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_CF THE | NVENTI ON  FI ELD OF THE | NVENTI ON The present i nvention relates to a

Mat-hod for anal yzi ng agonist-activity and antagonist- activi ty of an

eXani nee to cytokinin- receptor. DESCRI PTI ON OF THE RELATED ART Cyt oki ni ns

are plant hornones relevant to cell division and differentiation of higher

pl ants and are wel |l -known as very inportant physiologically active

subst ances having functions of igERCIFCATION on of cells of higher
plants, differentiating the callus and pith to the stens and | eaves,

ethiolating and defoliating | eaves, preventing the falling of fruit,
breaki ng the dom nance of the term nal bud and the |ike [Cytokinins:

Chenistry, Activi ty, and FuquLErOF@&@gWﬁ@gﬂ)] The subst ances
havi ng cytokinins-like activities are usable as plant growth regul ators,

for —exanp dRNAfUYSIS éF'Aqggtm@yemm AN UNT RGONIST- AC‘TIV'IT?SI‘?DW €,

or ange, the |1 ke I ng preventive agents for rice plants,

bar| ey, wheat and the like Sl i ght of the plants, and
sweet ness i ncreasing agentstc%Y it}Tlilts a ter (?:grvest As a method for

findi ng substances havi ng such cytokinins-like

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION
~ The present invention relates to a method for analyzing
agonist-activity and antagonist-activity of an examinee to cytokinin'

receptor.

DESCRIPTION OF THE RELATED ART
| Cytokinins are planf hormones relevant to cell division and
differentiation of higher i)lants and are well-known as very important
physioldgicélly actlve sﬁbstahces ha‘}ihg fuhetiehs of inducihg division of
cells of higher plants, ldifferentilating the callus and pith to the stems and
leaves, ethiolating and defoliating leaves, preventing the falling of fruit,
breaking the dominance of the terminal bud and the like [Cytokinins:
Chemistry, Activity, and Function, CRC press (1994)]. The substances
- having cytokinins-like activities are usable as plant growth regulators, for
example, fruit-falling preventive agents for fruits such as apple, orange, and
the like, plant-failing preventive agents for rice plants, barley, wheat and
the like by regulating the height of the plants, and sweetness increasing
agents for fruits after harvest.

As a method for finding substances having such cytokinins-like

s



WA> ,Ya activities, conventionally enployed is a nethod for observing and
eval uating the physiol ogi cal changes by directly sprayi ng exami nee
substances to plant. -The aforenentioned nethod has problens that it
requires to prepare the exami nee substances in anounts sufficient to
directly spray themto plant and. also requires imensely long tinme to
observe and evaluate the growh of the plant and the physiol ogi cal changes
of the plant .after spraying, of the exam nee substances. Therefore, it has
been desi r BEHYIES conyan 'l%ﬁéalib?mp Adaie methed der ebreaving: angl e xalngting ndi ng
subst ances havj ng .cytokinins-like activities with small anounts of

exani nee SP}FSIP%??%%@%/‘C s oy dprqctly NpEATIREIRXRmiReR sitkstancasite phants ent

i nvention have iptensively investigated in_ _such situations and first found
protein functi or{&fgafggenaew%ﬁd mephodhapprablems ghat s Jeeuises to/preparal i t
possi ble tq anal yze the agonist-activity and the antagonist- activity of
exani nee saﬁ-‘s‘ime gwbstapcasim ameuntssaisiicentytp dizeetly snraw thomaioi ni n
receptor ("the analysis method") and found it also possible to quickly
sear ch sub%ltaéﬁééa'allr%\/ﬁeﬁﬁlr@?t%\@%sﬁbﬂonﬁélf%m obgarue andevaluate theral | anount

of exam nee substances by enpl oyi ng the analysis nethod and consequently
reached t r%mﬁ’rt&%%e Plapé ﬁPﬂgEf.e Pﬁél%@@éﬁbanwﬁﬁh@mlanmﬁt@re@raymgA met hod

for anal yzi ant agoni st- acti vi tq a cytokinin receptor, which
conpri ses ‘(f'% © BRI SURT L anCs R n’hﬁe.’@g‘lf@t Hrhas hesa desyeddhahe sarigtiehg

agoni st-activity.to the cytokinin receptor into .contact with a__transforned
cell into ’Rﬁ%ﬁg Bﬁﬁ%@ﬂpf—é}%@ cﬁé}q%p‘ﬁ sphetapees hagng sytokamizsdikeand

activities with small amounts of examinee substances.

SUMMARY OF THE INVENTION

Inventors of the present invention have intensively investigated in
such situations and first found protein fun’ctidning as a cytokinin receptor
and subséquently fouhd it poésible to analyze the agonist-activity and the
antagonisé-activity of exaininee éubstéﬁces toa cyfokinin 1'eceptor by ﬁéihg
the cytokinin receptor ("the analysis mgthod”) and found it also possible to
quickly search substances having cytokinins-like activities even in a small
amount of examinee substances by employing the analysis method and
consequently reached the present invention.
The present invention provides: _

1: A method for analyzing antagonist-activity to a cytokinin receptor,
which comprises (1) bringing an examinee substance and a substance
having agonist-activity to the cytokinin receptor into contact with a
transformed cell into which DNA coding the cytokinin receptor is introduced

© and



2 ~yi (2) measuring the existence or the quantity of intracellular signal
transduction fromthe cytokinin receptor expressed in the transformed cell.
2: The nethod according to the above 1, wherein the transforned cell is a
cel:l having a function of directly controlling the cell growh by

I ntracel lul ar signal transduction fromthe cytokinin receptor and the
measur enment of the existence or the quantity of the intracellular signal
transduction is carried out using the quantity of the cell growmh of the

t r ansf or ne@) okburisg dhe exigtarseor the quahtityref indthcetlotardiigmplt o t he above 1,
wherein the transforned cell is a transformed cell generated by

i nt roduci rigamidactionifran the cytpkikin meceptor exypiessed it thearmosformed telko i nproved
as to have histidine kinase activity |ower than the intrinsic histidine

ki nase acti vityZ2oThe heethod acaetingito theaboet Npdharsinrtte tearsfortanel above 1,
wherein the transforned cell is a transformed cell generated. by

i ntroduci regliDNA ceBdianing 4 éumgtiomkifdirectlyenapiodling thecel pastthdst | so i nproved
as to have histidine kinase activity |ower than the intrinsic histidine

ki nase actintriatelludfr sigaahtransdedtionbfroeihet dytgkintmeeceptoraird whle hi sti di ne

ki nase. 5: The nmethod according to the above 1, wherein the transforned
cell is ameamnsémemicaf thelelxisjemmr atthe duanitity o dhe intgadallélaoddigngl t he
cytokinin receptor into a host cell having no cytokinin receptor. 6: The
met hod acdémmdidngtionis ¢aeriald oue usingther giantityeofthanst graveth ofdbkl is. yeast. 7:
The met hod according to the above 1, wherein the transforned cell is

buddi ng yéeansformed cell as an indicator.

3: The method according to the above 1, wherein the transformed _
cell is a transformed cell generated by introducing DNA coding the cytokinin
receptor into a host cell so improved as to have histidine kinase activity
lower than the intrinsic hi_stidine kinase activity of the host cell.

4: The method according to the above 1, wherein the transformed
cell is a transformed cell generated by introducing DNA coding the cytokinin
receptor into a host cell so iﬁxpréQéd és to h;ave histidiné kinase activity |
lower than the intrinsic histidine kinase activity of the host cell by deleting
one or more of histidine kinése.

5: The method according to the above 1, wherein the transformed
cell is a transformed cell generated by introducing DNA coding the cytokinin

- receptor into a host cell having no cytokinin receptor.
6: The method éccording to the above 1, wherein the transformed
cell is yeast.
7: The method according to the above 1, wherein the transformed
cell 1s budding yeast.

8: The method according to the above 1, wherein the DNA coding the



8: ;The method according to the above 1, wherein the DNA coding the 3 tI?
cytokinin receptor is any one of DNA coding the cytokinin receptor selected
from (a) a cytokinin receptor having the am no acid sequence represented
by.SEQ ID No: 6; (b) a cytokinin receptor having the am no acid sequence
represented by SEQ ID No: 2; (c) a cytokinin receptor having the am no
aci d sequence represented by SEQ ID No: 4; (d) a cytokinin receptor
wherein said cytokinin receptor has _at | east one_ transnenbrane region but
| ess t han ®helinimreceptards anglone®f MNAspdingcihe sxtakinin reeeptosselestadng t he
am no acid sequence fromamno acid nunber 196 to 1176 anong the am no
acid sequeﬁi@@'represent ed by SEQID No: 2; (f) a cytokinin receptor having
the am no acid sequence fromanmno acid nunber 50 to 1176 anmong the am no
aci d sequetada cytokirinarecenfophasrg the amino 42id gejueance yepiesentedrtac8BQor havi ng
the am no acid sequence fromamno acid nunber 32 to 1036 anong the am no
aci d sequeldtBorBpresented by SEQ ID No: 4; (h) a chinera-type cytokinin
receptor conprising an extracellular region of the cytokinin receptor,
t r ansnenbrbha cyefininseosptoh bavipgdhe mintinoecibsaguence réfresentedbykSEBQse regi on
of the cytokinin receptor, and a receiver region of the histidine kinase,
wher ei n sdPdNex®r acel | ul ar regi on, said transnenbrane

(c) a cytokinin receptor having the amino acid sequence represented by SEQ

ID No: 4; |

(d) a eytokinin receptor wherein said cytokinin receptor has at least one

transmembrane region but less than that in its natural form.

(e) a cytokinin receptor having the amino acid sequence from amino acid

number 196 to 1176 among the amino acid sequence repreéented by SEQ ID

No: 2;

() a cytokinin receptor having the amino acid sequence from amino acid

number 50 to 1176 among the amino acid sequence repreéeﬁted by “SEQ'ID

No: 2;

(g) a cytokinin receptor having the amino acid sequence from amino acid

number 32 to 1036 among the amino acid sequence represented by SEQ ID

No: 4;

(h) a chimera-type cytokinin receptor éoinprising an extracellular region of

the cytokinin receptor, transmembrane regions of the cytokinin receptor, a

histidine kinase region of the cytokinin receptor, and a receiver region of the

histidine kinase, wherein said extracellular region, said transmembrane

regions and said histidine kinase region are homogeneous to one another

and the receiver region is heterogeneous thereto; and



regions and said histidine kinase region are honbgeneous to one anot her
and the receiver region is heterogeneous thereto; and 4 (i) a cytokinin
receptor having the am no acid sequence with deletion, substitution, or
addition of one or a plurality of amno acids in the amno acid sequence
of the cyctokinin receptor of (a), (b), (c), (e), (f), or (g). 9: A nethod
for anal yzing agonist-activity to a cytokinin receptor, which conprises
(1) bringing an exam nee substance into contact with a transforned cel

i nt o whi cHi)RNgytolickiim gedepeorclydvikg the amine ptidrseijsencd wittudedetiomnd. . (2)
measuring the exi stence or the quantity of intracellul ar signal

t r ansduct isabsfitution, be adyitiva 6fl ohercreepluanliexof aafsdadids inthd smiisé or ned cel |,
wherein the DNA coding the cytokinin receptor is any one of DNA coding .the

cyt oki ni n acitepiuencsel Bietegotokinmretdntonoffa) o, (eh (e pirde).havi ng the ami no
aci d sequence represented by SEQ. ID No: 2; (c) a cytokinin receptor having

the amino aci d 9eguesthed fePsLel¢ingth goyistaQtivith thial cytokindh récepydmki ni n
receptor wherein said cytokinin receptor has at | east one transnenbrane

regi on butwhiek sohpried (13 bringing 5n Rabmie Sulishandecint@cantaekwivhna r ecept or
havi ng the am no acid sequence fromamno acid nunber 196 to 1176 anong

t he am no teisthrasdueiiciats ebidsBiNcodiyg Tédcy tokinia: re2eptof s mteadumetni n
receptor having the am no acid sequence froman no acid nunber 50 to 1176
anong -t heaadi.-no acid sequence_represented by SEQ I D N

(2) measuring the existence or the quantity of intracellular signal

transduction from the cytokinin receptor expressed in the transformed cell,

wherein |

the DNA coding the cytokinin reéeptor ié any one of DNA coding the

cytokinin receptor selected from: |

(b) a cytokinin receptor having the amino acid sequence represented by SEQ

ID No: 2; |

(© A cytokinin feceptdr having fhe amino acid sequence lrepresented by SEQ

ID No: 4

(d) a cytokinin receptor wherein said cytokinin receptor has at least one

transmembrane region but less than that in its natural form.

(e) a cytokinin receptor having the amino acid sequence from amino acid

" number 196 to 1176 among the amino acid sequence represented by SEQ ID

No: 2;

() a cytokinin receptor having the amino acid sequence from amino acid

number 50 to 1176 among the amino acid sequence represented by SEQ ID

No: 2;

(g) a cytokinin receptor having the amino acid sequence from amino acid



Noy 2; (g) a cytokinin receptor having the am no acid sequence from am no
acid 5 nunber 32 to 1036 anong the am no acid sequence represented by SEQ
ID No: 4; (h) a chinmera-type cytokinin receptor conprising an
extracel lular region of the cytokinin receptor, transnmenbrane regions of
the cytokinin receptor, a histidine kinase region of the cytokinin
receptor, and a receiver region of the histidine kinase, wherein said
extracel lul ar region, said transnenbrane regions and said histidine kinase
regi on ar endrobeyhton @36 amone theantieo achsbqubece eapreseated byiSEQ ID
het er ogeneous thereto; and (i) a cytokinin receptor having the am no acid
sequence wWNeht;del etion, substitution, or addition of one or a plurality of
amno acids in the amno acid sequence of the cyctokinin receptor of (b),
(c), (e), (b achimexagiypetPtokihin reeepiot campeisihggn entrabeldhovegion ofher ei n t he
transfornmed cell is a cell having a function of directly controlling the
cel | gr owthelpytokiminrraceitbryl taanshegmblang rapsahscsfithe cftolininheceytopkd ni n
receptor and the neasurenent of the existence or the quantity of the
i ntracel | Wistidise duedse vegmmsafithe icptokisincrcepted, ad a wedeieerifegionudithet y of the
cell growh of the transformed cell as an indicator. 11: The nethod
accor di ng higtidihe kiapecwhereineaid extrheelhilansdgiomedid t@nkmembarahe ansf or ned
cell generated by introducing DNA coding the cytokinin receptor into a
host cel | regiohsrpndead kstidnehlsnasd regionane hkinogamecasith vht unotlsser t han t he
intrinsic histidine kinase activity of the host cell. 12: The net hod
accor di ngang thezecglinergegionisdrebimgedmusrthesftoraretl cell is a transforned
cel | ge’ne‘r.ga\t ed by introducing DNA coding the cytokinin

@) a cytoKinin receptor having the amino acid sequence with deletion,

substitution, or addition of one or a plurality of amino acids in the amino
acid sequence of the cyctokinin receptor of (b, (c), (e), (D), or (g).

10: The method according to the above 9, wherein the transformed
cell is a cell having a function of directly controlling the cell growth by
intracellular. signal transduction from the cytokinin receptor and the
measurement of the éxiétence or the qﬁantity of fhé intracéilular signal
transduction is carried out using the quantity of the cell growth of the
transformed cell as an indicator.

11: The method according to the above 9, wherein the transformed
cell is a transformed cell generated by introducing DNA coding the cytokinin
receptor into a host cell so improved as to have histidine kinase activity
lower than the intrinsic histidine kinase activity of the host cell.

12: The method according to the above 9, wherein the transformed
cell is a transformed cell generated by introducing DNA coding the cytokinin
receptor into a host cell so improved as to have histidine kinase activity

lower than the intrinsic histidine kinase activity of the host cell by deleting



regeptor into a host cell so inproved as to have histidine kinase activity
| ower than the intrinsic histidine kinase activity of the host cell by
deleting 6 one or nore of histidine kinase. 13: The nethod according to the
abgve 9, wherein the transformed cell is a transfornmed cell generated by

i ntroduci ng DNA coding the cytokinin receptor into a host cell having no
cytokinin receptor. 14: The nethod according to the above 9, wherein the
transforned cell is yeast. 15: The nmethod according to the. above 9,
wher ei n t loge br anyt of besdidine kindse. buddi ng yeast. 16: A cytokinin receptor
selected from (d) a cytokinin receptor wherein said cytokinin receptor has
at |least one t13rBhremetizotcacceriing tothe hbowe 8, hvelrerelrathe transformedur al form
(e) a cytokinin receptor having the am no acid sequence fromanm no acid
nunber 196ell & 4 tithsfororeg deflegemptrated dyi it todgumpde Negdase thedy tbkindQ | D No:
2, (f) a cytokinin receptor having the am no acid sequence fromam no acid

nunber 50r¢epidrifit@atost ¢dibhavihg moagyiakinpnreaptrr epresented by SEQ ID  No:
2; (g) a cytokinin receptor having the am no acid sequence from am no acid

nunmber 32 to 10BS Thromgtliddeacgotding & tlte skeaecd) oharepr gdrctirhasfobyie®EQ | D No:
4; (h) a chinera-type cytokinin receptor conprising an extracellular region
of the cydlbisiyeast.r eceptor, transmenbrane regi ons of the cytokinin
receptor, a histidine kinase region of the cytokinin receptor, and a
recei ver regi onl&fThelmethod according to the above 9, wherein the transformed

cell is budding yeast.

16: A cytokinin receptor selected from:

(d) a cytokinin receptor wherein éaid cytokinin receptor has at least one

transmembrane region but less than that in its natural form.

(e) a cytokinin receptof having the amino acid sequence from amino acid

number 196 to 1176 among the amino acid sequence represented by SEQ ID

No: 2;

®a c&tokirﬁh feceptor haviﬁg Ehe éfninb acid sequence from amino écid

number 50 to 1176 among the amino acid sequence represented by SEQ ID

No: 2;

(g) a cytokinin receptor having the amino acid sequence from amino acid

number 32 to 1036 among the amino acid sequence represented by SEQ ID

"No: 4;

(h) a chimera-type cytokinin receptor corﬂprising an extracellular region of

the cytokinin receptor, transmembrane regions of the cytokinin receptor, a

histidine kinase region of the cytokinin receptor, and a receiver region of the

histidine kinase, wherein said extracellular region, said transmembrane

regions and said histidine kinase region are homogeneous to one another

~J



hi gti di ne kinase, wherein said extracellular region, said transnmenbrane
regi ons and said histidine kinase region are honogeneous to one another 7
and the recei‘ver region is heterogeneous thereto; and (i) a cytokinin
regeptor having the am no acid sequence with deletion, substitution, or
addition of one or a plurality of amno acids in the amno acid sequence

of the cyctokinin receptor of (e), (f), or (g). 17: DNA coding the
cytokinin receptor of the above 16. 18: A transformed cell into which DNA

of the abawd thé receivétregibicietheterbBendoueiheestof ad det ect i ng
antagoni st-activity to a cytokinin receptor, which conprises eval uating

the ant ag@iasdytoldfiin McbytoRthadvivy the AR aéitlfsbgudive wiXh@eltrsubst ances to
the cytokinin receptor based on the difference obtained by conparison of

the exi st giiB&ititionN6r Sdditiontof 0@k orliEpluirakitydsfalrhitloaicidy @ntle drhesduction in
a section where the exam nee substances are independently used and

nmeasur ed Byidtdaguan@ ofths cHBoRBIn YbcegthLoPV®, dr (20: The met hod accordi ng

to the above 19, wherein at |east one substance anbng the two or nore

di fferent exam yeNuhHANEER dyfokini® v¥oiehediCsf thaubbe: D@, ant agoni st-activity
to the cytokinin receptor. 21: A nethod for searching antagoni st- active

substance to a 1&V fanBioRmcAcR@Nlifto whidiCD NXOsPIHeSove al7ds intRedacebst ance
havi ng antagonist-activity to a cytokinin receptor based on the

ant agoni st - act i 19:tA/ metBodfo\detédtiti gaitagepistactiviay Yo h egtdiinishe det ecting
met hod of the above 19. 22: A plant growth regul ator conprising the

subst ancegeceptrcivhithyomptisessrahedting thieitwagonist-abidviapof ew@ dr asoran active
ingredient. 23: A nethod for detecting agonist-activity to a cytokinin
recept or, different examinee substances to the cytokinin receptor based on the
difference obtained by comparison of the existence or the_ quantity of the
intracellular signal transduction in a section where the examinee
substances are independently used and measured by the analysis method of
the above 1. |
20: The method according to the above 19, wherein at least one
substance among .the two ;)r n;xéx;e diffefent ekéminéé substances is a
substance having no antagonist-activity to the cytokinin receptor.
21: A method for searching antagonist-active substance to a
cytokinin receptor, which compriées selecting a substance having
antagonist-activity to a cytokinin receptor based on the antagonist-activity
to a cytokinin receptor evaluated by the detecting method of the above 19.
22: A plant growth regulator comprising the substances selected by
the searching method of the above 21 as an active ingredient.
23: A method for detecting agonist-activity to a cytokinin receptor,

which comprises evaluating the agonist-activity of two or more different

examinee substances to the cytokinin receptor based on the difference



whi ch conprises evaluating the agonist-activity of two or nore different
examnm nee substances to the cytokinin receptor based on the difference 8
obt ai ned by conparison of the existence or the quantity of the
intracellular signal transduction in a section where the exaninee
substances are independently used and neasured by the analysis nmethod of
the above 9. 24: The nethod according to the above 23, wherein at |east one
substance anong the two or nore different exam nee substances is a

subst ance dbéainag bpeonpamissh-ofithe existenice or ke quaniitnofthedobmceliulds: A

met hod for searching agoni st-active substance to a cytokinin receptor,
whi ch. conmigedsrasdactionin a seciiei aheee tlevéxgmge subbtaaces yrdy to a
cytokinin receptor based on the agonist-activity to a cytokinin receptor
eval uat ed ihgefiendentdy estd agdneédsaded by the anblysis @adthddbof thebane 9gr owt h
regul ator conprising the substances selected by the searching nethod of

t he above 25 as2#&Tlacinetkod agohedingrtd théabdve23, schaeinbt kgt onabi ity of the
present invention will becone apparent fromthe detail ed description given

her ei naf t aubstdavesmongithe $wowk thorbeliffowbern eikaminsdaibstinecedas ai | ed
description and specific exanples, while indicating preferred enbodi nents

of the ineehstanrs haviaggiovegonkst-assiyitgito the leytlinin weeemoky, since various
changes and nodifications within the spirit and scope of the invention
will becone app2i:enmethod forseasdhiihg agonist-bitdvastbsthnanta heptoltdiai | ed
description. Throughout this specification and the clains which follow,
unl ess t lner:eptnrt whﬁc}r @qn@riess selduéing esmb&thncm\dng@gnpistﬁeﬁiyitmtd avari ations
such as "conprises" and "conprising”, wll be understood to inply the
i ncl usi oncyfokmin gecepser baﬁedgmth@ra@n@p agtivifjydap eftokimimyeteptar st eps but
not the excl usion of

evaluated by the detecting method of the above 23.

26: A plant growth regulator comprising the substances selected by

the searching method of the above 25 as an active ingredient.

Further scope 6f applicability of the present invention will become
apparent from the detailed déscription given heréihafter. However, it should
be understood that the detailed deécription and specific examples, while
.indicating preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications within the spirit
and scope of the invention will become apparent to those skilled in the art

- from this detailed description.

Throughout this specification and the claims which follow, unless
the context requires otherwise, the word "comprise", and variations such as
"comprises" and "comprising", will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not the exclusion of

any other integer or step or group of integer or step.



any other integer or step or group of integer or step. 9 DETAILED
.DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Herei nafter, the present
invention will be.described in detail. A cytokinin receptor is protein
hayi ng functions of controlling the propagation and differentiation of
ceils of higher plants based on the intracellular signal transduction
mechani sm so-cal | ed Two- Conponent regulatory system (or.H stidine to
Aspartic acidartic acid phosphorelay systen) while being specifically
bonded with cytokinins such as purine type cytokinins, e.g. kinetinee,
zeati nee, and the like, and urea type cytokinins, e.g.

N- phenyl - DEWWDWM@NW THEPRERERREDKEMBO D BEJENDS t o be
used in the present invention belongs to the histidine kinase famly and is

protei n conposetfevéinafter,ahel grobet ineghtios will badesenilivdainedateidi ons, hi stidine
ki nase regions (regions having histidine kinase activity in the cel | and

hol di ng Hi sti di Aecytelsihihigedeptdrds photeii hyeingifustions st contrellirer theegi ons
(regions having a reception part for phosphate group transfer and hol di ng

Aspartic paopabatidai dhiedifferéetisiomof ¢alle dfibigher PRaatd basad oaxhapl es of the
cytokinin receptor are cytokinin receptors having the am no acid sequence
repr esent éntrhyel BESY $ipnhbtrazsdagticakinethanismcspdadled Ty Cogpoentini no aci d
sequence represented by SEQ ID No: 4; cytokinin receptors having the am no
aci d sequeegidatorpspstent 6ot Hhigtighe #omsp\bnc&,clday'tmlalcm phaspheyelay s having the

am no aci d sequence represented by "SEQ ID No: 2 wherein one or a plurality
of am no agstdm) aurlaledﬁmg epecifiealhsbordedewth @y takdnios; suck b lpurire typeept or s
havi ng the am no acid sequence represented by SEQ ID No: 4 wherein one or
a pl ural i tytobiniasing kivetdnearzeatidet, etnslthediltes lalntiuxreal tyre cyddkiiedns,cyt oki ni n
receptors having the am no acid _

e.g. N-phenyl-N"-(4-pyridyDurea and the like. The cytokinin receptor to be

used in the present invention belongs to the histidine kinase family and is

protein composed of extracellular regions, transmembrane regions, histidine

kinase regions (regions having histidine kinase activity in the cell and

holding Histidine residue to be an active site), and receiver regions (regions

having a reception part for phosphate group transfer and holding Aspartic

acid residue to be an active site).

Practical examples of the cytokinin receptor are cytokinin receptors

having the amino acid sequence represented by SEQ ID No: 2; cytokinin

receptors having the amino acid sequence represented by SEQ ID No: 4;

cytokinin receptors having the amino acid sequence represented by SEQ ID

No: 6; cytokinin receptors having the amino acid sequence represented by

SEQ ID No: 2 wherein one or a plurality of amino acids are deleted,

substituted, or added; cytokinin receptors having the amino acid sequence

represented by SEQ ID No: 4 wherein one or a plurality of amino acids are

deleted, substituted, or added; cytokinin receptors having the amino acid

10



10’ sequence represented by SEQ ID No: 6 wherein one or a plurality of
amino acids are deleted, substituted, or added; cytokinin receptors having
the am no acid sequence coded with DNA to be hybridized in stringent
copditions with DNA having the nucl eoti de sequence coding the am no acid
sequences represented by SEQ ID No: 2; cytokinin receptors having the

am no acid sequence coded with DNA to be hybridized in stringent

cequences TaN ARSIl SR M NNG R Lol N B B aa R el Tt he
condi t | ons it e ERU Rt B DA GeinE S obtn Ry et Eoani no aci d
e AR R N B L 7
o, 1 B BRI DLk SRR theliRtile cenShie"Eing ik @ino aeilans nor e
Bnd 2 1o S 4 berfsk heeld B0 IROND T B o Pl S SRR R et e i o
Subst ;¢ ut agring acidelEAE BRHSy ok ALK bRy B el inde ani no acid
cequenc s BlahE b, AR 0L ANShe RLELUBU A0 i BT ST
20 05 DeaRRnLie AR aikanyy ST R BT R AR 2o
D00 HinRe el sl 0 b o SRR oL
I denti cal corfditimdwid DR HEGnk RRe BLLIGEBS sequence coding the amino acid

sequences represented by SEQ ID No: 6; cytokinin receptors of partially

transmembrane region-deleted type which will be described later;

chimera-type cytokinin receptors which wﬂl be described later; and the like.

Incidentally, the phrase, “a plurality of amino acids”, means more

parti;:ulérly about 2 to 20 amiho aci&s and for example, 2 to 10 arhino écids _

and 2 to 5 amino acids may be exemplified. Also, the phrase, “the amino

acid sequences ... wherein one or a plurality of amino acids are deleted,

substituted, or added”, ndeans as examples those having the amino acid

sequences of which 80% or higher, breferably 90% or higher, and more

preferably 95% or higher are identical with the sequences of the amino acids

before the deletion, substitution or addition of amino acids (i.e. amino acid

sequence identification of 80% or higher, particularly 90% or higher, and

more preferably 95% or higher).

Those phrases, “deletion, substitution or addition of amino acids” or

“which 80% or higher ... are identical” of course include the proteins

11



11 provided by the intracellular processing to which proteins having the
amino acid sequences represented by SEQ ID Nos: 2, 4, and 6 are subjected,
and the natural variations caused by differences in type of organisnms from
whi,ch the proteins are-derived, differences in individual bodies,
differences in tissues, and the like. The phrase, "sequence
identification", in the present invention neans the identification and
honol ogy between two DNA sequences and between two protein sequences. The
sequence LARKEL bf Blid AltrdERYIWDE: pAICL&ERE REFHRY HORRAL hAide\heSAHNENCES

al i gned ig t he op}tpi mum gtat es i%ﬁa é?%%g%n g%xtﬁﬁe sequenc%%eopﬂgﬁg
conpar i soBcighlkghs ¥§3§reﬂg&&%¢ r DRos: 3,1 aGAPA SBedBL bl L. MY have
addi ti on o(r:1 ?gﬁetx?cgﬁ e.g. gegpbyﬁngtqhmeNlolske’) ’alﬁn t%re op |&n€$r’1e%[cl§gnnent of
two sequepgesat G 45 ' ﬁpﬁj [ ' tation may be
per f or med us;ﬁ%él, or etggnrrs; e, eélggtag?&%ﬂﬁg y Sr Sgggéaﬁ{g}s%%?%@ﬂnem by
utili zi ngwihdistia | of 13N 0indivi8Sal X - 4680
(1994)). Wncﬁent%rwég%lgtg }Eléeag{epa%dé\:kr?gfef&le 8%%’?’?(%‘5? o%l b%%a(i/s(’ %?f enrgglg%ér%ed by a

sequence g,pfgg LS pgactically Vector NTI, GENETYX-MAC and anal ysis
tool s provi e%l%lls’nar%ﬁmeillé %lat abase. The aforenentioned public database may

be, in general ,T}iaec&ﬁ%%m Eal f; : b e; [eSSuti
http://ww. ddbj . ni'g. ae.’j S ':ll?zéehgfglr1 %%%ﬁﬁgghpﬁrrna@g,rﬁeﬁégﬁﬁyb??té?l%ed in

stringent neQReild ABRTifchiEn ah8 WOmdWEF bélidhit?d DNA égahén% dray be

performed, for exanple, according t0 a common netho described in

Mol ecul arpdivesh Wo%@&eﬁgis@&@hceé@” iTE@éEcﬁﬁénc@ﬁmﬁrtmﬁtién may béch E F.,
Mani atis T., issued by Cold . Spring Harbor Laboratory press. Further, the

phrase, "del’teﬁhiﬂeﬂgﬁrrﬁonﬁﬁm} tW SequeiRad slignddin e Bunt fidtesdinybrid is
formed in a solution of 6 SSC (a solution

region of the sequences of the comparison objects. The DNA or proteins,

the comparison objects, may have addition or deletion (e.g. gap and the like)
in the optimum alignment of two sequences. Regarding such sequence -
idexifification, computation may be performed using, for exainple, Vector
NTI by produéing alignment by utilizing Clusta i\ :ilgorithm [Nucleic Acid
Res., 22 (22)3 4673-4680 (1994)]. Incidentally, the séq.uénce.iden.tiﬁca;cion
may be measured by a sequence anglysis soft, practically Vector NTI,
GENETYX-MAC and analysis tools provided in public database. The
aforementioned public database may be, in general, accessible in, for
example, home address; http://www.ddbj.nig.ac.jp.

Regarding the phrase, “be hybridized in stringenf conditions”, the
term, hybridization, in this case may be performed, for éxample, according
to a common method described in Molecular Cloning 2nd edition, written by
Sambrook J., Frisch E. F., Maniatis T., issued by Cold Spring Harbor
Laboratory press. Further, the phrase, "in stringent conditions", means,

for example, that a hybrid is formed in a solution of 6 X SSC (a solution

12



12 containing 1.5 M NaCl and 0.15 Mtrisodiumcitrate is defined as 10 X
SSC) at 65 tand then washed with i X SSC at a roomtenperature. The salt
concentration in the washing step nay be selected, for exanple, from the
condition of 1 X SSC at a roomtenperature (a |l ow stringent condition) to
0.1 X SSC at a roomtenperature (a high stringent condition). The
tenperature in the washing step nay be selected, for exanple, froma room
tenperature (a | ow stringent condition) to 68C (a. high stringent

condi ti on)eontdininges MReidn £id 6.18 mh’go&ﬂmeﬂié@hg dBfinédlab he wenperature
may be changed. (Production of a transformed cell into which DNA coding a

cyt oki ni n SSG%%I%O"Cdﬁd {HU QARG it 1 PASE0RERtkos8] fenkgiratidel CITHINA codi ng

a cytokinin receptor is introduced nay be obtained by introducing and

expressi ng,g RPN in MEwabhihBRIAPMES Ko/ kdtBa Mok @ﬁ@ﬂ%% $roOr exanpl e,
DNA havi ng nucleotide sequence coding the am no aci d sequence of the

cyL oki ni n chEEsRNiAbn 671 Re SIOUS PREHdelnBbeatird 42loveSlrinddh LbRAfRD O g

manner. Herei ter, one exanple e nmethod of the production of a

transformggdoceld gac E\t Qei'ooﬁ%ﬁ{ﬂepﬁﬁfe (dhigk @B‘ﬁié&z‘t@ﬂn&’&loﬁwp‘l‘ﬁé first, the

total RNA Is prepared fromplants such as higher plants according to the

met hod de%&&.ﬁ@ﬁ%wxd\meeﬁgélﬁhg%egmg b%%l&@éd If@ﬁeﬂmf,ree&onbx rdom Sanbr ook,

E., F., Fris Mani ast1 S cretely, for exanple, after a part of
ti ssues a%&n?&%@hﬁ@(aﬁb%t@mg@h%&fdlﬁbﬁ% sS"@e(at h1§ﬁ%ﬁn§é&b éJrf®BEBn). N

| i quefied nitrogen and successively physically mlled using a nortar and
pestl e or Fubgher] B&th oftBe k9ltabnéMrd8n and the temperature may be
changed. |
(Production of a transformed bell into which DNA coding a cytokinin
receptor is introduced) |
A transformed cell into which DNA coding a cytokinin receptor is -
introduced may be obtained by introducing and expressing a DNA coding
one of the above ¢ytokinin receptors. For ékample, DNA having nucleotide-
sequence coding the aﬁﬁno aci(i seéuencé o'f'tljle cytokinin receptor can be
introduced into a host cell in the following manner. Hereinafter, one
example of the method of the production of a transformed cell will be
described. S
(1) Preparation of cDNA |
At first, the total RNA is prepared from plants'such as higher plants
according to the metﬁo& described in Molecular Cloning 2nd edition Writtén
by J., Sambrook, E., F., Frishch, T., Maniastis.
Concretely, for example, after a part of tissues are sampled from a

higher plant, the tissues are frozen in liquefied nitrogen and successively

physically milled using a mortar and pestle or the like. The total RNA may

13



13 then be obtained by nethods in which (a) the resulting mlled product is
m Xxed with a sol ution containing guani di ne hydrochl ori de with phenol or

SDS wi th phenol to obtain the total RNA or (b) the resulting mlled product
is.mxed with a solution containing guanidine thiocyanate and further with
CsCl and then subjected to centrifugal separation to obtain the total RNA
Exanpl es of the higher plant include a nonocotyl edonous plant, e.g. rice,
corn, barley, ,wheat, and the_li ke and .a, di cotyl edonous, pl ant, e. g- tobacco,
soybean, ABE iba&ﬁgﬂr@?dgﬁdn%ﬁb@dﬁ i"k@’?‘l‘ﬂbFaqttaé ra?flﬁwemﬁlie@rpéaéwdéess,
commercializeqd kits such as | SOGEN (produced_by N ppon Gene Co.), RNeasy
Tot al RNAW&ﬂ"E}é?iSBEItIQT{ conaBRg gHanidiny ﬁmwaddszr e with phgaol pke may be
enpl oyed. t, NA s prepared fromthe tal RNA.. For_exanpl e, the
prepar at i éﬁ%@t@m o eﬁtaéwh%&otal Foth %Ihﬁttbﬁ resugng meilledmrpdngtat i on of

ol i go-dT c¢hai.ns, bonded Wi th cellu] ose or |atex and poly-A chains of nmRNA
For the optRU¥ebWithiasoluligrsratainingaanidine bipckanateanshfustherrrith
Purificatiog&Kit gproduped by Amersham Pharnacia Co.), digotex TM dT30
(super) ([eSdanddhey sabiegted faiwantrifugal penprption o obtedn the totahRNA enpl oyed.
Furt her, NTA is, produced using_ the nR1\ TA (nRNNTA having poly -A

chai ns) apwles %fﬁgegaghw plaat inglndgip Fepnesptréedonpys pladneBerice i go- dT

chai ns ‘or rangdom prijrers 1neal ed with NA and then reacted with
reverse tF%fﬁsg?{PﬁY’a‘g e%toa‘ﬁﬁtfﬁgée é‘BiIA.wMYﬁgEP‘?“%PJéHBN toBageact ed wit h,
for exanpl e, RNaseH, .DNA pol rase to produce doupl e chain cDNA. For

t he oper af‘?ycy’ﬁ?n’f%?a‘_kl%&%ﬁﬁﬁ’én%/q%g lg’?ﬂ- IFJBWthﬁag"éﬁ’i‘i‘EPEP%‘? PEYeRS-t s may be

enpl oyed: SMARTTM.P DNA ,Syn ' i t roduced by Cl ontech Co.), CcDNA
Synt hesi SR PIBHBRIR L Byt 5 aC BN arosbestpanieneidnes

RNeasy Total RNA Purification Kit.(produced by QIAGEN Co.), and the like

may be employed.

Next, mRNA is prepared from the total RNA. For example, the
preparation may be carried out by a method utilizing the hybridization of
oligo-dT chains bonded with cellulose or latex and poly-A chains of mRNA.
For the opéfation, fox; eﬁample; éommefcialiied kité such as mRNA . |
Purification Kit (produced by Amersham Pharmacia Co.), Oligotex TM-dT30
(super) (produced by Takara Shuzo Co. Ltd.), and the like may be employed.

Further, ¢cDNA is produced using the mRNA (mRNA having poly-A
chains) may be prepared in the folldwing manner. For example, oligo-dT
chains or random primers are annealed with mRNA and then reacted with
reverse transcriptase to produce cDNA. Further, the cDNA is reacted with,
for example, RNaseH, DNA polymerase I to produce double chain ¢cDNA.
For the operation, for example, the following commercialized kits may be
employed: SMARTTM PCR ¢DNA Synthesis Kit (produced by Clontech Co.),
c¢DNA Synthesis Kit (produced by Takara Shuzo Co. Ltd.), cDNA Synthesis

14



14 Flit (produced by Anersham Pharmacia Co.), ZAP-cDNA Synthesis Kit
(produced by Stratagene Co.) and the like. (2) Coning The DNA coding the
cytokinin receptor may be obtained by a polynerase chain reaction
(hereinafter referred as to PCR) fromthe produced cDNA using, for

exanpl e, DNA having partial nucleotide sequence of the nucleotide sequence
of SEQID No:. 1, 3 or 5 .as a prinmer or by a hybridization nmethod using

DNA havin rti.al cleoti de gquence of th nucl eotl de se uence of SEQ
| D No: 1, g? %C{]E g mfb%rén%ee m itusabl e as a
nned and synth s|zed based on the nucleotlde

pri mer set I a
sequences %S%BY%P gelge)Cgéag edfkeexanpl e, the nucl eoti de sequences

seI ected 226&’(’1;{1' vel y from 5'-non-transl ation regi ons and
‘- non- tra( ¥ regions of the nucleotide sequence represented by SEQ
prinmer set are sets of DNA of

IDNo. 1, 3, or rrples fth

nucl eoti de sequgﬁﬁpﬁﬁgﬁpm immyecerios may beabtappesd by anucl eot i de
seqguence rei)resent ed by 8EQ No 10. The PCR sol ut| on to be used nay be
pr epar ed Wyé‘&‘%}"laﬁbch@&die%‘iﬁo% caeinghter iraferradoascy POR) frem the to cDNA 250

ng. The condjti t he PCR may properly be changed dependi ng on the
primer sePTeBH C@%\% ugig, forpxagipd & A havieg @@etlalzwdewgmeqm@pejde as

further r 8%@@41?%&%19%%%%:35%@#@# bbb Lo AP SR TBEEREDY S Koo ng. at
and | opeatyRaTEARSn bR b LI B R L ApleShes Semisocbr thebep| ng. a
o 40" cycraSsRisBhoatt of SEOLE NouT LoeFaslibuokipi ng ot o L o
In the case of employmg PCR, DNA usable as a primer set is those
planned and synthesized based on the nucleotide seciuences of about 20 bp
to 40 bp, for example, the nucleotide sequences selected respectively from
5'-non-translation regions and 3'-non-translation regions of the nucleotide
sequence represented by SEQ ID Nol 1,3, or 5. Examples of the primer set
are sets of DNA ef n‘ucleetide sequence represented by SEQ ID .Nof 9 and’ |
DNA of nucleotide sequence represented by 8EQ ID No: 10. The PCR
solution to be used may be prepared by adding reaction solutions instructed
by the kit to cDNA 250 ng. The conditions of the PCR may properly be
changed depending on the primer set to be used and, for example, concrete
- conditions include as follows: keeping at 94C for 2 minutes, at about 8C
for 3 minutes, and further repeating 40 cycles each of wﬁich comprises steps
of keeping at 94°C for 30 seconds, at 55 T for 30 seconds, and at 72°C for 4
minutes; and repeating 5 to 10 cycles each of which comprises steps of

keeping at 94°C for 5 seconds and at 72°C for 4 minutes and further

repeating about 20 to 40 cycles each of which comprises steps of keeping at
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15 94t for 5 seconds and at 70t for 4 mnutes. For the operation, the

foll owing conmercialized kits may be, for exanple, enployed: Takara

Her acul aseTM (produced by Takara .Shuzo Co., Ltd.), DNA pol ymerase

contai ned in Advantage cDNA PCR Kit (Cl ontech Co.), TAKARA Ex Taq (Takara
Shuzo Co., Ltd.), PLATINUMIM PCR SUPER M x (Lifetech Oiental Co.), and
the like. In the case of enploying hybridization, cloning may be carried
out according to a nmethod described in, for exanple, "C oning and

S5 T SR
ot B AU oo SRR B b oncs ot 11
EEQ w\r,1M trgt E%‘g"laﬁﬁ%éi op@:ﬂ‘iﬁ*‘}@gﬂy ﬂ%@@%}%@&%&%ﬁﬂﬁé&%‘e%ﬁng to the
(Boehri ngé’?n 93 ) "%éﬁ&%‘?ﬁi?%@ﬁB@%Q@é?ﬁlehﬁ'%é@g%*rggggt Shuzo
Carer sham BrEPRstr e, L £ A uMPR S cR R PES i Qikhoh 22l o

Phar maci a . dyt he, Lii ke, Exanpl es of the hybridization conditions
i ncl ude storcrici)%ggt'élgpo')’c%ndd#lﬁ %Ir(les' and the follow ng conditions may be

lified Kkegpi | . . a and
0100 M t 11 sodi i ieatp oF Binplfing ASRRUEAERG: Bhidy Bay Bpderida WER T B0
0.1% (W j i : 0.6 0 OphHL d 100 /m
degen _(er a;/ éé&gg?ﬁ#o%y‘isg‘é%&aoﬁ%%gf‘? |ug %{%‘%}Eﬁg? I-gg){{gé%%{ia g\r? e, o
( Boer i ngemm Manpheie a1 1 nhia F AP RIE BIGtedAb18ey (edited by Watanabe and
Sugiura, Noson Bunka Publisher, 1989)

The probe to be used may be obtained by synthesizing DNA (with
the chain length of about 200 nucleotides to 500 nucleotides) having partial
nucleotide sequences of the nucleotide sequence represented by SEQ ID No:
1, 3 or 5 and labelling the DNA with radioisotope markers or fluorescent
markers- according tolth.e knéwﬁ methods using, for ekample, Random
Primed DNA Labelling Kit (Boehringer Co.), Random Primer DNA
Labelling Kit Ver. 2 (Takara Shuzo Co., Ltd.), ECL Direct Nucleic Acid
Labelling and Detectio'n System (Amersham Pharmacia Co.), Megaprime
DNA-labelling system (Amersham Pharmaéia Co.) and the like.

Examples of the hybridization conditions include stringent
conditions and the following conditiqns may be exembliﬁedi keeping at 65°C
in the presence of 6 X SSC (0.9 M NaCl and 0.09 M trisodium citrate), 5 X
Denhard's solution [0.1% (w/v) ficoll 400, 0.1% (w/v) polyvinylpyrrolidone,
0.1% BSAJ, 0.5% (w/v) SDS and 100 u g/ml degenerated salmon sperm DNA

or in DIG EASY Hyb solution (Boeringer-Mannheim Co.) containing 100
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16 g/m of degenerated sal non sperm DNA, successively keeping at a room
tenperature for 15 nminutes two tines in the presence of 1 X SSC (0.15 M
NaCl and 0.015 Mtrisodiumcitrate) and 0.5% (wv) SDS, and further

keepi ng at 6810 for 30 minutes in the presence of 0.1 X SSC (0.015 M Nad
and 0.0015 Mtrisodiumcitrate) and 0.5% SDS. In order to obtain DNA coding
the cytokinin receptor of Arabidopsis, PCR can be carried out enploying
TAKARA LA taqTM (Takara Shuzo Co. Ltd.) and using a solution containing

CDNA | i br ag/ynl ph degereira AidasaldeR Sl &m@bﬁ%u@ee@s@@el Gepinp) a3$ rébrh ©NP! at € and
DNA havi nggthe nﬁ% eoti de sequegce repr esent ed b?} E%AQD 11 and DNA

havi ng t hetehipektiré der 1§ﬁgﬂm@§ewbetﬁhe§ﬁptmpme§é%ﬂpwo§sé¥o 38} Pprimner
set to anplify and obtain DNA to be a probe. The PCR solution to be used

may be prefaCksnd by lémltﬂgo&ﬂn?é@ra‘w) 2hd 0 BY\W AP s, 1antdkﬁ6f}f'e§(3t 1 on

solutions instructed by the kit. The PCR conditions e as follows:

keepi ng atke8fingtatf68C 2or %Uﬂﬁixﬁﬁes A1t frebOhiced V. DUk ESSCAD! i%g\r’_ft her
repeating 40 cycles each of which conprising keeping at 9 for 30

seconds, &VaGFarfd @.901§Q/1§ﬁ§6839§nc1tx%@9 #d §8% £p5 5 minutes. Using the
anplifi ed and obtained DNA as a tenplate, a ,32P-1abeled probe may be

produced enpl oyimerd¥e33BpidiR DNRchahe ﬂﬂe;t?toﬁ&iﬁhﬁfec%béor o(fé\ESBﬁaggisPhaf maci a

Co.) and using the reactlon soI utions insfructed I hg the

Convent i osale ot Rt o ey L AR il Z?K‘T.Q sSh IR ut Keep: ng
at 65 ' C nd) hanﬁrmﬁﬁ%oﬁ’ftm@x %n&?ﬁlﬁ%)cENM hed f%ﬂﬁge Qf QQaMdEiSé1§0d' um
citrate), 5 X Denhard"s solution [0.1% (w v) fICO||
(about 1,000,000 pfu) as a template and DNA having the nucleot1de
sequence represented by SEQ ID No: 11 and DNA having the nucleotide
sequence represented by SEQ ID No: 12 as a primer set to amplify and
obtain DNA to be a probe. The PCR solution to be used may be prepared
by adding to 250 ng of cDNA liBrary, the reaction solutions instructed by the
kit. |
The PCR conditions may be as follows: keeping at;, 94 C for 2
minutes, at 8 C for 3 minutes, and further repeating 40 cycles each of
which comprising keeping at 94 C for 30 seconds, at 55 C for 30 seconds,
and at 68 C for 5 minutes. -
Using the amplified and obtainéd DNA as a template, a 32P-labeled
- probe may be produced employing Megaprime DNA-labelling system kit
(Amersham Pharmacia Co.) and using the reaction solutions instructed by
the kit. Using the probe obtained in such a manner, colony hybridization is
carried out by a conventional method, practically the hybridization is

carried out keeping at 65 C in the presence of 8 X SSC (0.9 M NaCl and

0.09 M trisodium citrate), 5 X Denhard's solution [0.1% (w/v) ficoll 400,
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17 0. 1% (w v) pol yvinyl pyrrolidone, 0.1%BSA], 0.5% (wv) SDS and 100 ,u
g/iM degenerated sal non sperm DNA or in the DI G EASY Hyb sol ution

(Boeri nger- Mannhei m Co.) containing 100 u g/nd of degenerated sal non sperm
DNA, successively keeping at-a roomtenperature for 15 mnutes two tines
in the presence of 1 X SSC (0.15M NaC and 0.015 Mtrisodium citrate) and
0.5% (wv) SDS, and further keeping at 68 t for 30 mnutes in the presence
of 0.1 X SSC (0.015 M NaCd and 0.0015 Msodiumcitrate) and 0.5% SDS to

obt ai n cl anewiyy)ipdlyaedyytlolidoge, 8. 0ReBS Y et 598 (w/ DD S @ddr@ot heg/ayt oki nin

receptor may be prepared based on, for exanple, the nucleotide sequence

represent eidgbyerabdd 442l spbrm3DNA 0irtheCHRREARY Hhybldobtion Of

pol ynucl eoti des according to a common net hod such as phosphite-triester

nmet hod ( HBk&fhgdra¥anithe®d (Bl)-conbihiie106 10g/mdibT degd@dted dalendANA codi ng

the cytokinin receptor obtained in such a manner may be cloned in a vector

by a commpesBINIA S82E4iRAY keBping Mt £Fdon tem béraBhidfor A5 Liakited fwy Manual
2nd edition” (1989), Cold Spring Harbor Laboratory Press; "Current

Prot ocol s timedMpl @erateBe@fAgX' SSEO®715 M BAC] a¥8! (81 50Serisoditmc.
| SBNO- 471-50338- X, and the |like. The vector to be wused may be, for

exanpl e, pBFraR) P84 0% (WY SO raxﬁpfueméﬁ?%e?mgsdﬁ@s AU EBL 30 @inteddC18/ 19

vect or (produced by Takara Shuzo Co., TA cloning vector (produced

by I nvitr ggeprdsende oftNd XheS(C (e 151 KOl ahd ¥.001BM Y el Citdetey equence of
cl oned DNA may be confirnmed by, the Maxam G | bert method (described in

for exanphfaid ON2E®DS tofobtald &o¥é hibliderdd with@he petid.. Acad. Sci. USA, 74,
560, 1977, and the like), the Sanger nethod (described in, for exanple,
Sanger, F. & A Furthex)IBNA coding the cytokinin receptor may be prepared based
~ on, for example, the nucleotide sequence repi‘esented by SEQ ID No: 1, 3 or
5 by chemical synthesis of polynucleotides according to a common method
such as phosphite-triester method (Hunkapiller, M. et al., Nature, 310, 105,
1984).
The DNA coding the cytokinin receptor obtained in such a manner
may be cloned iﬁ avector by a comrﬁon method described in, "Molecular
Cloning: A Laboratory Manual 2nd edition” (1989), Cold Spring Harbor
Laboratory Press; "Current Protocols In Molecular Biology" (1987), John
Wiley & Sons, Inc. ISBNO-471-50338-X, and the like. The vector to be
used may be, for example, pBlue Script II vector (produced by Stratagene
Co.), pUC18/19 vector (produced by Takara Shuzo Co., Ltd.), TA cloning
vector (produced by Invitrogen Co.), and the like
Incidentally, the nucleotide sequence of cloned DNA may be
confirmed by, the Maxam Gilbert method (described in, for example, Maxam,

A, M & W. Gilbert, Proc. Natl. Acad. Sci. USA, 74, 560, 1977, and the like),

the Sanger method (described in, for example, Sanger, F. & A.R. Coulson, J.
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18 Mbl. Biol., 94, 441, 1975, Sanger, F. & Nicklen and A R Coul son., Proc.
Nat . Acd. Sci. USA, 74, 5463, 1977, and the like). For the process, the
following comrercialized kits may be, for exanple, enployed: Therno
Sequenase Il dye term nator cycle sequencing kit (produced by Amersham
Pharmacia Co.), Dye Term nator Cycle Sequencing FS Ready Reaction Kit
(produced by PE Biosystens Japan Co.), and the like. (3) Construction of
expression vector A expression vector of DNA coding the cytokinin receptor

may be cdvisk Bisit, @d, 44T 013450 §ahge FC Enhacklew bhddA. fe Conidoad Froc. Natl. exanpl e,
Mol ecul ar A oning 2nd edition witten by J., Sanbrook, E., F., Frisch, &

T., Mani 2sddi Sei. P8, iTahededy1920] endphé litearfw@rthe doededs ahy flewing Usabl e
are vectors to be used in host cells to be transformed, for exanple,

i ndependenrbiiméreiallizéd kitdtn XL bé,Fo6 exdnple, eaipl@iod: Jhaahb SequahoseHL i On
possible to be duplicated in the host cells and further are possible to be

i sol at ed fdyereirhioabeisdy cleeddqueadidg it (pro@seed s ARertiame PHiehREIA 009, mar ker .

More practically, in the case of using bacteria such as E. coli as the

host cel | Dyef TarnfixamR! Grcldbesindint FS Reh8y (Ryaetivs &it Prodaked By PEhuzo Co.
Ltd.), Phagem d pBluescript Il (Stratagene Co.) and the |like may be used.

In the caBiodbtamsd Mpueash, asd thelikost cells, for exanple, Plasmid pACT2
(Contech Co.) and the like may be used. In the case of using plant cells

as the ho€3) Calstmictibarof exprgeken viebdrcodi ng the. cytokinin receptor may be
integrated with Plasm d pBlI 221 (Contech Co.) to construct the vectors. A

expressi on vectAkexpassioblvectar o NN & 26diAhe @fitdkdnirheeceptiodmay Be receptor in
a host cell nmay be constructed by integrating a pronoter with the
af or ement carstchetat d@osding tbheconpron esthod dedveideNAncfodiengriplie cyt oki ni n
Molecular Cloning 2nd edition Written by J., Sambrook, E., F ., Frisch, & T,
Maniastis, published by Cold Spring Harbor Laboratory Press.
Usable are vecﬁors to be used in host cells to be transformed, for
example, independently replicating vectors which contain genetic
information possible to be duplicated in the host cells and fufther are
possible to be iso-lated'from thé host ceils -and puriﬁed and nia& héve
detectable marker. More practically, in the case of using bacteria such as E.
coli as the host cells, for example, Plasmid pUC 119 (produced by Takara
Shuzo Co., Ltd.), Phagemid pBluescript II (Stratagene Co.) and the like may
be used. In the case of using yeast as the host cells, for example, Plasmid
PACT2 (Clontech Co.) and the like may be used. In the case of using plant
cells as the host cells, for example, DNA coding the cytokinin receptor may
be integrated with Plasmid pBI221 (Clontech Co.) to construct the vectors.
A expression vector possible to express DNA coding the cytokinin

receptor in a host cell may be constructed by integrating a promoter with

the aforementioned vectors in the upstream of the DNA coding the cytokinin

19



19 receptor in a binding manner of enabling to function in the host cell.
In" this case, the phrase, "in a binding manner of enabling to function",
nmeans that the pronoter ‘and the DNA codi ng the cytokinin receptor are
bonded as to express the DNA coding the cytokinin receptor in the host

cell under the <control of the pronoter.. Usable as the pronoter possible to
function in the host cell in the case of using E. coli as the host cel

are, for exanple, a pronoter (lacpl of |actose operon of E coli, a

pronot er f(édepBr infa bindpi®plramer of engbilingtpfuartionrin (the dbstodellar Jnni ne oper on,
a pronoter (gal E of gal actose operon, a tac-pronoter, T7-pronoter,

T3- pr onot ¢his clse, thagbrge) i £bindidg mrinerdfepbdlingdo fitetionkemebnst he case
of using yeast as the host cell, it nay be prepared by a conventi onal
geneti c emhatdergroghob@t axalltHedP B ¢ddiflg ithe ciekivifl receptor yraobmgledldsl part
(p.-192-201) by Ammerer, et. al.) from ADHL pronoter (the ADHL pronoter is

avai | abl etd egivebdtheyDNIN codipg €56 tyokitaa troceptor’di-the/tidst belt andar tlie t he ADHL
pronoter and its term nator and which rmay be obtained from Washi ngton

Resear ch Esitpsladfithe promberADUbablr aheqirohftépdagitse td furldGiopaineihie
application nunber 299, 733 of Washington Research. Foundation and in the

case that hbst deH iHIhd chey of wdiflg B eolaks ahe hostasdl ficaforputapgdesain USA., it is
required to obtain permssion fromthe patent holder. In the case of using

a pl ant cptdmeter (JaeP dfdattoeebperonsdill. eokixappémstexr(erpd ofitmiriophensynt hesi s
enzyme gene (NOS) pronoter, an octopine synthesis enzyne gene (OC7)
pr onot er , ogeronua pidmoter (2ol af argininsorfetahM poemnotee dgdFbopgalavtose, a
Cal42V-derived 35S pronmoter and the like. Further, in the case of
i Nt egr at i owprBhlfa tacprogndtee Vi podmoeten, T3-prepoter, ihiphage peanoteral 2 eady havi ng
a pronoter possible to function in a _

-pL, A -pR) and the like. In the case of using yeast as the host cell, it may

be prepared by a conventional genetic engineering method [described in

Method in Enzymology 101 part (p.192-201) by Ammerer, et. al.] from ADH1

promoter (the ADH1 promoter is available from the .yeast expression vector

pAAHS5 which contains the ADHI promoter and its terminator and which

may be obtained from Washington Research Foundation). The ADHI |

promoter is included in US patent application number 299,733 of

Washington Research Foundation and in the case that it is used for

industrial and comumercial purposes in USA., it is required to obtain

permission from the patent holder. In the case of using a plant cell as the

host cell, usable examples are a nopaline synthesis enzyme gene (NOS)

promoter, an octopine synthesis enzyme gene (OCT) promoter, a cauliflower

mosaic virus (CaMV)-derived 19S promoter, a CaMV-derived 35S promoter

and the like.

Further, in the case of integrating DNA coding the cytokinin

receptor into a vector already having a promoter possible to function in a
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20 host cell, DNA coding the cytokinin receptor is inserted in the
downstream of the pronoter and the DNA coding the cytokinin receptor is
inserted in a mnmanner of enabling to function. For exanple, the
aforementioned plasmd PpACT 2 for yeast conprises the ADH pronoter ‘and
therefore, an expression vector possible to express the DNA coding the
cytokinin receptor in yeast, such as CGl945 (Clontech Co.) may be.
constructed by inserting the DNA coding the cytokinin receptor in the
downst r earhast celhDMBHodprepthetaytolahin rezeptoassiinsepydia the(dowidteshist i on of
transforned cell A transformed cell to be used in the present invention may
be producédhdprimotendndithg DA codingt theayreskiakprespiopis vaRi®d ind 0 a host
cell by a conventional nmethod. As the host cell to be used for production
of the tmasiarafedabkhg to Axmtiohes Far exbdpletheaforeashtionb@plasyeid and the
| i ke. As Dbacteria, exanples are bacteria belonging to E. coli, Serratia,
Baci | | us, pASIRfiftraydant compriSey shecdBEH EstoutateMafd ehaefaiel s and the |ike. As
yeast, exanples are budding yeast and fission yeast. Mre particularly,

exanpl es eapsyipasiectoeiposgblegotexpfessaha DINAaRdingSKHY Feslaaah ss@pyses and the
like. As plant cell, exanples are BY-2 strain, which is a cultured cell of

t obacco, impeadBMiichtasaC@ 1948 (ClontechaCa)hiayrRdconstincedd bpinvetBhacke Mexi-can
Sweet), and the like. As the nmethod for introducing the expression vector

i nto the Di¥Acedingtthenptdkimiatrecatbr in tlondewhstoemh of bhe @dp®y i on met hods are
enpl oyed according to the host cell to be transformed. For exanple, in the
case of pximefebaftherplasmid pA€TRost cell, the aforenentioned expression
vector may be introduced into a host cell by enploying a conventi onal

i nt roduct (4(3 Fragudiin of transformed cell

A transformed cell to be used in the present inventién may be
produced by introducing fhe constructed expression vector into a host cell by
a conventional method. As the host cell to be used for production of the
transformed cell, examples are bacteria, yeast, plant cell and the like. As
bacterig, examples are bacteria belonging to E. coli, Serratia, Bacillus,
Brevibacterium, Corynebacterium, Microbacterium an& thé.like. | As yeast,

- examples are budding yeast and fission yeast. More particularly, examples
are yeast belonging to Saccharomyces, Schizosaccharomyces and the like.
As plant cell, examples are BY-2 strain, which is a cultured cell of tobacco,
and BMS strain, which is a cultured cell of corn (Black Mexican Sweet), and
the like.

As the method for introducing the expression vector into the
aforementioned host cell, conventilonal introduction methods ai‘e employed
according to the host cell to be transformed.  For example, in the case of
using bacteria as the host cell, the aforementioned expression vector may be

introduced into a host cell by employing a conventional introduction method
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21 such as a calciumchloride nethod and an el ectroporati on net hod
deScribed in, "Mdlecular doning" (by J. Sanbrook, et. al Cold Spring
Harbor 1989). In the case of using yeast as a host cell, the

af orementioned expression vector may be introduced into the host cell by
enpl oyi ng Yeast transformation kit (produced by O ontech Co.) based on a
lithiummethod. Further, in the case of using a plant cell as a host cell,
the af orenentioned expression vector may be introduced into the host cel

by a conventh 88alcalciuidHlOHaE hictRodBh @6l elé@Fopd¥atith tetRed dbsgitedi um
I nfection method (Japanese Exam ned Patent Application No. 2 - 58917,

Japanese Laidfdlp@ar ER3MAAE" AN ITadbR8k Ny, 2aB00ld SHHEBE Harbor €HSH)L r opor at i on
nmethod into a protoplast (Japanese Lai d-Qpen Patent Application No. 60 -

251887, JARBOESR dfdstadpeast Balahst 0B theaifbimdiRionedexpB&séin @ particle

gun nethod (Japanese Lald-COpen Patent Application No. - 508316, Japanese
Lai d- Open vBabe Hay Hiint FodtcBd it¥e- the Jost e1BBy elnpldyihgYehoy med cel | in which a
cytokinin receptor of partially transmenbrane” regron-deleted type, i.e. a

cyt oki ni n ¥ BeRRMAIA kB ($roadNESERP Cldie el €D Haked YA IHHIOR h¥flRd, | S
expressed) A cytokinin receptor to be used in the present invention

i ncl udes @urthgk ol thiekaE€ 6LREIAE 18R E LA 88hthoey balKithe AfdreaRAtRhedias at | east
one transnenbrane region but less than that in its natural form (comonly

2 to 4 teanesahvadter hef Binttddicedeitoadbleyhost Bell B aRofs&itiondlventi on, such
cytokinin receptors are sonetinmes referred as to cytokinin receptors of

parti al | yidtrathuetiontyethod, RgieRampdd, Ag@obistetium infedtivnsmeeisd t he phrase,
"its natural form' means cytokinin receptors having an am no acid sequence
nost  f r eq(RphhysecBiahimg Paleny AppliaatienNoh 2vissg 17 apsinesd haidiOpencl at ur e

Patent Application No. 60 - 70080), an electroporation method into a

protoplast (Japanese Laid-Open Patent Application No. 60 - 251887,

Japanese Laid-Open Patent Application No. 5 - 68575), a particle gun

method (Japanese Laid-Open Patent Application No. 6 - 508316, Japanese

Laid-Open Patent Application No. 63 - 258525).

(Tranéformed céll in which a cytokiﬁin receptor 6f partialiy transmembrane

region-deleted type, i.e. a cytokinin receptor of 2 transmembrane quantity

variation type, is expressed)

A cytokinin receptor to be used in the present invention includes a

cytokinin receptor whgrein said cytokinin receptor has at least one

transmembrane region but less than that in its natural form (commonly 2 to

4 transmembrane region) (incidentally, in the present; invention, such

cytokinin receptors aré sometimes referred as to cytokinin receptors of

partially transmembrane region-deleted type.) In this case, the phrase, "its

natural form" means cytokinin receptors having an amino acid sequence

most frequently existing among organisms having the similar nomenclature

22



22 and generally called also as wild-type cytokinin receptor. Such
cyfokinin receptors of partially transnmenbrane regi ons-del eted type are
cytokinin receptors whose transnenbrane region structure may be determ ned
by.enpl oying structure assunption software available in

http /| ww. ch. enbnet . or g/ sof t war e/ TMPRED form htnl and ‘whose transmenbr ane
regions are partially deleted, for exanple, in 1 to 2 sites and are less in
nunber than the nunber, of the transmenbrane regions of the natural type

cyt oki ni N gRCRPEPAIEy $Alled aleehymid ffy%réfvtowi/ﬁﬁﬁr&@ﬁédrcul arly, exanples of
such cytokinin receptors include a "cytokinin receptor having the am no

aci d sequence fg@eR %Hﬁuﬂ%@%‘ﬂm arﬁ9ﬁ¥%&rﬂslﬂ ﬁfmqeggl sl é‘t%dac' d

sequence represente y SEQ | ransmenbrane r

cyt oki ni n tyEEeRL GholiAv P&ebﬂﬁs ¥Ho8e t%s%éﬁ%&%gf@%%%h?%nﬁy Eieznurrber 50

to 1176 anbng thé amno acid sequence represente

transmenbi@ngndiféd BPeinp A@ym&%@ﬁi&tﬁ‘erhssﬁg%gfoﬁrsoWéﬂe%vtaﬁﬁbﬁ%nO acid

sequence from am no” aci d ‘nunber am)ng he amno acid sequence
repr esent Gy wrQH. OndRet. fralRttwr8 NP Qﬁhvhﬁns%yt()k' nin
receptor having the am no aci sequence erlve ron1t e amno acid

sequences tQinstlaifah¥ trQ%'xbﬁé Brd ﬁ&ﬁf&lgf &ejleﬁ’gaefcﬁ" é?ca‘ﬂ%ﬂ) gih Pt ft@é Ity of anino

acids are del eted, substituted or for exa cyto I'nrn receptors

havi ng t hgndBiteIRsach AuSRNeRSS tRERLKaMr oﬂmﬂa%némmﬁné% oﬁﬁggences in
whi ch one nethionine is added to the am no-term nal and I ke. The DNA

codi ng t heheyitRlkanyhe Ic§ Sk i reBEPLoRE(i RONE b rdE Figh)as to h0| d transmenbrane
regions in a |less nunber than the nunber of the transnenbrane regions of
the natural tyMokydakicaldrly, e&eRiplésSofficRaytdkdhinyreceptors include a
cytokinin receptor haﬁng the amino acid sequence frorh amino acid number
196 to 1176 among the amino acid sequence represented by SEQ ID No: 2 (2
transmembrane regions); a cytokinin receptor having the amino acid
sequence from amino acid number 50 to 1176 among the amino acid
sequence represented by SEQ ID No: 2 (3 transmembrane regmns),
cytokinin receptor having the amino ac1d sequence from amino acid number
32 to 1036 among the amino acid sequence represented by SEQ ID No: 4 (2
transmembrane regions); a cytokinin receptor having the amino acid
sequence derived from the amino acid sequences of these cytokinin receptors
wherein one or a plurality of amino acids are deleted, substituted or added,
for example, cytokinin receptors having the amino acid sequence derived
from the amino acid sequences in whicﬁ one methionine is added to the
amino-terminal and the like.
The DNA coding the cytokinin receptor may be constructed as to

hold transmembrane regions in a less number than the number of the

transmembrane regions of the natural type cytokinin receptors by partially



23 deleting the transnenbrane regions by a conventional genetic engineering

t echni que. Production of the transforned cell in which the DNA coding the
cytokinin receptor is'introduced may be carried out according to the
af orenenti oned net hod, "Production of transformed cell in which the DNA

coding a cytokinin receptor is introduced". (Transforned cell to express
chi nera-type cytokinin receptor) A cytokinin receptor to be used in the
present invention also includes a chinera-type cytokinin receptor

conpri si n@e@éﬁ@ﬂ{e&?@héxﬁéﬁa‘braﬁ@ﬁéé&hé)ﬁy 5 R6n GaritBd Al igBnéE iﬁ@ezl'(inﬁ _
transmenbrane regions of the cytokinin receptor, a histidine kifase region
of the cytt@&hﬁhﬁb_receptor, and a receiver region for a histidine kinase.
The chinmera-type cytokinin receptor has the extracellular region, the

transnenbrane 1 pgidSion¥¥hé B ik el 3R 1 WRRER tnE THIRR HRIRgENEOUS to one
¥ e histl

anot her and the receiver region for t I ne kinase Heterogeneous to

these 1 eQiopikiniiBeodtB I fitrddied MTPSCe R 0t MRl Yd fiePt or 1y have

said extracel lular region, transnenbrane reglons, an i di.ne ki nase

regi on degytefhehtibRt R ndethOK i "Pridd i ﬂfansﬁ[“&%xﬁ&i géihfrf SN EHH pAAK2, and

AHK3, and have the receiver region derived fromthe osnpbsensor SLNL in
buddi ng yeafihg aldyt41aRirPRAESIor!ls Brfditedki nase regions of the cytokinin
receptor nmay include the region present C-terninally downstreamfromthe
particular transmenbrane.region which is the nost Ctermnally downstream
transmenbrane region of the cytokinin receptor. Said histidine kinase

r2 zgi on ty(Teabloymdazellity @xprias RhuAbiav§ pRRtdlSniieebp@pe conmmon to generic

A cytokinin receptor to be used in the present invention also
includes a chimera-type cytokinin receptor comprising an extracellular
region of the cytokinin receptor, transmembrane regions of the cytokinin
receptor, a histidine kinase region of the cytokinin recéptor,. and a receiver
region for a histidine kinase. The chimera-type cytokinin receptor has the
extracellular region, the transmembrane regions, and the histidine kihas’e
region homogeneous to oné another and the receiver i‘egion for the histidiﬁe
kinase heterogeneous to these regions. For example, the chiﬁera-type
cytokinin receptor may have said extracellular region, .transmembrane
regions, and histidine k_inase region derived from a cytokinin receptor
selected from CRE1, AHK2, and AHK3, and have the receiver region
derived from the osmosensor SLN1 in budding yeast.

In the above, histidine kinase regions of the cytokinin receptor may
include the region present C-terminally downstream from the particular
transmembrane region which is the most C-terminally downstream
transmembrane region of the cytokinin receptor. Said histidine kinase

region typically has five conservative motifs which are common to generic
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hi stidi ne kinases as described in Annual Review of Cenetics 23:311-336
(1989), M crobiol ogi cal Reviews 53(4):450-490(1989), Science

262: 539-544(1993), and the |ike. Exanples of the region includes a region
havi ng the amino acid sequence from amino acid nunber 587 to 844 anong the
am no aci d sequence represented by SEQID No: 2 in a case of AHK2, a

regi on having the amno acid sequence from am no acid nunber 450 to 700
anong the am no acid sequence represented by SEQID No: 4 in a case of
AHK3 and aistédine kieses ag deberilzend incAannal Bedewnf éxdnetics 28i313-386 d  nunber
449 to 714 anong the am no acid sequence represented by SEQ I D

No: 6i nacage989RHicrohetogicsd Revixyrob3(4p450 46061988k Sdienceecept or nay i ncl ude
the region existing between the histidine kinase region and the Cterm nal

end of th&@625309c3d461993), enebtherlikeSai Ekarntples of tlee/repdon mobedesonsagiomt | ve
notifs which are common to generic histidine kinases as described in .

Annual Retiaeingothe daeimetacibsediendd friddbamifGadid rinnbacsk8 Pt84688mbad( 1993) ,
and the like. Exanples of the region includes a region having the am no
aci d sequehe amiiic acid asyienceegressnteek by8SEQ ID No62 iamnesgetolfi AFERR2 w0 aci d
sequence represented by SEQID No: 2 in a case. of AHK2, a region having
t he am noregion Hasguheeaeninoenidssquenae frdomamins aZdtnumbd45) &n®ely t he am no
acid sequence represented by SEQID No: 4 in a case of AHK3 and a region
havi ng t hemamigribe aaiido segeeqoende tepresented by iSEQ ID¥e: 4862 taseldf38 anong
the am no acid sequence represented by SEQID No: 6 in a case of CREL. In
addi ti on, AAIK2asda regipndraving thysminmacidreegnencef fsomepminol agid a  regi on whi ch
is a part of any of the extracellular regions of the cytokinin receptor,
wher ei n saiuhbserddto fignorenigthprasisntacisbsaqence reprenentedhy £1EQ 15
"No: 6 in a case of CRE1.
Receiver regions of the cytokinin receptor may include the region
existing between the histidine kinase region and the C-terminal end of the
cytokinin receptor. Said region haﬁng three conservative motifs which are
common to generic histidine kinases as described in Annual Review of
Genetics 23:311-336 (1989), Science 262:539-544(1993), and the like.
Examples of the region includes a region having the amino acid sequence
from amino acid number 891 to 1163 among the amino acid sequence
represented by SEQ ID No: 2 in a case of AHK?2, a region having the amino
acid sequence from amino acid number 746 to 1018 among the amino acid
" sequence represented by SEQ ID No: 4 in a case of AHKS and a region
having the amino acid sequence from amino acid nunﬁber 763 to 1038 among
the amino acid sequence represented by SEQ ID No: 6 in a case of CRE1.
In addition, a sensor region for cytokinin means, for example, a

region which is a part of any of the extracellular regions of the cytokinin

receptor, wherein said sensor region is present between a transmembrane

25



region next to the histidine kinase region and a transnmenbrane region
secondary close to the histidine kinase region. Said sensor region
typically- has 50% or nore identification and honol ogy between three
cytokinin receptors of AHK2, AHK3 and CREl as described in Plant and Cel
Physi ol ogy 42(2): 231- 235(2001) and the |ike. Exanples of the region

I ncl udes a region having the am no acid sequence fromam no acid nunber
259 to 536 anpng the am no acid sequence represented by SEQID No: 2 in a
case of AH¥Zioranéxabahe hastidige kinea sRniegivnoandia semsersnebifanemegionno aci d
nunber 120 to 399 anong the am no acid sequence represented by SEQ ID No:

4 in a casgcondaylsbsernd the hégtidine kawadegrepive. Saidsenmsor tegeg bwicallf rom am no
acid nunber 132 to 398 anong the am no acid sequence represented by SEQ ID

No: G na cleses0% ofifoke idéietifida3iontd i hkmbRge betwéai thidasytdkeéninol | owi ng
sequence in common in plants, e.g. higher plants, and m croorgani sm That

i's, histi diedeptisi FSEHKY AHKS ahd CREPas dds@ibedineXanaasl|Gdllar region,
transmenbrane region (generally about 2 to 4), histidine kinase region

havi ng hi sphyislegki2@se31236(200Y anddhbdikei NBxkinpléscifMbe regiogue to be an
active site, and receiver region having a reception part for a phosphoryl
group transtkdesddesiohdidving fspamins adidisdqi@fediemtadning a2id Agibee site. In
the chinmera-type cytokinin receptor, it is preferable that the

extracel | #58rtor53¢iamong tie imansasdizeqienceregresanteddbydSEQhNet dhne ki nase
region are all derived fromthe identical type of cytokinin receptor,

wher eas t lecase 0 AVHL2,regigios havimgddel ameitio adid fegquentd frofr anminy pedof the
former cytokinin receptor. It is sufficient for the receiver region of the

chi nmer a- t ypenioert k20i t0i 399 amorpthe amind avid saqﬁmmetnepreseﬁtedeb;eSEQ@ si gnal s
transmtted fromthe 26

No: 4 in a case of AHK3 and_ a region having the amino acid sequence from

amino acid number 132 to 398 among the amino acid sequence represented

by SEQ ID No: 6 in a case of CREI;

The histidine kinase protein has the follovﬁng sequence in common
in plants, e.g. highef plants, and microorganism. That is, histidine kinase
protein is composed of an extraceilular rééioﬁ, transme.mbra'ne region |
(generally about 2 to 4), histidine kinase region having histidine kinase
activity and holdihg Histidine residue to be an active site, and receiver
region having a reception part for a phosphoryl group transfer and holding
Aspartic acid residue to be an active site. In the chimera-type cytokinin
receptor, it is preferable thét the extracellular region, the transmembrane
regions, and the histidine kinase region are all derived from the identical
type of cytokinin receptor, whereas the receiver regions are derived
differently from type of the former cytokinin receptdr.

It is sufficient for the receiver region of the chimera-type cytokinin

receptor to have a function of receiving signals transmitted from the
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hi stidi ne kinase region and transmtting themto the next step and any of
retei ver region my be usable as long as they can conpl ement or inprove
the intrinsic functions of the receiver region of a histidine kinase
protein conprising the honogeneously derived extracel | ul ar region,
transmenbrane regions, and histidine kinase region. As such .a receiver
regi on, usable are, for exanple, a receiver region of histidine kinase
proteins derived frommcroorganism(e.g. a receiver region of histidine

ki nase pr okigtiBirndeih¥Srdgi i Ad BaAAESRL LRSI ¢he Rext #8ASNd dny 6£! 1) and
nore particularly receiver region of histidine kinase proteln coded in

SLNL gene (dgsivuers &pfﬁa?%d.kﬁ%lé’&éﬁ}ng(aes theylclf BdMmA} O impibiRNCe

represented by SE , recelver region o e protein

coded in GhRyn@ens: flﬁ{c'ti\bﬁg offl@@e%@iv@??ﬁébﬁ@fﬁ% i35 KifGhPrpbin i S di ne

ki nase protein coded I n RcsCgene sensor of E. coli

[Maeda T, @npsin E%ﬂ{élﬁ&noé’eﬁx%ogé@ “detived ktbuE: Gregfohe d{é H%xﬁl&‘z‘a% sequence

represented b , recelver region o hrsti nase protein
p y

coded in B@EﬁnQQHﬁinghﬁﬁﬁpknﬁ&k %%b cycle control of fission yeast [ Shieh,
JC et al.,-Gene Dev. 11, 1008-1022(1997)]. The DNA codi ng the chi mera-type

cytokinin recephgrsu@@g r8EeivEORtgtdr! UGBl hre! fRPREGHPIE! &Y rdRERMY GLAGRDNA T o1

each of the extracellular region of the cytokini n receptor, tfansmenbrane

regi ons ofof hiNRideyd RiiaBk BroteffiiriVed bl mftrBsrghhias € £ SOLQR Ry the
cytokinin receptor, and receiver region for the histrdine kinase protein,

j oi ni ng t kegibhibf BistAiROTTNRe pIStREt HErifED BREEE niidrdoRsaisAlifichCafiS O prevent
appearance of any termination codon in the mddle while using a proper

| i nker soyasst} B. pold\w@idi mofd pamicallirly redeiiirdesionl df histoline BiMnder agnent rray be
utilized to provide the 27

protein coded in SLN] gene denved from budding yeast (e.g. the amino acid

sequence répresented by SEQ ID No: 7), receiver region of histidine kinase

protein coded in Chey gene derived from Salmonella, receiver région of

histidiﬂe kinase protein coded in ResC gene, which is a hybfid sensor of E.

coli [Maeda T, et al. Nature: 36-9 242-245, (1994): e.g. the amino acid

sequence rebre_séhted by SEQ ID No: 8], fecei\-'er region of histidine kinase

protein coded in Phks gene relevant to cell cycle control of fission yeast

[Shieh, JC, et al,, Gené Dev. 11, 1008-1022(1997)].

The DNA coding the chimera-type cytokinin receptor may be
constructed by respectively producing DNA for each of the extracellular
region of the cytokinin receptor, transmembrane regions of the cytokinin
receptor, histidine kinase region of the cytokinin receptor, and receivei'
region for the histidine kinase protein, joining the DNA by a co.mmon
genetic engineering technique so as to prevent appearance of any

termination codon in the middle while using a proper linker so as to prevent

frame shift. Incidentaily, one DNA fragment may be utilized to provide the

o
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DNA encodi ng the extracellular region of the cytokinin receptor and

t ransmenbr ane regions of the cytokinin receptor or the DNA encoding the
extracel lul ar region of the cytokihin receptor, transnmenbrane regi ons of
the cytokinin receptor, and .histidine kinase region of the cytokinin
receptor. The pol ynucl eotides coding the aforenmentioned respective regions
may respectively be produced by known nethods. For exanple, in the case of
production by PCR, at first, the oligonucleotides (5 side priners) having

e T DR RIE e Bla Bt 8B 09 of EOL BRI LEARBERRS | 20} One (O be
oc) oL UBEHERER SR AL SPIURRMARC B OB DA LELIATE S,
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pol ynucl eoti des coding the recelver reglons hi's i nase,

usabl e i sahififfedladld CAWONREIHENES (3 sRIAmER) HaSthd A Bhfshe@kdani sm

prepared by a conmon method. The production of the transfornéd cell in
whi ch t heniBoti @6 bdtfhehnbss tofhe nucleotide sequences of 3' terminal are designed

and synthesized. The primers may be oligonucleotides of about 14
nucleotides to about 35 nucleotides in general and are preferable to contain
in the 5' side of the primers, restriction enzyme recognition sequences
usable at the time of ligating the polynucleotides ainpliﬁed by the PCR to
one another o.r these polyntléiéotidés to vectors. Thén, using the primers
and the cDNA library as a template, amplification reactions may be carried
out in the common reaction conditions employed for the PCR. As the
template to be used in the case of producing the polynucleotides coding the
extracellular region and the transmembrane regions of the cytokinin
receptor or the histidine kinase region of the cytokinin receptor, usable is
cDNA library derived from plants such as higher plants. Also as the
template to be used in the case of producing the polynucleotides coding the
receiver regions of the histidine kinase, usable is the total DNA or cDNA
library derived from microorganism prepared by a common method.

The production of the transformed cell in which the DNA coding the
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It
used for production of the transformed

exanpl e,

cell. The existence or the quantity

of intracellular signal transduction can be determined by employing the

quantity of the cell growth of the transformed cell as an indicator.

Alternatively, a regulator (and/or a me

diator), which is a downstream signal

transducer in the so-called Two-Component regulatory system, can be

additionally introduced and expressed

system may be used in the intracellula

in the host cell and the expressed

r signal transduction system.

Usable as the Two-Component regulatory system, for example, are

Two-Component regulatory systems corresponding to 5 types of ethylene

receptors; ETR1, ETR2, ERS 1, ERS2, and EIN4; present in Arabidopsis

 [Changet al,, Science 262: 539-544 (1993), Hua et al., Science 269:

1712-1714 (1995), Sakai et al., Plant Cell Physiol 39: 1232-1239 (1998)] and

AtHK1 having sensor functions to the osmotic pressure [Urao, Plant ell 11:

1743-1754 (1999)].

As the host cell to be used for production of such a transformed cell,

usable are host cells improved as to have histidine kinase activity lower
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I ncludes the host cells inproved as to have histidine kinase activity | ower
thdan the intrinsic histidine kinase activity of the host cell by deleting
one or nore of histidine kihases. The phrase, "histidine kinase activity
lower than" nmeans that the quantity of a phosphoryl group transfer from

Hi stidine residue (the active site of histidine kinase regions having

hi stidine kinase activity) to Aspartic acid residue (the active site of
receiver regions having a reception part) is decreased. Such inprovenents
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morphology, change of the shape, change of the quantity of the biosynthesis

of specific compound, change of the quantity of the metabolism of specific
compound in the transformed cell. More particularly, the following strain
[Maeda T et al., Nature 369: 242-245.'(1994_)] may be exemplified: a strain
obtained by defecting the SLNI gene coding the protein having the osmoﬁc
pressure sensor function and derived from the budding yeast such as |
Saccharomyces cerevisiae and the like. Since the strain is defected in the
histidine kinase protein existing in Saccharomyces cerevisiae, there can be
more clearly detected the existence or the quantity of the intracellular
signal transduction from the cytokinin receptor expressed in the
transformed cell by using the quantity of the cell growth of the transformed
cell as an indicator. Further, other preferable exémple includes a defective
strain of the ResC gene, which is a hybrid sensor derived from E. coli and a
defective strain of Phks gené relevant to the cell cycle control of fission
yeast.

(Method for analyzing agonist-activity and antagonist-activity to a cytokinin
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In the nethod for anal yzing agonist-activity to a cytokinin receptor,
exanples of the first step of bringing an exam nee substance into contact

with a transforned cell into which DNA coding the cytokinin receptor is

i ntroduced include a nethod for culturing the transfornmed cell in a culture
medi um cont ai ni ng the exam nee substance. In order to culture the
transforned cell, the following cultures are usable: |iquid-phase culture
for culturing the transformed cell in aliquid culture mediumand a

sol i d- phasgcestd Qture for culturing the transformed cell in a solid culture
medi um produced by adding agar or the like to the liquid culture nedium

IhenMC?SC:BE) L ?t 'IHW %HO&W’{%%ﬁgQ%?ﬁE%CE&R%ES ggcgjt %g‘b P&QWTI s about
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days. InC|dent Int ase or analyzin
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cyt oki ni n may e used as t ture contai'ning-t exam ee subst ance.
Wien transi el 1thﬁ1de@ﬁ'fetﬁ fortc‘a 1AM Ye t%ﬂ?ﬁﬁﬂﬂ@& E%l}?x?h'c‘ﬂtﬁ%et 0 a
cytokinin receptor, 1t is eerabet at t ost ce IS tntroduced with

DNA encodisgianycdiifinthe e LAl WGt Of] i ECELAL e (e oyt ki ni

receptor havi ng t o acl sequence represente I D No: 2; the

cyt oki ni n 4 ecERLAIQ LAV ith f&ﬂb%ng%war@scal% BEBUL @fq%la%a@é enkeh f SEQ I D

No: 4; the cytokinin receptor Wwherein said cytokinin receptor has at |east

one transRIfirRBahe e iToMEd cdIBfSa ligaty Eﬁl@&re' Rediuin BAHY &lid-Fhie ! he
cytokinin receptor having the amno "acid sequence from am no aci d nunber

196 to 11ZG1tas0RE cultaraiy the taghdforfedean &Ea s6hd eaRNEE thd@iuREQ | D No: 2; the
cytokinin receptor having the 31 am no acid sequence from am no acid number
50 to 117@rodied byhRldaig Bfar or the like to the liquid culture medium. The

concentration of an examinee substance in the culture medium is abou_t 1

nM to about 1 mM and preferably about 10 nM to about 100 x M. The

culture time is, for example, 1 hour to 3 days and preferably 25 hours to 2

days. Incidentally, in the case of method for analyzing the agonist-activity

to the cytokinin. recep;tor, the culture containing ﬁo cytokinin may be used

as the culture containing the examinee substance. When transforming the

host cell to analyze the agonist-activity to a cytokinin receptor, it is

preferable that the host cell is introduced with DNA encoding any one of the

following cytokinin receptors: the cytokinin receptor having the amino acid

sequence represented by SEQ ID No: 2; the cytokinin receptor having the

amino acid sequence represented by SEQ ID No: 4; the cytokinin receptor

wherein said cytokinin receptor has at least one transmembrane region but

less than that in its natural form; the cytokinin receptor having the amino

acid sequence from amino acid number 196 to 1176 among the amino acid

sequence represented by SEQ 1D No: 2; the cytokinin receptor having the
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aci d sequence represented by SEQ ID No: 2; the cytokinin receptor having
the am no acid sequence fromamno acid nunber 32 to 1036 anbng the am no
aci d sequence represented by SEQ ID No: 4; the chinera-type cytokinin
receptor conprising an extracellular region of the cytokinin receptor,
transnmenbrane regi ons of the cytokinin receptor, a histidine kinase region
of the cytokinin receptor, and a receiver region of the histi.dine Kkinase,
wherein said extracellular region, said transnmenbrane regions and said

egi on | SeRUGROYERRETLoHEP AUt OaRa & ol B ATRC ARlorVhe'lfind CC° E"
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cell in %?%%%%%}a{ﬁ#aﬁ%%@a@%uﬁ&Qg%ﬁtgﬁfjsﬁx t?ﬂgsirﬁ'&nﬁ%eeﬁgﬁn@eaﬂd ke to the

liquid c oncentration of an exam ne ubstance in the

culture gseagéi Wtﬁg@%ﬁgse%'egi%n@ﬂeth%nﬂgﬂémgs MNRehhef ghd@bhy about 10 nMto

about 10
receiver region is heterogeneous thereto; and the cytokinin receptor having

the amino acid sequence with deletion, substitution, or addition of one or a
plurality of amino acids in the amino acid sequence of the above cyctokinin
receptors. |

In the method for analyziné the antagonist-activity to the cytokinin
receptor, exémplés of the first stép of bringiﬁg aﬁ examinée substance and a
substance having the agonist-activity to the cytokinin receptor into contact
with a transformed cell into which DNA coding the cytokinin receptor is
introduced include a method for culturing the transformed cell in a culture
medium containing the examinee substance and a substance having the
agonist-activity to the cy'tokinin receptor. In éfder to culture the
transformed cell, the following cultures are usable: liquid-phase culture for
culturing the transformed cell in a liquid culture medium and a solid-phase
culture for culturing the transformed cell in a solid culture medium
produced by adding agar or the like to the liquid culture medium. The

concentration of an examinee substance in the culture medium is about 1
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concentration of the substance (e.g. cytokinins such as trans-zeatin,

ci s-zeatin, benzyl adenine, thidiazuron and the |ike) having the

agoni st-activity to the cytokinin receptor is about 1 nMto about 1 mM and
preferably about 10 nMto about 100 p M The culture tine is, for exanple,
1 hour to 3 days and preferably 25 hours to 2 days. Incidentally, in the.
case of nethod for analyzing the antagonist- activity to the cytokinin
receptor, the culture containing a cytokinin may be used as the culture

medi um comMitdhbdht! DM %A fiefr by HRNE§0HM tb ABost D60 3 NE MBhe Ng the
agoni st-activity to the cytokinin receptor. Wen transform ng the host cel
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the am noagslitk aRINPRRthe GROISHENLAAoDY iS3Rb4DL L ey Ak deant n

recept or ﬁaV|ng t am no-acl d sequence represented D No: 6; the
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transmembr ane regi on but ess than that in its natural form the cytokinin
recept or @%hi"%BH%gﬁ%ﬂ%reﬁ?élﬂy%%ﬁ%fzrdé%fmlr{tﬁ%éﬁl\%ﬂy,;ﬁﬂ@%re 196 to 1176

anong the am no aci sequence trepresented by SEQ 02t cyt oki nin

receptor AadidRehdthed fHE My AL dhe ﬁﬁ%‘fé&%?stfe[c@ﬁhg%rtﬁe %&%&iﬂ%ﬁber 50 to 1176
anong the amno acid sequence represented by SEQ ID No: 2; the cytokinin

recept or RRYpHHRY, thetR1RIF: REn ARG g ELHHBREEN SN badbdagthdleulturder 32 to 1036
anong the am no acid sequence represented by SEQ ID No: 4; the

chi ner a- t p@iurk ¥6:aiMing the CRRIndEeLATHM Afdethdthettibstark Havadg figgi on of the
cytokinin 33 receptor, transnmenbrane regions of the cytokinin receptor, a
hi sti di neagonist-activity to the cytokinin receptor. When transforming the host cell

to analyze the antagonist-activity to a cytékinin receptor, it is preferable

that the host cell is introduced with DNA encoding any one of the following

cytokinin recpetors: the cytokinin receptor having the amino acid sequeﬁce

represented by SEQ ID No: 2; the cytokinin receptor having the amino acid

seqﬁence representéd by SEQ ID No: 4; the cytokinin receptbr having the

amino acid sequence represented by SEQ ID No: 6; the cytokinin receptor

wherein said cytokinin receptor has at least one transmem_brane region but

less than that in its natural form; the cytokinin receptor having the amino

acid sequence from amino acid number 196 to 1176 among the amino acid

sequence represented by SEQ ID No: 2; the cytokinin receptor having the

amino acid sequence from amino acid number 50 to 1176 among the amino

acid sequence represented by SEQ ID No: 2; the cytokinin receptor having

the amino acid sequence from amino acid number 32 to 1036 among the

amino acid sequence represented by SEQ ID No: 4; the chimera-type

cytokinin receptor comprising an extracellular region of the cytokinin
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ki nase region of the cytokinin receptor, and a receiver region of the

hi stidi ne kinase, wherein said extracellular region, said transnmenbrane
regions and said histidine.kinase region are honogeneous to one anot her
and the receiver region i's heterogeneous thereto; and the cytokinin
receptor having the am no acid sequence with deletion, substitution, or
addition of one or a plurality of amno acids in-the amno acid sequence
of the above cyctokinin receptors. The agonist activity or the antagoni st

activity of the examnee to the. cytokinin receptor can.be,detected by

Gval uat | ngoIaRET GO EETaang rogions Of S CRIGKTICE TECeRt, ABISOR0Bwe or ot e
exam nee substances. ‘The agonist-activity or the anéﬁgr%?i t a(‘tt'.vity can be
provi ded Fpaserteevpatibe £y “H?r@&‘?ﬂfﬂ’éﬁr%ga FFevEE 3P tBHBEURPROd f or
anal yzing.t he agggist-ac ivit ?r t he antagoni st- activity to. the

cyt oki ni nKRASEpPHeTeIRGAL %’ﬁﬁiﬁgél,“ e E1QDy, SR ARSI fRe LIRS R ctivity or
ant agoni st act.ivity .can be hased on the difference,between the two or nore
exam nee § igtidine kKippse reeionare RempgRNEOBS te BR% 2PPISH a\gﬁ tgﬁe exi stence or

the quantity_ of the intracellular _signal transdyction. In ytilizing the
fwo or mOFRCINEHERIER IS beiarpRRIEOUS thetelni and their iR HeeP CE R IR es ar o

typically utilized independent]y in. different syst . It. is preferable
Lhat Cat | BhRpmRAGH SPRESGRTOR Selstion, sybaH Bk ATIRies o A5 oR g

agoni st-acji vi. r _antagoni st- activity to the t oki nin ceptor More
parti oul aplualibdel amiaacs o thasanianand sequani of Bls SRR HARaRel | (¢ hat
is, a transfo‘['med cell having a function of directly controlling the cell
growt h by™§%iP¥%%&el | ul ar signal transduction fromthe cytokinin receptor) 34

produced using ﬁll\éllggzon(igtl chtiv'%)/y Jrl\ﬁeeda%t;rgoex}ista zladtiw 3;[ S the ?é?(g.fnileéezfozéx%
cytokinin receptor can be detected by evaluat.ing the agonist-activity or
antagonist-activity of two or more examinee substances. The
agonist-activity or the antagonist activity can be provided for.the evaluation
by conducting the aforementioned method for analyzirig the agonist-activity
or the antagonist-activity to the cytokinin receptor. For example, the
evaluation of the 'agonist-aétivify or antagéﬂiét éctivity can Be.based on the
difference between the two or more examinee 'substances, which are
obtained by comparison of the existence or the quantity of the intracellular
signal transduction. .In utilizing the two or more differént examinee
substances, the examinee substances are typically utilized independently in
different systems. It is prefefable that at least one of the two or more
examinee substances has no agonist-activity or antagonist-activity to the
cytokinin receptor.

More particularly, for example, in the case of using a transformed

cell (that is, a transformed cell having a function of directly controlling the

cell growth by intracellular signal transduction from the cytokinin receptor)
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(1994)], a SLNL genetically defected strain in which, for exanple, PTP2
Tyr osi ne phosphatase gene [Ota et al. Proc. N A Sci., USA 89, 2355-2359

(1992)] is introduced as a host cell, the agonist-activity to the cytokinin
receptor may be neasured using, as an indicator, the quantity of the cell
grow h of the transfornmed cell in a culture nedium (an agar culture medium

or aliquid culture nedium containing glucose as a carbon source, for
exanple, a DOLU + Gu culture nmedium In the-case of the DOLU + G u

culture MegldlbiLudiE FMIRS (XAN NPT AN NbAu AN 24h B 5EXAM nee

substance Tound capa grow ng the transforne can be eval uated as
A e S s S b P v e
Cytokini n'TeoeatanoRite Bl Rl [OACc, PR, NIl B B0 Shh 800, of
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receptor. ﬂ@ﬁdtﬂ?% lﬂé’mlegglfx%dmsg}ggiaﬁtarﬁeir@%&%p tRL hQﬁtiQ%?PﬁIeoé dcell ina

cul ture medrdm usi'ng ga ose e carbon Source 1n place of gl ucose,

for exa”ﬁ#rﬁvtl?g&%e#r;ngﬁl' Gl Er? aﬁgﬂ-ﬂ@m&ﬁﬂnp@ i%‘ﬁ%ﬂtﬂ& ed

i ndepende e existence O exam nee su ance. Further, in the

case Of UShifufh &l ATGLET m@rﬁ%%édlﬁm%ﬁﬁmgg% g caﬁéga'@%oﬁeédurb ving a

function irectly 'controlling the ce thelntrace’lul_ar
o0, BT, OB LBk i et o 9
strain, tReIhis feAMabLAiEh She bfmineS MRt HRBIS aBBY, RBRARYMES Wi th a
substance found capable of growing the transformed cell can be evaluated as
a substance having the agonist-activity to the cytokinin receptor. On the
other hand, in the case of the DOLU+Glu culture medium to which the
examinee substance and a substance having the agonist-activity to the
cytokinin rec_eptor are added, the examinee substance found capable of
suppressing or inhibiting the growth of the traﬁsformed cell can be
evaluated as a substance having the antagonist-activity to the cytokinin
receptor.
Incidentally, as a blank, the growth of the transformed cell in a
culture medium using galactose as the carbdn source in place of glucose, for
example, a DOLU + Gal culture medium, can be inves£igated independently -
of the existence of the examinee substance.
Further, in the case of using a transformed cell (that is, a
transformed cell having a function of directly controlling the cell growth by

the intracellular signal transduction from the cytokinin receptor) produced

by employing fission yeast as a host cell, such as a Phks genetically defected
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m croscope. In this case, when the exam nee substance is added to the
culture nedi um cont ai ni ng no substance having the agonist-activity to the
cytoki nin receptor, the-exam nee substance found capable of normal fission
and propagation of the transforned cell can be evaluated as a substance
havi ng the agonist-activity to the cytokinin receptor. On the other hand,
if the culture nedium contains an exam nee substance and a substance

havi ng the agonist-activity to the cytokinin receptor, the exam nee

subst ance <A IR DheiTHARE TRERY ast AlyUd dig-Jdwynigrgl [ Ssion and
propagation of the tra?s%oerme cel can}%lr:&)lg evgl uated as a substance having
the ant agopicifseoCt THiths dael Kk D Thde QR ce iEHAALLITS, 1N the
case of ug]?lr?g goé%r'ansforsnea%ebgﬁ?ﬁﬁﬁaté}?s, ea trarlcgflorne%{ac&eﬁe havi ng a
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intracel lular signal trans I on omthe c In receptor
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culture ”BQ{ri‘ﬁ%‘tﬁ@@E@ﬁﬂ%a&ﬁ@itﬁ%@ﬂﬁé‘@ﬁoﬁﬁﬁﬁtr@&?)%oﬁ@ﬂe gxamifeet ance having the
agoni st-activity to the cytokinin receptor, the exam nee substance found

capabl e ofulkhtsadeBand Rbp Bl OFf biifprebsinkl ¥ enBibiting tBS nbFAfBh&sEangel | can be
eval uated as a substance having the -

propagation of the transformed cell can be evaluated as a substance having

the antagonist-activity to the cytokinin receptor.

Furthermore, in the case of using a transformed cell (thatis, a
transformed cell haviné a function of directly coﬁtrolling reporter gene
expression by the intracellular signél trénsduction from the cytokinin
receptor) produced by empldying as the host cell an E. coli defective in ResC
gene into which cps-LacZ is introduced, the X-Gal coloring may be observed
in an agar culture medium or a liquid culture medium [Suzuki et al. Plant
Cell Physiol 42: 107-113 (2001)). In this case, if the culture medium
contains the examinee substance and no substance having the
agonist-activity to the cytokinin receptor, the examinee substance found
capable of coloring the transformed cell to be blue can be evaluated as a
substance having the agonist-activity to the cytokinin receptor. On the
other hand, if the culture medium contains the examinee substance and a
substance having the agonist-activity to the cytokinin receptor, the

examinee substance found capable of disappearing coloring the blue of the
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antagoni st-activity to the cytokinin receptor. Mreover, an agonist-active
substance or an antagoni st-active substance to the cytokinin receptor may
be searched by sel ecting substances' having the agonist-active substance or
t he antagoni st-active substance to the cytokinin receptor ‘based on the
agoni st-activity or the antagonist-activity to the cytokinin receptor
eval uated by the aforenentioned detection nethods. Further, a substance
sel ected by the above described detection nethods nay be utilized as an
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Syt ok ni n e TR 20630 baR SR U Rt afiy & B45° 5750 % by wei ght and
For the 1 it Satir e iioin 58008 RAMAEABT b4 “Sgent are, Tor

l e, |z 0y . Ki l,guhr, t hesi zed hydrated silicon oxide,

i or cal aredenetRied Beldiondn BB, BVILITS Tay, Tana the |ike), talc
other inorgani CFHl‘ﬂTl%E',aA SubtfhéCidiSited by the above described detection

methods may be utilized as an active ingredient of a plant .growth regulator.

The plants to be the objects to be treated with the aforementioned
plant growth regulator are, for example, decorative plants such as flowering
plants and ornamental foliage plants; cultivating plants such as crop,
vegetable, fruit and the like; fibrous plants; trees; lawn and the like.

The growth regulator is generally mixed with a solid carrier, a liquid
carriér, and the like and further, if needed, mixed with a surfactant and
other auxiliary agents for the formulation of an agricultural and
horticultural agent and formulated in an emulsion agent, a hydrating agent,
a suspension agent, a solution agent and the like. .In these agricultural

~ and horticultural agents, an .agonist-active substance or an
antagonist-active substance to the cytokinin receptor may be contained
generally in 0.5 to 90 % by weight and preferably in 1 to 80 % by weight.

Usable as the solid carrier to be used for the formulation of an
agricultural and horticultural agent are, for example, clays (kaolinite,

kieselguhr, synthesized hydrated silicon oxide, intercalated clays, bentonite,
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quartz powder, sulfur powder, activated carbon, calcium carbonate, and the
like), chemical fertilizers (amonium sul fate, anmoni um phosphat e,

amoni um ni trate, -ammonium chl oride,- urea, and the like) in finely
powdered state or in granular -state and usable as the liquid carrier are,
for exanple, water, alcohols (nethanol, ethanol and the |ike), ketones
(acetone, nethyl ethyl ketone, cylohexanone and the like), aromatic

hydr ocarbons (tol uene, xylene, ethyl benzene, nethyl naphthal ene and the

ko), odifte NERle o S GROTRST el R oo g BN (SFLeRETT, P T
ciher and PRETRERE St ondatat i Ba ey, Ak St e e Bl ST he na
ey ot dikeh BT RURRRS (ol P S By bl BRSSUMIET S Y ur ¢ i ¢
cther s’ and=Fraitm RGeS SarRoRuR RBrORRE: AR BRI RO PR Ay coi 7 7Y
RN e e ORI s s M
ol ysacengFLaRle rese foheBEErehaBel ol BT AR 1 derdiogGiiote. 0T o ana
e L) R FerabpL SRy AT s o gitbonel 0 2
phosphat efofis TeE, dhfTenddtt PR HATERaRHE R E ke (act L e Tsopropy
e

esters (ethyl acetate, butyl acetate and the like), nitriles (actonitrile,

isobutylnitrile and the like), ethers (dioxane, diisopropyl ether and the like),

acid amides (dimethylformamide, dimethylacetamide and the like),

halohydrocarbons {dichloroethane, trichloroethane and the like), etc.

‘As the surfactant, usable are, for example, alkylsulfuric acid esters,

alkylsulfonic acid éalts, alkylérylsulfonic acid salts, alkylaryl ethers and

their polyoxyethylene compounds, polyethylene glycols, polyhydric alcohol

esters, sugaraleohols and the like. |

As other auxiliary agents for the formulation of agricultural and

horticulfural agents, usable are solidification agents and dispersanst such

as casein, gelatin, polysaccharides (starch, acacia, cellulose derivatives,

alginic acid and the like), lignin derivatives, bentonite, synthesized

water-soluble polymer [poly(vinyl alcohol), poly(vinyl pyrolidone),

poly(acrylic acid) and the like] and the like, and stabilizers such as PAP

(acidic isopropyl phosphate), BHT (2,6-tert-butyl-4-methylphenol), BHA

(2-/3-tert-butyl-4-methoxyphenol), plant oils, mineral oils, aliphatic acids,
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The agoni st-active substance or the antagonist- active substance to the
cytokinin receptor nade to be agricultural and horticultural agents is

used as it is or diluted with water to carry out treatnment for the stem and
| eave parts, branch and | eave parts, and flower and fruit parts.of. plants
by spraying, for fruits by imersion, and for fruits by application. The
plant growth regulator is used for the object plants to carry out the
treatment once or a plurality of tinmes. In the case of using the plant

grow h regu.atqgr for the purpose.of suppressing the dropping of fruits,
the plant %4‘%%0?% ﬁftgf%gniiggﬂﬁ}‘ﬁ't ed with water and the resulting dil uted

agent is sprayed,to the frujt rts and . branch and | eave, parts before
harvest. In thed%lé’saeg‘)&fs':ifé’i%’l’fﬁ Sﬁﬁ%taﬁf’%\ﬂf the BkagopLtiAckve Substancado pur pose of
suppressing the .ball dropping, of .cotton, the plant growth regulator is
diluted wi DK SEQSRIIRIERHE W%Letﬁ%her?ggféﬁqltl%régagﬁgﬁ%ﬁg@t&ﬁgéﬁéatﬁ7@ the balls
and stem and .l eaye parts qQf cotton before harvest. The plant growh

regul at or ¥aef a5d tﬁs&o‘ili‘btfeat Piader WRrTHPUt Heatiragt BF&?E?@‘HP a@d pl ant s
after harvest. The appil cation anount qf the agoni st-actiye, substance or
the  ant agsATSRartsdERpen SRBIT RS QRN T R o bplamis By
agricultural and ,hartjcultural .agent s generally 1 to 8000 per 1

hect ar e, aﬁpfmﬁéhfofgr“l”gb%ﬁﬁﬁﬁéﬁ° eﬁ}%&rrﬁg"%ﬁgl’ HBPQF%@’-O%}E%%%H cul tural
and horticul tural ent t tim of the treat , the method for the
t r eat nent ,grPWgh E?gt“ggtlﬁ&lé Pﬁeéi]{eofttb%f’ﬂgﬁ{ ?faé‘ﬁ%lgl"l’?é'rﬁﬁju %e pleakerd be treat ed.
Al'so in ttz,% case ?f :ﬁi ng the plant growth regulator while diluting the
agent with \atef PYifaB8 E‘WEEntrati on of the agent is generally 0.0001 to

1000 mM and pr efﬁ ﬂif’bbééée of using the piant growth regulator for the purpose of
suppressing the dropping of fruits, the plant growth regulator is diluted
with water and the resulting diluted agent is sprayed to the fruit parts and
branch and leave parts before harvest.

In the case of using the plaht growth regulator for the purpose of
suppressing the ball dropping of cotton, the plant growth regulator is
diluted with water and the resulting diluted agenf is sprayed to the balls
and stem and leave parts of cotton before harvest.

The plant growth regulator may be used for the treatment of
growing plants or of plants after harvest.

The appilcation amount of the agonist-active substance or the
antagonist-active substance to the cytokinin receptor in an agricultural and -
horticultural agent is generally 1 to 8000 g per 1 hectare, although if is
changed depending on the state of the agricultural and horticultural agent,
the timing for the treatment, the method for the treatment, the site for the

treatment, and the object plant to be treated. Also in the case of using the

plant growth regulator while diluting the agent with water, the
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0.001 to 10 MM although it is changed depending on the state of the
agricultural and horticultural agent, the timng for the treatnent, the
method for the treatnment, the site - for the treatnment, and the object plant
to. be treated. Next, hereinafter given are fornulation exanples of an
agricultural and horticultural agent produced from an agonist-active
substance or an antagoni st-active substance to the cytokinin receptor and
used as a plant growth regulator. The parts in the follow ng description
of the exanples denotes the parts by weight. Formul ation exanple 1 A
hydr at i ng @gesntratacn obthei amtbslg@lﬁraﬁm 010 ytopifi0PemMy and prefarably xi ng 50
parts of an agoni st-active substance or an antagoni st-active substance to
t he cyt okihPGL teetbmddy althoygl itss changddedapendingomthe stabmofthe? parts of
sodium | auryl sul fate, and 45 parts of synthesized hydrated silicon oxide.
For nul at i ®grexkinpaleam hottioglarehagerdgethe timdng farsthaddeddyendif theci ent | y
pul verizing and mxing 70 parts of an agoni st-active substance or an
ant agoni stmethod ferthedueatnzente theosithfordhe dréatiment,cosbtherobj@tpdantstoof cal ci um
l i gninsul fonate, 2 parts of sodiumlaurylsulfate, and 25 parts of -
synt hesi z&¢ tgatedt ed silicon oxide. Fornulation exanple 3 An emul sion
agent was obtained by m xing 40 parts of an agonist-active substance or an
ant agoni st - act Newt, hebeinaftee giventare foxmulatisinrexasplesobqn sgric@tpenlt s of
pol yoxyet hyl ene sorbitane nonool ate, 2 parts of CMC

and horticultural agent produced from an agonist-active substance or an

antagonist-active substance to the cytdkinin receptor and used as a plant
growth regulator. The partsin ﬁhe following desbription of the examples |
denotes the parts by weight.
Formulation example 1

A hydrating agent was obtained by sufficiently pulverizing and
mixing 50 parts of an agonist-active suBstance or an antégonist-acti‘?e
substance to the cytokinin receptor, 3 parts of calcium ligninsx’xlfoﬁate, 2
parts of sodium laurylsulfate, and 45 parts of synthesized hydrated éilicon
oxide. | | | |
Formulation example 2

A hydrating agent was obtained by sufficiéntly pulverizing and
mixing 70 parts of an agonist-active substance or an antagonist-active
substance to the cytokinin feceptor, 3 parts of célcium ligninsulfonate, 2
parts of sodium laurylsulfate, and 25 parts of synthesized hydrated silicon
oxide.
Formulation example 3

An emulsion agent was obtained by mixing 40 parts of an

agonist-active substance or an antagonist-active substance to the cytokinin
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(carboxynet hyl cellul ose), and 52 parts of water and wet-pul verizing the
resultant mxture to be 5 uin or smaller in the particle size. The present
invention makes it possible to anal yze the agonist-activity and the

ant agoni st- activity to the cytokinin receptor and also -makes it possible
to quickly search the substances having the agonist-activity and the
antagoni st-activity to the cytokinin receptor even in a small anmount of
exan nee substances by enploying the analysis nmethod. EXAMPLES

Her ei naft ey rese inve on wll escrib i details
Wt the rEPRREhEP s BERHRPERTRYIRat SPRuLA MhoeslERo Berts ok CMC |
restrict e t hes 1) Production Ar abi qopsi s cDNA
phage |ibr 3?‘3’0?{8?19%@1381@08%’ ﬁégggg‘gié"g%?f)% aﬂ@p‘g?fsp‘f SFFREtRec ot ype
Wassi | ewsKki wer e sterll d wth % of eth Ic_ohol for 1 mnute and
further stg#ﬁt?gtexan%umtol A)SFHOESEA&#WE)}FCH%H é‘ZFor 10 minutes. The -
resul ting seedsgﬁre wel |, washed th sterhl i zed wat and then cul tured

for 2 weeks in PLRISRE dnYRRHRRages ¥ RpsRAb eagorﬁ@%ly% eSkoog s basal salt
m xture, 1% s 5% . NES- K 3% Phyt a eI TM
(SIGWA)] %%8 ﬁ"% Fﬂ}’ﬁéf’&&’é’(ﬁ?ﬁ“ acA*"tlté'rt("t'Sé {1“\/9?%%?‘}0)6(

| f d t d | | t d tle. Th
Lot m el R BET SR PR B S 5 osﬁﬁﬁw%ﬁzaaweggﬁw?a%&ﬁgofalgefﬂ of an

t ti buf 100 NaCl, 10 mM, EDTA, 0.5%
DS 14 niERAE Sﬁef%%*ﬁx BBMﬁapfaggﬂeﬁt talfgft)o tbﬁéﬁ‘&ﬂmlﬂfrﬁé‘?mﬁé?h@nm xed by a

Vor t t th th.10 m of
cﬁlr o(ra)(;f (T r %esan 83??53}; I rEg]t“ie? FggStﬁﬁﬁess%]e’élg’?oé'dng the bty mbimicd. ™ ©
EXAMPLES

Hereinafter, although thé present invention will be described in
details with the reference to exainples, the present invention is not at all
restricted to these examples.

(Example 1) Production of Arabidopsis cDNA phage library for CREI
cloning |

Seeds of Arabidopsis théiiaﬁa ecotype Waséilewskija Were sterilized
with 70% of ethyl alcohol for 1 minute and further sterilized with 1.5% of
sodium hypochlorite for 10 mi.nute's. ' The resulting seeds were well washed
with sterilized water and then cultured for 2 weeks in GM culture medium
[43¢g Murashige' and Skoog's basal salt mixture, 1% sucrose, 10 ml of 5%

MES-KOH (pH 5.7), 0.3% Phytagel™ (SIGMA)] to obtain 5g of the plant.
After the plant was frozen in liquefied nitrogen and physically milled with a
mortar and a pestle. The resulting milled product was mixed with a mixed
solution of 10 ml of an extraction buffer [200 mM Tris-HCI (pH 8.5), 100 mM
NaCl, 10 mM EDTA, 0.5% SDS, 14 mM £ -mercaptoethanol] and 10 g of

phenol. After being mixed by a Vortex mixer, the resulting mixture was
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to,centrifugal separation at 10,000 rotation for 20 m nutes. The recovered
aqueous |ayer was mixed with LiCl in the concentration to be 2M of the
final concentration, left still at -80C for. 3 hours, thawed and subjected
to.centrifugal separation at 10,000 rotation for 20 minutes to recover a
precipitate. The recovered precipitate was dissolved in 2 m of TE [10 nM
Tris-HC1(pH 8.0), 1 mM EDTAI and then further mxed with 0.2 m of 3 M
sodium acetate (pH 5.2) and 5 ml ethanol and subjected to centrifugal

S i e e P
fZ 'rA\ g?]CEmR&%F?T&E?gI S@?ar%th?’igfgiégohgﬁhﬁhqﬂygémngi ugésr IPI ereﬁ ﬁ%l g%/: gé
'2I'hep|rogtj 525’?90%?“ gerpyvaaggég' Wﬁﬁé% elep %g#gg mrg&%%%z%%kgtbg?ﬂ%aanpl e
LA Tag Tyt rieatiztionn B Sef ot %@%&%%@*&@ PO ot

1,000, 000 _PFU). of oh
1,900, 00 EEbey gl Sira T RE S RO AR e B MG bl L 5

11,7, OB AR UK SIS B A R 12
e B SRR R st aro s AL on,
! e, OB e AR B gt e O e

42 desi condi ti1ons: eepl ng at 94t for
separation to recover RNA as a precipitate. Further, the precipitate (RNA)

was subjected to treatment with OligotexTM dT30super (Nippon Rosch Co.)
to extract RNA integrated with polyA.
The production of phage ¢cDNA library from the extracted RNA

integrated with polyA was carried out employing ZAP-cDNAR Synthesis Kit
(Stratagene Co.) according to the instruction. The potency of the produced
phage cDNA library was 500,000 PFU. -
(Example 2) Production of DNA probe of CRE1

~ The PCR was carried out employing TAKARA LA Taq™ (Takara
Shuzo Co., Ltd.) and using a phage solution (about 1,000,000 PFU) of the
phage cDNA libraryl produced in the example 1 as a template and DNA
having the nucleotide sequehce represented by SEQ ID No: 11 and DNA
having the nﬁcleotide sequence represented by SEQ ID No: 12 as the
primers to amplify DNA. The procedure will be described in details below.

A PCR soiution was prepared by adding a reaction composition

containing dNTP and the like to the phage 1,000,000 pft and respeétive

primer DNA each in 0.2 «M according to the instruction of the kit and the
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2 mnutes, and further repeating 40 cycles each of which conprised keeping
at 94t for 30 seconds, at 55t for 30 seconds, and at 68 C for 5 mnute.
Next, using the anplified DNA fragnent as a tenplate, a probe | abelled
with 32P was prepared enpl oyi ng Megapri ne DNA-I abelling systemkit
(Amer sham Pharmacia Co.). Incidentally, reaction solution (25 ,u 1) was
prepared by adding 2.0 MBq of 32P dCTP to 25 ng of anplified DNA fragnent
and adding a reaction conposition instructed by the kit. The |labelling
reaction was carried out at 37C for 10 m nutes. (Exanple 3) Production of
phage cDNAesired BN fidignierEREds dinplifibdin BER tomtbitibnedkeeRinglatg@he faas carri ed
out by plaque hybridization using the probe prepared by the exanple 2.

Det ai | ed 2desnartegtandifusiler repeginge40 bedlesweadisofghicheopipaipeddidbiping br ary
produced in the exanple 1 and according to the instruction of ZAP-cDNAR
Synt hesi s aKigaC fidre3useconds, gtr55d0 cfor 30 Bhkontss aad 260 168&2 fon5 mimute.ocel | ul ose
filter fromthe produced plague and then treated with UV rays to be fixed

on the fi INet, udibhg tlge ai@lified DA fpigpeariteds i nempidtepa probedabeliydr i di zed
phage cDNA cl one was obtai ned by. keeping at 65C in the presence of 6 X SSC

(0.9 M Naglitla#fP wQs BfopMired eapldying Még’a%trﬂzhe DNAX-18e81ag dystesokitt i on (0. 1%
(wv) ficoll 400, 0.1% (wv) polyvinylpyrrolidone, 0.1% BSA], 0.5% (W V)
SDS and. . (Af@rdhegd Pharmegean®s.ht dacilehbally, ypectioDbtlution (26 Dk I vESY Hyb

sol ution (Boeringer-Mannhei m Oo.; containing 100 p g/m of degenerated

sal non s pedparEdBy adaiees 8iMBlwf Reepi AGTR to25 npof AmphiéedDNA for 15
mnutes two tines in the presence of 1 X SSC (0.15 M Nad and 0.015 M
tri sodi umfrégmeint ead edargla Gestiofndon)pdSiiSn amstiryated hethkbipi Aheat 68C f or 30
mnutes | ?abelling reaction was carried out at 37°C for 10 minutes.
(Example 3) Production of phage cDNA clone holding CRE1
The cloning of desired CRE l'gene was carried out by plaque
hybridization using the probe prepared by the example 2. Detailed
description will be given below.
Using the phage ¢cDNA library produced in the example 1 and
according to the inétruction of ZA.P:CDNAR Syntheéis Kit, plaqﬁe was
produced. DNA was adsorbed on a nitrocellulose ﬁlter from the produced
plaque and then treated with UV rays to be fixed on the filter. Using the
filter prepared in such a manner, hybridized phage cDNA clone was
| obtained by keeping at 65°C in the presence of 6 X SSC (0.9 M NaCl and
0.09 M trisodium citrate), 5 X Denhard's solution [0.1% (w/v) ficoll 400,
0.1% (w/v) polyvinylpyrrolidone, 0.1% BSA], 0.5% (w/v) SDS and 100 x g/ml
degenerated salmon sperm DNA or in DIG EASY Hyb solution
(Boeringer-Mannheim Co.) containing 100 . g/ml of degenerated salmon

sperm DNA, successively keeping at a room temperature for 15 minutes two

times in the presence of 1 X SSC (0.15 M NaCl and 0.015 M trisodium
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the presence of 0.1 X SSC (0.015 M NaC and 0.0015 Mtrisodiumcitrate)

and 0.5% SDS. (Exanple 4) Coning of CREL cDNA Using the cDNA of the phage
cDNA cl one obtained by the exanple 3 as a-tenplate and DNA having the

nucl eoti de sequence represented by SEQ ID No: 13 and DNA represented by
SEQ I D No: 14 as prinmers, DNA having the nucleotide sequence represented
by SEQID No: 5 was anplified by PCR Detail ed description will be given
bel ow. The PCR was carried out enploying Hercul ase Enhanced DNA Pol ynerase

(TOYOBO Co., Ltd.), in the.r tion,.canditions o epi at_ 9490 for 1

ni nut e, arFéFrF@btaﬁérO@%ﬁWZ‘f)iﬁgg’z@‘gﬁ‘f&é%r ]b"o’fé’ilp%?{ @ﬁﬁc?f’rgﬂ’n’&??‘éf@a M eeping at
941C for 30 seconds,  ,at 55r r 30 conds, 721Q. for, 4 ym nute.

| nci dent altg9 Pr%?éc@@ﬂ-éo?%ﬁ%&(-%w l\fﬁﬁﬁlﬁéé mgl%anﬁﬂ&ftﬁﬁteg reaction
conposition cont aining dNTP and the like to 500 ng of cDNA of the phage
cDNA cl on@%&’"&%@cti ve prinmer DNA each in 100 ng according to the
instruction of the kit. The desired DNA fragnment was anplified in such a

manner . 6@%&@191%4 loging et GRELSPNA CrE 1 expressi on vector After
p415CYCl, a yeast expression vector, [Minberg eif al., Gene: 156 9-122
(1995), avai | abUsing e RIS ofithe phgeg sBNr—LeqisB%?g"ja%ébiﬂit %’E%Ple\]&l th a
restriction enzyne Snma_ ] _and then_usin

nucl eot i d@sscigmimiate anshPdie havagdhe QO-II?; D’ilé?:le i asegiéﬁsgyAFf’é%Q? é;‘:a&g htehe
cxcpr essi oADSe 15 apsh DtEPrser 60 SHRAL Neoht PR PEAES P DA a8 1 o 44
protein i rghg %%gltebti Q (saeci:ti)er}g[e rrgg}e%gnt%y\l\gﬁQﬁ%Nori vgastgmgﬁfiieg b&'ifcé.i ght
]jetailed description will be given below. o |
The PCR was carried out employing Herculase Enhanced DNA
Polymerase (TOYOBO Co., Ltd.) in the reaction conditions of keeping at
94C for 1 minute, and further repeating 25 cycles each of which comprised
keeping at 94C for 30 secohds, at 55C for 30 éeconds, and at 72°C_ for 4
minute. Incidentally, the PCR solution (50 . 1) was prepared by adding a
reaction coxﬁposition containing dNTP an& tﬁe liice to 500 ng of cDNA of the
phage ¢cDNA clone and respective primer DNA each in 100 ng according to
the instruction of the kit.
| The desired DNA fragment was amplified in such a manner.
(Example 5) Construction of CRE1 expression vector
After p415CYC1, a jreast expression vector, [Munberg et al. Gene:
156 119-122 (1995), available from ATCC library (No. 873821)] was digested
with a restriction enzyme Sma I and then using T4 DNA ligase, DNA
having the nucleotide sequence represented by SEQ ID No: 5 and obtained
by the example 4 was ligated downstream of the CYC 1 promoter sequence

of the expression vector p415CYC1 as to be integrated to express the desired
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direction and its nucl eotide sequence was confirmed to be the nucl eotide
sequence represented by SEQ ID No: 5 by an automati c DNA sequencer and

then the expression plasm d p415CYC-CRE 1 was obtained. (Exanple.6) C oning
of . AHK3 ( AAF99730) cDNA Seeds of Arabidopsis thaliana ecotype Wassil ewskija
were sterilized wth 70% of ethyl alcohol for 1 mnute and further
sterilized with 1.5% of sodium hypochlorite for 10 m nutes. The resulting
seeds were well washed wth sterilized water and then cultured for 2 weeks

oo AR L GalienY B0 e i By o 1
oPLALn 20 e AN pu U460 o400l S SRREERTSRe R igBLing? 1 ogen
produet vasaThBtabtdn byttt AONI ) Al adRoflDB0 FGRELLRE P T
- . . . i - mxed b Vol i ,
o 020 0% 808k Lyfadidf sty PO oM S el e by @ volLex e

vi gor ousl yg$tj IeééB ﬁn?é’%]ﬁﬁm %bwgal separation at 10, 000
rotation for }?8 m nct%ftaes. e fecovered aqueous |ayer was nmixed with LiC
in the concent r%é&rbfﬁﬁggfdoéMngxjaieigﬁeé%E%be W&’é&ﬁ%%fgxg{x wRlte ské}ﬁﬁzeﬁ“ I at

-80C for.3 hours, thawed and su centri separation at 10, 000
rotation. j g ﬂf% -y - 8C 58 .

pr eci pi taivgﬁ\l/vgg%?if g s%ﬁ?é%og?%wnﬁ{ 1%@9«'%{(? n%\ﬁagt %1}%%8?&( %E@%&‘%) , 1 nmM
EDTA] and Ay . 2 . ' t H 5.2)
and 5 m &%&g%lﬁ%&ﬁgﬂ&ﬂg}fgﬁ % l%lgt%é n.tﬁef%égﬁld\ésse%gggié %ﬁ&? o‘%%%:%l\?er RNA as

a precipi \atleste LD YaterPnd tiePEult R d48r BVRELRIA TN LN nY@Bu Xed with
30 unit of FPLC puretm Dnasel

[4.3 g Murashige and Skoog's basal salt mixture, 1% sucrose, 10 ml of 5%

MES-KOH (pH 5.7), 0.3% Phytagel™ (SIGMA)] to obtain'5g of the plant.

After the plant was frozen in liquefied nitrogen and physically milled with a
mortar and a pestle. The resulting milled product was mixed with a mixed
solution of 10 ml of an extraction buffer [200 mM Tris-HCI (pH 8.5), 100 mM
NaCl], 10 mM EDTA, 0.5% SDS, 14 mM 2 -mercabtoethénol] and 10 g of
phenol. After being mixed by a Voltex mixer, the resulting mixture was
mixed further with 10 ml of chloroform and vigorously stirred and subjected
to centrifugal separation at 10,000 rotation for 20 minutes. The recovered
aqueous layer was mixed with LiCl in the concentr.ﬁtion to be 2M of the final
~ concentration, left still at -80C for 3 hours, thawed and subjected to
centrifugal separation at 10,000 rotation for 20 minutes to recover a
precipitate. The recovered precipitate was dissolved in 2 ml of TE [10 mM
Tris-HCI (pH 8.0), 1 mM EDTA] and then further mixed with 0.2 ml of 3 M
sodium acetate (pH 5.2) and 5 ml ethanol and subjected to centrifugal

separation to recover RNA as a precipitate. Further, 40 « gof the
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(Amer sham Pharmaci a) and 60 unit of Superace (Anbion) to renove m xed
genone DNA and the resulting RNA was subjected to the phenol/chl orof orm
treatnment and ethanol treatment to purify the RNA. Next, using the

putified RNA as a tenplate and oligo (dT) 12-18 (Anersham Pharnmacia) as a
primer, RT-PCR was carried out. The RT-PCR was carried out enploying
Superscript Il (G@BCOBRL Co.) at 42C for 40 mnutes. Incidentally the

PT- PCR sol ution was prepared according to the nethod described in
instruction of the Superscript Il. The desired cDNA was anplified in such a

manner . Usprgigifate (RINA) aBdn SlellAvidl 38 Jraiet ppgognﬂemwi ng the
nucl eoti de sequence represented by SEQ ID No: 16 and DNA havi ng the

nucl eot i de(AIREHBRAMEP K A £5ENA R 60 YanBFED Supehice WnB®nptd r@hsve Riedravi ng
t he nucl eotide sequence represented by SEQ ID No: 3 was anplified by PCR

The PCR Wagenesid DNA Md thisidaaliies RN 262 s BabpacsitolNa gz;fhysmmmonﬁTOYOBO

Co., Ltd.) in the reaction conditions of keeping at Cfor 1 mnute, and
further repesindid a4l HEhEStrEATe toWiira) thOMNASeNekeapingtld 941C for 30
seconds, at 55 C for 30 seconds, and at 72CC for 4 mnute. Incidentally,

the PCR sqlusificdRNB0as 2 tdhplde aaaeﬂ»%bemmz-aec(Aa@rahmmmmaci@)omosi tion
containing ANTTP and the [1ke to 500 ng of the tenplate DNA and respective

primer DNA gdgfer] RTHOR Résaeesediond. tThd RE-PORIWAKCEdrerdWuttehgpllying The
desired DNA fragnment was anplified in such a manner. (Exanple 7)
Const r uct iSupeddcriptiVt (GAIBCOBRDAODACI2 V! fonddrgiritedl . IncRlvtailpbhd 19- 122

(1995); available 46 from ATCC library (No.. 87382)] was digested wth the
restricti @T-PORyst6dution was prepared according to the method described in
instruction of the Superscript II.

The desired cDNA wés amplified in such a manner.

Using the amplified cDNA as a template and DNA having the
nucleotide sequence represented by SEQ ID No: 16 and DNA having the
nucleotide sequence represented by SEQ ID No: 17 as primers, DNA having
the nucleotiée sequence represented by SEQ ID No: 3 was amplified by PCR.
The PCR was carried .out using Hex;c:.ulase Enfxaﬁced DNA Polymerase | |
(TOYOBO Co., Ltd.) in the reaction conditions of keeping at 94C for 1
minute, and further repeating 41 cycles each of which comprised keeping at
94°C for 30 seconds, at 55C for 30 seconds, and at 72C for 4 minute.
Incidentally, the PCR solution (50 . x 1) was prepared by adding a reaction
composition containing dNTP and the like to 500 ng of the femplate DNA
and respective primer DNA each in 100 ng according to the instruction of
the kit.

The desired DNA fragment was amplified in such a manner.

(Example 7) Construction of pHM-1
After p415CYC1 [Munberg et al. Gene: 156 119-122 (1995); available
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Spe | and BanH |, synthesized DNA fragnents (linkers) having the

nucl eoti de sequence represented by SEQ ID Nos: 18 and 15 were inserted to
t he expression vector p415CYCl using T4 DNA |ligaseas to newy add the .
restriction enzyne sites Sac Il, Apa |, Nne | to the plasm d p415CYCl and
construct pHW 1. (Exanple 8) Construction of AHK3 expression vector After
the pHM 1 was digested with the restriction enzyne Sal | and Sac Il, and
then using T4 DNA |i-gase, DNA having the nucl eoti de sequence represented
by SEQ ID No: 3 was introduced downstream of the CYCL pronoter sequence of
t he expr efsimATRE libragyt{ol 85382)b wee digessed midutheresssigtiensenzmaedesi r ed
protein in yeast. The constructed DNA was confirnmed to be right in the

di rect i on Sped dndBamd] EatyntleesizgudNefragmentmflinkens) havibgthe i ght in the
sequence by an automati c DNA sequencer and thus the expression plasmd
p415CYC- Ahlti3lastide abinaerve depidsratyd iy SEQUD NongldaAndHEw&rBaeetad 6ONA Usi ng
the cDNA prepared in the exanple 6 (the cDNA prepared by reverse

t ranscri ptheexpfessibe veotoalp4RBBY Cdsusing 8D HiddigarsabiAnbaly add the

nucl eoti de sequence represented by SEQ I D No: 19 and DNA having the

nucl eot i deesteiztion eazyprsitee Stae dl, ApSENhEL bivtheoplaamid pdadCY¥ Cimd havi ng

t he nucl eoti de sequence represented by SEQ ID No: 1 was anplified by PCR
The PCR wasnstaumctipHlMolit enpl oyi ng TAKARA Pfu Turbo denature (Takara Shuzo
Co., Ltd.) in the reaction conditions of keeping at 94t for 1 mnute, and
further réPerampleg)Womsyoictoned MBS ewhiessionorgstdtsed keeping at 94C for * 30
seconds, at 55C for 30 seconds, and at 721C for 4 mnute. |Incidentally, 47
the PCR sol uti oAftésthepHM-Lavagdigpstedavibly thetrsttiction eneymePad digpdsi ti on

Sac II, and then using T4 DNA ligase, DNA having the nuéleotide sequence
represented by SEQ ID No: 3 was introduced downstream of the CYC1
promoter sequence of the expression vector pHM-1 as to be integrated to

" express the desired protein in yeast. The constructed DNA was confirmed
to be right in the direction and its nucleotide sequence was confirmed to be
right in thé sequence by an automatic DNA sequencer and thus the
expression plasmid p415CYC-AHKS was obtained. '
(Example 9) Cloning of AHK2(BAB09274)cDNA

Using the cDNA prepared in the example 6 (the cDNA prepared by

reverse transcription of the total RNA) as a template and DNA  having the
nucleotide sequence.represented by SEQ ID No: 19 and DNA having the
nucleotide sequence represented by SEQ ID No: 20 as primers, DNA having |
the nucleotide sequence represented by SEQ ID No: 1 was amplified by PCR.
The PCR was carried out employing TAKARA Pfu Turbo denature (Takara
Shuzo Co., Ltd.) in the reaction conditions of keeping at 94C for 1 minute,
and further repeating 30 cycles each of which comprised keeping at 94C for

30 seconds, at 55°C for 30 seconds, and at 72°C for 4 minute. Incidentally,
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contai ning dNTP and the like to 500 ng of the tenplate DNA and respective
prinmer DNA each in 50 ng according to the instruction of the kit.

desired DNA fragnent was anplified i.-n such a nanner.

The

(Exanmpl e 10) d oning

of , AHK2( BAB09274) - A cDNA Using the cDNA prepared in exanple 6 (the cDNA
prepared by reverse transcription of the total RNA) as a tenplate. and DNA

havi ng t he
nucl eoti de sequence represented by SEQ I D No: 22 as priners,

t he

nucl eoti de sequence represented by SEQ ID No: 21 and DNA havi ng

PCR was

carried out to anmplify DNA having the nucleqtide sequence reptesented by
7 i | f

Ty
SEQ | D No:the PGR egintinn A
nucl eoti de sequence from the nucleotide nunbers 58

wagiprepared bpradding 2 FeacHgR COMPOS

carried owontampingyd MEP BadAke liketoafi0oee abthet templatedRNicanshrespeetave

in the reaction conditions of keeping at 94C for 1 m.nute,

¥ t he
6 to 3531. The PCR was

Ltd.)

and further

r epeat i ng r3imeyBNseashcin ¥ ng/aresrdingier thedasteaeiiomef e Kit1C for 30 seconds,
at 55C for 30 seconds, and at 72C for 4 mnute. Incidentally, the
sol ution (50 a The desired Bpvh & gmerdavanemalified én sueh @ 88t i on cont ai ni ng
dNTP and the like to 500 ng of the tenplate DNA and respective pri
each in 56Exgmatec)lagingooftARBKR2BABQOZT R I NBhe kit. The desired DNA

fragnment was arrglifi ed in such a manner.
and AHK2 A expr

PEIYRe

PCR

mer DNA

[ | (Egarrpl e 11) Construction of AHK2
siigghe\cEBYA prepdnedrinsrpmploA<the JelNAreRpted W restriction
enzynme Sac |l and Nhe | and then using T4 DNA Iigaiﬁ D{gIA fragnments
obt ai ned Wgvarse traraerpéon of thetotaleR Nl g actemplajer and DN hay

gat ed

downstreamto the CYC 1 pronpter, se uencepgf t he gﬁﬁr ssi.on vector pHVM1
yhéE A
i

as to be muclegtide senuancagepseseried iy

42 bapd

i ntroduced DNA was confirned

nucleotide sequence represented by SEQ ID_ Noli 22 as primers, PCR was
carried out to amplify DNA having the nucleotide sequence represented by
SEQ ID No: 1 in which ATG was added to the 5' terminal sites of the
nucleotide sequence from the nucleotide numbers 586 to 3531. The PCR
was carried out employing TAKARA Pfu Turbo denature (Takara Shuzo Co.,
Ltd.) in the reaction conditions of keeping at 94°C for 1 minute, and further
repeating 30 cycles each of which comprised keepihg at .94°C for 30 seconds,
at 55°C for 30 seconds, and at 72°C for 4 minute. Incidentally, the PCR
solution (50 1) was prep.ared by adding a reaction compositipn containing
dANTP and the like to 500 ng of the template DNA and respective primer
DNA each in 50 ng according to the instruction of the kit.

The desired DNA fragment was amplified in such a manner.
(Example 11) Construction of AHK2 and AHK2 A expression vectors

After pHM-1 was digested with a restriction enzyme Sac II and Nhe
I and then using T4 DNA ligase, DNA fragments obtained by the example 9
and the example 10 were respectively ligated downstream to the CYC 1

promoter sequence of the expression vector pHM-1 as to be integrated to
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to be right in the direction and its nucleotide sequence was confirned to
be right in the sequence by an automati c DNA sequencer and thus the
expression plasm d p4l15CYC- AHK 2 and p415CYC- AHK2 z were abtai ned.
(Exanpl e 12) Production of transfornmed cells TML82- CRE1, TML82- AHK2,
TML82- AHK2 A and TML82- AHK3 Transformati on of TML82 (slni A), SLN
genetically detected strain, [Maeda T et al. Nature: 369 242-245 (1994)]
was carried out using the obtained expression plasmd p4l15CYC-CREL (the
exanple 5), p4l15CYC-AHK2 (the exanple 11), p415CYC-AHK2 O (the exanple 11)
.and  p415EReressikhe desizedregipincingjeasthel he mirgdsicad DN wasscosdrmesd out by
enpl oyi ng Pol yet hyl ene gl ycol/lithium acetate (PEG Li Ac)-nedi at ed

t r ansf or ndP bemighstin she dixeetion agdits runleatidecseapenemwas confirmed tr be y
-Transformation & Screening Protocols disclosed i n MVATCHAMAKER Two- Hybri d
Syst em 3 Wight inkhe a¢qyence by fanozn tomaticEINAGequenearHAnsy thus thel | s TML82- CREL,

TML82- AHK2, TML82- AHK2 A and TML82- AHK3 wer e Eroduced by selecting in the
DOLU + Galexpxgssigndlagraidh pdd dNCARRR X andipd1 2eY CAHKRIM gvéredibdainsdar ance of

| euci ne nutrient re&%!renent. (Exanpl e 13% ResEgnse of transformed cells
TML82- CRE{ExampolAHExodugtion gbtraprformed eelly MM DB XARE Y, TMIBHATKD (Part 1)

A culture solution 10 11-11 (about 800 cl ones of yeast) of the transforned
cel I s TMLIMIEFAHKAA spnh DI 82rMIIR AHK2A and  TML82- AHK3 produced by the
exanple 12 was .spotted on nedi a Qontaining 10 u M of

n DOLU + G u agar )
trans-zeatin anbraagfarmadioneef BYEs2 KSJQQ%SO'@'LNJ gegepiealdy detestaskstrain, the
growth st ﬁ;[/lge a]: Tterggl.tl\rlgpusrfe??térge g42C%|4|5 ?15%35] v?/gss gx&?edd c(;il{]tdusing the

obtained expression plasmid p415CYC-CRE1 (the e).cample 5),
p415CYC-AHK2 (the example ll 1), p415CYC-AHK2 A (the example 11) and
p415CYC-AHKS3 (the example 8). The transformation was carried out by
employing Polyethylene glycollithium acetate (PEG/LiAc)-mediated
transformation method .according to the description of VIL. Librarj :
Transformation & Screening Protocols disclosed in MATCHAMAKER
Two-Hybri& System-3 User Manﬁal p- l22 from CLONTECH Co.
Transformed cells TM182-CRE1, TM182-AHK2, TM182-AHK2 A and
TM182-AHKS3 were produced by selecting in the DOLU + Gal culture

medium the transformed cells having a disappearance of leucine nutrient -

requirement.

(Example 13) Response of transformed cells TM182-CRE1, TM182-AHK2,
TM182-AHK2A and TM182-AHKS to cytokinin (Part 1)

A culture solution 10 x 1 (about 800 clones of yeast) of the
trz;nsformed cells TM182-CRE1, TM182-AHK2, TM182-AHK2 A and
TM182-AHK3 produced by the example 12 was spotted on DOLU + Glu agar

media containing 10 x M of trans-zeatin and cultured at 30 Cfor 30 hours.
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phot ographed by a digital camera. As a result, each of the transfornmed

cel s TML82-CRE1, TML82- AHK2, TMI82- AHK2 A and TML82- AHK3 showed hi gh
growth in the case of using the DOLU + @u agar culture nedi a contai ning
trans-zeatin as conpared with that in the case of using the DOLU + Qu

agar culture nedia containing no trans-zeatin. The results showed that the
transforned cells responded to cytokinin and that they were possible to be
grown in the DOLU + G u agar culture nedia. Further the transforned cells
were found possible to be grown in the DOLU + Gal agar culture nedia

i ndependenditer wicubsidomn the igzowth stade of tzlsatransfo?mdmpﬁ@m)obmypdm of
transforned cells TML82- CRE1, TML82- AHK2 A and TML82- AHK2 to cytokinin
(Part 2) @hategrapbed by iadligitel cathera.r ansformed cells TM 182- CRE 1,

TMLB2- AHK2 A and TML82- AHK2 produced by the exanple 12 were spotted on
DOLU + d u agar Asedieaulipeachi of thg tesmaftarmedcells EMUSRIGRE 1of concentrati ons
(2 nM 0nM 100 nM 1 uM 10a M 100 ,a M and cultured at 30C for 30
hours. Af tIBYI182r&0H&R,i M 182 AT KR dwdnds t EMA 88fAHKS showeddiigh geawtlelihs was
observed and phot ographed by a digital canera. The | owest observed supply
concent r atthegsedf usirgthezBOTLIU +dabh aga-cndtare media cohfadhinghe respecti ve
transforned cells could be grown were shown in Table 1. 50 Table |

cyt oki ni n tTavisSzeaCiREls cogreAh Thatsia- thelcase of nsimg-the AOLULOGIUM | ' U M
100nM cis-zeatin no growh 10 /LM I am _

agar culture media containing no trans-zeatin. - The results showed that
the transformed cells responded to cytokinin and that they were possible. to
be grown in the DOLU + Glu agar culture media. Further the
transformed cells were found possible to be 'grbwn in the DOLU + Gal agar
culture media independently of the existence trans-zeatin.

(Example 14) Response of transformed cells TM182-CRE1, TM182-AHK2 A
and TM182-AHK?2 to cytokinin (Part 2) | :

Culture solutions of the transformed cells TM182-CRE1,
TM182-AHK2A and TM182-AHK2 produced by the example 12..were |
spotted on DOLU + Glu agar media containing cytokinin in a variety of
concentrations (1 oM, 10 nM, 100 nM, 1 M, 10 M, 100 M) and
cultured at 30°C for 30 hours. After incubation, _the growth state of the
transformed cells was observed and photographed by a digital camera.

The lowest observed supply' concentrations of trans-zeatin and cis-zeatin in

which the respective transformed cells could be grown were shown in Table

1.
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(Exanpl e 15) Method for searching substance having agonis t- activity to
cytokinin receptor (Part 1) The transformed cells TML82- CREl, . TML82- AHK2,
TMLB2- AHK2A and TML82- AHK3 produced in the exanple 12 were inoculated in
200 M of DOLU + Gal culture nedia and pre-cultured at 30C for 36 hours.
The pre-cultured solutions were diluted with DOLU + Qu nedia as to becone
0.100 as the optical density (ODGoo) and further the resultants were.
diluted with DOLU + Gu nedia at a dilution rate of 1/200 to obtain
diluted pre-cultured solutions. An assay plate was prepared by filling
respective Is of a 96-well plate with 20 q 1 of solutions which were

pr epar ed [bydrtuotinmg DMSO —sotrution (TOM) of each exam nee substamce with

.DOLU + d

yfBkghiym at a

Hii18RiCREL at e

iV 182tABK Bai d BMdl18RiAME 2d0nt ai ni ng

‘each exarfinee substance 10
Si mul t angatalsyzeatin assaylqpk M e only

be 100 p
1

M at the 11 nal

illiMd with 20

concentration.
plDndd sol uti of

s whi ch

were prejf

ared by diluti

ng DMSO sol uti

on wth DOLU +

d u nmedium Ss¢

ai d

sol ut i ong cizomaginni ng nd exgwowthe subsf@pdd, was predex M as the blank
sections. The diluted pre-cultured solutions were added in 200 ,a 1 each
into the respective wells of both assay plates and cultured at 30C for 24

‘hour s t hen t{g{;ﬁg@lﬁg&%}%geeag@t IS&%BZ%% of . each nmeasured by a

an i L1 we
pl at e 51%%%{884‘3. %V%ﬁ%’é\l\% ascﬁgééaﬁ?ces to the
cytokinin_receptor S.fle ted by conmparing the optical density nmeasured
inthe t&%ft"gﬁ'{:}gé'ﬁ“cetpl %g:dat’gq&hl ch the exaninee substances were added with
the optical d tigRb ndensity of

the culture sgﬁg‘% f%‘ﬁg%g?n%pﬁgn% ?Mlg]zore#e kg@@%ﬁ@%ﬁ%mqéggl Nng sections to

whi ch t heand TM182-AHKS produced in the example 12 were inoculated in 200 ml of

DOLU + Gal culture media and pre-cultured at 30°C for 36 hours. The
pre-cultured solutions were diluted with DOLU + Glu media as to become
0.100 as the optical density (ODeoo) and further the resultants were diluted
with DOLU + Glu media at a dilution rate of 1/200 to obtain diluted
pre-cultured solutions.

An asééy plate was prepared by ﬁﬂing respective wells of a 96-well
plate with 20 u 1 of solutions WlﬁCh were prepared by diluting DMSO
solution (10mM) of each examinee substance with DOLU + Glu medium at a
dilution rate of 1/100, said solutions containing each examinee substance to
be 100 M at the final coﬁcentration. Simulténeously, an assay plate only

| filled with 20 1 of solutions which we.re prepared by diluting DMSO
solution with DOLU + Glu medium, said solutions containing no examinee
substance, was prepared as the blank sections.

The diluted pre-cultured solutions were added in 200 u1each into
the respective wells of both assay plates and cultured at 30°C for 24 hours

and then the optical density (ODg20) of each well was measured by a plate
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exam nee substances were added were shown in Table 2. Conpound B show ng

t he higher optical density measured in the testing sections to which the
exani nee substances were added than that in-the blank sections were
se] ected as agonist-active substance to the cytokinin receptor. Table 2

Exam nee TML82- AHK TML82- AMK TML82- AHK substance 2 2A 3 DWVSO 0.01 0 0.51
Conmpound 0.01 0 0.54 A*1 Conpound 0.45 0.89 0.88 B*2 *1 Abscisic acid
(=negative control) *2 6-Benzyl am nopurine (=positive control) (Exanple
16) Method for searching substance having antagoni st- activity. to

cyt oki ni nreageaptBhe agomist-agtimbpol theexeaiinge sehaterceppdhe epgekinipg g 2. AHK2,
TML82- AHK2 A and TM 182- AHK3 produced in the exanple 12 are inoculated in
200 ni  of recepioy wasGiteatad byrcompaaing therntisel deraityameatreddp 88 hours to
obtain 52 pre-cultured solutions. An assay plate is Br pared by filling
respect i viestioglsectiinstoophigh|the eppmineqpuhstanngs yere gd %*i@ﬂt & + du medium
mxed with 1 u Mof trans-zeatin (citoki_ni n), and into the gssay plate is
put each eptacal dersity messuresein thegdank geqliians. t HBeopHss ‘g‘iﬂ?été’rﬂ &8 on.

- Simul taneously, an assay plate only filled with 200 u | of-the DOLU + Gal
medi um ni edtiangisohutions of tﬁe transformed cells in the testing sections to which the

examinee substances were added were shown in Table 2. Compound B
showing the higher optical density measured in the testing sections to which
the examinee substances were added than that in the blank sections were

selected as agonist-active substance to the cytokinin receptor.

Table 2

Examinee TM182-AHK |TM182-AHK |TM182-AHK
substance 2 2A 3

DMSO 0.01 0 0.51
Compound 0.01 0 0.54

A1

Compound 0.45 0.89 0.88

B*2

*1 Abscisic acid (=negative control)

*2 6-Benzyl aminopurine (=positive control)

(Example 16) Method for searching substance having antagonist-activity to
cytokinin receptor (Part 2)

The transformed cells TM182-CRE1, TM182-AHK2, TM182-AHK2 A
and TM182-AHK3 produced in the example 12 are inoculated in 200 ml of

DOLU + Gal culture media and cultured at 30°C for 30 hours to obtain
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1 p Mof trans-zeatin is prepared as the bl ank sections The pre-cul tured
solutions are added in 20 u 1 each into the respective wells of both assay
pl ates and cultured at 30t for 30 hours and then the.optical density of'.
each well is neasured by a plate reader- The antagonist- activity of the
exam nee substances to the cytokinin receptor is detected by conparing the
optical density neasured in the testing section to which the exam nee
substances are added with the optical density nmeasured in the blank

sections. JThe gxaM -§H§stances showi ng the | ower optical density
measured Fh the ﬁ%% |né sections to which the exam nee substances are

added < han, et ahBokhephbe ko RER L 0 o5 SRbECS yan Tk ey act i ve
o LA OOl A T MR 0 I

i | . 1 i [
P b UG B SR e Py T e
L e Tt
oG SUlt YTl AASASHN APk Vor CUShERSER iR mthokini

bei ng. chapg %Bfﬂ%%%e%?ﬁg%&%r@d%@@Qbﬂ:arﬁt‘?{{;kecﬁﬁﬁsCu' tured at 30C for 30

hours. Aftef incubation, 'ntensity o e agonist-activity of the

e e 40t Il a0l 31 i ssbeoend cont e
respective wells of both assay plates and cultured at 30C for 30 hours and
then the optical density of each well is measured by a plate reader. The
antagonist-activity of the examinee substances to the cytokinin receptor is
detected by comparing the optical density measured in the testing section to
which the examinee substances are added with the optical density measured
in the blank sections. The examinee substances showing the lower optic_ai
den.sity measured in the tééting sections to which the examinee subsfances
are added than that in the blank sections are selected as antagonist-active
substance to the cytokinin receptor.

(Example 17) Method for searching substance having agonist-activity to
eytokinin receptor (Part 3) _

_ The transformed cells TM182-CRE1, TM182-AHK?2, TM182-AHK2 A '
and TM182-AHKS3 produced in the example 12 are inoculated in 200 ml of
DOLU + Gal culture media and cultured at 30°C for 30 hours to obtain
pre-cultured solutions.

The pre-cultured trénsformed cells (TM182-CRE1, TM182-AHK?2,
TM182-AHK2A and TM182-AHK3) are spot-added in 10 4 1to the

53



transforned cells (TML82- CRElI, TML82- AHK2, TML82 - AHK2 A and TM 182- AHK3)
are observed to grow. (Exanple 18) Method for searching substance having
ant agoni st-activity 'to .cytokinin receptor (Part 4) The transformed cells
TML82- CRE1, TML82- AHK2, TML82- AHK2 L and TML82- AHK3 produced in the
exanple 12 are inocul ated in 200 M of DOLU + Gal culture nedia and
cultured at 30C for 30 hours to obtain pre-cultured solutions. The
pre-cultured transfornmed cells (TML82- CRE1, TML82- AHK2, TML82-AHK2 - A and
TMLB2- AHK3) are spot-added in 10 u 1 to the respective DOLU + Qui agar
cul ture neekipectice DIUIJD +aGhagent atltwetrhedia tewidsithagesist-actibe cyt oki nin
receptor selected by the exanple 16 are added while their concentration

bei ng chasgkstahéearto e ritdkinitORcéptondelatied yOthefgxalipdé 16raxnnddedt i n
(cytokinin) is added and then is cultured at 30C for 30 hours. After

i ncubat i owhilehthelrbataitirytioh beiig chiahggd fitost 1aaiM o 190 o M khead theani nee
substances to the cytokinin receptor is detected and confirned based on

the | owestareauit@rbrat3iodd for 30ttous.t rifief trcubation)| the inidvbi3-ofRkha
TML82- AHK2, TML82- AHK2 ‘A and TML82- AHK3) - are not observed to grow. 54 ----

-------- h@éxﬁkﬂ‘lﬁkfﬁ\&fy of e xR ciinee cobgiaseds torthe icptdkiningedeptor idie present
i nvention will be described: (a) DOLU + G u cul ture nmedi um Bact o- yeast
ni trogen Betzetedidridotonfameddbaed da the Igwest conoser2on at which
‘transformed cells (TM182-CRE1, TM182-AHK2, TM182-AHK2A and
TM182-AHK3) are observed to grow.
(Example 18) Method for searching substance having antagonist-activity to
cytokinin receptor (Part 4) |
The transformed cells TM182-CRE]1, TM182-AHK2, TM182-AHK2 A
and TM182-AHKS3 produced in the example 12 are inoculated in 200 ml of
DOLU + Gal culture media and culturéd at 3.0°.C for 30 hours to obtain
pre-cultured solutions. _
The pre-cultured transformed ceils (TM182-CRE1, TM182-AHK2,
TM182-AHK2A and TM182-AHKS3) are spot-added in 10 41 to the
respective DOLU + Gul agar culture media to which antagonist-active
substances to the cytokinin receptor selected by the example 16 are added
while their concentration being changed from 10 oM to 100 2 M and also 10
4 M of trans-zeatin (cytokinin) is added and then is cultured at 30°C for 30
hours. After incubation, the intensity olf the antagonist'acﬁvity of the
examinee substances to the cytokinin receptor is detected and confirmed

based on the lowest concentration at which transformed cells (TM182-CRE]1,

TM182-AHK2, TM182-AHK2 A and TM182-AHK3) are not observed to

gYOw.
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Drop-out mx (x) 2.0y Distilled water 1000m (b)DOLU + GAL cul ture nedi um
Bact o-yeast nitrogen base w thout am no acids 6.7g d ucose 20g Dropout
mx (x) 2.0y Distilled water 1000m 55 (x) Drop-out mx: Drop-out mix-is a
combi nation of the follow ng ingredients. Adenine 0.5 Lysine 2.0y Al anine
2.0g Methionine 2.0y Arginine 2. Qg para-Am nobenzoic 0.2g acid As ara ine
2. Qg Phenylalanine 2.0 Aspaftic acid 2.0 Proline 2.0y C stein 2.0 Serine
2.0 Gutanine 2.0 Threonine 2.0y dutanmc acid 2.0y Trytophan 2. Oy
dycine 2.Qg Tyrosine 2.0y Histidine 2.0y Valine 2.0 Inositol 2.Qg
| sol eucine 2.0y (c) DOLU + Qu agar culture medium A solid culture nedium
prepared by adding 2% (WYV) of agar into the culture nmedium(a) (d) DOLU +
GAL agar cul t ur Heraflaftsy, Ahs edddin@ldonioRiticad ﬂarhepigadametﬂeWeQdﬁl ng 2% (WV)
of agar into

invention will be described:

(a) DOLU + Glu culture medium

Bacto-yeast nitrogen base without amino acids 6.7¢g
Glucose | | 20¢g
Drop-out mix ) o S '2-0g
Distilled water . 1000m1

(b)DOLU + GAL culture medium’

Bacto-yeast nitrogen base without amino acids | 6.7g
Glucose 20g
Drop-out mix (x) . | ~ 2.0g
Distilled water 1000mi



the culture nmedium (c) " Sequence table free text" SEQID No: 9

A i gonucl eotide priner designed for PCR SEQ ID No: 10 A i gonucl eoti de
primer designed for ‘PCR -56-a-SEQ D No: 11 digonucl eotide priner designed
for PCR SEQ ID No: 12 d.igonucleotide prinmer designed for PCR SEQ I D No:
13 digonucl eotide priner designed for PCR SEQ ID No: 14 Qi gonucl eoti de
primer designed for PCR SEQ ID No: 15 A igonucl eotide prinmer designed for
PCR SEQ ID-No: 16 digonucleotide prinmer designed for PCR SEQ ID No: 17

ai gonucl otlde pri mar desi gned for PCR. SEQ No; .18 .d i gon otide
primer dedxhHER o PSR TogEYt midNS-a qog PBBH&?F]%%&H%@“W P?gﬁfﬁg*f I-gned for

PCR
Adenine 0.5¢ Lysine 2.0g
Alanine 2.0g | Methionine 2.0g
Arginine 2.0g ' para-Aminobenzoic | 0.2g
acid |
Asparagine -1 2.0g Phenylalanine 2.0g
Aspattic acid __12.0g | Proline 2.0g
Cysteine . | 2.0g | Serine 2.0g
Glutamine 2.0g Threonine 2.0g
Glutamic acid | 2.0g . Trytophan 2.0g
Glycine 2.0g Tyrosine 2.0g
Histidine 2.0g Valine 2.0g
Inositol ' 2.0g Isoleucine 2.0g

() DOLU + Glu agar culture medium
A solid culture medium prepared by adding 2% (W/V) of agar into

the culture medium (a)
(d) DOLU + GAL agar culture medium
A solid culture medium prepared by adding 2% (W/V) of agar into
the culture medium (c) |
" Sequence table free text"
SEQ ID No: 9
Oligonucleotide primer designed for PCR
SEQ ID No: 10
Oligonucleotide primer designed for PCR

56



SEQ I D No: 20 Aigonucleotide prinmer designed for PCR SEQ ID No: 21

A i gonucl eotide priner designed for PCR SEQ ID No: 22 digonucl eotide
prinmer designed for PCR 57 WHAT IS CLAIMED IS: Caim1: A nmethod for

anal yzi ng antagonist- activity to a cytokinin receptor, which conprises
(1) bringing an exam nee substance and a substance having agonist-activity
to the cytokinin receptor into contact with a transformed cell into which
DNA codi ng the cytokinin receptor is introduced and (2) neasuring the

exi stence or the quantity of intracellular signal _ transduction fromthe
cyt oki ni n SEQ&BtNe: dxpressed in the transformed cell. Caim2: The nethod
according to claim1, wherein the transforned cell is a cell having a
function of dir Odighyudesiideprimey depignedifor BEBwm h by intracel lul ar si gnal
transduction fromthe cytokinin receptor and the neasurenent of the

exi st ence SHQTBNejuUntity of the intracellular signal transduction is
carried out usi n<I:| the quantity of the cell growth of the transfornmed cell
as an indicatorQ i@aﬁde@idﬂhﬁmwdhaiznadémﬁg% to claimi1, wherein the
transforned cell is a transforned cell generated by introduci ng DNA codi ng
t he cyt okiSH@IDMNad@t or into a host cell so inproved as to have histidine
ki nase activity |lower than the intrinsic histidine kinase activity of the
host cell. O ai Gligonuteotida pnendevignedfHpnBdCBl aim 1, wherein the

t ransf or W%%Q IDNo: 14
R Oligonucleotide primer designed for PCR
SEQ ID No: 15
| Oligonucleotide primer designed for PCR
SEQ ID No: 16
Oligonucleotide primer designed for PCR
SEQIDNo: 17
Oligonucleotide primer designed for PCR
SEQIDNo:18 |
Oligonucleotide pfimer designed for PCR
'SEQID No: 19
Oligonucleotide primer designed for PCR
~ SEQID No: 20
Oligonucleotide primer designed for PCR
SEQ ID No: 21
Oligonucleotide primer designed for PCR
SEQ ID No: 22

Oligonucleotide primer designed for PCR



cell is a transforned cell generated by introduci ng DNA coding the
cytokinin receptor into a host cell so inproved as to have histidine

ki nase activity lower than the.. intrinsic histidine kinase activity of the
host cell by deleting one or nore of histidine kinase. Caimb5: The nethod

according to claim1, wherein the transfornmed cell is a transforned cell
generated by introducing DNA coding the cytokinin 58 11111~11111111 |
1111~1~ 11 1,11 M S receptor into a host cell having no cytokinin

receptor. ' : TQ@I .d according to claim1, wherein the transforned
cell is yegs-@.ﬁ] a(|3[r‘ﬁ :ﬁ%@m&t hod according to claim1, wherein the

(ranst ored <ol it PSSR RSk Chlk B hco Tt SRLAGAACEAL Y Lo, cf i m
e oYL oK, B SRS cr S5 P B s R bR B, 7, hon (e
havi 10 e IR g RMERESCHFRE BN SRR sl 1o

oast one ® PSR AHIRRER S B Fllad B I et R U7 o T orm (o)

a cyt oki ni; havi ng the am no acid sequence fromamno acid nunber
196 to 117'%%%%%&%% am no aci d sequence represented by SEQ ID

(2) measuring the existence or the quantity of intracellular signal .
transduction from the cytokinin receptor expressed in the transformed cell.

Claim 2: The method éccording to claim 1, wherein the transformed
cell is a cell having a function of directly controlling the cell growth by
intracellular signal transduction from the cytokinin receptor and the
measurement'éf the existence or the quantity of the intracellular signal
transduction is carried out using the quantity of the cell growth of the
transformed cell as an indicator.

Claim 3: The methoa according fo claim 1; wherein the transformed
cell is a transformed cell generated by introducing DNA coding the cytokinin
receptor into a host cell so improved as to have histidine kinase activity
lower than thé intrinsic histidine kinase activity of the host cell.

Claim 4: The method according to claim 1, wherein the transformed
cell is a transformed cell geherated by introducing DNA coding the cytokinin
receptor into a host cell so improved as to have histidihe kinase activity
lower than the intrinsic histidine kinase activity of the host cell by deleting
one or more of histidine kinase.

Claim 5: The method according to claim 1, wherein the transformed

cell is a transformed cell generated by introducing DNA coding the cytokinin

TR




No: 2; (f) a cytokinin receptor having the am no acid sequence from am no
acid nunber 50 to 1176 anong the ami no acid sequence represented by SEQ I D
No= 2; (g) a cytokinin receptor having the am no acid sequence from am no
acid nunber 32 to 1036 anong the am no acid sequence represented by SEQ I D
No: 4; 59 i I1H f I~N I11ji 11112 1f. 11l (h) a chinera-type cytokinin
receptor coriiprisiiig an extracellular region of the cytokinin receptor,
transmenbrane regions of the cytokinin receptor, a histidine kinase region
of the cytokinin receptor, and a receiver region of the histidine kinase,

wher ei N saleBertyi 1rt6 @l hdst agll hagirmo Setbkidinasspeor ane regi ons and said

hi sti di ne ki nase regi on are honbgeneous to one another and the receiver
region i s heter QlgireeUThé nathed hecordiig toi daidn ¢yiwhlstaihthe eepfamediavi ng t he
arai ~. 0 aci dsequence with deletion, substitution, or addition of one or a
plurality cefl iageare. acids in the amno acid sequence of the cyctokinin
receptor of (a), (b), (c), (e), (0, or (g). Aaim9: A nethod for anal yzing

agoni st -acti vi t gldien @: Thé etdthbd acdoréRigttorclainh il CWhemipthe emnsigrnded ngi ng an
exani nee substance into contact wth a transfornmed cell into which DNA

codi ng t heell\i$ bkddinp yegsept or is introduced and (2) neasuring the
exi stence or the quantity 'of intracellular signal transduction fromthe

cyt oki ni n r ecepCliinesTes sRhodatddedingasldmidwhetdin theDdicodinge DNA
coding the cytokinin receptor is any one of DNA coding the cytokinin
recept or ské egokihihretaptor is any one of DNA coding the cytokinin receptor ' .

selected from: | |

(a) a cytokinin reéeptor having the ainino acid sequence represented By SEQ

ID No: 6;

(b) a cytokinin receptor having the ainino acid sequence represented by SEQ

ID No:- 2;

©a cytbkinin receptor having the amino acid sequence represented by SEQ

ID No: 4;

(d) a cytokinin recebtor wheréin said c&tokinin recéi)tor .has at least ohe

transmembrane region but less than that in its natural form.

(e) é cytokinin receptor having the amino acid sequence from amino acid

number 196 to 1176 among the amino acid sequence represented by SEQ ID

No: 2; |

(® a cytokinin receptor having the amino acid sequence from amino acid

number 50 to 1176 among the amino acid sequence represented by SEQ ID

No: 2;

(g) é cytokinin receptor having the amino acid sequence from amino acid

number 32 to 1036 among the amino acid sequence represented by SEQ ID

;o (HION DRV

No: 4;




(b) a cytokinin receptor having the am no acid sequence represented by SEQ
ID No: 2; (c) a cytokinin receptor having the ainrfo acid sequence
represented by SEQ ID No: 4; (d) a cytokinin receptor wherein said
cytokinin receptor has at |east -one - transnmenbrane region but |ess than
‘that inits natural form (e) a cytokinin receptor having the am no acid
sequence fromamno acid 60 11111 1111 21011 11112 1 | 111 nunber 196 to
1176 anong the amino acid sequence represented by SEQ ID No: 2; (f a
cytoki nin receptor having the am no .acid sequence from am no acid nunber

50 to 117@hharohinéraeypeicpimkirindeseptor bmapriepigeseaterdcdinlSEfegitn oflo: 2; (g)
a cytokinin receptor having the am no acid sequence fromam no acid nunber

32 to 1036henyiolidiheeccapton tﬁmsﬂnanhwemaegromproﬁhmbmkﬁynf‘a&@ﬁt& aNo: 4; (h)
a chimera-type cytokinin receptor conprising an extracellul ar region of

the cyt okihnstrﬁmedmpiserregiomuf&henﬁDanrxegepmxs amid & bereier degionoftheept or, a
hi stidine kinase region of the cytokinin receptor, and a receiver region of

the hi st hitidink kirese, whessinisnidseitta celiulacegial, anid eghemembaire
transnenbrane regions and said histidine kinase.region are honbgeneous to

one anot hesgiomgnd badr}ﬁﬁﬁdwkmeg mgmnsafeehmammuuso vhenntiherand (i) a
cytokinin receptor having the am no acid sequence with deletion,

subst i t ut and thereceiidirtregionds hetwogénauplthemto,tamdof am no acids in the am no
acid sequence of the cyctokinia receptor -of-(b), (c), (e), (f), or (g).
i) a cytokinin receptor having the amino deid's sequence with deletlon S S

substitution, or addition of one or a plurahty_ of ammo_ acids in the amino
acid sequence of the cyctokinin receptor of .'(a.:), ®), (c), (e), @), or (g).

Claim 9: A method for anal'y'z"ing"éééﬁist-adtivity to a cytokinin
receptor, which comprises (1) bringingi_'_an éxamihee substance into contact
with a transformed cell into whicfx DNA .co'di'n.g the c.yi;okinin receptor is
introduced and | |
(2) measuring the ex1stence or the quant1ty of mtracellular signal
transduction from the cytokinin recepbor exp_ressed in the transformed cell,
wherein I | |

the DNA coding the cytokiniﬁ'récépt"o'r is any one of DNA coding the
cytokinin receptor selected from: -
(b) a cytokinin receptor having the a'r"xiindlé._iéid séquenée represented by SEQ
ID No: 2; | |
(c) a cytokinin receptor having the athino Beid sequiénce represented by SEQ
ID No: 4;
(d) a cytokinin receptor wherein said tytokinin receptor has at least one
transmembrane region but less thain that m its nativral form.

(e) a cytokinin receptor having the amino dcid sequence from amino acid

______JHIH M
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Cl aim 10:

The net hod according to claim9, wherein the transforned

a cell having a function of directly controlling the cell growh by
ul ar signal transduction fromthe cytokinin receptor and the
measurenent of the existence or the quantity of the intracellular signal

i ntracel |

transduction is carried out using the quantity of the cell

transforned cell as an indicator. Caim1ll: The nethod according to

9, wherei
i nt roduci

n the transformed cell is a transforned cell generated by

ng DNA coding the cytokinin 61 1 I1fi~11111111111! N 11 it

cell is

growt h of the

claim

1 C

L M S r eceptnberi ¥6ctod 1T6simared thesaminpaad eequenceaenzasentadshy SERLIRI nase

activity

| ower than the intrinsic histidine kinase activity of the

host

cell. C aiMo:22: The nmethod according to claim9, wherein the transforned
cell is a transformed cell generated by introducing DNA coding the
cyt oki ni n () aeoyegitinin reebptox Havivig thed Amam adip segeehcadrdm anzine acidt i di ne
ki nase activity lower than the intrinsic histidine kinase activity
host cel | nuynlie!58ttorid 76Gmeoryy thenaraimaf adid séquiinte repressetedWpSEQED The

met hod according to claim9, wherein the transforned cell is a transforned
cell genedat:@d by introducing DNA coding the cytokinin receptor into a

havi ng no cytokinin receptor. Caim1l4: The nethod according to
claim9, ¥Wersitokinke rédeptmfloaving the emling scidesagtendd faom aibinoTdwed net hod
according to claim9, wherein the transformed cell is buddin east. Claim

host cel |

16: A cyt akimbien 32e0 4986 ransedgethesain inocavid §euemce yeptesentedrbycSl

said cytokinin receptor has at | east one

No: 4;

(h) a chimera-type cytokinin receptor comprising an extracellular reéion of
the cytokinin receptor, transmembrane regions of the cytokinin receptor, a
histidine kinase region of the cytokinin receptor, and a receiver region of the
histidine kinase, wherein said extracellular region, said transmembrane
regions and said histidine kinase region are homogeneous to one another
and the receiver regiori is he_terogeneous thereto; and

() a cytokinin receptor haviné the amino acid seduence with deletion,
substitution, or addition of one or a plurality of amino acids in the amino
acid sequence of the cyctokinin receptor of (b), (c), (), (), or (g).

Claim 10: The method according to claim 9, wherein the transformed
cell is a cell having a function of directly controlling the cell growth by
intracellular signal transduction from the cytokinin receptor and the
measurement of the existence or the quantity of the intracellular signal
transduction is carried out using the quantity of the cell growth of the
transformed cell as an indicator.

Claim 11: The method according to claim 9, wherein the transformed

cell is a transformed cell generated by introducing DNA coding the cytokinin

" ALY

of the
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transnmenbrane region but less than that in its natural form (e) a
cytokinin receptor having the am no acid sequence fromamno acid nunber
196 to 1176 anong the amino acid sequence represented by SEQ ID No: 2; (f)
a eytokinin receptor having the amno acid sequence from am no acid nunber
50 to 1176 anong the amino acid sequence represented by SEQID No: 2; (9)
a cytokinin receptor having the am no acid sequence from am no acid nunber
32 to 1036 anong the am no acid sequence represented by SEQ ID 62

110 12Q3 3t radjritiH* C L MS No: 4; (h) a chimera-type cytokinin
recept or cecgptosintg adwsextll as dhproved asegitmvedfistidine kigaskaativity ecept or
transnmenbrane regions of the cytokinin receptor, a histidine kinase region
of the cytlokenilan @rdptsnsic distidine &ieaseatctivety aithethosheell. hi sti di ne ki nase,
wherein said extracellular region, said transnmenbrane regions and said

hi sti di ne ki nas€l4iagl2nThe methrdgeoeding to @laimed,anhéreat theatrdntfoemedcei ver
region i s heterogeneous thereto; and (i) a cytokinin receptor having the

am no aci del égaerasfovnidd @l ginepited IgtingiddudingODNLOcodingithé oytokiniane or a
plurality of amno acids in the amno acid sequence of the cyctokinin

recept or @écep&r, inty a diost ¢l sdinmprovad as Bhhace tiistglihd &imsealctivity r ecept or of
claim1l6. Cdaim18: Atransforned cell into which DNA of claim17 is

i nt r oducedowdd thiam theintkimed¢ hixdidine kileisecictivity afthe hostdell Iycdeletihg to a
cytokinin receptor, which conprises evaluatlng t he antagonlst- act|V|ty of
two or nobee or more of histidine kinase. o . .
Claim 13: The method according to claim 9, wherein the transformed
cell is a transformed eeI] generated by introducing DNA coding the cytokinin
receptor into a host cell having no cytokinin receptor.
Claim 14: The method according to claim 9, wherein the transformed
cell is yeast.
Claim 15: The method according ltp claim 9, wherein the transformed
cell is budding yeast.
Claim 16: A cytokinin receptor selected from:
(d) a cytokinin receptor wherein said cytokinin receptor has at least one
transmembrane region but less than that in its natural form.
(e) a cytokinin receptor having the amino acid sequence from amino acid
number 196 to 1176 among the amino acid sequence represented by SEQ ID
No: 2; |
() a cytokinin receptor having the amino acid sequence from amino acid
number 50 to 1176 among the amino acid sequence represented by SEQ ID
No: 2; | |
(g) a cytokinin receptor having the amino acid sequence from amino acid

number 32 to 1036 among the amino acid sequence represented by SEQ ID

R O




di fferent exam nee substances to the cytokinin receptor based on the

di f'ference obt ai ned by conparison of the existence or the quantity of the
intracellular signal transduction in a section where the exam nee .
subst ances are independently used and neasured by the anal ysi s nmethod of
claiml. Caim20: The nethod according to claim 19, wherein at |east one
subst ance anong the two or nore different exam nee substances is a

subst ance having no antagonist-activity to the cytokinin receptor. Claim’
21= A nmethod for searching antagoni st-active substance to a cytokinin
receptor, WMeiéh conprises selecting a substance having 63
11111113111112112112 111 CL M S antagonist-activity to a cytokinin

recept or bépecchimerdrey@adyaghinis keceptdn coniprising an extraikllnlar regivepsfor

eval uated by the detecting nethod of claim19. Claim22: Use of a

conposi ti othd eytolagin sdcepturatriangmentbranshegiens of theecytokinasrédeptorcanpri ses a
subst ance sel ected by the searching nethod of claim21 as an active

i ngr edi ent histidiree kinase esgioofithe dlokihinresdeptor anhd deteeeiventegiooof the-
activity to a cytokinin receptor, which conprises evaluating the

agoni st - achistidine kihaseyovlosreisad edtzfafcelrlehhr regian] ssid tsahshanbemd o t he
cytokinin receptor based on the difference obtained by conparison of the
exi st ence myidisanguaid histidihe kiveaseiragioacedk hinsogeniegusato drrearsathet i on in a
section where the exam nee substances are independently used and neasured
by t he analndthe ree¢imexiragion td heétardgenebwes the2dto; #hd net hod according to claim
23, wherein at |east one substance ampbng the two or nore different

exam nee Sistenkiain receptor having the amino acid sequence with deletion,

substitution, or addition of one or a plurality of amino acids in the amino
acid sequence of the cyctokinin receptor of (e), @, or (g).

Claim 17: DNA cdding the cytokinin receptor of claim 16.

Claim 18: A transformed cell into which DNA of claim 17 is
introduced. |

Claim 19: A method for detecting antagonist-activity to a cytokinin
receptor, which comprises evaluating the antagonist-activity of two or more
different examinee substances to the cytokinin receptor based on the
difference obtained by comparison of the exiétence or the quantity of the
intracellular signal transduction in a section where the examinee
substances are independently used and measured by the analysis method of
claim 1. _

Claim 20: The method according to claim 19, wherein at least one
substance among the two or more different examinee substances is a
substance having no antagonist-activity to the cytokinin receptor.

Claim 21: A method fozi searching antagonist-active substance to a

cytokinin receptor, which comprises selecting a substance having

ST




substance having no agonist-activity to the cytokinin receptor. Caim25: A
net hod for searching agoni st-active substance to a cytokinin receptor,

whi ch conprises selecting a substance having agonist- activity to a
cytokinin receptor based on the agonist-activity to a cytokinin receptor
eval uated by the detecting nethod of claim?23. Caim26: Use of a
conposition to regulate plant growh, wherein the conposition conprises a

substance selected by the searchi ng nmethod of «claim25 as an active
I ngr edi entan%ggonqstcﬁ:rt{w% fo a cytoinlnll}l %r%cle%) (034 baseld‘] on ]élaln agomstl, act1v1tys 64

to a cytokinin receptor evaluated by the detecting method of claim 19.

Claim 22: Use of a composition to regulate plant growth, wherein
the composition comprises a substance selected by the searching method of
claim 21 as an active ingredient and a cafrier.

Claim 23: A method for detecting agonist-activity to a cytokinin

- receptor, which comprises evaluating the agonist-activity of two or more
different examinee substances to the.cytokinin receptor based on thé
difference obtained by comparison of the existence .or the quantity of the
intracellular signal transduction in a secﬁion where the examinee
substances are independently used and measured by the anal_ysis method of
claim 9.

Claim 24: The method according to claim 23, wherein at least one
substance among the two or more different examinee substances is a
substance having no agoniét-éétivity to the_cytokinin receptor.

Claim 25 A method for searching égonist-active substance to a
cytokinin receptor, which comprises selecting a substance having |
agonist-activity to a cytokinin receptor based on the agonist-activity to a
cytokinin receptor evaluated by the detecting method of claim 23.

Claim 26: Use of a éomposition to regulate plant growth, wherein

the composition comprises a substance selected by the searching method of

R A RN

claim 25 as an active ingredient and a carrier.
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