Uy Hod Pyl d P activi cf25088a
result; the transformant Synechococcus grew well in the
5 presence of either high concentration salt or sorbitol and
also showed the similar results for chlorophyll content
and photosynthetic activity, as compared with the control
non-transformant in which growth, chlorophyll content and
photosynthetic activity were all inhibited. These results
10 mean that excellent salt tolerance and osmotolerance were
conferred to the Synechococcus transformed with the gene
encoding choline oxidase according to the method of this
invention.
Dicotyledons may be transformed by gene
15 introduction technique using protoplasts or a part of |
tissue. 1In case of the gene introduction using tissue
pieces, the Ti plasmid from Agrobacterium may be used.
Tissue pieces of a callused plant may be infected'with
Agrobacterium bearing protoplasts into which the choline
20 oxidase-coding gene has been integrated, selected by
resistance to an antibiotic such as kanamicin, and then
differentiated in shoots to give a transformant plant.
| In this invention, a salt-tolerant and/or
osmotolerént plant was obtained by transfofming the
25 brassicaceous plant Arabidopsis thaliana with the choline
oxidase~coding gene as follows.
A binary vector plasmid pGAH-codA carrying the codA

gene was prepared and integrated into Agrobaterium

- 12 -



The present inventors successfully cloned the codA 10 gene encoding
chol i ne oxidase from Art hrobacter globiforms and determned its
nucl eoti de sequence. The codA gene contains an open reading franme of
1641bp, which encodes 547 amino acids. The nucl eotide sequence and
am no acid sequence of the codA gene are shown as SEQID 15 NO 1 in
SEQUENCE LI ST. Pl ants can be transformed with such a choline
oxi dase-coding gene integrated into appropriate vectors. Then, the

gene can be exphga¥adilehst @m&'oamb%ak}xn thel #4r @9WGHAE., nhgﬁb%%elvect ors

an appropriate pronoter or a sequence responsi bl e for the expression

of character. ca11i of Arafamcge_&e RraHeNd n¥elitelde aliittie thedreaae taatul ting
fromaddition, deletion or substitution of the nucleotide seqguence

encodi ng t he amgiebactérdumSERAIDINQpGAH/@odA) iRcQupbCEtinGTthe @ogart

~thereof may be used as the gene 25 according to this invention so far as.

It encodes a genenolthempishde tshemsireg formednandx isedeetad: byl kanamycin

According to the nethod of this invention, salt t ol erance and/ or

osnot ol erange @ad bygronfysrime desd.sfangegdo induce roots and to form

9 seeds. The plants thained from said heterozygous T2
seeds were self-fertilized to give homozygous T3
individuals, which were sown to form transformant plants.
These transformant plents showed that choline oxidase had

10 been transported to the chloroplasts. The transformant
plants grew well even in the presence of high
concentration sodium chloride or sorbitol.

The monocotyledonous plant rice (Oryza sativa L. cv.
Nippon bare) can be transformed with two chimeric codA .

15 genes prepared on the plasmid pUC1l1l9, which are localised
on cytosol or plastide after translation under
transcriptional contol of the cauliflower mosaic virus 35S
promoter. Both of the chimeric genes include a rice-
derived intron in the 5' non-translated sequence in order

20 to enhance the expression.

The transformant rice can be produced by the
following procedure. Namely, the transformant plant can
be obtained by introducing said chimeric codA genes into
suspension culture cells from scutellum calli of rice

256 seeds together with the selection marker hygromicin-
resistant gene by a particle gun device, then Eelecting

the transformed calluses based on the antibiotics

resistance, and redifferentiating them into a plant.

- 13 -



variety of plants ranging from cyanobacteria to higher pl ant s.
Cyanobacteria are wi dely used as nodel organi sns of higher plants
because they have basically the sane phot osynt heti ¢ mechani sm as

hi gher plants and they are 5 easily transfornmed to give the results in a
short tine. Some transformant-type cyanobacteria readily incorporate
foreign DNA into their cells to cause efficient reconbi nation. Such
cyanobacteria i nclude Synechococcus PCC7942, Synechococcus PCC6301
(ATCC 27144) and 10 A$yReabRCYhei wiPE&Ce$p3 tide€Clack8petdintei n, Nucleic
Aci d, Enzynme, Vol.35, No. 14, pp.2542-2551, 1991; Crit. Rev.

M crobi ol . Vol si@thdsikzingp.ablilit3?, theS8F¥jice transformedHbyhéhepmertheod

i ncl ude di cotyl edons and nonocot yl edons. I n Exanpl es descri bed bel ow,
highly salt- DE tidiier dmvesritioor gsslmedo bertainepisyntbesdaliaghabddddyned from
a brassicaceous plant as a dicotyledon, but it is not limtative and
ot her fan1||esﬂ£ﬂj§¥§R§ﬁPnﬁanﬁtﬁiﬁﬁ(ﬁ&ﬂﬁ?SSiHQ R S@dasS&neTH§eWbthod of
this invention nay al so be i cabl e t.o nonocot yl edons mas found

that a 20 °nofSEiedshdire ﬁ}%wtqqnc,#onmdcwlarﬁtg hopt g @lei
bet ai ne- SynthESlﬂI¥£&¥”éﬂ&3@m§¥i&f fﬂglﬂgfﬁ 6¥1geoponic and

hydroponic conditions. This may conclude that hydrogen
peroxide formed as a by-product of betaine synthesis was
efficiently detoxified iﬁ the cells.

10 Moreover, salt tolerance tests of the transformants
cultivated on water with NaCl showed that the inhibition
of photosynthetic activity in the transformants was slower
than observed in the wild type. This is the first case in
which rice has gained betaine-synthesizing ability through

15 a genetic engineering procedure.

These results show that wvarious plants transformed
with recombinant vectors carrying the gene encoding
choline oxidase have an excellent salt tolerance.

According to this invention, salt-tolerant and/or

20 osmotolerant transformant plants which are highly
resistant to environmgntal stresses can be obtained. The
range of plants to which can be conferred salt tolerance
and/or osmotolerane by the method of this invention is
very wide, from cyanobacteria to higher plants.

25 Especially, this invention is the first case in which
salt-tolerant and/or osmotolerant transformant plants were
obtained from monocotyledons including most of main crops

and expected to be applied in a very wide range.
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therefore salt tolerance after transformati on according to t he net hod
of this invention. The vectors into which the choline '
oxi dase-coding " 25 gene is integrated and the procedures for
transformation and selection of the transformant plant materials can
be appropriately chosen dependent on the nature of the plant. to
be transforned. . - 10 -

For exanpl e, plasm ds such as pUC303 can be used for cyanobacteri a.

Then, the transformanirpeh#vinawdag efdmples PUSPREEI 8gptainbengsl ect ed by
the antibiotics resistant genes inserted into these plasmds. This

invention 5 sugpeafisichd moldetidiing vute adeamio: Whitehdedakloy 19w thlet

t ol erance and/ or osnotol erance by transform ng the cyanobct eri um
Synechococcus RO DMttt ¢ himveodA ayene encodi ng chol i ne oxi dase from
Art hr obacter gl obiforms. When t he Synechococcus PCC7942
transfornmed w tBXAMRLESI0O codA gene was cultivated on a nedi um suppl enent ed

W th choline chloride, the Synechococcus was found to take up
Example 1: Transformation of the cyanobacterium

_ Synechococcus. PCC7942 with the codA gene
(1) Cloning of the codA gene
| The choline.oxidase gene was isolated from
Arthrobacter globiformis by the method described in the
10 Abstracts of Oral Reports in the abstracts, the 34th
annual meeting of the Japanese Society of Plant
Physiologists, 1994, 1In bfief, 1) choline oxidase is
fragmented with cyanogen bromide, 2) the N-terminal amino
acid sequences of appropriate fragments are determined, 3)
15 an appropriate part is selected from said amino acid
partial sequences to synthesize oliéonucleotides
corresponding thereto, 4) a partial sequences of the
choline oxidase gene is amplified by PCR (Polymerase Chain
Reaction) using these oligonucleotides as primers, 5) the
20 amplified partial sequence of the choline oxidase gene is
used as a probe to screen the genomic DNA library of
Arthrobacter globiformis.
Thus obtained positive clones were subcloned into
the plasmid pBluescript (SK') (Stratagene) to isolate
25 positive clones, which were subjected to Southern blot
analysis. A 3.6kbp XbaI-XhoI fragment which hYbridized'to
said probe was subcloned into pBluescript and mapped with

restriction enzymes. The nucleotide sequence of the

- 15 -



exogeneously supplied choline and convert it into bet ai ne. In view of

the report that choline transport is induced by salt stress in several
salt-tolerant bacteria, resulting 15 in accunulation of higher |evel of
bet ai ne (Kaenjak, A et al., J. Bacteriol. 175:2400-2406, 1993), the

i nfluence of salt stress on betaine accunul ati on was exam ned by
treating the transformant Synechococcus produced by this I nvention
with NaCl at various concentrations. However, 20 the influence of NaC
concentration on betaine accunulation was not significantly observed,
suggest i ng regian SRannfe Faiame theo L1058 S3d Lnsidee ton X8Pde&dd€occus

I's not specifically induced by salt stress. It has al so been

rleported t hat tf@tblﬁ% Zratba) y’aszéietﬂ@“%'?n (ﬁsm)prot ectant but al so

ays an essential r t [ hej | | [
Bho?oautotrophic orgghﬁ?nEefHEEE?%g°ﬁﬁaggﬂgg.Fgﬁgégsxgﬁ??EkEdggggggﬁéglHgg,
1992) . The SynechQCaGGlSid 'S Ydifin frame of 1641bp?WhAcH R doeldias

i nventi on was Clﬂ | vat%? I N e ‘presenc
5 polypeptide of 547 amino acid residues. The amino acid

sequence and the nucleotide sequence of the choline
oxidase-coding gene are shown as SEQ ID NO. 1 in SEQUENCE

LIST.

10_ (2) Transformation of Synechococcus PCC7942 with the codA
gene
The plasmid pBluescript carrying the codA gene was
digested with BstEII (position -40 from the initiation of
translation) and Smal (downstream of the stop codon)

15 restrictioﬁ enzymes. The BstE II-cohesive end was filled
in by Klenow fragment (Takara, Tokyo, Jépan). The blunt-
ended fragment containing the coding region of the codA
gene and a putative ribosome binding site was inserted
into the Smal site of the plasmid pAM1044. The correct

20 orientation of the gene, which is supposed to be expressed
under control of the conllI promoter of pAM1044, was
confirmed by restriction analysis. The conII promoter is
the consensus sequence of promoters of E. coli, which
contains the base sequences TTGGACA (-35) and TATAAT (-10).

25 The plasmid pAM1044 and the plasmid containing the
codA gene were used for transformation of Synechococcus
PCC7942 by the method of Elhai et al. The resultant

transformant was designated as the strain PAMCOD.
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of high concentration NaC or sorbitol to exam ne grow h, chl orophyl |

content and photosynthetic activity. As a result, the transfornmant
Synechococcus grew well in the 5 presence of either high concentration
salt or sorbitol and al so showed the simlar results for chlorophyll
cont ent and photosynthetic activity, as conpared with the control
non-transformant in which growh, chlorophyll content and

phot osynthetic activity were all inhibited. These results 10 nean that

Synechococeus SYRREPRRREr R ERCRE aransrotiigh wsn BRNLBLACE1bRe HEs
according to t 0 ' | Lan. s Dbt Y1 edons
may be transfolr&%g?tt?% %e(r;%)nté%'gﬁ iarrlltdr g(?%\é' |%r#g{aegﬁnﬁ:gﬁesagfﬁa%ggfopl asts or

a part of tissuege?.@efi‘iﬁ 8k the EEQEsL‘thQHHQH&QE aléﬁ@goﬁieﬁaessu

pi eces, the Ti plasm rom Agrobacterium may be used. | Ssue pi eces
of a callused RlRA JTRM%PLINHAH @gé Rt 1inomy®dnOBAC BOLgYMLLeaAiFter
protoplasts into which the choli_ng"[é 2 oxidagggboding ggne has been

i nt egr at ed, 5 selsRRiga@1bYinoculdtdvnsi dFC@ sdndyleadioilongt to EweshaBGRdnani cin,
and then differentiated in shoots to give a transformant plant.

In this inventipdates swrtdisliergspeatinomycin, dhepcomplate phsertien of
obtained by transformng the 25 brassicaceous plant Arabidopsis thaliana
with the cholirthe spectinomycin-resistant gene and the codA gene into

all the copies of the chromosomes was confirmed by PCR
(Polymerase Chain Reaction) using the primers indicated in
10 Fig. 2A. The complete insertion of the spectinomycin-
resistant gene and the codA gene into the chromosomes of
Synechococcus was confirﬁed-by PCR using a combination of

primers 1 and 2.

15 Example 2: Confirmation of the gene inserted into
transformants

The DNAs from the wild-type strain, the strain PAM
and the strain PAMCOD of Synechococcus PCC7942 were used
as templates for PCR, and the amplified products were

20 énalyzed by SDS-PAGE. The results are shown in Fig. 2B.

A PCR performed on the DNA from the wild-type
strain revealed an amplified product of about 400bp (Fig.
2B, lane b). When the DNA from the strain PAM was used as
a template, a band of about 2.4kb appeared, representing

25 the insertion of pAM1044 into the chromosomes. The
absence of the band of about 400bp, which was observed in
the wiid—type strain, confirms the complete replacement of

the native chromosomes by the mutated chromosomes in the
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oxi dase-codi ng gene as follows. A binary vector plasmd
pGAH- codA carryi ng the codA gene was prepared and integrated into
Agrobaterium - 12 -

t umef aci ens EHA101 bearing the Ti plasm d. Hypocotyl calli of

Ar abi dopsis were infected with the resultant Agr obact eri um EHA101
(pGAH codA) incorporating the codA gene, then shoots were forned and
sel ected by kananmycin 5 and hygronycin resistance to induce roots and to
form seeds. The plants obtained from said heterozygous T2 seeds
were sel f- fertﬁﬁﬁﬁ&?tﬁﬂ%nve honozygous T3 i ndi vi dual s, which were
sown to formtransformant

t f t d
“that choline oxidase HBE® Ebebggﬁ FF%HSB%&E@B %%Qfﬁgéaa?ﬁr%p %ﬁS%gpgng

t ransf or mant S reM/meI ev t he .pr sence of hi
concentration J6# 8?‘3“2* t?‘e wild-e¥p 8‘“.?3%8‘8& yP&donous

P18 (518 Wit . 30, RO S P

5 band of about 4.lkb was not amplified, either, likely due
to a large size of the insert and a high GC content in the
. codA sequence. Therefore, primer 3 corresponding to the
coding fegion of the codA gene (Fig. 2A) was used in
combination with primer 1. The expected band of about
10 2.6kb was amplified (Fig. 2B, lane d), indicating the
presence of the codA gene in the chromosomes of the strain

PAMCOD.

Example 3: Expression of the codA gene in the
15 Synechococcus strain PAMCOD
The expression of the codA gene in the strain
PAMCOD obtained in Example 1 was examined by Western blot
analysis using polyclonal antiserum raised against the
purified choline oxidase. - The results are shown in Fig. 3.
20 Signals were detected in the protein extracts obtained
from the strain PAMCOD (1ane a) and purified choline
oxidase (lane c) at the position 6f 60kDa. Such a signal
was not detected in the protein extracts obtained from the
strain PAM (lane b). This result confirms-that the codA
25 gene was expressed under control of the conll promoter in

Synechococcus PCC7942.

Example 4: Analysis of betaine concentration in cells
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115 genes prepared on the plasm d pUCL19, which are |ocalised on
cytosol or plastide after translation under transcriptional contol of
the cauliflower nosaic virus 35S pronoter. Both of the chineric genes
include a rice- derived intron in the 5 non-transl ated sequence in
order 20 to-enhance the expression. The transformant rice can
be produced by the foll ow ng procedure. Nanely, the transformant plant
can ~ be obtained by introducing said chineric codA genes into
suspension cul ture celrhe firamsfoumel coltal weref grows ifSoneediditerogét her
with the sel ection marker hygrom cin- resi stant gene by a particle gun
~device, then saGil ingdium suppElementsfbmidd SaM ohed ipes ciplorides Salt
antibiotics resi stance, and redifferentiating theminto a plant.

- 13 - stress was given thibaddime ¥aniQusy soncendnatden s, & NaCL -
synthesizing ability, the rice transforned by the nethod

i
i nvention gai néhadianvrststhierlts iWRFefggatpd with ﬂ’%’eﬂtzﬁgﬁs"’figr%%{ﬁ Sfrqrce

expressin he codA gene W
P g % 20 hours aéﬁe%etaine was recovered from the mixture by

means of the periodate precipitation technique (Wall, J.S.
et al., Analyt. Chem. 32:870-874, 1960). The betaine
periodate was dissolved in 1lml of methanol-d; (Wako Pure
Chemical Industries, Osaka, Japan) containing 2mM'2-.

10 methyl-2-propanol (Wako Pure Chemical Industries) as an
internal standard. This solution was transferred to an
NMR tube and H NMR spectra were measured with a Bruker
AMX 360 Wb. Betaine was quantified by comparing the
integrated peaks with a standard curve.

15 The concentration of betaine in the cells of the
strain PAMCOD was determined on the basis of the cell
volume estimated from the electron micrograph of
negatively stained cells. The cytoplasm of a single cell
had a cylindrical shape of 2.14 pm in length and 0.82 pm

20 in diameter and the cell volume was estimated to be
approximately 1.13 um’.

The following Table 1 shows the changes in betaine
coﬁcentration in the cells with the increase of NaCl
concentration in the medium. Any trace of betaine could

25 not be detected in the strain PAM lacking the cddA gene.
The betaine concentration in the cells of the strain
PAMCOD ranged from 60 to 90mM. Betaine accumulation in the

cells of the strain PAMCOD was not significantly affected
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5 equally to the non-transforned plant w thout show ng any appar ent
abnormality under the both of geoponic and hydr oponi ¢ conditions. This
may concl ude that hydrogen peroxi de formed as a by-product of betaine
synt hesi s was efficiently detoxified in the cells. 10

Moreover, salt tolerance tests of the transformants cultivated on
water with NaC showed that the inhibition of photosynthetic activity
in the transformants was sl ower t han observed in the wild type. This
is the first c fiff has gained betai ne-synthesi zi ng
ability througﬁ’?fgbla %oennaé%# C eng| neering procedure. : These
results show that various plants transforned w th reconbi nant vectors
carrying the gene encodi ng chol i ne oxi dase have an excellent salt

t ol er ance. According to this mgpamenti on, salt-tol erant and/or

20 osnot ol er amt—transformamt—ptrants whichare i ghty resistant 1o
envi ronnment al strexsasL cayn) be obt ai ned. PAMgmM) range of PAMCOD t(mMhi ch
can be conferred—satt—toterance and/or _osnot ol erane by the net hod of
this invention is 0 very wide, fromcyangbacteria to highe&s7 pt ehts. 25
Especially, this invention is the first case in which salt-tol erant
and/ or osnotol erant toansformant plants wer® obt ai ned froinzx 4
nDnocoterdons i ncludi ng nost of main crops and expected to be applied
in a very wide range.0.3 Y 86 * 2

5 Example 5: Tolerance of the Synechococcus strain PAMCOD to
salt and ésmotic stresses
The tolerance toward salt and osmotic stresses of
the cells were evaluated by measuring cell growth,
chlorophyll content and photosynthetic activity. Cells of
10 the Synechococcus strains PAM and PAMCOD were
precultivated in the BGll medium suppleméhfed with 1mM
choline chloride at 30°C.for'3 days and the cultures were
transferred to the BGll medium supplemented_with ImM
choline chloride containing 0.4M NaCl or 0.8M sorbitol.
15 Cell growth was monitored by optical density at 730nm.
Chlorophyll content was determined by the method described
by Arnon et al. (Biochim. Biophys. Acta. 357:231-245,
1974). The photosynthetic oxygen evolution was measured
by monitoring oxygen concentration with a Clark—tybe
20 oxygen electrode using 1lmM 1,4-benzoquinone and 1mM
K;Fe(CN)s as electron acceptors. The same cells were
cultivatéd on.the medium free from NaCl as a control.
The results of the cell growth test in the presence

of NaCl are shown in Fig. 4 and the results of the cell
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- 14 - The follow ng exanples further explain this
invention in detail, but are not intended to limt the scope of this

i nventi on. " EXAMPLES 5 Exanple 1: Transformation of the cyanobacterium
Synechococcus PCC7942 with the codA gene (1) doning of the codA gene
The chol i ne oxi dase gene was isolated from Art hrobacter globiform s by
the nethod described in the 10 Abstracts of Oral Reports in the

abstracts, the 34th : annual nmeeting of the Japanese Soci ety of Pl ant

Physi ol ogi st s, ¥ i 6]t ﬁ?ﬁlﬁéxﬂf‘e%%ﬁ%lﬁal are 'dmaAENEFMg L D
cyanogen bron1 ) the N-termn am no aci d sequences of

appropriate f raggrrenﬂge agPowiE e #1 1188l, s tHainl PAM AP ALY Aed A thigh
selected fromsaid am no acid partial sequences to synthesize
ol i gonucl eoti desalt and GbsmspRid Bipddey eiwhile theariradn FPMEOX eoudd t he
grow under these conditions. |
5 The results of the chlorophyll content test in the
presence of NaCl are shown in Fig. 6 and the results of
the chlorophyll content test in the presence of sorbitol
are shown in Fig. 7. .The results of this test were
similar to thdse of the cell growth test. The chlorophyll
10 content in the strain PAM treated with a high
concentration salt gradually decreased and the chlorophyll
content in the strain PAM treated with 0.8M sorbitol
rapidly decreased, but on the contrary, the strain PAMCOD
contitued to grow even under salt or sorbitol treatment.
15 The results of the photosynthetic activity test in
the presence of NaCl are shown in Fig. 8. Photosynthetic
activity of the strain PAM was strongly inhibited by salt
stress. 1In contrast, photosynthetic activity of the cells
. of the strain PAMCOD was temporarily inhibited at the
20 early stage of salt treatment, but afterward recovered and
continuously increased. The similar results were obtained
in the photosynthetlc activity test in the presence of
sorbitol. Interestingly, the temporary decrease of
photosynthetic activity was not observed when the cells of

25 the strain PAMCOD were treated with 0.8M sorbitol.

Example 6: Preparation of a binary vector plasmid carrying

the codA gene
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thol ine oxi dase gene is anplified by PCR (Pol ynerase Chain React i on)
using these oligonucleotides as prinmers, 5) the 20 anplified partial

sequence of the choline oxidase gene is used as a probe to screen the

genomi c DNA |ibrary of Arthrobacter globiforms. Thus

obt ai ned positive clones were subcloned into the plasm d pBl uescri pt

(SK[err]) (Stratagene) to isolate 25 positive clones, which were

subj ected to Sout hern bl ot anal ysis. A 3. 6kbp Xbal - Xhol fragment which
~ hybridized to sai d probe was _subcl oned into_ pBl uescript_and_napped

with restriction Tz RS (FPHOSdvPabisPhoSRES S cprboxylase
o e b VBRI AT NS FL e o
Lpat Che onol 5o g 8o 0haggo TSI NSRS o A A, 100
sequence and the nych L{HS §COHERCRARATETRAFRRACArGGeT3" and
5 5'CCACATATGCATGCATTGCACTCT3' as primers to introduce the
Xbal and Ndel sites.

Then, the N-terminal-BamHI fragment (about 100bp)
of the codA gene was amplified by PCR using
5'"AACCATATGCACATCGACAACATC3' and 5'GCTCCATCCAGCGGTCCAGC3'

10 as primers to introduce the NdeIl site. The BamHI-Smal
fragment (about 1.6kbp) of the codA gene was prepared by
restriction enzymes. Further, the SmaI-C-terminal
fragment (about 80bp) of the codA gene was amplified by
PCR using 5'GAAACAGTCCTGCTTCCACAC3' and

15 5'GCGAGCTCTGCCTACACCGCCAT3' as primers to introduce the
SacIl site.

The GUS (B-glucuronidase) gene in the binary vector
plasmid pBI221 was replaced by these fragments.

The restriction enzyme map of the codA gene is

20 shown in Fig. 9.

The HindIII-EcoRI fragment containing the 35S
promoter and the NOS (nopalin synthase) terminator of
cauliflower mosaic vi:us was introduced into the binary
vector plasmid pGAH to prepare the plasmid pGAH/codA (Fig.

25 10). This plasmid contains kanamycin- and hygromycin-

resistant genes.

Example 7: Introduction of the binary vector plasmid into’
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oxi dase- codi ng gene are shown as SEQ ID NO. 1 in SEQUENCE - LI ST. 10

(2) Transformation of Synechococcus PCC7942 with the codA gene
The plasm d pBluescript carrying the codA gene was digested with
BstEIl (position -40 fromthe initiation of transl ati on) and Smal
(downstream of the stop codon) 15 restriction enzynes. The BstE
I'l-cohesive end was filled I n by Klenow fragnent (Takara, Tokyo,
Japan). The bl unt- ended fragnent containing the coding region of the
codA gene and a put atAgmobadiiosmoimen bi ndi ng site was inserted into

the Snal site of the plasm d pAMLO44. The correct 20 orientation of the
gene, which is suppos&he dgrebagheaivad tumefagigas EHAt 161 beagrpadcdhe
pronot er of pAMLO44, was confirmed by restriction analysis. The conl

pronoter is  Tiimaswidoms mbied onth Ffhe) At yegtar Rlasmidini ch
contai ns the base sequences TTGGACA (-35) and TATAAT (-10).. 25 = The
pl asmi d pAMLO44P "'E‘i’fi“ pPRkained oin & rfer then éﬁﬁ?%fé’né%r?acm' for
t ransf ormat i,on of . Synechococcus PCCr942 by, the nethqad of hai et_al.
The resul rafit Sha JEERUTT o ChB RO Ghes M LA S Sharwomt, e

_' 16 - kanamycin. The resultant Agrobacterium in which the codA

gene has been integrated was designated as EHA1l0l

(pGAH/codA).

10 Example 8: Transformation of Arabidopsis

The Arabidopsis thaliana strain WS was germinated
to prepare a hypocotyl segment. This hypocotyl was
callused on B5 medium (ICN Biochemicals) (pH 5.7)
containing 0.05mg/l of kinetin (Wako Pure Chemical

15 Industries) and 0.5mg/l of 2,4-D (Wako Pure Chemical
Industries) to form hypocotyl calli.

Then, the calli were infected with the codA-
containing Agrobacterium EHA10l(pGAH/codA) prepared in
Example 7 and cocultivated. After detoxification of

20 Agrobacterium by B5 medium containing 250mg/l1 of
vancomycin, 500mg/l of carbenicillin and 200mg/l of
Claforan, the cultﬁres were transferred to a
differentiation medium (B5 medium containing 25mg/l of
kanamycin and 15mg/1l of_hygromycin) to form shoots. Then,

25 kanamycin- and hygromycin-resistant shoots were selected
to induce roots and to form seeds. The resultant T2 seeds
are heterozygous transformed in only'one of the

chromosomes.
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Synechococcus PCC7942 transfornmed with pAMLO44 al one was used as a
control and designated as the strain PAM Sel ection of the
transformants was done on the BGlL1 agar plate containing spectinomycin
at 30g/m . After 5 several inoculations of a single colony to fresh BGL1
pl ates contai ni ng spectinomycin, the conplete insertion of - the

specti nonyci n-resi stant gene and the codA gene into all the copies of
t he chronosones was confirnmed by PCR (Pol ynerase Chai n Reaction) using
t he prinmers indicatedThen,l@heFipJanZa. obttaicedplfebm itheelRi sreds whre
specti nonyci n- resi stant gene and the codA gene into the chronpbsones
of Sy nec hekttfenitl tzed | and dsdhediEd (hy rkpnamysisi gnd dyggfomycin
priners 1 and 2. .15 Exanple 2: Confirmation of the gene inserted into
transformants to give homozygew§\sI'3 reffdshe wil d-type strain, the strain
PAM and the strain PAMCOD of Synechqcoccus PCC7942 were used . - as
tenpl ates for PCR andben®lanhs ofedbs: ydderEvRer andograngiryrastyy

SDS- PAGE. he [ i g. .
ééﬁéﬁﬁé 625é55§¥%h'{hF2§heé¥%m (pH 5.2) containing 0.1%

HYPONEX (Hyponex Corporation, Marysville, OH, USA) at 22°C
for 30 days on water or soil consisting of vermiculite and
perlite with illumination of 75umol.m%.s™' for 16 hours in
a day and in a dark room for the remaining 8 hours unless

10 otherwise indicated, and then used for experiments.

Example 9: Immunological study of the expressed choline
oxidase
An antibody was raised against choline oxidase
15 according to the methodhdescribed by the present inventors
in literature (Deshniumn, P. et al., Plant Mol. Biol.
29:897-907, 1995).
Leaf from each 20-day old plant of the wild-type
and transformant strains of Arabidopsis thaliana was
20 ground in a microcentrifuge at 0°C and the homogenates
were centrifuged at 10,000 x g for 10 minutes to prepare
soluble fractions. The solubie protein of the supernatant
was separated by SDS-PAGE and transferred to a nylon
membrane (Immobilon PVDF; Millipore, Bedfbrd, MA, USA).
25 The membrane was incubated with the antibody against
choline oxidase and detected with a system consisting of
biotinylated secondary antibody, avidin and biotinylated

horse radish peroxidase (ABC Kit; Vectastain, Burlingane,
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A PCR perfornmed on the DNA fromthe w | d-type strain reveal ed an _
anplified product of about 400bp (Fig. 2B, lane b). Wen the DNA from
the strain PAM was used as a tenplate, a band of about 2.4kb appeared,
representing 25 the insertion of pAMLO44 into the chronosones. The
absence of the band of about 400bp, which was observed in t he

w ld-type strain, confirns the conpl ete repl acenent of the native
chronosones by the nutated chronobsonmes in the

- 17 - CA, USA). strain PAM Wien t he DNA from PAMCOD was
used as a tenpl ate, the band corresponding to the wild-type

chronmpsones was Thle eesentedofFigstéEn bade ahalyBievere bhewaxpacted
5 band of about 4.1kb was not anplified, either, likely due to a large

size of the inseig. aW. a Theylprdsearmod o dm inmine respondiveqpedein of
Therefore, primer 3 corresponding to the codi ng region of the codA
gene (Fig. 2A) eédsassarrespondingrin reitaldmeniadidasieraras] 1dend iddeslt ed
band of about

5 small amount of protein of 70kDa corresponding to the

precursor of choline oxidase and the rbcS transit peptide

were also observed. These results show that the codA gene
was correctly integrated and expressed in the chromosomes

and that the.expressed precursor was processed into a

10 manure protein.

Then, localization of the expressed choline oxidase
in the plant was detected with the antibody against
choline oxidase'by a method described in literature
(Mustardy, L. et al., Plant Physiol. 94:334-340, 1990). A

‘15 small piece of young leaf from the plant was fixed with 1%
glutaraldehyde in 0.1IM sodium phosphate buffer (pH 7.2)
for one hour. After rinsed with the same buffer, the
sample was dehydrated with ethanol and placed in Lowicryl
K4M resin (TAAB Laboratories Equipment Ltd., Berkshire,

20 U.K.). Immuno-gold labeling was conducted by a method
described in literature (Mustardy et al., supra).

As a result, the expressed choline oxidase was
found-to be localized in stroma of thé chloroplasts,

indicating that choline oxidase had been transported to

25 the chloroplasts.

Example 10: Determination of betaine and chlorophyll

contents in transformant plants
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10 2. 6kb was anplified (Fig. 2B, lane d), indicating the presence of
the codA gene in the chronosones of the strain PAMCOD. Exanpl e
.3: Expression of the codA gene in the 15 Synechococcus strain
PAMCOD . The expression of the codA gene in the strain

PAMCOD obt ai ned in Exanple 1 was exam ned by Western bl ot anal ysi s
usi ng polyclonal - anti serumrai sed agai nst the purified choline

oxi dase. The results are shown in Fig. 3. 20 Signals were detected in the
protein extracts obtained, fromthe strain PAMCOD_ (|l ane a) and purified
chol i ne oxi dase @Behfdne content J&sileadn of thexBlanssc W signg

was not detecteq%g%?ihe ﬁrotein extract bt ai ned from.t he strain PAM

(lane b). This ¢ atehivy rfﬁ???ﬁ'f“?sﬁ diPeckra et%sq‘g('b‘?%k%% under
control of the caplly Bt UBESILAR (wa11 SVPECBOOPECURRHFO Then. 32: FHRIP! ©

4: Anal ysis of alne con on Th celTs
- 18 - 874, 1960). 5g of leaf of the wild-type strain and

5 transformant plants were powdered in liquid nitrogen by a
ceramic motor. This powder was suspended in 25 ml of 1.0M
H,SO, and incubated at 25°C for 2 hours. After unsoluble
matters were removed, the supernatant was recovered by
centrifugation at 1000 x g for 10 minutes. The

10 supernatant was combined with 10ml of KI-I, solution and
incubated at 0°C for 2 hours. Peridodide-adducts of
betaine and choline were recovered by centrifugation at
1000xg for 30 minutes and dissolved into 0.5ml1 of CD4OH
(Wako Pure Chemical Industries) containing 0.5mM 2-methyl-

15 2-propanol (Wako Pure Chemical Industries) as an internal
standard to measure 'H NMR spectra. Two main peaks
corresponding to betaine and choline were observed, and
the integrated betaine peaks were used for determination
‘of the concentration.

20 _ Chlorophyll content in leaf was measured by the
following procedure. Leaf (lg) was powdered in liquid
nitrogen by a ceramic motor. The powder was suspended in
10ml of acetone:water (4:1, v/v). After incubation for 30
minutes, unsoluble matters were removed and the

25 supernatant was éubjected to spectrophotometry (Arnon, D.I.
Plant Physiol. 24:1-15, 1949).

As a result, the both of betaine and choline were

observed in the transformant plant, while only choline was

- 26 -



The transformed cells were grown in one liter of BGL1 nedi um

suppl enented with 5nM choline chloride. Salt stress was given by
addi ng various concentrations of Nad. ‘The harvested cells were
treated with IMHerr]SOerr] at 25[err]C for 5 20 hours and betai ne was
recovered fromthe mxture by means of the periodate precipitation
techni que (Wall, J.S. et al., Analyt. Chem 32:870-874, 1960). The

bet ai ne peri odate was dissolved in | m of nethanol-d4 (Wako Pure

Chemi cal | ndustobssrvéd akm, thepetl)d-coypeai strmiPMBstaike cuttent Irge dpanol
(Wako Pure Chem cal Industries) as an I nternal standard. This

sol ution was triamstgg ristesio leaf. ChlRraptyel arebritenViwasp &ct3 amedr/qg
measured with a Bruker AMX 360 Wh. Betai ne was quantified by comparing
t he i nt egréxesh pkea&. with a standard curve. 15 The
concentration of betaine in the cells of the strain PAMCOD was

determ ned on the basis of the cell vol une estimated fromthe el ectron-

m crograph qf negajjvely. stained cells. The cytaqpl asm of a single cel
had aco il i ExampLaal Ly “B818rdnde of rdisratmant Hr i dens b o bals

di anmeter and the cell volune ¥as q@ﬁjnated to be approximately 1.13
[err]nferr]. Tha¢ o5 +ﬁ;ﬁ%ﬁﬁ%§ﬁ?shoms t he changes in betaine

(i) Tolerance to salt stress
The T3 seeds obtained in Example 8 were inoculated
on Murashige & Skoog's medium geiled_with 0.5% gellan gum
10 to compare germination, rooting and growth of cotyledons.
On'the medium free from NaCl, any difference was not found
between the wild-type strain and the transformant plants.
On the medium containing 60mM sodium chloride, however,
one of the transformant blants Cl-0 grew relatively wéll
15 to show salt tolerance as compared with the wild-type
strain which poorly grew (Fig. 12).
On the medium containing 100mM sodium chloride, the
wild-type strain stopped growing and its 1eaveslwhitened
10 days after germination. However, the transformant
20 plants continued to grow while keeping green. Especially,
roots of the transformant plants grew remarkably better
than those of the wild-type strain. The wild-type strain
and the transformant strain plants equally grew in a
control test free from 100mM sodium chloride, confirming
25 that the transformant plants gained the ability to grow

under salt stress conditions.

(2) Tolerance to osmotic stress
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conceﬂtration in the cells with the increase of Nad concentration in
the medium Any trace of betaine could 25 not be detected in the strain

PAM | acki ng the codA gene. The betai ne concentration in the cells of
the strain PAMCOD ranged from 60 to 90mM Betai ne accunul ation in the
cells of the strain PAMCOD was not significantly affected

- 19 - by NaC concentration

Table 1 Nadl (M PAM ( mV) PAMCOD (mV)

0 The seeds of the wifll-type strain an@ Zhe

0 73 4 0.3

86 2 S  Exapidres forman ©rpiwet O fwd e é‘wﬁmmmammmatéwmém-
salt and osnotic stresses The tol erance toward salt and osnotic

stresses of soli® medis omieafiviaigal®al, B00easilird (M eddrigirtondt h, The

cultures were placed in an incubator mainteined at 22°C

5 with illumination of 75 umol/m?/second for 16 hours in a
day and in a dark room for the remaining 8 hours, and
regularly observed. The,state on the day 15 is shown in
Fig. 13 (W on the left represents the wild-type Etrain and
T on the right represenfs the transformant plants). At a

10 sorbitol concentration of 100mM, some wild-type strains
shoﬁed no'germination or its leaves whitened even if they
germinated. However, the transformant plants continued to
grow while keeping green. At a concentration of 200mM,
growth of the both strains was inhibited, but the

15 inhibition degree of the transformant plants was lower
than that of the wild-type strain, and especially, the
growth of roots of the transformant plants was remarkably
better than that of the wild-type strain. At a concentra-
tion of 400mM, the wild-type strain showed no germination

20 and the transformant plants showed no germination, either,

or scarcely grew even if they germinated.

Example 12: Photosynthetic activity of transformant plants
under salt stress
25 The influence of salt stress on photosynthetic
system II activity of mature leaves was measured by
monitoring fluorescence of chlorophyll.

The wild-type strain and the transformant strain
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chl orophyl |l content and photosynthetic activity. Cells of 10 the
Synechococcus strai ns PAM and PAMCOD wer e precultivated in the BGL1
medi um suppl enented with 1nM choline chloride at 30[err]C for 3 days
and the cultures were transferred to the BGL1l nedi um suppl emented with
1mvi choline chloride containing O 4M NaCl or 0.8Msorbitol. 15 Cel
grom h was nonitored by optical density at 730nm Chl or ophyl | content
was determ ned by the nethod descri bed by Arnon et al. (Biochim :

Bi ophys. Acta. 7:,231-245 1974) .. The. hhot gsynt.het | X evol ution
nne measured  PIIE EL om a SEIEHR T MR A R R R Y pe " 20
oxygen el ectro ' gV 5 | ho, fﬁﬂﬂm [ 6 as

el ectron accep%@ﬂ%he sa‘%rnéll%e sq\gi"/leﬂr% %nﬁfgsu [ vatcel'l(}'d(%:iﬁeq}prf‘edi um free

fromNaCd as a fxfﬁ'{%t?é)éed under the 1idift '&SWdrk Uodditichld ddsihdest in

t he presence NaCl are shown in Fig. 4 and the results of the cel
- 20 - above. K€ at@Stetnliddle HIRSeNavs WY ke eExdpWn i N

"o 5 the plants and the efficiency of photosynthetic system II
was measured as a ratio of variable chlorophyll
fluorescence to maximum chlorophyll fluorescence (Fv/Fm)
by using a pulse intensity-modulated fluorometer (PAM-
2000; Walts, Effeltrich, Germany) (Annu. Rev. Plant

10 Physiol. Plant Mol. Biol. 42:313-349, 1991).

The results are shown in Fig. 14. Aftef incubation
for 2 days under light conditions, the wild-type strain
almost lost photosynthetic system II activity, while the
transformant plants maintained 50% of the original level

15 of photosynthetic system II activity. Under dark
conditions, inactivation due to salt stress was much more
moderate, but photosynthetic system II activity of the
transformant plants was more tolerant than that of the
wild-type strain. When the plants were transferred to the

20 medium containing 200mM sodium chloride, the decrease of
photosynthetic system II activity was much more.moderate
than observed on the medium containing 400mM sodium
chloride, but the transformant plants were again more
tolerant to salt stress than the wild-type strain.

25
Example 13: Preparation of the chimeric codA gene used for

transformation of rice

Two chimeric codA genes (designated as 35SINcodA
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5. The growth of the strain PAM was inhibited by high salt and osnotic
stresses, while the strain PAMCOD could grow under these conditions.
5 The results of the chlorophyll content test in the presence
of NaCl are shown in Fig. 6 and the results of t he chl orophyl | content
test in the presence of sorbitol are shown in Fig. 7. The results of
this test were . simlar to those of the cell growh test. The

chl orophyll 10 content in the strain PAMtreated with a high

concentration said 3IBSTNPPEYIRLCFespas trsh ¥ havieidprahldcalize@ @i ent in
the strain PAMtreated with 0.8M sorbitol rapi dly decreased, but on

the contrary, tdetcsésohiandAIEErid, respictisssly cafireaw teneers laidien s tthoy
sorbitol treatnent. 15 The results of the photosynthetic activity
test in t hehgl e nexi ddsélag@near ecatdwnErom Agthhbaiten glabidiommis
activity of the strain PAMwas strongly inhibited by salt stress. In
contrast, photozydenctransexiptignal eontrel |&f the gulifdowamine s OD
was tenporarily inhibited at the 20 early stage of salt treatnent, but
afterward r8covekEs o3RS PromeERy j wekr PTLPHeE Ak dherilagmid RUGESlIR%

Sor bi Lol - 1 nt erte iRERGETERS TeAdoieRg (R araRid e Teed o diinetic
activity vas nol obsgtyeds el t e sHSefle 8P ad 'Mntiidi! 1k AR for

treated with O.

high expression of a gene in rice (for example, see Tanaka,
A. et al., Nucleic Acids Res. 18:6767-6770, 1990), an

10 intron in the 5°' non—tranélated sequence of the superoxide
dismutase gene of rice (SodCc2: Sakamoto, A. et al., FEBS
Lett. 358:62-66, 1995) was introdued into the both
chimeric genes. Further, a DNA sequence derived from the
rbcS transit peptide (Coruzz, G. et al., EMBO J 3:1671-

15 1679, 1984) from pea was added to 35SINTPcodA, in order to

transfer the codA protein to the chloroplasts.

Example 14: Transformation of rice
Each of thé two chimeric codA genes prepared in

20 Example 13 was introduced into suspension culture cells
from sdutellum calli of rice seeds together with the
selection marker hygromycin-resistant gene by a particle
gun device. The trahsformed calli were selected based on
the antibiotic'resistance'and redifferentiated into a

25 plant. Polymerase Chain Reaction (PCR) was conducted on
the transformed calli or transformed/redifferentiated
individuals showing hygromycine resistance, to assess

integration and_transcription of the codA gene into the
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Exanpl e 6: Preparation of a binary vector plasmd carrylng
t he codA gene - 21

The rbcS (ribul ose 1, 5-bi sphosphate carboxylase smal | subunit) transit
si gnal Xbal - Ndel fragnent (about 200bp) from tobacco (N cotiana
sylvestris) was anplified by PCR using 5' CTGTCTAGATGTAATTAACAATGCCT3!
and 5 5' CCACATATGCATGCATTGCACTCT3' as prinmers to introduce the Xbal
and Ndel sites. Then, the N-term nal - BanH fragnent (about

100bp) of the cod ene lifie PCR .usj n

AACCATATGCACAT CERHORA 6 D% %ML 3yl saesl%‘?‘i fe 90
I ntroduce the site The out 1.6kbp) of

t he codA gene \l;ggé p?]ép%?]é%l €§a§§§ynp%ﬁ§ '%?If oeng‘%%% é%gr't her, the

Smal - C-t er m nal fragnent (about 80bp) of the codA gene was anpllfled
by PCR usi ng 5" GAAACAGTCCTGCTTCCACAC3' and

Example 15: Analysis of expression of the codA gene in
5 transformant rice

The transformants obtained in Example 14 were
screened by Western blot technique to obtain the
transformant rice (the present generation) expressing the
codA gene at the protein level, ultimately including 6

10 individuals carrying the plastidQlocalized gene and 10
individuals carrying the cytosol-localized gene.

Rice lacks intrinsic choliné oxidase activity, but
the soluble fractions prepared from leaves or roots of the
transformants showed choline oxidase activity. Contrary

15 to expectation, all the individuals of the plastid-type
transformants were found to express a lower amount of
choline oxidase protein than the cytosol-type, despite the
same expression promoter used.

When the expression of the codA gene was further

20 examined by Northern blot technique} any significant
difference was not found in the amount 6f the both genes
expressed at the transcription level. When processing of
the intron was examined by reverse transcriptive'PCR, a
plurality of splicing variants containing different 3'-

25 acceptor sites which may not bring about normal
translation into protein were detected from the mRNA

| transcripted from the plastid—typé gene. This suggested

that the low level protein expression by the plants
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15 5''GCGAGCTCTGCCTACACCGCCAT3' as priners to introduce the Sacl site.

The GUS ([err]-glucuronidase) gene in the binary vector. pl asmi d pBI 221
was replaced by these fragnents. The restriction enzyme map of
the codA gene is 20 shown in Fig. 9. The Hi ndl |- EcoR

fragnment containing the 35S pronoter and the NOS (nopalin synthase)
term nat or of cauliflower nosaic virus was introduced into the binary

vector plasmd pGAH to prepare the plasmd pGAH codA (Fig. 25 10). This
pl asm d cont ai nrdsasFonmad -withl the st id-type deasd sdiglit denelue to
Exanple 7: Introduction of the binary vector plasmd into

- 22 - abnormal processing Axff diiec tnRNAIIprecursor. THis
Agrobact erium tumef aci ens EHA 101 bearing the Ti plasm d was m xed
wi th the binaryphaymmrenqy geens to be@edatmih thitdiend@ath thadnihe 6, t hen

freezed and t hawed, _
sequence encoding the transit peptide used for plastid-

5 targeting of choline oxidase was derived from a
dicotyledon {pea rbcS gene). Therefore, it may be readily
expected that the expression of the codA in rice
chloroplasts would be more efficient and the resultant
transformant rice would be more tolerant to salt stress if

10 the sequence encoding the transit peptide was derived from

a monocotyledon such as rice rbcS.

Example 16: Betaine biosynthesis in transformant riqe
| The betaine accumulating in the transformant tissue

15 expressing choline oxidase was detected by proton NMR. Fig.
16 shows the results of the NMR of the wild-type strain, a
transformant which does not express the codA gene (Fig.
16A) and a transformant which expresses the codA gene (Fig.
16B). |

20 ' The transformant which e#presses choline oxidase
biosynthesized betaine and the amount of betaine
accumulation showed a positive correlation with the amount
of choline oxidase detected by Western blot technique.
Betaine accumulation in leaves was higher than detgcted in

25 roots and amounted to 4umol/g fresh leaf in individuals
highly expressing the codA gene. This is the first case
in which rice gained the ability to synthesize betaine

through a genetic engineering procedure.

- 32 -



5 and screened on the LB plate containing tetracycline and kananmycin.
The resul tant Agrobacteriumin which the codA gene has been integrated
was designated as EHA101 (pGAH codA) . 10 Exanple 8: Transformation
of Arabi dopsis The Arabi dopsis thaliana strain W5 was
germ nat ed to prepare a hypocotyl segnent. This hypocotyl was
cal l used on B5 nedium (I CN Bi ochem cals) (pH 5.7) contai ning 0.05ng/|
of kinetin (Wako Pure Chenmical 15 Industries) and 0.5ng/l of 2,4-D (Wako
Pure Chem cal | ndustries) to form hypocotyl calli. - Then,
the calli were infected with the codA- cont ai ni ng Agrobact eri um
EHALOL( pGAH co r-epared I ti f
det oxi fi cati on%quAGr (Fox}écltuearﬁiuﬁzo;?@%lﬁte | ﬁﬁ%&%eaioﬁwﬁgﬁano
vanconycin, 500mg/l of carbgnigillin and 200my/| of Cl aforan, the
cultures were transferred to a differentiation nmedium (B5 nmedi um :
containing 25ng/1 of The thkARIPOTMANENEibaMBkprebshiigr @AXCLBAAL gehlr Brew
shoots. Then, 25 kananycin- and hygronycin-resi stant shoots were sel ected
to induce rgot wed dud My txeetite nbie trefdficiiiant? (WAdS-type) ainer the
het erozygous transforned in only one of the chr onosones.

both of geoponic and hydroponic conditions without showing

any apparent abnormality. This indicates that hydrogen
peroxide formed as a by-product of betaine biosynthesis
was efficiently detoxified in the cells.

10 | Then, the transformants which could be found to
expfess the codA gene at the level of protein, enzyﬁe
activity and betaine production were grown under the
hydroponic conditions containing sodium chloride. The
influence of Na salt on photosynthetic activity was

15 assessed by chlorophyll fluorescence analysis and compared
with the results of the non-transformant (wild-type).

When the transformant rice and non-transformant rice were
placed in aqueous HYPONEX solutions containing 100mM and
10mM sodium chloride and the fluorescence of chlorophyll

20 was determined with time, the transformant was found to
retard the inhibition of photosynthetic activity (Fig. 17).
Thus, the transformant was found to be more tolerant in

salt environment.
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£ 23 - Then, the plants obtained fromthe T2 seeds

wer e self-fertilized and sel ected by kananycin and hygronycin to
gi ve honpbzygous T3 seeds. The plants of the w ld-type and
transformant 5 strains were grown in a medium (pH 5.2) containing 0.1%
HYPONEX (Hyponex Corporation, Marysville, OH USA) at 22[err]C for 30
days on water or soil consisting of vermculite and perlite with
illumnation of 75[err]nmol.nferr].s [err] for 16 hours in a day and in
a dark room f or[ SBEQUBNGRILASWING hours unl ess 10 ot herw se indicated, and

t hen used for experinents. Exanmpl e 9: | nmunol ogi cal study of "t he
expressed chol i§k¥Q ID NO: dxi dase An anti body was

rai sed agai nst choline oxidase 15 according to the method described by the

present invent oteguence Lhengthy ot urZd90%eshnium, P. et al., Plant Mol .
Bi ol . 29: 897-907 95).

equence Typé: nucleic acid
5 Strandedness: double
Topology: | linear
Molecule Type: DNA

Sequence Feature
Feature Key: mat peptide

10 Position: 361..2002
Sequence Description:

GGGAATATCC GICGICGTAG ACGAGCCCTT CGGCCOGTGT AAAGGIGGAG ACCTTCCACA 60
15 COGAGGACGA GGCOGTCGCG ACCGCCAACG ACACCAACTA CGGGCTGICC GGOGOGGICC 120

TGGACCCAGG ACGCOGGCAA GACGCAGCGC GIGGCOOGGCC GGCTGCOGACA CGGCACCGIC 180

TGGATCAACG ACTTCCACCC CTACCTCCCA CAGACCGAGT GGGGCGGCTT CGGCCAGICC 240

GGCGTCGGCEC GOGAACTOGG CCCGACCGGC CTGGCOGAGT ACCAGGAGGC CAAGCACATC 300

TACCAGAACA CCAGCCOGCA GGTCACCGGC TGGTTCGCIG ACCACGGCAA GGAGRACTAG 360
20

mmmmmmmmmmmmmmmmm

Met His Ile Asp Asn Ile Glu Asn Leu Ser Asp Arg Glu Phe Asp Tyr

1 5 .10 15

ATC GIC GIC GGC GGC GGG TCC GCC GGG GCC GCC GIC GCC GCC CGG CTG 456
25 1Ile Val Val Gly Gly Gly Ser Ala Gly Ala Ala Val Ala Ala Arg Leu

20 25 30
AGC GAG GAT CCC GCA GIG AGC GTG GCG CTG GIG GAG GCC GGC CCG GAT 504

Ser Glu Asp Pro Ala Val Ser Val Ala Leu Val Glu Ala Gly Pro Asp
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Leaf from each 20-day old plant of the wild-type and transfor mant
strains of Arabidopsis thaliana was 20 ground in a mcrocentrifuge at

O[err] C and t he honpbgenat es were centrifuged at 10,000 x g for 10
mnutes to prepare soluble fractions. The soluble protein of the
super nat ant was separated by SDS-PAGE and transferred to a nylon
menbrane (1 nmobilon PVDF, MIIlipore, Bedford, MA USA). 25 The nenbrane
was i ncubated with the anti body agai nst chol i ne oxi dase and det ect ed
with a system consistdShg of bi4® i nyl at ed second&y antibody, avidin

glrjurjl |bing;in2yl ate&lm ace S horse rad| shG%e;rom das%ré%%%céé‘lﬁe%aaﬁ'(ﬂcoész
Frg 11, The wg&&s&ﬁ%ﬁ%ﬁé%éﬁ Aratchto 35 1=t g

corresponding to C%kfl | ne oxi dase syas I dentifi ed gt 5 small anount of
protein of 7CkDa cOrrespondi ng to t he precursor of choline oxidase and

the rbeS transidyhel he€ coc TadBAE ﬁbﬁ@‘i’ﬁ@@é@‘h@&ﬂ@%% &c e ddaat
t he codA gene

Leu Glu Ser Gly Tyr Asp Trp Asp Tyr Pro Ile Glu Pro Gln Glu Asn
65 70 75 | 80
GGC AAC TCC TTC ATG CGC CAT GCC OGT GCC AAG GIC ATG GGC GGC TGC 648
Gly Asn Ser Fhe Met Arg His Ala Arg Ala Lys Val Met Gly Gly Cys
10 85 90 95
TCC AGC CAC AAC TCC TGC ATC GCC TTC TGG GCC CCG CGC GAG GAC CTG 696
Ser Ser His Asn Ser Cys Ile Ala Phe Trp Ala Pro Arg Glu Asp Leu
100 105 1o
GAC GAG TGG GAG GCC AAG TAC GGC GCC ACC GGC TGG AAC GCC GAG GCG 744
15 Asp Glu Trp Glu Ala Lys Tyr Gly Ala Thr Gly Trp Asn Ala Glu Ala
| 115 120 125 |
GCC TGG CCG CTG TAC AAG CGG CTG GAA ACC AAC GAG GAC GCG GGC CCG 792
Ala Trp Pro Leu Tyr Lys Arg Leu Glu Thr Asn Glu Asp Ala Gly Pro
130 138 140
20 GAC GOG COG CAC CAC GGG GAC TCC GGC CCC GIG CAC CTG ATG AAC GIG 840
Asp Ala Pro His His Gly Asp Ser Gly Pro Val His Leu Met Asn Val
145 150 155 160
COC COG AAG GAC CCG ACC GGC GIC GOG CTC CTG GAC GCC TGC GAG CAG 888
Pro Pro Lys Asp Pro Thr Gly Val Ala Leu Leu Asp Ala Cys Glu Gln
25 165 170 | 175
GCC GGC ATC OCG CGC GCG AAG TTC AAC ACC GGC ACC ACC GIG GIC AAC 936
Ala Gly Tle Pro Arg Ala Lys Phe Asn Thr Gly Thr Thr Val Val Asn

180 185 190
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was correctly integrated and expressed in the chronosones and that the
expressed precursor was processed into a 10 nmanure protein.

Then, localization of the expressed choline oxidase in the plant was
detected with the anti body agai nst chol i ne oxi dase by a net hod
described in |iterature (Mustardy, L. et al., Plant Physiol.

94: 334- 340, 1990). A 15 small piece of young |leaf fromthe plant was fixed
with 1% gl ut aral dehyde in 0. 1M sodi um phosphate buffer (pH 7.2)

for one hour. Aidcegod inAgOfroMrid calen®PRRC G ®ic ctd@ac coe AGITRGE MRS 984
dehydrated with ethanol and placed in Low cryl Ka4M resin (TAAB

Labor atori es EquiypAEdtashiPhe PEEAANTCASn 209 ArG Ala REPLUNY- B9t drgadeal | Ng was
conducted by a met hod described in literature (Mustardy et al.,

supra). W5 a result, theoexpressed chol208e oxi dase was

found to be localized in stroma of the chloropl asts, I ndi cating that

chol i ne oxi daserdtadchaes GICATER ARCATCQ CAC Z8G ATCeGIM IGA6G (fNGaGAG AAC TIC 1032
Exanpl e 10: Determ nation of betaine and chl orophyl|
contents inbtr &5 Sevger Yalafex Tyr Ile His Pro Ile Val Glu Gln Glu Asn EIg@ -

210 215 ' 220
ACC CTG CTA ACC GGC CIG OGC GCC CGC CAG CIG GIG TIC GAC GCG GAC 1080
Thr Leu Leu Thr Gly Leu Arg Ala Arg GIn Leu Val Phe Asp Ala Asp
225 230 235 | 240
10 AGG CGC TGC ACC GGC GIC GAC ATC GIG GAC TCC GCC TIC GGC CGC ACC 1128
Arg Arg Cys Thr Gly Val Asp Ile Val Asp Ser Ala Phe Gly Arg Thr
245 - 250 255
CAT OGG CTG ACG GCG COGC AAT GAA GIC GIG CIC TCC ACC GGC GCG ATC 1176
His Arg ILeu Thr Ala Arg Asn Glu Val Val Leu Ser Thr Gly Ala Ile
15 260 265 270
GAT ACG CCG AAG CIG TIG ATG CIC TCC GGA ATC GGC CCC GCC GCC CAC 1224
Asp'IhrPfoLysLeuLeuMet'LeuSerGlyIle'GlyProAlaAlaHis
275 280 285
CIC GCC GAG CAC GGC ATC GAG GIC CTT GGT GGA CIC COC OGG CGT GGG 1272
20 Leu Ala Glu His Gly Ile Glu Val Leu Gly Gly Leu Pro Arg Arg Gly
200 295 300
CGA GCA CCT GCA GGA CCA OCC GGA AGG COGT GGT GCA GIT CGA GGC CAA 1320
Arg Ala Pro Ala Gly Pro Pro Gly Arg Arg Gly Ala Val Arg Gly Gln
305 310 315 320
25  GCA GOC CAT GGT OGC CGA GIC CAC GCA GTG GIG GGA GAT CGG CAT CIT 1368
Ala Ala His Gly Arg Arg Val His Ala Val Val Gly Asp Arg His Leu
325 - 330 335

CAC CCC CAC CGA GGA CGG CCT GGA CCG CCC CGA CCT GAT GAT GCA CTA 1416
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Betaine content in |eaf of the plants was cal cul ated by measuring NVR i

spectra of the quaternary ammoni um conpound (Vall, J. et al., Analyt.
Chem 32:870- 874, 1960). 5g of leaf of the wild-type strain and 5
transformant plants were powdered in liquid nitrogen by a ceramc
notor. This powder was suspended in 25 m of 1.0OM ~Herr]SO[err] and

I ncubated at 25[err]C for 2 hours. After unsol ubl e matters were
renmoved, the supernatant was recovered b centrifugatjon_at 1000 x g
for 10 mi nut es . HifhBo i‘éss‘\}ﬁe%%ﬂtm\ﬂa@‘%gﬁ%i%m ?ﬂ"f%mAﬁﬂ‘ A%‘-’ﬁ’err]

sol ution and incuba:;ﬁ)d at O[err]C,for 2 hours. Pet{g'ododi de- adduct s of
bet ai ne and choli ne were”Tecovered by htri fugation & 1000xg for 30

m nutes and di I 0t f Pukse IC

| ndustries) con iwgbg.W@hﬁﬁ%%%o%n%%k%ﬁ%%eﬁ%&l

| ndustries) as | S I I-t%ﬂ\/ﬁng tra. Two
mai n peaks I&%o%ér]%?%g?d‘iangalf (‘)ﬁgg—?%ﬁ% g%%r%ﬁo méi%ve% observed, and

the integraged betai nggpeaks were gged for deter mggati on ~of the
concentration. 20 Chl orophyl | content in | eaf was neasured by the

CAC GGA GAA CGG GCT TCA GCC TCA CCC CGA ACG TCA CGC ACG CCC GCT 1512
His Gly Glu Arg Ala Ser Ala Ser Pro Arg Thr Ser Arg Thr Pro Ala
370 375 380
mmmmmmmmmmmmmmmmmo
10 Pro Ala Ala Leu Ser Gly Cys Ala Ala Ala Thr Ser Ala Ile Ser Pro
385 390 395 400
TGG TCG ACC CGC GCT ACT TCA COG ACC CAG AMG GGC CAT GAC ATG CGC 1608
Trp Ser Thr Arg Ala Thr Ser Pro Thr Gln Lys Gly His Asp Met Arg
_ 405 410 415
15 GIC ATG GIC GCC GGC ATC OGC AAG GCC CGC GAA ATC GCC GCC CAG CCC 1656
Val Met Val Ala Gly Ile Arg Lys Ala Arg Glu Ile Ala Ala Gln Pro
420 425 430
GCC ATG GOG GAA TGG ACC GGC CGC GAG CIC TCC CCC GGC GIC GAG GCG 1704
Ala Met Ala Glu Trp Thr Gly Arg Glu Leu Ser Pro Gly Val Glu Ala
20 435 440 445
CAG ACC GAC GAG GAG CTG CAG GAC TAC ATC CGC AAG ACG CAC AAC ACC 1752
GIn Thr Asp Glu Glu Leu Gln Asp Tyr Ile Arg Lys Thr His Asn Thr
450 455 460
mmmmmmmmmmm@mmmmmo
25 Val Tyr His Pro Val Gly Thr Val Arg Met Gly Ala Val Glu Asp Glu
465 470 475 480
mmmmmmmmmmmw@mmmm&

Met Ser Pro Leu Asp Pro Glu Leu Arg Val Lys Gly Val Thr Gly Leu
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foll owi ng procedure. Leaf (1g) was powdered in liquid ‘nitrogen by a _
ceram c notor. The powder was suspended in 10m of acetone:water (4:1,
v/v). After incubation for 30 m nut es, unsol uble matters were renoved
and the 25 supernatant was subjected to spectrophotonetry (Arnon, D.I.
Pl ant Physiol. 24:1-15, 1949). As a result, the both of betaine
and choline were observed in the transformant plant, while only
chol i ne was - 26 - observed
in the wild-type strain. Bgksaine content ges 1.0 [aps] nol / g fresh
| eaf . Chl orophyll content was 0.3 [err]nol/g fresh | eaf. 5 Exanpl e
11: Tol erance aiGC GEOSEOrGHENGCATEOI GIEpATG CCO GGl CAC GIG ACC GIC AAC CCCaniB96
osnotic stresses (1) Tolerance to salt stress The T3 seeds -
obt ai ned i n Exchng ¥aB Glgrisp Aba SentVed Met ProrGINUiEs Nahdhe BKdodgn Preedi um
gelled with 0.5% gellan gum
500 505 510
5 AACATCACCGTCATGATGATCGGCGAGOGCTGCGCGGACCITATCCGC 1944
Asn Tle Thr Val Met Met Ile Gly Glu Arg Cys Ala Asp Leu Ile Arg
515 520 525
'I‘CCGCCCGCGOCGGI‘GAAMAACGACGGCGGACGCCGAGCI’GAGCGCG 1992
Ser Ala Arg Ala Gly Glu Thr Thr Thr Ala Asp Ala Glu Leu Ser Ala
10 530 535 540
GCC CIC GCC TAAGCGGGAG CGGOCAGCCG CGGGGCCIGT COGGAACCAC CTGGCGGGCC 2051
Ala Leu Ala
545 547
CCGCATGGGGOOGGMIACAAEGCOGGTAACTAAGGGIGCGGAAGCAGIOCTGCITCCACA 2111
15 COCGOGTTTT GCACGCCCGG GCOGGCAACT GGCCOGGCOG GCTAAGCOOGA AGGICTTCCG 2171
GGGGOGGECC GGATCGCTGC GGGCAGCTCOG TCGGCCAGCC GCTGCAGCGT GOCGGCGGTA 2231
ATGGCGGIGT AGGCAGGGAT CGCGTCGGGG TAGATGTACT CGTTGCGGGC GIGOGOGCCG 2291
TOGCCCACCG CGOCCAGGCC GCACAGGACC GGGATGCCGA GGGUGGAGAC GAAGTTGGCG 2351

TCBCIGCCCCCGCCCACCGAGGCGGTITCCAGCI'COCBGCCCIGCICCA 2400
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n, rooting and growth of cotyledohs. On the

nedlum ny di fference was not found bet ween the -
w | d-t i& iml ”“ transformant plants. On the nedi um cont ai ni ng
60nNIs , sowever, one of the transformant plants Cl1-0

grewrelatively well 15 to shOM/saIt tol erance as conpared with the
wi |l d-type strain which poorly grew (Fig. 12). On the

medi um cont ai ni ng 100mM sodi um chl oride, the wi | d-type strain stopped
growing and its | eaves whitened 10 er germ nation. However,
Ehe trarffornant 20 plants continued to grow whil e keepi ng green.

speci al |l y, root a r lrphetter
t han t hose of t %’tyﬁ%ﬁgkkgﬁﬂ E@ﬁgE%P ph Q%ZthggFﬁaﬂ% Eﬁﬁlbr t he

transformant Stéé}h&&i@fﬁﬁt it ¢ Y wHEN idbribrises QMY dilep &5t f r ee from
100mM sodi um chloride, confirmng 25 that the transformant plants gained

the ability to eFaNsformingdepEait witless reuvhbimnst vector dayryfnigrance
to osnotic stress - 27 -
gene encoding choline oxidase.
2. A method according to Claim'l wherein the gené
encoding choline oxidase is derived from the soil bacteria
Arthrobacter.
3. A method according to Claim 1 or 2 wherein the gene
encoding choline oxidase is a base sequence encoding the
amino acid sequence of SEQ ID NO. 1 in SEQUENCE LIST or a
nucleotide sequence encoding a modified amino_acid sequence
of SEQ ID NO. 1 resulting from addition and/or deletion of
one or more amino acid sequences and/or substitution by
other amino acids provided that the nucleotide sequence
encodes a protein having choline oxidase activity.
4. A method according to any one of Claims 1 to 3
wherein the salt-tolerant and/or osmotolerant plant is a
cyanobacterium.
5. A methdd according to any one of Claims 1 to 3
wherein the salt-tolerant and/or osmotolerant plant is a
higher plant.
6. A method according to Claim 5 wherein the higher
plant is a dicotyledon.
7. A method‘according to Claim 6 wherein the
dicotyledon is a brassicaceous plant.
8. ‘A method according to Claim 5 wherein the higher

plant is a monocotyledon.
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The seed i e e strain and the transformant plants were
steri zedf!ﬁ“”“i’ﬁmm"ﬂn sem - solid nedia containing 100, 200 and
400MM sorBItol . s =+ cultures were placed in an incubator nuintained at
22[err]C 5 wth illumnation of 75 [err]nol/nerr]/second for 16 hours in
a day and in a dark roomfor the renmaining 8 hours, and regul arly
observed. The state on the day 15 is shown in Fig. 13 (Won the |eft
represents the wild-type strain and T on the right represents the
transformant pleant s) . AAineghodOasovkiling tonCkaimasi sheoéidOth®] sone

w | d-type strains showed no germ nation or its | eaves whitened even if
t hey ger mmoaipeth tyHadorerd,s tehgrandmsfomsmgdantl.ant s continued to

grow whi |l e keeping green. At a concentration of 200nV growt h of the
both strains wd®.i nhi Bi sadt-bolerant asdi/aki pFrPbalasgprEcpdpnthproduced
transformant plants was | ower than that of the wild-type strain, and
especi al |y, th®¥ the giedhad Fcqartingita (daim dsf SEmdn PTAIENYs thereot
remar kabl y better than that of the wild-type strain. At a concentra-
tion of 400mv Pavdng ithe \§ame BLAReH&®Sed no germination 20 and the
transformant plants showed no germ nation, either, or scarcely grew
even if they germ nated. Exanpl e 12: Photosynthetic activity of
transformant plants :
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under* salt stress 25 The influence of salt stress on

phot osynt heti c system || activity of mature | eaves was neasured by
nonitoring fluorescence of chlorophyll. - The wild-type strain
and the transformant strain . - - 28 -

pl ants grown on a control mediumwere transferred to HYPONEX medi um
cont ai ni ng 400nmM sodi um chl ori de and i ncubat ed under the light or dark
condi ti ons descri bed above. After a determined time, |eaves were taken
from 5 the plants and typrds i Ede EROSIC N LONOEATHRANS Yol aves | was
measured as a ratio of variable chlorophyll" fl uorescence to maxi num
chl orophyl | fl| wemegmee (Fv/ Fm by using a pul se intensity-nodul at ed
fl uoroneter (PAM 2000; Walts, Effeltrich, Germany) (Annu. Rev. Pl ant
10 Physiol. Plant M mBitblod 43r3p30d48iny984alt-tolerant andfbe results
are shown in Fig. 14. After incubation for 2 days under |ight

condi tions, theosmdtblemnitstplanmts, which comprises the step of

5 transforming a plant with a recombinant vector carrying a
gene encoding choline oxidase, as well as the salt- |
tolerant and/or osmotolerant plants produced by said

method or a progeny thereof having the same properties.
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al nost | ost photosynthetic systemlIl activity, while the transf or mant
pl ants mai nt ai ned 50% of the original level 15 of photosynthetic system
Il activity. Under dark conditions, inactivation due to salt stress
was nmuch nore noder ate, but photosynthetic systemll activity of the
transformant plants was nore tolerant than that of the w | d-type
'strain. When the plants were trangi@rrkd to the 20 nedi um containing
200nmM sodi um chl ori de, the decrease of phot osynt hetic system I |
activity was nuch nore noderate t han observed on the nedi um contai ni ng
400mMM sodi um chloride, but the transformant plants were again nore
tolerant to salt stress than the wild-type strain. 25 Exanpl e 13:
Preparation of the chineric codA gene used for

transformation of rice CH; Two chimeric codA genes (designated as
35SI NcodA : _ L - 29 - and :
35SI NTPcodA, respectively) _which are |ocalized on cytosol and plastid,
respectively after transifaBonNf—<t6dH—~CH,:0H

CH;
Choline
Choline monooxygenase
(Higher plants)
. Choline dehydrogenase (E} coli)
CH;

|
CHs—N-CH,-CHO

|

CH;
Betainealdehyde

Betainealdehyde dehydrogenase
CH:!'.

[
CHs—N*—CHzCOO'

CH;

Betaine
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. chol.i ne oxi dase gene (codA) from Art hrobacter globiforms under
transcriptional control of the cauliflower nosaic 5 virus 35S pronoter
were prepared on the plasmd pUCL19. by t he procedure described in
Exanple 6 (see Fig. 15). Consi dering that the presence of an intron is
required for hi gh expression of a gene in rice (for exanple, see
Tanaka, - A. et al., Nucleic Acids Res. 18:6767-6770, 1990), an 10
intron in the 5 non-transl ated sequence of the superoxide ~di smut ase
gene of rice (SodCc2: Sakampto, A At.aly, FEBS Lett. 358:62-66, 1995)
was introdued into the both chi r|c genes. Further, a DNA sequence
derived fromthe rbcS transit peptide (Coruzz, G et al., EMBOJ
3:1671- 15 1679, 1984) from pea was added to 35SI NTPcodA, in order to
transfer the codA protein to the chloroplasts. Exanpl e 14:
Transformati & of rice Each of the two chineric codA genes
prepared.in 20 Exanple 13 was introduced into suspension culture cells
fremscutellumcalli of rice seeds together with the sel ection nmarker
hygronyci n-resi stant gene by a particle gun device. The transforned
calli were selected based on the antibiotic resistance and
redifferentiated into a 25 plant s:onlymerase Chai n Reaction (PCR) was
conduct ed on the transfepnedcali or ca? or_transformed/ redifferentiated

PAM RNt 777 T A
- b— -~~~
1 2
spf codA
D - iD
PAMCOD I~ DB | PTRP
- - - g~ B '
1 3 2
| SRS
1 kbp
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—

. i ndividual s show ng hygfonycine resi stance, to assess i ntegration and
transcription of the codA gene into the -

30 - : nucl ear genone by Northern bl ot technique and sel ect
80 to 100 or nore transformants for each codA gene. Exanpl e 15:
Anal ysi s of expression of the codA gene in 5 : t ransf or mant
rice The transformants obtained in Exanple 14 were

screened by Western blot technique to obtain the ‘transformant rice
(the present generation) expressing the codA gene at the protein

| evel, ultimately including 6 10 _i.ndivjiduals carrying the

pl astid-localized gene and 10 Figtdidvi dual s carrying the

cytosol -1ocalized gene. Rice lacks intrinsic choline oxidase
activity, but the soluble fractions prepared fromleaves or roots of
t he transformants showed chol i ne oxi dase activity. Contrary 15 to

expectation, all the indivi duza s of tge pl aséi d-type .

[ - —« 60 kDa
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transformants were found to express a | ower anount of chol i ne oxi dase
protein than the cytosol-type, despite the ‘same expression pronoter
used. - When the expression of the codA gene was further 20

exam ned by Northern bl ot technique, any significant di fference was
.not found in the anmount of the both genes expressed at the
transcription | evel. \Wen processing of the intron was exam ned by
reverse transcriptive PCR a . plurality -of splicing variants containing
different 3'- 25 acceptor sites which.may not bring about nornma
translation into protein were detected fromthe nRNA transcripted from
the plastid-type gene. This suggested that the low |l evel protein
expression by the plants - 31 -

transformed with the plastid-type genpigight be due to abnor mal
processing of the nRNA precursor. This - phenonenon seens to be rel ated
to the fact that the sequence encoding the transit peptide used for
plastid- 5 targeting of choline oxidase was derived froma

0.7

0.6
0.5

0.4

OD730

0.3

0.2

Time (day)
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di cotyl edon (pea rbcS gene). Therefore, it may be readily expect ed
that the expression of the codAin rice chl oropl asts woul d be nore
efficient and the resultant transformant rice would be nore tol erant
to salt stress if .10 the sequence encoding the transit peptide was derived
from a nonocotyl edon such as rice rbcS. Exanpl e 16: Betai ne

bi osynthesis in transformant rice The betaine accunul ating in
the transformant tissue 15 expressing ‘chol i ne oxi dase was det ect ed by
proton NMR Fig. ' 16 shows the results of the NVR of the wld-type
strain, a transformant whi ch does not express the codA gene (Fig.

16A) and a transformant which expresses the codA gene (Fig. 16B). 20°
The transformant which expresses choline oxi dase bi osynt hesi zed
bet ai ne and the anmount of betaine Figcchnul ati on showed a positive
correlation with the amount - of chol i ne oxi dase detected by Western
bl ot techni que. Bet ai ne accunul ation in | eaves was hi gher than
detected in 25 roots and anounted to 4[err]nol/g fresh leaf in

i ndi vi dual s hi ghly expressing the codA gene. This is the first case

in which rice gained the ab|I|ty to synthesi ze betai ne t hrough a
genetic englneerlnbob ocedures . - 32 -

()()730

Time (day)
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Exanpl e 17: Evaluation of salt tol erance of transformant

‘rice The transformant rice expressing the codA gene grew 5 weH

equally to the non-transfornmant (w |l d-type) under the bot h of geoponic
and hydroponi c conditions w thout show ng any apparent abnormality.
Thi s indicates that hydrogen - peroxide fornmed as a by-product of
bet ai ne bi osynt hesi s was - efficiently detoxified in the cells. 10
Then, the transformants which could be found to express the codA gene
at the level of protein, enzyne activity and betaine production were
grown under the hydr oponi ¢ condi ti ons cont ai ni ng sodi um chl ori de. The
i nfl uence of Na salt on photosynthetic activity was 15 assessed by

chl orophyl | fluorescence anal ysis and cphipar éd wWth the results of the
non-transformant (wld-type). When the transformant rice and

non-transformant rice were pl aced i n aqueous HYPONEX sol utions
cont ai ni ng 100nmM and '

1.2

Chlorqphyll content (mgmi-1)

0.0 ' X : i ] . I

0 2 4 8 8 10
Time (day)
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10nM sodi um chl ori de and the fluorescence of chlorophyll 20 was

determned with tine, the transformant was found to retard the
i nhibition of photosynthetic activity (Fig. 17). Thus, the
transformant was found to be nore tolerant in sal t environnent.
33- [ SEQUENCE LI STI NG SEQ ID NO . 1
Sequence Lengt h: 2400 Sequence Type: nucleic acid 5
St randedness: _ doubl e Topol ogy: | i near
Mol ecul e Type: DNA Sequence Feature

' Fig. 7 '

20

-t
(4)]

(mg mi-1)

-y
Q

Chlorophyll content
o
n

Time (day)
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. Feat.ure Key: - mat peptide 10 Position: 361..2002

Sequence Description: GGGAATCC GTCGCCGAG ACGAGCCCTT CGECCCCGTGT
AAAGGTGGAG ACCTTCCACA 60 15 CCGAGGACGA GGCCGTCGCG  ACGCCAACG ACACAACTA
CGGGCTCC GBCECGGTCC 120 TGGACCCAGG ACGCCGGCAA GACGCAGCGC Graeeceaace
GGCTGCGACA CGGCACCGTC 180 TGGATCAACG ACTTCCACCC CTACCI CCCA  CAGACCAGT
GGGGECGEECTT CGGCCAGTCC 240 GBCGTCGECC GCAACTCGG CCCGACCEEC CTGECCGAGT
'ACCAGGAGGC CAAGCACATC 300 TACCAGAACA CCAGCCCGA GGTCACCGEC  TCCTTCCCTG
ACCACGGCAA GGAGAACTAG 360 20 ATG CAC ATC GAC AAC ATC GAG AAC CTG AcC
GAC AGG GAG TTC GAC TAC 408 Met His Ile Asp Asn Ile Qu Asn Leu Ser
Asp Arg A u Phe Asp Tyr 1 . % 10
15 ATC GTC GTC GGC GGC GGG TcC GEed GCC GCC GIC BCC GCC CGG CTG
456 25 Ile Val Val Ay Ay Gy Ser Ala Gy Ala Ala Val Ala Ala Arg Leu
20 25 30 AGC GAG GAT CCC GCA GIG AGC GIG
GCG CTG GIG GAG GCC GEC CCG GAT 504 Ser Qu Asp Pro Ala Val Ser Val
Ala Leu Val Gu Ala Ay Pro Asp - 34 -
1000 '

=

<. 750

£

K-

@)

-
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35 ¢ 40 | ' 45 GAC CGC GEC GIG CCC GAG GIG

CTG CAG CTG GAC CCC TGG ATG GAG CTG 552 Asp Arg Ay Val Pro du Val
Leu Gn Leu Asp Arg Trp Met G u Leu 50 55

60 5 CTG GAA TCG GGC TAC GAC TGG GAC TAC CCG ATC GAG CCG CAG GAG AAC 600
Leu Gu Ser Ay Tyr Asp Trp Asp Tyr Prolle Qu Pro Gn Gu Asn 65
70 75 80 G3C AAC TCC TTC ATG CGC CAT
. GCC CGT GCC AAG GIC ATG GGC GGC TGC 648 Ay Asn Ser Phe Met Arg Hi s
Ala Arg Ala. Lys Val Mt Ay Ay Cys 10 85 90
95 TCC AGC CAC AAC TCC TGC ATC GCC TrC TGG GCG CCG CCC GAG GAC CTG
696 Ser Ser His Asn Ser Cys Ile Ala Phe Trp Ala Pro Arg Gu Asp Leu
100 105 110 Fig. 9GAC GAG TGG GAG GCC AAG TAC
GGC GCC ACC GGC TGG AAC GOC GAG GCG 744 15 Asp Qu Trp Qu Ala Lys Tyr
Gy Ala Thr Ay Trp Asn Ala Qu Al a 115 120 :
125 GCG TGG CCG CTG TAC AAG CGG CTG GAA ACC AAC GAG GAC GCG GGC CCG
792 Ala Trp Pro Leu Tyr Lys Arg Leu Qu Thr Asn Qu Asp Ala Gy Pro
130 135 140 20 GAC GCG CCG CAG CAC GCG GAC

TCC GGC CCC GIG CAC CTG ATG AAC GIG 840 Asp Ala Pro Hs Hs Gy Asp
Ser Ay Pro Val H's Leu Met Asn Val -

ORF

| 1 |

Xbal Sall  Nrul Sall PpsH Psy¥ Pgu Xhol

omnatard
PRS—
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145 - 150 155 160 ' CCC CCG AAG
GAC CCG ACC GGC GTC GCG CTC CTG GAC GCC TGC GAG CAG 888 Pro Pro Lys
Asp Pro Thr Gy Val Ala Leu Leu Asp Ala Cys Au dn 25~ . 165
170 175 GCC GCC ATC COG CGC GCG AAG TTC AAC ACC GGC Acc
ACC GTG GIC AAC 936 Ala Ay Ile Pro Arg Ala Lys Phe Asn Thr Gy Thr
Thr Val Val Asn | ) 180 185 190

- 35 - G3C GCC AAC TTC TI C CAG ATC AAC CGG CGC GCG GAC GcC
ACC CGC TCC 984 ' GIyAIaAsnPheﬂ_ngigIIeAsnArgArgAIaAspGly
Thr Arg Ser 195 200 205 TCC
AGC TCG GTC TCC TAC ATC CAC CCG ATC GTC GAG CAG GAG AAC TTC 1032 5 Ser
Ser Ser Val Ser Tyr Ile Hs Prolle Val Qu @n Gu Asn Phe 210
215 220 ACC CTG CTA ACC GGC CTG CEC GCC CCC CAG CTG GIG
TI C GAC GCG GAC 1080 Thr Leu Leu Thr Gy Leu Arg Ala Arg G n Leu Va
Phe. Asp Al a Asp 225 230 235 : _
240 10 AGG CGC TGC ACC GGC GIC GAC ATC GIG GAC TCC GOC TTC GGC CGC ACC -
1128 Arg Arg Cys Thr Ay Val Asp Ile Val Asp Ser Ala Phe Ay Arg Thr

Hindlxr - Xbal Ngel . BamHI Smal Sacl EcoRI

—{ 35S proj— rbcS tri- codA NOS ter |-

l

RB LB
PGAH /codA
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245 ° 250 255 CAT CGG CTG ACG GCG CGC AAT

GAA GIC GIG CTC TCC ACC GGC GCG ATC 1176 Hs Arg Leu Thr Ala Arg Asn
A u Val Val Leu 'Ser Thr Ay Ala lle 15 - 260 - 265
270 GAT ACOG CCG AAG CTG TTG ATG CTC TCC GGA ATC GGC CCC GOC GCC CAC
1224 Asp Thr Pro Lys Leu Leu Met Leu Ser Gy Ile Ay Pro Ala Ala H's
275 280 285 CTC GCC GAG CAC GGC ATC GAG
GIC CTT GGT GGA CTC CCC CGG CGT GGG 127Fi®@Q 11lleu Ala Gu His Ay Ile Qu
Val Leu Ay Gy Leu Pro Arg Arg Gy 290 295
300 OGA GCA CCT GCA GGA CCA CCC GGA AGG CGT GGTI GCA GIT CGA GGC CAA
1320 Arg Ala Pro Ala Gy Pro Pro Ay Arg Arg Gy Ala Val Arg Ay dn
305 310 315 320 25 GCA GCC CAT
GGTI CBC CGA GIC CAC GCA GIG GIG GGA GAT CGG CAT CTT 1368 Ala Ala H s
Ay Arg Arg Val H's Ala Val Val Ay Asp Arg His Leu 325
330 335 CAC CCC CAC CGA GGA CGG CCT GA CCG CCcC CGA ccT
GAT GAT CCA CTA 1416 - 36 -

64

70
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His Pro Hs Arg Ay Arg Pro Ay Pro Pro Arg Pro Asp Asp Ala Leu ,
340 345 350 CCG CTC CGT GCC GIT CGA CAT GAA
CAC CCT GCG GCA CGG CTA CCC CAC 1464 Arg Leu Arg Ala Val Arg His Qu
Hs Pro Ala Ala Arg Leu Pro Hs 5 355 360

365 CAC GGA GAA - CCG GCT TCA GC TCA CCC CGA ACG TCA CGC ACG ccc ccT
1512 Hs Ay Gu Arg Ala Ser Ala Ser Pro Arg Thr Ser Arg Thr Pro Al a
370 375 380 CCC GCG GCA CTG TCC G&C TGC
GCA GCC CGCG. ACT TCC GCG ATA AGC CCA 1560, 10 Pro Ala Ala Leu Ser Ay Cys
Ala Ala Ala Thr Ser Ala Ile Ser Pro £%93 390 |

395 400 TGG TCG ACC CGC GCT ACT TCA CCG ACC CAG AAG GGC
CAT GAC ATG OGC 1608 Trp Ser Thr Arg Ala Thr Ser Pro Thr Gn Lys Ay
His Asp Met Arg 405 410 415
15 GIC ATG GIC GCC GGC ATC CGC B N . CCC 1656
Val Met Val Ala Ay Ille Arg Lys A :
420 425

CCC GAG CTC TCC CCC GEC GIC GAG GG

>

s s =] M S =~ A

h
H

jACCGGC
rp Thr Ay

Arg Gu Leu Ser Pro Ay Val GQu Alg 440

445 CAG ACC GAC GAG GAG CTG C AAC ACC
1752 Adn Thr Asp Qu Ju Leu i s Asn Thr
450 455 - GGC ACC GTG

CGC ATG GEC GCG GIC GAG GAC GAG 18p




25 “Val Tyr H's Pro Val Ay Thr Val Arg Met Gy Ala Vval Au Asp GQu

465 470 475 480 ATG TCC CCG

CTC GAC CCC GAG CTG CGG GIC AAG GGC GIC ACC GGT CTG 1848 Met Ser Pro
Leu Asp Pro Qu Leu Arg Val Lys Ay Val Thr @y Leu _

- 37 - 485 490 : 495

CCC GIC GCC GAC . GCC TOG GTC ATG CCC GAG CAC GIG ACC GIC AAC CCC 1896
Arg Val Ay Asp Ala Ser Val Met Pro. GFdghi d3val Thr Val- Asn Pro

- 500 . 505 510 5 AAC ATC ACC GIC ATG ATG ATC GGC
GAG CGC TGC GCG GAC CTT ATC CGC 1944 Asn . Ile Thr Val Met Met Ile Qy
Gu Arg Cys Ala Asp Les—H-e—ArlW — —545- T | 520
525 TCCGCCCGCGCCGGTGAAACAACGACGGCGGACGCCGAGCTGAGCGCG
1992 Ser Al a Ar gQrikfe=Civemtimieea el e—i-m—fan - Ao, G U Leu Ser Al a

10 530 CTIC GCC
TAAGCGGGAG CGGECCA { 5] Ala Leu
Al a 545 547 C iTAAGGGTGECG

GAAGCAGICC TGCTTCCACA 2

'200mM

:400mM




15 TCCCGCGITTT GCACGCCCGG GCCGGCAACT GGCCCGGCCG GETAAGCCGA AGETCTTCCG 2171
GGGEECEEECC GGATCGCTGC GGGCAG CCG TCGECCAGCC GCTGCAGCGT GCCGGECGGTA 2231
ATGGECGGTGT AGGCAGGGAT CCGOGTCEEG TAGATGTACT CGITGCEEEC GTCCECECCG 2291
TCGCCCACCG CGCCCAGGECC GCACAGGACC GGEGATGCCGA GGGCGGAGAC GAAGITGECG 2351

TCGCTGCCC CGCCCACCGA GGCGGTTTCC AGCTCCCGEEC CCTGCTCCA ' 2400
- 38 - CLAI MES 1. A met hod f or

pr oduci ng a salt tolerant and/ or osnotol erant plant, which conprises the
step of .

Fig. 14

(Relative unit)

Fv/I'm

Incubation period (hour)
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fransforming a plant with a reconbi nant vector carrying a gene encodi ng

chol i ne oxi dase. 2. A nethod according to Caim1 wherein the gene
encodi ng choline oxidase is derived fronFige $6il bacteria Arthrobacter.
3. A met hod according to Claim1 or 2 wherein the gene. encodi ng choline

oxi dase i s a base sequence encoding the amno acid sequence of SEQ I D NO
1 in SEQUENCE LI ST or a nucleotide sequence“:encodi ng a nodified amno acid
sequence of SEQ ID NO. 1 resulting from addPtion and/or deletion of one"
or nore amino acid sequences and/ or substituPion by offier anino acids

provi ded that the nucleotide sequence encod®s a protel™ having choline
oxi dase activity. 4. A nmet.hod according %o any one ®f dains 1 to 3
wherein the salt-tolerant and/or osnotol eraff plant is,% cyanobacterium
5. A nmet hod according to any one of d ai % 1to 3 Gherein the
salt-tol erant and/or osnotolerant plant is & higher pI;j:mt. 6. A net hod
according to Caim5 wherein the higher pl #Ht is a di gptyl edon. 7. A
net hod according to Claim6 wherein the dié8tyledon i & a brassi caceous
plant. 8. A met hod according to O aim5herein the higher
7,
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pl ant” i s a nonocot yl edon. - 39 - 9.
A nethod according.to Caim8 wherein the nonocotyledon is a gram neous
plant. 10. A salt-tol erant and/or osnotol erant plant produced by the
nmet hod according to Claiml1, or a progeny thereof having. the sane

properti es. -
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