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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 plant hormones relevant to cell division and
differentiation of higher planté and are well-known as very important
physiclogically active substances having functions of inducing division of
cells of higher plants, differentiating 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:
Chemistfy, Actiﬁty, 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-falling preventive agents for rice plants, barley, wheat and
the like by regulating the height of the plants, and sweetness inci‘easing
agents for fruits after harvest. |

As a method for finding substances having such cytokinins-like
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1 activities, conventionally enployed is a nethod for observing and

eval uating the physiol ogi cal changes by directly sprayi ng exam nee
substances to plant. The aforenenti oned nethod has problens that it
requires to prepare the exam nee substances in anounts sufficient to
directly spray themto plant and also requires imensely long tine to
observe and evaluate the growth of the plant and the physiol ogi cal changes
of the plant after spraying of the exam nee substances Therefore, it has
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methods be developed for quickly finding substances having cytokinins-like

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 functioning as a cytokinin receptor
and subsequently found it possible to analyze the agonist-activity and the
antagonist-activity of examinee substances to a cytokinin receptor by using
the cytokinin receptor (“the analysis method”) 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



transfornmed cell into which DNA coding the cytokinin receptor is introduced
and 2 (2) neasuring the existence or the quantity of intracellular signal
transduction fromthe cytokinin receptor expressed in the transformed cell.
2: The nmethod according to the above 1, wherein the transforned cell is a
cell having a function of directly controlling the cell growth by

i ntracel lular signal transduction fromthe cytokinin receptor and the
measur enent of the existence or the quantity of the intracellul ar signal
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cytokinin receptor into a host cell having no tokinin re tor.
Y transducr:)tion 1s carried out using the quant%ty of t?l)é cell<l growt o(ﬁge

transformed 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 histidine kinase activity of the host cell.

4: The method according to the above 1, wherein the transformed
ceil 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
one or mo.re of histidine kinase.

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 according 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



6: The nethod according to the above 1, wherein the transforned cell is
yeast. 7: The method according to the above 1, wherein the transforned
cell is budding yeast. 8: The nethod according to the above 1, wherein the
DNA coding the 3 cytokinin receptor is any one of DNA coding the cytokinin
receptor selected from (a) a cytokinin receptor having the amno acid
sequence represented by SEQ ID No: 6; (b) a cytokinin receptor having the
am no aci d sequence represented by SEQ ID No: 2; (c) a cytokinin receptor
having the am no acid sequence r ent.ed ] -4
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50 to 11&%]%2;9 the am no acid sequence represented by SEQID No: 2; (9)
a cyt oki ni ept or having the am no acid sequence fromam no acid

(b) a cytokinin receptor having the amino acid sequence represented by SEQ
ID No: 2;

() a cytokinin receptor having the amino acid sequence represented 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
number 32 to 1036 among the amino acid sequence represented by SEQ ID
No: 4;

(h) 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 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
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nunber 32 to 1036 anong the am no acid sequence represented by SEQ ID No:
4; (h) a chinmera-type cytokinin receptor conprising an extracellular 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 extracellular

region, said transnenbrane regions and said histidine kinase region are
honbgeneous to one another and the receiver region i s heterogeneous
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(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 receptor is 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;

(c) a eytokinin receptor having the amino acid sequence represented 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



(c) a cytokinin receptor having the am no acid sequence represented by SEQ
I D No: 4; (d) a cytokinin receptor wherein said cytokinin receptor has at

| east one transnmenbrane region but less than that in its natural form (e)
a cytokinin receptor having the am no acid sequence fromam no acid nunber
196 to 1176 anong the am no acid sequence represented by SEQ ID No: 2; (f)
a cytokinin receptor having the am no acid sequence fromam no acid nunber
50 to 1176 anong the am no acid sequence represented by SEQ ID No: 2; (9)

a cytokinin receptor ving the ami.no ackd sequence f ' ng 5
nurber 320BbE038 B ARk HndRd0 A ST SR AR o .
4; (h) a ghinmera-type cytokinin receptor conprising an extracellular region
of the c@f’o‘ﬁ’i nin receptor, transmenbrane regions of the cytokinin

receptor, i.stidine kingse.region of the cytokinin raceptor. angd a
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regions and said histidine kinase region are homogeneous to one another
and the receiver region is heterogeneous thereto; and
(i) 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), (), (e), @, 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 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.

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
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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

i ntracel lular signal transduction fromthe cytokinin receptor and the
measur enent of the existence or the quantity of the intracellul ar signal
transduction is carried out using the quantity of the cell growmh of the
transforned cell as an indicator. 11: The nethod according to the above 9,
wherein the transforned cell is a transformed cell generated by

i nt roduci ng DNA codi the gytokinin receptor into a host cell [ d
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nmet hod acc?{]dl ng to the above 9, wherein the transforned cell is yeast.
15;: The n¥thdde2eEording to the above 9, wherein the transforned cell is

buddi n east .
9y 15 The method according to the above 9, wherein the transformed

cell is budding yeast.

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
No: 4;
(h) a chimera-type cytokinin receptor comprising an extracellular region of
the cytokinin receptor, transmembrane regions of the cytokinin feceptor, a
histidine kinase region of the cytokinin receptor, and a receiver region of the
histidine kinase, wherein said ext;racellulaf region, said transmembrane

regions and said histidine kinase region are homogeneous to one another



16: A cytokinin receptor selected from (d) a cytokinin receptor wherein
said cytokinin receptor has at |east one transnenbrane region but |ess
than that in its natural form (e) a cytokinin receptor having the am no
aci d sequence fromam no acid nunber 196 to 1176 anong the am no acid
sequence represented by SEQID No: 2; (f) a cytokinin receptor having the
am no acid sequence fromamno acid nunber 50 to 1176 anong the am no acid
sequence represented by SEQID No: 2; (g) a cytokinin receptor having the
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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 existence or the quantity of the
intracellular signal transduction in a section where the examinee
substances are independéntly 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 or more different examinee 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 comprises 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
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18: A transforned cell into which DNA of the above 17 is introduced. 19: A
nmet hod for detecting antagonist- activity to a cytokinin receptor, which
conpri ses evaluating the antagonist-activity of two or nore different

exam nee substances to the cytokinin receptor based on the difference
obt ai ned by conparison of the existence or the quantity of the

i ntracel lular signal transduction in a section where the exanm nee
substances are independently used and neasured by the anal ysis nethod of
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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 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 of applicability of the present invention will become
apparent from the detailed description given hereinafter. However, it should
be understood that the detailed description 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.



I ndependent|ly used and neasured by the analysis nmethod of the above 9. 24:
The nmet hod according to the above 23, wherein at | east one substance anong
the two or nore different exam nee substances is a substance having no
agoni stactivity to the cytokinin receptor. 25: A method for searching

agoni st-active substance to a cytokinin receptor, which conprises

sel ecting a substance having agonist-activity to a cytokinin receptor
based on the agonistactivity to a cytokinin receptor evaluated by the
detecting nethod of the above 23. 26: A plant growh regul ator conprising

t he substances selected by the searching nethod of the above 25 as an
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system) while being specifically bonded with cytokinins such as purine type

-

cytokinins, e.g. kinetinee, zeatinee, and the like, and urea type cytokinins,
e.g. N-phenyl-N'-(4-pyridyl}urea 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



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Hereinafter, the present
i nvention will be described in detail. A cytokinin receptor is protein
havi ng functions of controlling the propagation and differentiation of
cells of higher plants based on the intracellular signal transduction
mechani sm so-cal | ed Two- Conponent regulatory system (or Histidine to
Aspartic acidartic acid phosphorelay system while being specifically
bonded with cytokinins such as purine type cytokinins, e.g. kinetinee,
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amino acid sequence coded with DNA to be hybridized in stringent

conditions with DNA héving the nucleotide 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 will be described later; and the like.
Incidentally, the phrase, “a plurality of amino acids”, means more
particularly about 2 to 20 amino acids and for example, 2 to 10 amino acids
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”, means as examples those having the amino acid
sequences of which 80% or higher, preferably 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
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del eted, substituted, or added; cytokinin receptors having the am no acid
10 sequence represented by SEQ I D No: 6 wherein one or a plurality of am no
acids are del eted, substituted, or added; cytokinin receptors having the
am no aci d sequence coded with DNA to be hybridized in stringent

conditions 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
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Z(r:n! ﬁz a(tz i f%Eveeeitlr}:%odx?xlo%éiinosne’quselﬂggé.i ' éSQqEénc%qﬂéﬁéiﬁEaﬂén?n”“AQ geacids (i.e.

determined by comparing two sequences aligned in the optimum states in a

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

identification, cémputation may be performed using, for example, Vector

NTI by producing alignment by utilizing Clusta 1W algorithm [Nucleic Acid

Res., 22 (22): 4673-4680 (1994)]. Incidentally, the sequence identification

may be measured by a sequence analysis 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 stringent conditions”, the

term, hybridization, in this case may be performed, for example, according

to a common method described in Molecular Cloning 2nd edition, written by

Sambrook J., Frisch E. F., Maniatis T., issued by Cold Spring Hafbor

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



sequence identification of 80% or higher, particularly 90% or higher, and
nore preferably 95% or higher). Those phrases, "deletion, substitution or
addi tion of am no acids" or "which 80%or higher ... are identical" of
course include the proteins 11 provided by the intracellular processing to
whi ch proteins having the am no acid sequences represented by SEQ I D Nos:
2, 4, and 6 are subjected, and the natural variations caused by
differences in type of organisnms from which the proteins are derived,

The. phr aseontaduichbdtiant Rad B2t BhiiShfuan g ot BRI a TS s 3%hs"tne
Cent ) £ oghEncEld SRR PSLIFST. 40025 SERERSG-Al OTHIER,
oDt 2 ASHSTEER e, 4Bo M5 R AL SRS GhEPUE L1
oD oo TNNING A5, SR si50 kil 08 A bl
e B 2o S AL T B PEIL AT Ao B R, V10
I IR R DI A IR R A

GENETYX- MAC and anal ysis tools provjded in li ¢.dat ahase. The,. .
af or ement FRIABREASUES K%l%ﬁﬁaﬁag@lwdé onj tp GQJ{&; K%ﬁl}g}éétrégg%ﬁ eonditionk,

Further, both of the salt concentration and the temperature may be
changed.

(Production of a transformed cell 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 fhe above cytokinin receptors. For example, DNA having nucleotide
seqﬁence coding the amino acid sequence of the 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.

(i) Preparation of cDNA

At first, the total RNA is prepared from plants such as higher plants
according to the method described in Molecular Cloning 2nd edition written
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




exanpl e, honme address; http://ww.ddbj.nig.ac.jp. Regarding the phrase, "be
hybri di zed in stringent conditions", the term hybridization, in this case
may be perforned, for exanple, according to a comon nethod described in
Mol ecul ar A oning 2nd edition, witten by Sanbrook J., Frisch E. F.
Maniatis T., issued by Cold Spring Harbor Laboratory press. Further, the
phrase, "in stringent conditions", neans, for exanple, that a hybrid is
formed in a solution of 6 X SSC (a solution 12 containing 1.5 M NaC and

0151 g A B LRSI 00 S5 o ISR s
PLED T RGeSO S SO e ARy 0ShAE0 g i 212, OO
(3,090 AP0 ok o CERELALI e SRR R, 2,
(o 05 (e, g pLsumgenh condl oL, Skl g St el Bl
LSt of TR el 0L M0LE0 DA Cook g, . CALOKL IV SEBBL 1L RGAL T oducea)
of 1 he. abEYBIEBRI HIbIEREs BREIIRIS 8RRty SRATAY PGB 8081 do”
sequence goorclei, %grfeg,ew%rga?%n Ctihccie lfkequreuril %edi?:f)tytlggonc lfsoplii'ﬂnxit,ne.rg.e tco%%tcgc;, can be

soybean, Arabidopsis, and the like. For the aforementioned process,

commercialized kits such as ISOGEN (produced by Nippon Gene Co.),

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.

Fo.r the operation, for example, commercialized kits 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 einployed.

Further, cDNA is produced using the mRNA (mRNA having poly-A

chains) may be prepared in the following 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.),
cDNA Synthesis Kit (produced by Takara Shuze Co. Ltd.), cDNA Synthesis

14



I ntroduced into a host cell in the follow ng manner. Hereinafter, one
exanpl e of the nethod of the production of a transforned cell will be
described. (1) Preparation of cDNA At first, the total RNA is prepared from
pl ants such as higher plants according to the nethod described in

Mol ecul ar Coning 2nd edition witten by J., Sanbrook, E., F., Frishch,

T., Maniastis. Concretely, for exanple, after a part of tissues are sanpled
froma higher plant, the tissues are frozen in |liquefied nitrogen and

successi vgl hysical L.y m Ll edusing a nt ak ) . i ke. The
total RNA (yrggéce[cﬁﬁ%%gex@%?gf ﬁz’&rﬂ%c%@gds %@&Rﬁ%g(‘/g‘fﬁ%ﬂéﬁﬁésum ng
mlled product i ) xed Wt SO | @0 cont ai ni ng guani di ne hydrochl ori de
with phen@ﬁroépce‘%@égﬂ?tﬁ‘gﬁﬂg%% ?’6&%‘? gﬁﬁ the total RNA or (b) the

resul ting 2@1@ ed product is mxed with a solution containing guanidi ne

t hi ocyana& RB™&rther with Csd and then subjected to centrifugal

sevaraton Lo OBh2NA"Sahek the RonG HIBLGR B0y HiSATABRR T, o0 e 2
For t he. aPOYEIRRES GRAL BAsHEB o BT CPRTPoL A" 1 P RL LB socen
oo AR S b eragi s bobatd Al AL bl e
the total oﬁ:l\llﬁe' nIIJ:c ;oteilcyig rsrgcllgénéehoef SEQ ID No: 1, 3 or 5 as a primer or by a

hybridization method using DNA having partial nucleotide sequence of the

nucleotide sequence of SEQ ID No: 1, 3 or 5 as a probe.

In the case of employing PCR, DNA usable as a primer set is those

planned and synthesized based on the nucleotide sequences 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 No' 1, 3, or 5. Examples of the primer set

are sets of DNA of nucleotide sequence represented by SEQ ID No: 9 and

DNA of nucleotide sequence represented by SEQ ID No: 10. The PCR

solution to be used may be prepared by adding reaction solutions instrﬁcted

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 94°C for 2 minutes, at about 8°C

for 3 minutes, and further repeating 40 cycles each of which comprises steps

of keeping at 94°C for 30 seconds, at 55 °C 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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preparation may be carried out by a nethod utilizing the hybridization of
ol i go-dT chai ns bonded with cellulose or |atex and pol y-A chai ns of nRNA
For the operation, for exanple, comercialized kits such as mRNA
Purification Kit (produced by Anersham Pharmacia Co.), digotex TM dT30
(super) (produced by Takara Shuzo Co. Ltd.), and the |ike may be enpl oyed.
Further, cDNA is produced using the nRNA (nRNA havi ng pol y-A chains) nay be
prepared in the followi ng manner. For exanple, oligo-dT chains or random

E&L pr B?ﬁ%ﬁ%ﬁ%ﬁ S ?ﬂﬁ@%ﬁlﬁ# 3%&@?@%eﬁf%ﬁﬁ“@%@*@%?2?‘”%&222?36
! ' DNA. , F | on,
exaan’e,y"ﬁﬁ#@%ﬁaslc%ﬁwﬁér%g%’wéfced fbﬁ%af'?ﬂzﬁﬁg"kﬁr%Xﬁw%’e@ﬂl@?ﬁ#ﬁ(‘%‘?gﬁﬁéﬁ%m‘%w
DNA t is Ki . is Ki
e Sl Dl Tosten
Cg.) ang tqeam ll.n @ ‘)’@‘ﬁﬁ’l égtg‘lt}c@}?ﬂécbh%&gyf‘gﬁﬁ?’h%’fgﬂtorgnay be
. . pely . ' PCR
Prom the (Hakuacshtiiki. einob LATTRE e CRBORET MLkl focl oot i e
sequence _of the nycleqtjde.sequence of SEQID No: 1, 3 or 5 as a prinmer or
by a hybPrigntal g "?‘r’égﬁhﬁ tng DNA having partial nucl eotide sequence of

the nucl eotide, sequence of I D, No:. .1, or.5.as a obe. .
Int qe case otp em&l%%ng hsl\rlgnd%zat?on, cloning maﬁ rbe carried out

according to a method described in, for example, "Cloning and Sequence",

Experimental Manual of Plant Biotechnology (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 to the known methods using, for example, Random
Primed DNA Labelling Kit (Boehringer Co.), Random Primer DNA
Labelling Kit Ver. 2 (Takara Shuzo Co., Ltd.), ECL Direct Nucleic Acid
Labelling and Detection System (Amersham Pharmacia Co.), Megaprime
DNA-labelling system (Amersham Pharmacia Co.) and the like.

Examples of the hybridization conditions include stringent
conditions and the following conditions may be exemplified: keeping at 65°C
in the presence of 6 x SSC (0.9 M NaCl and 0.09 M trisodium citrate), 5 x
Denhard’é solution [0.1% (w/v) ficoll 400, 0.1% (W/fr) polyvinylpyrrolidone,
0.1% BSAI], 0.5% (w/v) SDS and 100 x g/ml degenerated salmon éperm DNA
or in DiG EASY Hyb solution (Boeringer-Mannheim Co.) containing 100 y¢
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In the case of enploying PCR, DNA usable as a priner set is those planned
and synt hesi zed based on the nucl eoti de sequences of about 20 bp to 40 bp,
for exanple, the nucleotide sequences sel ected respectively from
5'-non-transl ation regions and 3'-non-transl ation regions of the nucleotide
sequence represented by SEQ ID No: 1, 3, or 5. Exanples of the priner set
are sets of DNA of nucl eotide sequence represented by SEQ ID No: 9 and DNA
of nucl eoti de sequence represented by SEQ I D No: 10. The PCR solution to

55 BB S R
cond 1 oneerCel 1 Ao Wi B oactes S 1 80 4 o oc
stens "o SkEL 0O Rl AP D DR IR P 7oc
of keepilﬁ"gfngg@ %%Férﬁﬁ%@e@g‘h‘ﬂ%esgﬂé&‘ﬁt A Ne 41rr’1_‘ hﬁ@gagﬁgﬁt}g?ﬁgr P
15754c { opg O it sk Tina Uk RIS “Ror the operation, tne
Her acul age T ( proMissdos PRI enting 85 VRIS regop bl (reb ReReD

contai ned in Advantage cDNA PCR Kit (Cl ontech Co.py , TAKARA Ex Taq (Takara

Shuzo Co.PCR ean) be payviedions rpdey KMBA LA teq ecfTakaracPhugo €8.) | and

the |ike. ) . .
Ltd.) and using a solution containing cDNA library phage of Arabidopsis

(about 1,000,000 pfu) as a template and DNA having the nucleotide
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 obtained 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 Iin the presence of 6 * SSC (0.9 M NaCl and
0.09 M trisodium citrate), 5 * Denhard's solution [0.1% (w/v) ficoll 400,
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In the case of enploying hybridization, cloning may be carried out
according to a nethod described in, for exanple, "C oning and Sequence",
Experi mental Manual of Pl ant Bi otechnol ogy (edited by Watanabe and

Sugi ura, Noson Bunka Publisher, 1989) The probe to be used nmay be obtai ned
by synthesizing DNA (with the chain I ength of about 200 nucl eotides to 500
nucl eoti des) having partial nucleotide sequences of the nucl eotide
sequence represented by SEQID No: 1, 3 or 5 and labelling the DNA with

uaing, 1 of ok SR Foethly “%ﬁcﬁ%ﬁe@%ﬁ?ﬁ%@ PhaeFl SBeotnd Hﬁﬂiﬂ%lm nocs
Sapgg{n Elrj‘lé%rr@%%ssﬁ%%le%ﬁp Kﬁam @%’T@téggggﬁﬁ%u&?;nd Phar maC| a
e, Bty Maanigh '¢ﬁ” ?a? %ﬁ%ﬁﬁm'&@m Rttt
cond 1 onc, ShS IR, LoAL QAR EONULL onc. Tay L a8, KRR P 65
0 196 BSA] Higpso, (i WApoenEs Bkl E%s“cﬁ <<5,Aﬁfﬁ&>;@gﬁ% stlbts B ot o o
of 323&3%@%%&8%%%@@%%&”%@ R krapyR abSPng: ot A0npgel i O
Nal - and Bheonspssnce PEBGh dnsets (05 NN e D TP Wosaeiamepirtehand ”

0.5% SDS to obtain clone hybridized with the probe.

Further, DNA coding the cytokinin receptor may be prepared based

on., for example, the nucleotide sequence represented 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

mey be cloned in a vector by a cemmon 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.), pUClS/ 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.

18




keeping at 68C for 30 minutes in the presence of 0.1 x SSC (0.015 M NaCl
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 tag TM (Takara Shuzo Co., Ltd.) and using a solution containing
CDNA |ibrary phage of Arabidopsis (about 1,000,000 pfu) as a tenplate and
DNA having the nucl eotide sequence represented by SEQ ID No: 11 and DNA
havi ng the nucl eotide sequence represented by SEQ ID No: 12 as a pri mer

T Atk Akt et il
ipnog &SRSV 2 e e B i B R st
I)g'[ ai?)geZé:@DlilnAmngngfg;%’ftsgga%ﬁg%;? a.b lee%‘%p?%{:%é n’fﬁ ébe ‘?‘t‘ﬁj’fﬁ;iia | oyi ng
egipr st el dnree Ldanshonl Erplers A ' 2
a manner , D¥olarpingtoriie %SPGHe%{@ntg ﬁe@yﬁga@%ﬁ@@gﬁqcﬁm Bﬁ'gt hod:SUC
practically the hybridi zat.i Ongl;}tigﬁﬁ(ar ried out keeping at 65 Cin the

pr esence Bipspstenmghapan &ons RE €.0.09 Mtrisodiumcitrate), 5 x

Denhard's solution [0.1% (wv) ficoll 400, 17
(8) Construction of expression vector

A expression vector of DNA coding the cytokinin receptor may be
constructed according to a common method described in, for example,
Molecular Cloning 2nd edition written by J., Sambrook, E., F., Frisch, & T,
Maniastis, published by Cold Spring Harbor Laboratory Press.

Usable are vectors 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 further are
possible to be isolated from the host cells and purified and may have
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 IT (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
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0.1% (w v) pol yvinyl pyrrolidone, 0.1%BSA], 0.5% (wv) SDS and 100 P g/ mi
degenerated sal non sperm DNA or in the DI G EASY Hyb sol ution

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

L L e s R
SR o B S S e
T, R B o Rl i i AT,
G R T S N RS e
S bl el i e i B e
cxampl . R R B ohd e o BRSSP BB SRR BT S
D ERRe ) Aot b P lBE S B,
For exanpggérog?éapromoter (argP of arginine operon, a promoter (galP of galactose

operon, a tac-promoter, T7-promoter, T3-promoter, A -phage promoter, (4

-pL, A -pR) and the like. Iﬁ 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 ADH?

promoter (the ADHI promoter is available from the yeast expression vector

pAAHS 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 commercial purposes in USA., it. is required to obtain

permission from the patent holder. I_n the case of using a plant cell aé the

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

prombter, an octopine synthesis enzyme gene (OC7) 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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A, M&W Glbert, Proc. Natl. Acad. Sci. USA, 74, 560, 1977, and the
like), the Sanger nethod (described in, for exanple, Sanger, F. & AR
Coul son, J. 18 Mol. Biol., 94, 441, 1975, Sanger, F. & Nicklen and A R
Coul son., Proc. Natl. Acd. Sci. USA, 74, 5463, 1977, and the |ike). For
the process, the following commercialized kits may be, for exanple,

enpl oyed: Therno Sequenase |l dye term nator cycle sequencing kit
(produced by Anersham Pharmacia Co.), Dye Term nator Cycle Sequencing FS

Ready Reacti Ki duced by PE. Bi t J . CQ. he. |ike.
(3 ConsotstetrlnDoyA BaBmec e olnin PRl A st R inc s doPRERR By ng ¢ ne
t oki ni t t t di t t.had
doscri bedi e HomauE pAdne TRR-cAfing thf SRR IRee Safor BT PR R &y 5.
Sanb k, E., F. . Frjsch, T. .. i asti | i shed by. Col i Har b
Cabor at orpaphet of enabiie tafwlition or Bt Sxyapld the oo ERRES "
t f f le, ind | i cat,i t whi ch t ai
genoti o FACRr bl it Gedinstge e pLO R oEINEl T TRETREEARel I's and
further are passible to b%isol ated fro e taost ﬁell and Puri i ed and
may have eXPeeadpReEtarRqgstble ko eEP RS mc,o 1Rg the C Y FSPRY
bacteria such E. | i host s, f l.e, Pl id pUC 119
(pr oducedmyFeravech A ShEHS 16 Clontieh CO bhaehe GoBtF HEBEARETAPELPE: agene
Co. d ik be used. In th f ' t t he host
Coi) " DR S ot o devesrmm bR ey . usea.

In the case of usi nﬁ pl ant .
promoter of the plasmid pACT2.

(4) Production of transformed cell

A transformed cell to be used in the present invention may be
produced by introducing the 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
bacteria, examples are bacteria belonging to E. coli, Serratia, Bacillus,
Brevibacterium, Corynebacterium, Microbacterium and the 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, conventional introduction methods are 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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cells as the host cells, for exanple, DNA coding the cytokinin receptor may
be integrated with Plasm d pBl 221 (O ontech 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 pronoter with the
aforenentioned vectors in the upstream of the DNA coding the cytokinin 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", neans

o expr oS e eariem oPRe Rk SaRhas Al AR BRGBRICCE T
host  cel 117 pIVEERIRE CRbying? 1 3 SRuiiBok SR Bl EBDRAY Aabbor J9SL00 L1 "2
or oLt L2l GShESEARREY RSl e SR Ar BB RO 0 (ot 1«
o 92 8588 905 B BT B P P G TR A BIo0E
POt o TRl AR PSR R PR B3PS SR I
expt essi ohAUAEFolR s JIHACPE BOHRBY RS PR DONEAD) Shbptrempted * '
term nator and which may he obtajned.fro shi ngt.on Research Foundation).
The ADLL SHGREORM PO TR Reci A oi 1087 JAKEHRe B SFLLY BrfoRuRBEPRaho. 733 of
Viéshi ngt Oir}ltrl%e u%%{o%hmlégﬁgcﬂafloi' g}rgax%?) e,i‘Qg}o%gcge%fgmtig%ct{otn r.n%tfilgc? d for
(Japanese Examined Patent Application No. 2 - 58917, Japanese Laid-Open
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).
(Transformed cell in which a cytokinin receptor of partially transmembrane
region-deleted type, i.e. a cytokinin receptor of a transmembrane quantity
variation type, is expressed)

A cytokinin receptor to be used in the present invention includes a
cytokinin receptor wherein 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 are 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
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I ndustrial and commercial purposes in USA., it is required to obtain

perm ssion fromthe patent holder. In the case of using a plant cell as the
host cell, usable exanples are a nopaline synthesis enzynme gene (NOS)
pronoter, an octopine synthesis enzyne gene (OC7'| pronoter, a cauliflower
nosai c virus (CaMW)-derived 19S pronoter, a CaW-derived 35S pronoter and
the like. Further, in the case of integrating DNA codi ng the cytokinin
receptor into a vector already having a pronoter possible to function in a
20 host cel
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the natural type cytokinin receptors (i.e. natural form).

More particularly, examples of such cytokinin receptors include 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 (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 regions); 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 (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 which 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
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Brevi bacterium Corynebacterium M crobacteriumand the |ike. As yeast,
exanpl es are buddi ng yeast and fission yeast. Mre particularly, exanples
are yeast bel onging to Saccharomyces, Schi zosaccharonyces and the like. As
pl ant cell, exanples 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 nethod for introducing the expression vector into the

af orenenti oned host cell, conventional introduction nmethods are enpl oyed

accordi ngy t;0,.t he, host _cel |l .t ransfo @59; € ol ase of
usi ng bagqeé??lggiget%ﬁ nif}'ﬂg?lbggfl??e%ﬁ?es}ﬁoéenenetrﬁg({nneag%%lﬁlgs?&g%}\éév}gé or may
be introdUﬁed Into a host cell by enploying a conventional introduction

met hod 21°°§0BHYs a cal ci um chl ori de nmethod and an el ectroporation net hod
described in, 4 ecul ar ning. (b . r , : Col.d Spring
arbor 1089) " Fivdbopatsinaiepndd o iHVRIANbe 1y Bqifd e

af orenenti gned .expressi on. veet or, may ,be introduced |nto .t host cell by
enpl oyi ngq%%g nr?? oF &5 HRiTodvcad "tna%’pbreo%ﬂf&@dio%@ %ﬁc%@lk‘%htoggl?) based on a
l'ithiummethod.  Further, in,the case qf usi a,pl ant cel S st cell,
the afor ﬁ??‘ﬁﬁ@ﬂneéi’b‘?@?gi oﬁf‘{%é’e?@‘ (ﬁ,@axb%tﬁ?xﬁp%zgﬂctgdw ﬁ??l[]‘oﬁehlgl\ggst cel |
by a conventional . Jintroduction t hod, .for exanpl e, Agrobacterium

i nf ect i orCABRAFFYLPSLID TECRPTEY 1t} ?f? ent Application No. 2 - 58917,
Japanese Lai d-Qpen Patent Application No. 60 - 70080), an el ectroporation

method into a protoplast (Japanese Lai d-Qpen Patent Application No. 60 -

251887, ) .
(Transformed cell to express chimera-type cytokinin receptor)

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 receptor, and a receiver
region for a histidine kinase. The chimera-type cytokinin receptor has the
extracellular region, the transmembrane regions, and the histidine kinase
region homogeneous to one another and the receiver region for the histidine
kinase heterogeneous to these regions. For example, the chimera-type
eytokinin receptor may have said extracellular region, transmembrane
regions, and histidine kinase 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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Japanese Lai d- Open Patent Application No. 5 - 68575), a particle gun

nmet hod (Japanese Lai d- Open Patent Application No. 6 - 508316, Japanese
Lai d- Open Patent Application No. 63 - 258525). (Transfornmed cell in which a
cytokinin receptor of partially transmenbrane region-deleted type, i.e. a
cytokinin receptor of a transmenbrane quantity variation type, is
expressed) A cytokinin receptor to be used in the present invention
includes a cytokinin receptor wherein said cytokinin receptor has at |east

one tra rape region, but.. | ess jt han .t My [ (comonly
2 to Pll“ﬁ h%‘?‘rg g gﬂe@ﬁﬁlb?&ﬁ’&%%%Vlewﬁ(%%“%céuie%’ i?@?ﬂtion such
cyt oki n| tors. a ti.mes ] cyt.okinin receptors of
partial | y l@Séﬁﬁ\‘Mﬁbl&i@? Brieqs) ﬁéﬁ“%@%@ﬁ 15%@) %?IE 8%1se t he phrase,

"its nat inin_tece r avi.ng no aci.d sequence
nost fre %3@%@(%‘5?3393%&6&5%@3% Xam \P?ﬁgefﬁ%l El%c Sﬁo%%‘?ature 22
and generally called, alsq.as wild-,ype cytokinjn rece toklnln
r ecept or s %‘fmgéﬁﬁaémfgp 3618 B AHARTE: 8“1’% 18R ECHeE %B%té’ %‘#j gkl ni n
receptors whose transrrerrbr ane regi o \Y det er, b
erpl Oyi not 9t AR RS OEURPES SHPIEPRIR b SH B2 & Hﬂacase ot ReRE, 2Y
http://wwv. ch. enbnet . or g/ sof t e/ TMPRED formhtm | 2 %Rﬂﬁémenbrane
regi ons arfe@%hﬁmg %mé%am FAUSREPHIAD anping 406 ?"E‘P "e"s 50, e | ess

i n nunber than the nunber, of t he transnenbr the natfural type
cyt oki ni naliﬂél‘}éﬁ gragm(qo acid sgeuenge #Qﬂrﬁfented YSEEZghS)q\?O 4in a case E

AHK3 and a region having the amino acid sequence from amino acid
number 449 to 714 among the amino acid sequence represented by SEQ ID
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 having 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 nurﬁber 891 to 1163 among the amino acid sequence
represented by SEQ ID No: 2 in a case of AHK2, 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 AHK3 and a region
having the amino acid sequence from amino acid number 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
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More particularly, exanples of such cytokinin receptors include a

cytokinin receptor having the am no acid sequence fromam no acid nunber
196 to 1176 anong the ami no acid sequence represented by SEQ ID No: 2 (2
transmenbrane regions); a cytokinin receptor having the am no acid sequence
fromam no acid nunber 50 to 1176 anbng the am no acid sequence
represented by SEQ ID No: 2 (3 transnenbrane regions); a cytokinin
receptor having the am no acid sequence fromam no acid nunber 32 to 1036

th ] i.d ; t.ed by, SEO 1D Noi 4 . nmb
Feai ons) - SPRp ke if 1BF BAEREE. FRFREFNAR A% AnrutRbndne et Ved from
th ' ' f..th t oki ni. ent wh I n.
Dl ar al | £y P AT h O SRE L ha e eSS shePr Sae it a8 bR Sl
201 d sequbnE a0 iF MAEHIGRAIREIRR BRI eloRs e Een LREe I RBBBer v nal and
the Iike. The DNA I t t Ok t b ted t
ol d 1 anSFREREIERRS A B OATRA Apq COET o ercrihin RE AL the
tr nmb , ' of -t | t aki ni t b tiall
e ey RIS 00 Soar AReOBLEY G D Ba L amMen ST BLRLRRRY oo et | b
techni que, Production aof the gransformeg cell in.which.the codi ng t he
Cyt oki i nintdRSER FoREn BAVIDRLEFIREY HO% SREPRE AP SBIBY AFILONETERC
Ao e g TR disting th Siiho sl Sbaleist YephetenssTbl SBQH Rb: bR O

a case of AHK2, a region having the amino acid sequence from amino acid

number 120 to 399 among the amino acid sequence represented by SEQ ID
No: 4 in a case of AHKS3 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 CRE1.

The histidine kinase protein has the following sequence in common
in plants, e.g. higher plants, and microorganism. That is, histidine kinase
protein is composed of an extracellular region, transmembrane region
(generally about 2 to 4), histidine kinase region having histidine kinase
activity and holding 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 that 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 receptor.

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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coding a cytokinin receptor is introduced". (Transformed 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
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 for a histidine kinase.
The chinmera-type cytokinin receptor has the extracellular region, the

t nmb : . : d the .histidi ' ' h t
anot her | AP HE RUER TR g g R BT e AR bt TR At RR B Sreons o
th ' . _For.. I t hi - t t oki.ni t h
sai d ext r HOENSG RIS GIRe pPae b IOREAS RSB SR SRR hace

[ der.i f yt oki.ni t . l.ect. f CREL1, AHK2?, d
O e e B2 o Tl o B Pl SOk A R A
recept or fPHFE tHGhOROEFREiSy JPEREAE e EP I A 150 BoRREE PRI ¢ he
particular .t ransrzﬁﬂbrﬁ]e g}ajgi on which is the nost Gtermnally downstream
t r ansmenbFSEIen$: b AISEHIRR SIRIRETEST ] receptor. Sai d hi stidi ne ki nase

region typically has five conservative tifs which are connon to generic
24 hi st di ne. ki A8SH6R STeGRER TBEWN, MEARIR Ae: ReRSHATBIE. BaREEIVEE TOB0B1 1 336

(1989), M ¢robjological Reviews, 53(4)450.490(1989).,, Science .
262: 530- 5&&%@@@@)\? Ripape protpimgeler P%’smé?r(of’ﬁ%al%léﬁﬁ ihESGHET a region

region of histidine kinase protein derived from a microorganism such as
yeast, E. coli) and more particularly receiver region of histidine kinase
protein coded in SLNI gene derived from budding yeast {e.g. the amino acid
sequence represented by SEQ ID No: 7), receiver region of histidine kinase
protein coded in Chey gene derived from Salmonella, receiver region of
histidine kinase protein coded in ResC gene, which is a hybrid sensor of E.
coli [Maeda T, et al. Nature: 369 242-245, (1994): e.g. the amino acid
sequence represented by SEQ ID No: 8], receiver region of histidine kinase
protein coded in Phks gene relevant to cell cycle control of fission yeast
[Shieh, JC, et al., Gene 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 receiﬁer
region for the histidine kinase protein, joining the DNA by a common
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. Incidentally, one DNA fragment may be utilized to provide the
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havi ng the am no acid sequence fromam no 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 am no acid sequence fromam no acid nunber 450 to 700
anong the am no acid sequence represented by SEQID No: 4 in a case of

AHK3 and a region having the am no acid sequence fromam no acid nunber
449 to 714 anong the am no acid sequence represented by SEQID No: 6 in a
case of CRE1l. Receiver regions of the cytokinin receptor may include the
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of any of the extracellular regions qQf the cytokinin, receptqr, wherein

sai d sensef pPradyicsion by BCEs avitfinst theeligonuiclaosifent{paside pyymers) having

the nucleotide sequences of 5' terminal regions of respective regions to be
amplified and oligonucleotides (3' side primers) having complementary
nucleotide sequences to the nucleotide sequences of 3' terminal are desi_gned
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 amplified by the PCR to
one another or these polynucleotides to vectors. Then, 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 tb 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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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 AHK2, a region having the am ' f ' .aci d
case o A AL SR IR IR AU OR o
4 | f AHK3 d eqi [ th ] id. f

2t 0 numbi esloremedBondin o iodnetin ol tg HpdlhiiBad el i SRUERTBs by s 1
No: 6 in of CRE1l..The histidi Ki ” tein h the foll ow
sequenl:e ﬁﬁ\f@%mg a F?Etoﬂﬂl%]r’i‘te’ée,cleé?cg.llsEﬁgﬁgrﬁg%iag{ g, e;zd ?n'scr ogr ggni gvn\q r]'(‘?'hat

I's, histidine kinase protein is conposed of an extracellular region,
transmenbrane region (generally about 2 to 4), histidine kinase region

havi ng hi gtidin i ngse . activity and hol di H stidi ne residue to be an
active siﬁé,t“’é’ﬁﬁur%"c%g?@} ?rw ng Oﬂéyﬁﬁ?@léeggéﬁt?? S}ﬁt(’%é?’t‘ﬁfor a phosphoryl
group transfer d holdin Aspartic acid._residue tq .be an . active sjite. In
the chi nera-typ@neewﬁ@ﬁp of thecepiptance;ar the %Bé'ftétwﬁleﬁ‘ma@}lf%él_gnaf |
extracel lul ar .region, t transnmenbrane regi ons naggqthe ISt%ﬂlggfokl nase

h .
regi on ar@agsfugiden ’éﬁnftﬁﬁﬁﬁ iy EeRepEel exnrppeedh Hensiorm r,

whereas the receiver regions arge derived different I&/ frgm t)ipe of the
former cyPedused bychenhnve described manner may be carried out by utilizing the

intracellular signal transduction system originally present in the host cell
used for production of the transformed 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 mediator), which is a downstream signal
transducer in the so-called Two-Component regulatory system, can be
additionally introduced and expressed in the host cell and the expressed
system may be used in the intracellular 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, ERS1, ERS2, and EIN4; present in Arabidopsis
[Chang et 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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It is sufficient for the receiver region of the chinera-type cytokinin
receptor to have a function of receiving signals transmtted fromthe 26
hi stidi ne kinase region and transmtting themto the next step and any of
receiver region nmay be usable as |long as they can conpl enent or inprove
the intrinsic functions of the receiver region of a histidine kinase
protein conprising the honogeneously derived extracellular region,
transmenbrane regions, and histidine kinase region. As such a receiver

19,90, 3N Oni i SRR e SR e PR o, iR B
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regions O}Ea‘tfirzlleg af %'/éc%lf)it{c])innpart) is decreased. Such improvements in the host cell

may provide a change of the quantity of the cell growth, change of the

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 SLNT gene coding the protein having the osmotic

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 example includes a defective

strain of the BcsC gene, which is a hybrid sensor derived from E. coli and a

defective strain of Phks gene relevant to the cell cycle control of fission

yeast.

(Method for analyzing agonist-activity and antagonist-activity to a cytokinin
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receptor, histidine kinase region of the cytokinin receptor, and receiver
region for the histidine kinase protein, joining the DNA by a common
genetic engi neering technique so as to prevent appearance of any

term nation codon in the mddle while using a proper linker so as to
prevent frame shift. Incidentally, one DNA fragnment may be utilized to
provide the 27 DNA encoding the extracellular region of the cytokinin
receptor and transnenbrane regions of the cytokinin receptor or the DNA
encodi ng t he e§tracellular region of the cytokinin receptor, transnmenbrane
regi ons ofeCPREPT cytokinin receptor, and histidine kinase region of the

espective ool Bhete maynPRotr T BlonREalte Ty AR R RERom o,
(5% e Srmelesotie st Slacothiinein a camthatabbonntd ol o, 51 one”
or 1 mor &) WS RbrERRRR sed o gt BNV A 8ouie RSO FRipRE IR 151 e

o1 gonucl EredHesdnSluss  TcEhof Jor BOvRHRE e HRRUBRG AL Bt FHRE n )
Paotr ct | BRCDHE TR GIBE bt roRTUBEnERbEaRch Pk o ek BeGr | gat i ng

T TR R RUNE I N
Feacti on BOABHAEGRS EHPHOYEALISH IHE LA Cakbars @edium atd 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
nM to about 1 mM and preferabiy about 10 nM to about 100 M. The
culture time is, for éxample, 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 cytbkinin receptor, the culture containing no cytokiniﬁ may be used
as the culture containing the examinee sub.stance. 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 reéeptorsl the cytokinin receptor having the amino acid
sequ_enbe 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 héving the amino
acid seciuence from amino acid number 196 to 1176 among the amino acid

sequence represented by SEQ ID No: 2; the cytokinin receptor having the
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tenplate to be used in the case of producing the polynucl eotides coding the
extracel lul ar region and the transnmenbrane regi ons of the cytokinin
receptor or the histidine kinase region of the cytokinin receptor, usable
is CcDNA |library derived fromplants such as higher plants. Al so as the
tenplate to be used in the case of producing the polynucl eotides coding the
recei ver regions of the histidine kinase, usable is the total DNA or cDNA

| i brary derived from m croorgani smprepared by a conmon net hod. The

roduction of the transfor.red cell in,whi t odi n he 2
P mar o+ Smhe bER SRRRER B affino 40id Mhlsfhert SEaS 076 S I aptlo . i g
to the afor.enentioned, "Producti EPﬁged%rgnsfgrned celltin m@ich t he
DNA codi N8O EURERPFePTesERietRy PEG D0 4B £y tolinm Eecspton hFviney nay
transductj,on systemyel evant .to cyt.okini. as of the,exi stence or
ha o ant Hie aging A shamenion fan o 68 hupther 48 80T Amo i o
receptor expressed in the transforped I roduced ,hy the above-descri bed
ranner m9m§@0 é&‘fd??“éﬂle&ﬁ? rwr%ﬁpfqﬁﬁécﬁf‘#@ Nt g’a sHifasra SRR a
transducti on systemoriginally present in,the host I ed. for
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i ntracel lul ar signal transduction cap be determ ned by enpl oying the
quantity BACEPHY CEANSReRRFaNg reginns of the pHobyinRacepLaL, aﬁﬁ?‘aﬁv@ator.

et e tul BhohalEhdnon S et oc) bl chle B otestiean
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said histidine kinase region are homogeneous to one another and the
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 analyzing the antagonist-activity to the cytokinin
receptor, examples of the first step of bringing an examinee 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 cytokinin receptor. In order 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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system may be used in the intracellular signal transduction system Usable
as the Two- Conponent regul atory system for exanple, are Two- Conponent
regul atory systens corresponding to 5 types of ethylene receptors; ETR1,
ETR2, ERS1, ERS2, and EIN4; present in Arabidopsis [Chang et 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 AtHK1l havi ng sensor
functions to the osnotic pressure [Urao, Plant ell 11: 1743-1754 (1999)].
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medium containing the examinee substance and the substance having the
agonist-activity to the cytokinin receﬁtor. When transforming the host cell

to analyze the antagonist-activity to a cytokinin 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 sequence
represented by SEQ ID No: 2; the cytokinin receptor having the amino acid
sequence represented by SEQ ID No: 4; the cytokinin receptor having the

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

wherein said cytokinin receptor has at least one transmembrane region but

less than that in its natural form; the éytokinin receptor having fhe 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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[Maeda T et al., Nature 369: 242-245 (1994)] may be exenplified: a strain
obt ai ned by defecting the SLN1 gene coding the protein having the osnotic
pressure sensor function and derived fromthe buddi ng yeast such as
Saccharonyces cerevisiae and the like. Since the strain is defected in the
hi stidi ne kinase protein existing in Saccharonyces cerevisiae, there can be
nore clearly detected the existence or the quantity of the intracellular

si gnal transduction fromthe cytokinin receptor expressed in the

transforned c ng t he ant of t oW .th
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medi um receptors.

The agonist activity or the antagonist activity of the examinee to the
cytokinin receptor can be detected by evalueting 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 analyzing the agonist-activity
or the antagonist-activity to the cytokinin receptor. For example, the
evaluation of the agonist-activity or antagonist activity can be based on fhe
difference between the tﬁvo 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 different examinee
substances, the examinee substances are typically utilized independently in
different systems. It is preferable 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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produced by adding agar or the like to the liquid culture nedium The
concentration of an exam nee substance in the culture nediumis about 1 nM
to about 1 mM and preferably about 10 nMto about 100 ,u M The culture
time is, for exanple, 1 hour to 3 days and preferably 25 hours to 2 days.
Incidentally, in the case of nethod for analyzing the agonist-activity to
the cytokinin receptor, the culture containing no cytokinin my be used as
the culture containing the exam nee substance. Wen transformng the host
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culture medium to which the examinee substance is added, the examinee

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 receptor are added, the examinee substance found capable of

suppressing or inhibiting the growth of the transformed cell can be

evaluated as a substance having the antagonist-activity to the cytokinin

receptor.

Incidentally, as a blank, the growth of the transformed cellin a

culture medium using galactose as the carbon source in place of glucose, for

example, a DOLU + Gal culture medium, can be investigated 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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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 honbgeneous to one anot her
and the receiver region is 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 am no acid sequence
of the above cyctokinin receptors. In the nethod for analyzing the

ant agoni st,- acti vi toth t pki nkn_. t I f. first st
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and preferably about 10 nMto about 100 N M, The co centr%tion of the
subst anceth(eec.tétur@ymsmmr@nw@ﬁ alexgminee sihstance and asuhstance,qn,y |

adeni ne, thidiazuron and the |i kel)1 havi{ng t he )
having the agonist-activity to the cytokinin receptor, the examinee

substance found capable of suppressing or inhibiting the normal fission and
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 (that is, a
transformed cell having a function of directly controlling reporter gene
expression by the intracellular signal transduction from the cytokinin
receptor) produced by employing 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 liguid 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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agoni st-activity to the cytokinin receptor is about 1 nMto about 1 mM and
preferably about 10 nMto about 100 Al M The culture tinme is, for exanple,
1 hour to 3 days and preferably 25 hours to 2 days. Incidentally, in the
case of nethod for anal yzing the antagonist-activity to the cytokinin
receptor, the culture containing a cytokinin may be used as the culture
medi um cont ai ni ng t he exam nee substance and t he substance having the

agoni st-activity to the cytokinin receptor. Wen transformng the host cel

to anal yze the ant t yact to a wn.r tor it
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Further, a substance selected 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
carrier, 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 horticulturél 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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receptor, transmenbrane regions of the cytokinin receptor, a histidine

ki nase region of the cytokinin receptor, and a receiver region of the

hi stidine Kkinase, wherein said extracellular region, said transnenbrane
regions and said histidine kinase region are honbgeneous to one anot her
and the receiver region is heterogeneous thereto; and the cytokinin
receptor having the amno acid sequence with deletion, substitution, or
addition of one or a plurality of amno acids in the am no acid sequence
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non-aromatic hydrocarbons (hexane, cyclohexane, kerosene and the like),

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 salts, alkylarylsulfonic acid salts, alkylaryl ethers and

their polyoxyethylene compounds, polyethylene glycols, polyhydric alcohol

esters, sugaralcohols and the like.

As other auxiliary agents for fhe formulation of agricultural and

horticultural 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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cell (that is, a transforned cell having a function of directly controlling
the <cell growmh by intracellular signal transduction fromthe cytokinin
receptor) 34 produced using TML82 (slnl A) [Maeda T et al, Nature 369:
242-245 (1994)], a SLNI genetically defected strain in which, for exanple,
PTP2 Tyrosi ne phosphatase gene [Ga 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 %ﬁ%ﬁ%ggﬁ%ﬁtgﬁﬁoﬁgﬁhi he transforned cell in a culture nedium

(an agar d culture nedium containing glucose as
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! ndependegrtléeyor a plurality of times.

In the case of using the plant growth regulator for the purpose Qf
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 plant growth regulétor for the purpose of
suppressing the ball dropping of cotton, the plant growth regulator is
diluted with water and the resulting diluted agent 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 it 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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of the existence of the exam nee substance. Further, in the case of using a
transforned cell (that is, a transforned cell having a function of
directly controlling the cell gromh by the intracellular signal
transduction fromthe cytokinin receptor) produced by enploying fission
yeast as a host cell, such as a Phks genetically defected 35 strain, the
fission pattern of the fission yeast may be observed with a mcroscope. In
this case, when the exani nee substance is added to the culture nedium
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i nt r oducednd hwatigultaralageitinrgdag nb§§é"fg%‘éls ?"ﬁ“é?ns‘g\bfégn%i”f 8Pe medi um

or aliquid culture nedium]|[Suzuki, et al, Pla
antagonist-active substance to the cytokinin receptor and used as a plant

growth regulator. The parts in the following description 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 antagonist-active
substance to the cytokinin receptor, 3 parts of calcium ligninsulfonate, 2
parts of sodium laurylsulfate, and 45 parts of synthesized hydrated silicon
oxide.
Formulation example 2

A hydrating agent was obtained by sufficiently pulverizing and
mixing 70 parts of an agonist-active substance or an antagonist-active
substance to the cytokinin receptor, 3 parts of calcium 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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Cel |l Physiol 42: 107-113 (2001)]. In this case, if the culture nmedi um
contai ns the exam nee substance and no substance having the

agoni st-activity to the cytokinin receptor, the exam nee substance found
capabl e of coloring the transforned 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 nmedium contains the exam nee substance and a
subst ance havi ng the agonist activity to the cytokinin receptor, the
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like: fi bRERMSHAGHYILY atrtdef@ge RRARADISTACONALY Y(te cytokthin Teceptor even in

a small amount of examinee substances by employing the analysis method.
EXAMPLES

Hereinafter, although the present invention will be described in
details with the reference to examples, the present invention is not at all
restricted to these examples.
(Example 1) Production of Arabidopsis cDNA phage library for CRE1
cloning

Seeds of Arabldopms thahana ecotype Wassilewskija were sterilized
with 70% of ethyl alcohol for 1 minute and further sterilized with 1.5% of
sodium hypochlorlte for 10 minutes. The resulting seeds were well washed
with sterilized water and then cultured for 2 weeks in GM culture medium
43¢ Mufashige 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-HC1 (pH 8.5), 100 mM
NaCl, 10 mM EDTA, 0.5% SDS, 14 mM S -mercaptoethanol] and 10 g of

phenol. After being mixed by a Vortex mixer, the resulting mixture was
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The growm h regulator is generally mxed wwth a solid carrier, a liquid
carrier, and the like and further, if needed, mxed with a surfactant and
ot her auxiliary agents for the fornulation of an agricultural and
horticultural agent and forrmulated in an enul sion agent, a hydrating agent,
a suspensi on agent, a solution agent and the like. In these agricultural
and horticultural agents, an agonist-active substance or an antagoni st -
active substance to the cytokinin receptor may be contained generally in

ol o carmiird b Bl TR Eo Ittt and edpouny bt Fedlihd sypidle® °° 1
o Ul BSOS B L1 SRS LB L RS, pl SRR
quart 2 poRRISCHP N SR W LB P BER SRR A AR e g he
armron ur FRRCERPERUEIER SGH &b LY SRR, i ehE ot SR P e §
o exanfAgrTugrbrepagRBaRatclC NER Rafigion B HOBRIAS (PHECHYRS - ket onos.
hycir ocar HeRFEPIA S o GhRE, ooV al DECHIFDE e issnE i PHLTERE Yt e
i k)| clrenac] Gy Ol domad EDEA pndiBen puethipramited Vidg2 B OF Pbs
O L, oSt ' 51 31 1 S o 0GR o iR 0P 0P
separation to recover RNA as a precipitate. Further, the precipitate (RNA)
was subjected to treatment with Oligo’(:e;-xTM dT30super (Nippon Rosch Co.)
to extract RNA integrated with polyA. |
The production of phage ¢cDNA library from the extracted RNA
infe grated 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) Producﬁon 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 library produced in the example 1 as a template and DNA
having the nucleotide seduence represented by SEQ ID No: 11 and DNA
having the nucleotide sequence represented by SEQ ID No: 12 as the
primers to amplify DNA. The procedure will be described in details below.
A PCR solution was prepared by adding a reaction composition
containing dNTP and the like to the phage 1,000,000 pft and respective

primer DNA each in 0.2 # M according to the instruction of the kit and the
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acid am des (dinethylformam de, dinethylacetam de and the |ike),

hal ohydr ocar bons (di chl oroet hane, trichloroethane and the like), etc. As
the surfactant, usable are, for exanple, alkylsulfuric acid esters,

al kyl sul fonic acid salts, alkylarylsulfonic acid salts, alkylaryl ethers
and their polyoxyethyl ene conpounds, polyethylene glycols, polyhydric

al cohol esters, sugaral cohols and the like. As other auxiliary agents for
the formulation of agricultural and horticultural agents, usable are
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of times. fragment and adding a reaction composition instructed by the kit. The

labelling reaction was carried out at 37°C for 10 minutes.

(Example 3) Production of phage cDNA clone holding CRE1

The cloning of desired CRE1 gene was carried out by plague
hyEridization 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 instruction of ZAP-cDNAR Synthesis Kit, plague was
pr_dduced. 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 preparéd 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 * Denhard's solution [0.1% (w/v) ficoll 400,
0.1% (w/v) polyvinylpyrrolidone, 0.1% BSAl, 0.5% (w/v) SDS and 100 y g/ml
degenerated salmon sperm DNA or in DIG EASY Hyb solution
(Boeringer-Mannheim Co.) containing 100 y 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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In the case of using the plant growth regulator for the purpose of
suppressing the dropping of fruits, the plant growh regulator is diluted
with water and the resulting diluted agent is sprayed to the fruit parts
and branch and | eave parts before harvest. In the case of using the plant
grow h regul ator for the purpose of suppressing the ball dropping of
cotton, the plant gromh regulator is diluted with water and the resulting
diluted agent is sprayed to the balls and stem and | eave parts of cotton
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the nucleotide sequence represented by SEQ ID No: 5 was amplified by PCR.

Detailed description will be given below.

The PCR was cérried out employing Herculase Enhanced DNA

Polymerase (TOYOBO Co., Ltd.) in the reaction conditions of keeping at

94°C for 1 minute, and further repeating 25 cycles each of which comprised

keeping at 94°C fér 30 secondé, at 55°C for 30 seconds, and at 72°C for 4

minute. Incidentally, the PCR solution (50 p I} was prepared by adding a

reaction composition containing dNTP and the like to 500 ng of cDNA of the

phage cDNA clone and respective primer DNA each in 100 ng according to

the insfruction of the kit.

| The desired DNA fragment was amplified in such a manner.

(Example 5) Construction of CRE1 expression vector

After p415CYC1, a yeast 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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Next, hereinafter given are fornul ati on exanples of an agricultural and
horticul tural agent produced from an agoni st-active substance or an

ant agoni st -active substance to the cytokinin receptor and used as a pl ant
grow h regulator. The parts in the follow ng description of the exanples
denotes the parts by weight. Fornul ation exanple 1 A hydrating agent was
obt ai ned by sufficiently pulverizing and mxing 50 parts of an

agoni st-active substance or an antagoni st-active substance to the

Buryl sul e ihgea. DA BeoS i LIS oH BAtndar ke e ROt S0 T
For LA SR AAR nﬁ%?%au% O3 =2af %%%3’%?%{1@? t %'zslt%fi’eeb%‘l?bfi@%@é&%ﬁ 'y,
gt ns L?%qﬁ%ﬁa'@g%prse‘ég?#%f Ey SERTEABLa Ry B AplERaRE g hebpnd ™ ! T
agent - vast bt MGt AP RGO PAAPCY G dh T SEpAPEABRRt  ve. subst Lﬁ'cgnor an
ol yorye: MaRRLecar GIoving chaToBB ARaT s B OCRECQE’ES? boxymet hyl
cel [ul ose), andsgezdspo Eab(ifdolg\s%g %Lafigga\g%ct)ty%m\xfgss ewﬂ(ua were sterilized

with 70% of ethyl alcohol for 1 minute and further sterilized with 1.5% of

sodium hypochlorite for 10 minutes. The resulting seeds were well washed

with sterilized water and then cultured for 2 weeks in GM culture medium

{4.3 g Murashige and Skoogs 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 é\nd 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 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 concentration to be 2M of the final

concentration, left still at -80°C 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-HCl (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 y g of the
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resultant m xture to be 5 # in or smaller in the particle size. The present
I nvention makes it possible to analyze the agonist-activity and the
antagonist- activity to the cytokinin receptor and also nmakes 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
exam nee substances by enploying the analysis nmethod. EXAMPLES

Herei nafter, although the present invention will be described in details

Fest i ot ohraapntse Sual iRy, P8 St ot BRLET TR o PhaPEh Gopei s coma
Passi | cvelPEEt Or%%?%ﬁ%%@'aﬂﬁﬁ TG hsueBRts PAablom B e R SHBTE ona
rosul i ngt e?é%hﬁﬂ%r&s@# el GRA T SRR Eh ik B ﬁﬁala@“ﬁ%@%g@%ﬁ red
ot ur o, BPERERbEEd tt%%ﬁpfrﬁrfe' %enk/é%l’kgi%bﬁ%@h% Wi e T
(.G o SRR O8 S hield T8 e L4001 AL ABB AR, 1
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\S/Erst e)%4m gperxﬁ@tﬁgéﬁﬁd@%&@r}eﬁtv&& ?or ad’ Qﬁﬂﬁkes AfIgaglrdeb%aﬁg tH‘ xed by a
PT-PCR solution was prepared according to the method described in
instruction of the Superscript II.
The desired cDNA was amplified in such a manner.
Using the amplified cDNA as a template and DNA having the
nucleotide séquence represented by SEQ ID No: 16 and DNA having the
nucleotide sequence represented by SEQ ID No: 17 as primers, DNA having
the nucleotide sequence represented by SEQ ID No: 3 was amplified by PCR.
The PCR was carried out using Herculase Enhanced DNA Polymerase
(TOYOBO Co., Ltd.) in the reaction conditions of keeping at 94°C for 1
minute, and further repeating 41 cycles each of which comprised keeping at
94°C for 30 seconds, at 55°C for 30 seconds, and at 72°C for 4 minute.
Incidentally, thé PCR solution (50 y l) was prepared by adding a reaction
composition containing ANTP and the like to 500 ng of the template 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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41 m xed

subjected to centrifugal separation at 10,000 rotation for 20 m nutes.

further with 10 m of chloroformand vigorously stirred and

The

recovered aqueous |layer was mxed with LiCl in the concentration to be 2M

of the fi

subj ected to centrifugal
recover a precipitate.

nal concentration, left still at -80C for 3 hours, thawed and
separation at 10,000 rotation for 20 mnutes to
The recovered precipitate was dissolved in 2 m of

TE[10 mM Tris-HC1(pH 8.0), 1 mM EDTAI and then further mxed with 0.2 nl

of 3 M s
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b D No: 12 a rimers to anplify DNA. The procedure
will be d@g‘@%ngsqi ‘113101@1%*?&?1?1%11 Bgﬁm%?’ eXpression vector

After the pHM-1 was digested with the restriction enzyme Sal I and
Sac [, and then using T4 DNA ligase, DNA having the nucleotide 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 the 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 94°C for 1 minute,
and further repeating 30 cycles each of which comprised keeping at 94°C for

30 seconds, at 55°C for 30 seconds, and at 72°C for 4 minute. Incidentally,
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A PCR solution was prepared by adding a reaction conposition containing
dNTP and the like to the phage 1,000,000 pft and respective prinmer DNA
each in 0.2 p Maccording to the instruction of the kit and the 42 desired
DNA fragment was anplified in PCR conditions: keeping at 94C for 2

m nutes, and further repeating 40 cycles each of which conprised keeping
at 94C for 30 seconds, at 55C for 30 seconds, and at 68C for 5 m nute.
Next, using the anplified DNA fragnent as a tenplate, a probe | abelled

111 320 WpeePeEQRL R SEB P RS VRAREATT, B RRSKNL0 RBLERAL )
orepar e AR ATELR) VR S0 8068 QPR TRA e Ry o
Rt o 1 SRl o S T B U STRR Y, o0t o o
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?gégeMC %V%lg%graﬁgripgggagﬂ%g tggalkﬁﬁ% 21% aa%en?glca;ltie gntdhﬁl\ﬁf{ ﬁgnerpncgeth%f 6 X S5C

nucleotide sequence represented by SEQ ID No: 21 and DNA having the

nucleotide sequence represented by SEQ ID No: 22 as primers, PCR was

carried out to amplify DNA héving the nucleotide sequence represented by

SEQ ID No' 1 in which ATG was added to the 5' terminal sites.of the

nuclé.otide sequence frorﬁ the nucleotide numbers 586 to 3631. 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 keeping at 94°C for 30 seconds,

at 55°C for 30 seconds, and at 72°C for 4 minute. Incidentally, the PCR

solution (50 g 1) was prepared by adding a reaction composition 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

48



0.09 Mtrisodiumcitrate), 5 x Denhard's solution [0.1% (wv) ficoll 400,
0.1% (w v) polyvinylpyrrolidone, 0.1% BSA], 0.5% (wv) SDS and 100 ,u g/ m
degenerated sal nron sperm DNA or in DI G EASY Hyb sol ution

(Boeri nger - Mannhei m Co.) containing 100 ,u g/m of degenerated sal non
sperm DNA, successively keeping at a roomtenperature for 15 mnutes two
times in the presence of 1 X SSC (0.15 M NaCl and 0.015 Mtrisodium 43
citrate) and 0.5% (wv) SDS, and further keepi ng at 68C for 30 mnutes in

and prlgalenceb(’f Eﬁ%éﬁ% gpr %aﬁ%ﬁgwa'?\? . %ngk{‘ﬁ&%%%ﬁ%%@etdhg;g)hage
DNA

uc cot | P SOREENGE tPEPBELRCIG] Sgétﬁ?ew I@C%ﬁ'ﬁ@%&?%@ﬁ?édebyd
SEQ | D No:

by “SEQ | DB i Ty eedipiierban gy pesstic BN Fuf R BPRIRE G || be of ven

fn%%:égo%%%g?éﬁfp 3%%%%@&&5@?@9&3@.%&%%%&5&9 vzf Haing y”egt
?ﬁg I:Ig:]t 3&? ]E]?dgé) ?ng?@ g@%@&?ﬁ'&'\{;:ﬁ]ﬁ?e ar ed%b adfzﬁgﬁﬁ%:ctlon
conp03|t|J5I¥Y f‘g’u%gﬁg %ﬁ@@(g%| ?<e to Eoopng of E:IDNA of gt he phage
cDNA ¢l one and '&‘Ie'glg)sefg;['rln\allaogrolf%el\r/llgN%sﬁzli) & 1 gengtlcacl Orgéer(]:%eci strain,

[Maeda T et al. Nature: 369 242-245 (1994)] was carried out using the

obtained expression plasmid p415CYC-CREL1 (the example 5),
pd15CYC-AHK?2 (the example 11), p415CYC-AHK2A (the example 11) and
p415CYC-AHKS3 (the example 8). The transformation was carried out by
employing Polyethylene glycol/lithium écetate (PEG/LiAc)-mediated
transformation method according to the description of VII. Library
Transformation & Screening Protocols disclosed in MATCHAMAKER
Two-Hybrid System 3 User Manual p. 22 from CLONTECH Co.
Transformed cells TM182'CRE1, TM182-AHK?2, TM182-AHK2A and
TM182-AHKS3 were produced by selecting in thé DOLU + Gal culture
medium the transforined cells having a disappearance of leucine nutrient
requirement,
(Example 13) Response of fransformed cells TM182-CRE1, TM182-AHK2,
TM182-AHK2A and TM182-AHKS3 to cytokinin (Part 1)

A culture solution 10 x 1 (about 800 clones of yeast) of the
transformed cells TM182-CRE1, TM182-AHK2, TM182-AHK2A and
TM182-AHK3 produced by the example 12 was spotted on DOLU + Glu agar

media containing 10 Y4 M of trans-zeatin and cultured at 30°Cfor 30 hours.
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the instruction of the kit. The desired DNA fragnent was anplified in such
a manner. (Exanple 5) Construction of CREl1 expression vector After
p415CYC1l, a yeast expression vector, [Mnberg et al. Gene: 156 119.122
(1995), available fromATCC library (No. 873821)] was digested wth a
restriction enzynme Sma | and then using T4 DNA |igase, DNA having the
nucl eoti de sequence represented by SEQ ID No: 5 and obtained by the
exanple 4 was |igated downstream of the CYC 1 pronoter sequence of the
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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 grown in the DOLU + Gal agar

culture media independently of the existence trans-zeatin.

(Example 14) Response of transformed cells TM182-CRE1, TM182-AHK2A

and TM182-AHK2 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 nM, 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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solution of 10 m of an extraction buffer [200 MM Tris-HO (pH 8.5), 100 mM
NaCl, 10 nM EDTA, 0.5% SDS, 14 nmM , 8 -nercaptoethanol] and 10 g of phenol.
After being m xed by a Voltex mixer, the resulting m xture was m xed
further with 10 ml of chloroformand vigorously stirred and subjected to
centrifugal separation at 10,000 rotation for 20 m nutes. The recovered
aqueous | ayer was mxed with LiCl in the concentration to be 2M of the
final concentration, left still at -80C for 3 hours, thawed and subjected
to centr'ftxgain separation at 10,000 rotation for 20 m nutes to recover a
precipita 82®The recovered precipitate was dissolved in 2 M _of TE [10 mM
Tris-HA| (pH 8.0), 1 mMEDTA] and then|further m xed vmm g ZM 3 M
sodi um acesttekinippH 5. 2) | AMILE2-AREL hanoTMb82 ABKECt eg 18 al
separatipn to recover R\Ii as,,a preci pittalt Further, 40 ,u of the 45
preci pi t ptransRRAjIMas i Q4 Mith 30 unid“M EpLc pur e'|"¥0 sel

(Amer sham Phar maci a) angd 60 unit of Sup b3 (Anmbi on) |t,0 nove m xed
genone DNASHRAUThe resul BP YO ﬁj é’g@ed to the Ir;llﬂa | /chl orof drm
treatment and ethanol treatnment to purify the RNA. Next, using the
purified RNA as a tenplate and oligo (dT) 12-18 (Anmersham Pharnacia) as a

ELL% cr ﬁ.ﬁ}%ﬁb{%ﬁ@é@%E‘h{f@%?%eaaérﬂ?gﬁb%’?ﬁfﬁq?ﬁlﬁﬁhéfﬁjﬁ%ﬁ%%gﬁgéﬁ " the
PT. p . : . :
[ nstrucf?%#giéﬁﬁfl\%gﬁﬁgggé?f}ﬁcfg 1I'Rg legsit rgdm(i}:)Nz wagsg;rial in [ 133 In such a

ranner. The transformed cells TM182-CRE1, TM182-AHK2, TM182-AHK2A

and TM182-AHKS3 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 (ODsoo) and further the resultants were diluted
with DOLU + Glu media at a dilution rate of 1/200 to obtain diluted
pre-cultured solutions.

An assay plate was prepared by filling respective wells of a 96-well
plate with 20 g 1 of solutions which 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 4 M th the final concentration. Simultaneously, én assay plate only
filled with 20 w 1 of solutions which were 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 y 1each into
the respective wells of both assay plates and cultured at 30°C for 24 hours

and then the optical density (ODs20) of each well was measured by a plate
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Using the anplified cDNA as a tenplate 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 prinmers, DNA having the

nucl eoti de sequence represented by SEQ ID No: 3 was anplified by PCR  The
PCR was carried out using Hercul ase Enhanced DNA Pol ynerase (TOYOBO Co.,
Ltd.) in the reaction conditions of keeping at 94C for 1 mnute, and
further repeating 41 cycles each of which conprised keeping at 94C for 30
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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 24 3

DMSO 0.01 0 0.51
Compound 0.01 0 0.54

Al

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-AHK2A

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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After the pHM 1 was digested with the restriction enzyne Sal | and Sac I1,
and then using T4 DNA |igase, DNA having the nucl eotide sequence
represented by SEQ I D No: 3 was introduced downstream of the CYCL pronoter
sequence of the expression vector pHM1 as to be integrated to express the
desired protein in yeast. The constructed DNA was confirned to be right in
the direction and its nucl eotide sequence was confirmed to be right in the
sequence by an autorratic DNA sequencer and thus the expression plasmd
p415CYC- AHK3 s 043 61 (Exanpl e 9) Coning of AHK2(BAB09274) cDNA Usi ng
the cDNA B’F ’ée o Qngxarrpl e 6 (the cDNA prepared by reverse
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pri mer DNAeach in 50 according . to truc;tlon of the kit. The
desired ;5’ ﬁ%ﬁfﬂs %ﬁ%%h%)?ﬁﬂsé”é diag ti’@iﬂ PEATRRS

The pre-cultured solutions are added in 20 ¢ 1 each into the
respective wells of both assay plates and cultured at 30°C for 30 hours and
fhen 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 optical
density measured in the testing sections to which the examinee substances
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'actifity to
cytokinin receptor {(Part 3)

The transformed cells TM182-CRE1, TM182-AHK2, TM182-AHK2A
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
pre-cultured solutions.

The pre-cultured transformed cells (TM182-CRE1, TM182-AHK2,
TM182-AHK2A and TM182-AHKS) are spot-added in 10 w 1to the
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(Exanpl e 10) C 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 the nucleotide sequence represented by SEQ I D
No: 21 and DNA having the nucleotide sequence represented by SEQ ID No: 22
as prinmers, PCR was carried out to anplify DNA having the nucl eotide
sequence represented by SEQ ID No: 1 in which ATG was added to the 5'
termnal sites of the nucleotide sequence fromthe nucl eotide nunbers 586
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TM182-AHKS3) are observed to grow.

(Example 18) Method for searching substance having antagonist-activity to

cytokinin receptor (Part 4)

The transformed cells TM182-CRE1, TM182-AHK2, TM182-AHK2A

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 transformed cells (TM182-CRE1, TM182-AHK2,

TM182-AHK2A and TM182-AHKS) are spot-added in 10 g 1to 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 nM to 100 ¢ 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 of the antagonist-activity of the

examinee substances to the cytoki.nin receptor is detected and confirmed

based on the lowest concentration at which transformed cells (TM182-CRE1,

TM182-AHK?2, TM182-AHK2A and TM182-AHKS3) are not observed to

grow.

54



to be right in the direction and its nucl eotide 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, N wer e obt ai ned.

(Exanmpl e 12) Production of transformed cells TML82- CRE1, TML82- AHK2,
TML82- AHK2A and TML82- AHK3 Transformation of TML82 (sinlA ), SLN
genetically detected strain, [Maeda T et al. Nature: 369 242-245 (1994)]
was carried out using the obtained expression plasmd p4l15CYC-CREL (the
exanpl e 5), p4l15CYC- AHK2 (the exanple 11), p4l15CYC- AHK2A (the exanple 11)
and p415CYC- AHK3 (the exanple 8). The transformation was carried out by
enpl oyi ng Pol ye l.en | wcol /1.t hi um acet.at e EG LiAg), .- nedi at.ed
Cranl o mat | on HeFraaTier Uaregiom (RPGRET po Peesh Withe TRPRFIL

Transf or nat | on. & S(g? %erg' n%r.Fr(g.t ocol s disclosed in MATCHAMAKER Two- Hybri d
System 3 BEFURENY p.9C3FPFEm CLONTECH Co. Transforned cel |s TML82- CREL,

TML82- AH - A.and TNL82- AHK3 were produced by selecting in the
DOLU + Ga%%ﬂ%$%‘&f%ﬁetﬁ@ Y8nsformed cells having a di sappearance of
| eucine nygtrjent requirenent. (Exanple 13). Responsg,of transforned cells
V8- CREPECH s AR E T Ty KIRSAREARS RS KT8 oyt ok nin (Part 1) A

culture s ;ution 10 p 1 (about 800 clones of yeast).,of the transforned

cel I's TMLE2U8R1, TML82- AHK2, TML82- AHK2A and TMLEPBAHK3 produced by the
exanpl e 1Brg€_%u%%lixt&51 on DOLU + @ u agar 2.0g

Distilled water 1000ml

(b)DOLU + GAL culture medium

Bacto-yeast nitrogen base without amino acids 6.7¢g

Glucose 20g

Drop-out mix (x) 2.0g

Distilled water 1000ml
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media containing 10 p Mof trans-zeatin and cultured at 30Cfor 30 hours.
the gromh state of the transforned cells was observed
each of the transforned

After

i ncubati on,
and photographed by a digital
cells TML82- CRE],
gromh in
trans-zeatin as conpared wth that

canera. As a result,
TML82- AHK2, TML82- AHK2A and TML82- AHK3 showed hi gh
the case of using the DOLU + Qu agar culture nedia containing
in the case of using the DOLU + Qu

49

agar culture nmedia containing no trans-zeatin. The results showed that the
transf or el | s responded to _cyt.okinin.and that.t wer e. possi ble to be
or own - P St SR DEE P pk i & etacion ik eV URERINE ool <
wer e found possible to be grown in the U+ Gal agar ¢ulture nedia
i ndependeAdepingf t he exi st en®ebg r ans- zeathysingExanpl e 14) 2Rgsponse of
transforped cells TML82- CRE]l, TML82- AHK20 and TML82- AHKR to cyt okinijn
(Part 2)|&lanigee sol utions 02.0fe transf opang s TMI8P2ERE]
TML82- AHK20O and TML82- AHK2 produced by the exanple 12 were spotted on DOLU
+ du agafATEMMRG cont ai ni ng | &RkKi ni n i n| RatpafpEngbenzoie pRdent rati ons| (1
nM 10 nM 100 nM 1y M 10 ,u M 100 ,pu and cultured at 30C for| 30
hours. Aflter incubation the growh stat/e®Q¥ the transformed cells-was
obser ved| and phot ographed b digital c ra., The | onesl served suppl
concent r af ?B?‘:’Efr’g&?e?r ags zea% izzo%ng ci-s-zichhenyiplaning; zg)b espect ?p Y
transfor ngpacr Im! gciaoul d be grz(.)d\g wer e Shoﬁ%l{rﬂa Tabl e 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 (¢

" Sequence table free text"

SEQ ID No: 9

Oligonucleotide primer designed for PCR

SEQ ID No: 10

Oligonucleotide primer designed for PCR
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1. 50 Table 1 cytokinin TML82- CRE1 TML82- AHK2 TML82- AHK2A trans-zeatin
10,u Mip M 100nM cis-zeatin no owh 10lu M 111 M (Exanple 15) Method for
sear chi ng subst ance havi ng agoni st-activity to cytokinin receptor (Part 1)
The transfornmed cells TML82- CRE1l, TML82- AHK2, TML82- AHK2A and TML82- AHK3
produced in the exanple 12 were inoculated in 200 M of DOLU + Gal culture
medi a and pre-cultured at 30C for 36 hours. The pre-cultured solutions
were diluted with DOLU + Qu nedia as to beconme 0.100 as the opti cal
density (gﬁgy%l@n further the resultants were diluted with DOLU + Gu
medi a at tl%'n]rate of 1/200 to obtain diluted pre-cultured

sol utions. An assa | at e. was.prepared Ry, fiJdd ng respective wells of a

96-well plate @/i?’tgﬁngéﬁﬁﬁfe&m@ﬁ F%H\m{ ?rdl%\ere prepared by diluting

DMSO sol yti (10 of each exam nee substance with DOLU + G u nedi um at
Sk Thavertd,

a diluti 100, said solutions containing each exam nee

substance to bege.100 |, f.at the final C ation. Sinmultaneously, an
assay plate onIéthPPPESM%etml%rﬁleilg&Fﬁ%¥'Eﬁ ns whi ch were prepared by

diluting O, agl_t;]{tion with DOLU + Qu nedium said solutions containing
no examn DN e, was prepared as the blank sections.

Oligonucleotide primer designed for PCR
SEQ ID No: 14

Oligonucleotide primer designed for PCR
SEQ ID No: 15

Oligonucleotide primer designed for PCR
SEQ ID No: 16

Oligonucleotide primer designed for PCR
SEQ ID No: 17

Oligonucleotide primer designed for PCR
SEQID No:18

| Oligonucleotide primer designed for PCR

SEQ ID No: 19

Oligonucleotide primer designed for PCR
SEQ ID No: 20 |

QOligonucleotide primer designed for PCR
SEQ ID No: 21 |

Oligonucleotide primer designed for PCR
SEQ ID No- 22

Oligonucleotide primer designed for PCR
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The dil ut

then the

ed pre-cultured solutions were added in 200 /11 each into the
respective wells of both assay plates and cultured at 30C for
optical density (0D620) of each well was neasured by a plate

24 hours

and
51

reader. The agonist-activity of the exam nee substances to the cytokinin

receptor

was detected by conparing the optical density neasured in the
testing sections to which the exam nee substances were added wth the

optical density neasured in the blank sections. The optical density of the

culture s

the exam

show ng t

| f transfornmed cells in the testing sections to which
Pra i craNEn i

e added were shown in Table 2. Conpound B

ahi ch the. exanCTUE SLAPEHELR AR K aREe T AER EREE VY R SR Gect | ons

were sel

s am eetborRion wieh phipsisaa T HERSTOE AR cxagungs sibbiige ahd f aRPy e ©
0.51 Co d 0.01 0 0.54 A* Co d 0.45 0.89 0.88 B*2 *1 Absci si
2o (noPaYIREAEBHEL Bty ta the FRVIAM FREBRIQTIBN Coact MUk agRepgpymed

cell into which DNA coding the cytokinin receptor is introduced and

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

from the cytokinin receptor expressed in the transformed cell.

Claim 2: The method according to claim 1, wherein growth of said
transformed cell is controlled by intracellular signal transduction from said
cytokinin,receptor, and wherein said existence or quantity of intracellular
signal transduction is deter.mined by measuring growth of said transformed
cell. | |

Claim 3: The method according to 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 the intrinsic histidine kinase activity of the. host cell.

Claim 4: The method according to claim 1, wherein the transformed
cell is a transformed cell generated by introducing DNA coding the cytokinin
recebtor into a host cell so improved aé to have histidine kinase activity
loﬁv'er 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
receptor into a host cell having no cytokinin receptor.

Claim 6: The method according to claim 1, wherein the transformed
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(Exanmpl e 16) Method for searching substance having antagoni st- activity to
cytokinin receptor (Part 2) The transfornmed cells TML82- CRE1l, TML82- AHK2,
TMLB2- AHK2A and TML82- AHK3 produced in the exanple 12 are inoculated in
200 M of DOLU + Gal culture nedia and cultured at 30C for 30 hours to
obtain 52 pre -cultured solutions. An assay plate is prepared by filling
respective wells of a 96-well plate with 200 ,u 1 of each DOLU + Qu
medium mxed with 1 ,u Mof trans-zeatin (cytokinin), and into the assay
plate is %)quse ch exam nee substance to be 1 p Mat the final

concent r ati oh letaneousl y, an assay plate onIy filled wth 200 ,u 1 of

the DOLU + Gal mpdbi Rteddobihech il okt 101EPRl thel GaRERRRISE, 20 1 e

t he respeg L 4\? | s of both assay plates and cultured at 30C for 30 hours
and then*t'h¥ l&‘ﬂ) 108 yegsk S|ty of each well is rreasured by a plate reader.

The antagoni st acti ¥ exa hst to th .nin
recept or |gs Pgad‘f%% ti}l‘ ?@ﬁl%mﬁ gﬁtcr%g? dg F?’f ‘}Péeggm{f’ N8t he
testing s tlonto whi ch the exan n u added vvlththe
bott ear cETR ki natPeactorit SR oim O N AL ARLRS RSB FersBten, pe 1 ances
show ng thﬁ;%ﬁﬁrg optical density neasured in the testing sections to

whi ch t he® @5 ubst ances are added than that in the bl ank sections

are sel ected as ant.agoni st- ,activ suhstance to the cytokini r tor.
{a acytoﬁmm%eceptor havtmg %he ambmo acid sequence re resenteg byeéif

ID No: 6

(b) a cytokinin receptor having the amino acid sequence represented by SEQ
ID No: 2;

(c) a cytokinin receptor having the amino acid sequence represented by SEQ
ID No: 4;

(d) a cytokinin receptor wherein said cytokinin receptor has ét 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 feceptor 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
No: 4;‘

(h) a chimera-type cytokinin réceptor comprising an extracellular region of

the cytokinin receptor, transmembrane regions of the cytokinin receptor, a
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(Exanmpl e 17) Method for searching substance having agonist-activity to
cytokinin receptor (Part 3) The transformed cells TML82- CRE1l, TML82- AHK2,
TMLB2- AHK2A and TML82- AHK3 produced in the exanple 12 are inoculated in
200 M of DOLU + Gal culture nedia and cultured at 30C for 30 hours to
obtain pre-cultured solutions. The pre-cultured transformed cells

(TML82- CRE1, TML82- AHK2, TML82- AHK2A and TML82- AHK3) ar’e spot-added in 10
p 1ltothe 53 respective DOLU + Qu agar culture nedia to which

i st-agcti bst tp.Lth t oki.ni .
oo 5 o5 e R S B A B TR MRS 1o
100 M and, t.h . | t d .at 30C 30 h . Af ' [ , th
105 o0 T ST A0l S A BB o0 (T
SER PR A e R )
TML82- AHK2A, and TIVI182-AHK3£§]ﬁre observed,to L oW, (Exanpl e 18) Method for
sear chi ngag%gg‘f LERAVeERABION Sh PGSRBS HRETE 88 cytokinin receptor (Part
4) The t f d.cells TMI82-CRE1, TML82- AHK2, TML82- AHK2A. d
Th8: AT e GRS TRCSHOT GAkHER B4 STIRG 2 HhSer el OSSP 0r  DOLU +

Gl cul tur dia and | tureq at 30C . for,.30 houts ta ,obtain re-cultured
sol ution Sslﬁ)sr{ﬁut%n, or a lEiltlon of one or a plurality of amino acids Inthe afine acid

sequence of the cyctokinin receptor of (a), (b), {c), (e), (), or (g), wherein said
cytokinin receptor is encoded by a polynucleotide that hybridizes under stringent
conditions to a polynucleotide represented by the nucleotide sequence selected
frbm the group consisting of SEQ ID Nos: 1, 3, and 5, and wherein said stringent
conditions comprise hybridization at 6 X SSC at 65°C and washing in the
presence of 0.1 X SSC and 0.5% SDS at 68°C for 30 minutes.

Claim 9: A method for analyzing agonist-activity to a cytokinin receptor,
which. comprises (1) bringing an examinee substance into contact with a
transformed cell into which DNA coding the cytokinin receptor is introduced and
(2) measuring the existence or the quantity of intracellular signal transduction
from the cytokinin recepﬁor expressed in the transformed cell, wherein

the DNA coding the cytokinin receptor is 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;
(c) a cytokinin receptor having the amino acid sequence represented by SEQ
ID No: 4;
(da cytokinin receptor wherein said cytokinin receptor has at least one

transmembrane region but less than that in its natural form;
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The pre-cultured transformed cells (TML82- CRE1l, TML82- AHK2, TML82- AHK2A
and TML82- AHK3) are spot-added in 10 ,u 1 to the respective DOLU + Cul
agar culture nedia to which antagoni st-active substances to the cytokinin
receptor selected by the exanple 16 are added while their concentration
bei ng changed from 10 nMto 100 /u Mand also 10 ,u Mof trans-zeatin
(cytokinin) is added and then is cultured at 30C for 30 hours. After

i ncubation, the intensity of the antagonist-activity of the exam nee

Tt e T TR IR e SHEEL Sl R Ry "
TML82- AHK2 d TML82- t_ob d.t

Cor o nat t BRI R SR LA BREORItar oA G S&Eﬁ%ﬂ?enrseteﬁlfégws@ehﬁéﬁm}int on
will be d c 1bed (a) DOLU + G u culture nedi um Bact o-yeast nitrogen base
W t hout a acids 6.7g ducose 20g Drop-out mx (x) 2.0y D stilled

rater 1000 (BOGHD 2 GiL ol L Tt o Bt esel Lghen pece

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 comprising 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
(1) 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
s_eduence of the cyctokinin receptor of (b), (c), (e), (), or (g), wherein said
cytokinin receptor is encoded by a polynucleotide that hybridizes under stringent
conditions to a polynucleotide represented by the nucleotide sequence selected
from the group consisting of SEQ ID Nos: 1, 3, and 5, and wherein said stringent
conditions comprise hybridization at 6 X SSC at 65°C and washing in the
presence of 0.1 X SSC and 0.5% SDS at 68°C for 30 minutes.

| Claim 10: The method according to claim 9, wherein growth of said

transformed cell is controlled by intracellular signal transduction from said
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Distilled water 1000nil 55 (x) Drop-out mx: Drop-out mix is a conbination
of the followi ng ingredients. Adenine 0.5g L sine 2.0g Alanine 2. Qg

Met hi onine 2. Qg Arginine 2.0g para-Anm nobenzoic 0.2g acid As ara ine 2.0
Phenyl al anine 2. Og Aspartic acid 2.Qg Proline 2.0g Cysteine 2.Qg Serine
2.0g Gutamne 2.0y Threonine 2.0y dutamc acid 2.0y T to han 2. Qg
G@ycine 2.0g rosin 2.0y Histidine 2.0g Valine 2.0y Inositol 2. Qg

| sol eucine 2.0y (c) DOLU + A u agar culture medium A solid culture nedium

v By S el APl A A, 0
ﬁ];: agar | Qitg(r)lal Erhaehs%ltjllc ionSs egérlfnn}n 8)b3: m%% a%ﬂ%egr%vavk%heoffs%f 1'.1'§E1(%1)§stf(')'rmeSc{E QID
cell.

Claim 11: The method according to claim 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.

Claim 12: The method according to claim 9, wherein the transformed
céll is a transformed cell generated by introducing DNA coding the cytokinin
receptor into a host cell so Iimproved as to have histidine kinase activity
lower than thé intrinsic histidine kinase activity of the host cell by deleting
one or more of histidine kinase.

Claim 13: The method according to claim 9, wherein the transformed
cell is a transformed cell 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 to 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;
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A i gonucl eotide primer designed for PCR SEQ ID No: 10 digonucl eoti de

primer designed for PCR 56 SEQ ID No: 11 digonucleotide priner designed
for PCR SEQ ID No: 12 Aigonucleotide prinmer designed for PCR SEQ I D No:
13 A igonucl eotide primer designed for PCR SEQ ID No: 14 digonucl eotide
prinmer designed for PCR SEQ ID No: 15 A igonucl eotide priner designed for
PCR SEQ ID No: 16 digonucl eotide prinmer designed for PCR SEQ ID No: 17
ai gonucl eoti de pri rrer desi gned for PCR SEQ I D No: 18 digonucl eotide

g&rrerSEQ ff‘bgnegolrzlogn receptor Qavmgl\ﬁle amino agl(ansue%lu%()nléé 91'0]]9 amni?llb a%?& ! gned for

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 comprising 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
(i) 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 (), (f), or (g), wherein said cytokinin
receptor is encoded by a polynucleotide that hybridizes under stringent
conditions to a polynucleotide represented by the nucleotide sequence selected
from the group consisting of SEQ ID Nos: 1, 3, and 5, and wherein said
stringent conditions comprise hybridization at 6 X SSC at 65°C and washing
in the i)resence 0of 0.1 X SSC and 0.5% SDS at 68°C for 30 minutes.

Claim 17: DNA coding the cytokinin receptor of claim 16,

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

Claim 19: A method for analysing antagonist-activity to a cytokinin

receptor, comprising:
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A i gonucl eotide primer designed for PCR SEQ ID No: 21 digonucleotide
primer designed for PCR SEQ ID No: 22 A igonucleotide priner designed for
PCR 57 WHAT IS CLAIMED IS: Caim1: A method for anal yzing

ant agoni st-activity to a cytokinin receptor, which conprises (1) bringing
an exam nee substance and a substance having agoni stactivity to the
cytokinin receptor into contact with a transforned cell into which DNA
coding the cytokinin receptor is introduced and (2) neasuring the existence

o b L | TR KB bR P N1 1
0, CL L Ao BERE ORI oS ol TR ik BAIME DY
P e SR M S TR
met hod accordi ng,to claim1, mherel the tran s .a transforned
cel | generated i nt PEASEIRG BNRXIS Cﬁd)rtq}éar@% mtrrupce)léll:aerpsflgpai nto a
"t nai cURRSERBHAR otk gbe SHER B %g%bgéﬂ%ﬁégggfﬁ o Hanbfraeiliithod
according to cl @)m L co\mggglng ttl'xg%xgsftgzqgé or gﬁgntﬂsy measured in (2) with a
second existence or quantity of intracellular signal transduction from said
cytokinin receptor measured in the absence of said examinee substance but
in presence of another examinee substance.
Claim 20: The method according to claim 19, wherein another
examinee substance is a substance having no antagonist-activity to said
cytokinin receptor.
Claim 21: A method for searching antagonist-active substance to a
cytokinin receptor, which comprises selecting a substance having
antagonist-activity to a cytokinin receptor based on the antagonist-activity
to a ¢ytokinin 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 carrier.
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 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 claim 9.
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cell is a transformed cell generated by introducing DNA codi ng 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. Claimb5: The nethod
according to claim1, wherein the transformed cell is a transforned cel
generated by introducing DNA coding the cytokinin receptor into a host

cell having no cytokinin receptor. Claim6: The nmethod according to claim

L, e e AR koot WL IR TR 200518 0
AR IR R R LN R
CyLokTm D LSSERLD N 0L, LI LSRRGS, Caggented By SO 1D
I RER I WG G R R T
tC Kgf k: zi In Qy&%ﬁﬁﬁh&%p@ﬁ%pﬁ!}vhlic%ag(}mgﬁges tsélggts.ilqgrgbsrlﬁans%axrlgegilg\rf]inbgm less than

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 composition to regulate plant growth, wherein
the composition comprises a substance selected by the searching method of

claim 25 as an active ingredient and a carrier.
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(e) a cytokinin receptor having the am no acid sequence fromamno acid
nunber 196 to 1176 anong the am no acid sequence represented by SEQ ID No:
2, (0 a cytokinin receptor having the am no acid sequence from am no acid
nunber 50 to 1176 anong the am no acid sequence represented by SEQ ID No:
2; (g) a cytokinin receptor having the am no acid sequence fromam no acid
nunber 32 to 1036 anong the am no acid sequence represented by SEQ ID No:
4; (h) a chinmera type cytokinin receptor conprising an extracellular region
of the cytSEQENCE LESTERG or, transnmenbrane regi ons of the cytokinin
receptor, a 59 f histidine kinase region of the cytokinin receptor, and a
recei ver region of the histidine kinase, wherein said extracellular

regi on, said transnenbrane regions and said histidine kinase region are
hormogeneoukl 0t-dSumm tomnChdrd cal &ad, tid. recei ver region is heterogeneous
thereto; and (1) a cytokinin receptor having the am no acid sequence with
del etion, substitution, or addition of one or a plurality of am no acids

(8. 1) < UEYS RO ARORSTACTIT O AP AAGNISE R VIR T TR (<)

polynuclqggﬁ I{that hybri di zes under stringent conditions to a
pol ynucl e e represented by the nucl eotide sequence selected fromthe
group consisting of SEQID Nos: 1, 3, and 5, and wherein said stringent

<130> P152622

<160> 22

<170> PatentIn Ver. 2.1
210> 1

<211> 3531

<212> DNA

<213> Arabidopsis thaliana
<220>
<221> CDS

<222> (1).. (3531)

<400> 1
atg tct ata act tgt gag ctc ttg aat ctt act tca aag aaa gct aag 48

Met Ser Ile Thr Cys Glu Leu Leu Asn Leu Thr Ser Lys Lys Ala Lys



conditions conprise hybridization at 6 X SSC at 65C and washing in the
presence of 0.1 X SSC and 0.5% SDS at 68C for 30 mnutes. Claim9: A nethod
for anal yzing agoni stactivity to a cytokinin receptor, . which conprises (1)
bringi ng an exam nee substance into contact with a transforned cell into
whi ch DNA codi ng the cytokinin receptor is introduced and (2) measuring
the existence or the quantity of intracellular signal transduction from
the cytokinin receptor expressed in the transforned cell, wherein the DNA
codi ng theéfytokinin recept or i s any ong of DNA coding tjfze cytokinin
‘receptor selected from (b) a cytokinin ?eceptor havi ng the am no acid
sequence represented by SEQ ID No: 2; (c) a cytokinin receptor having the
am no acid sequence represented by SEQ ID No: 4; (d) a cytokinin receptor
wherein sgj tr@ki pcn FeY; agir QBpe cclr esweartane geegi on but

| ess than%%:gtgyitggiat@s? ?léatte%?glﬁfgogfnas tg% d(tg) ag cy%?oki nin receptor having the
am no acid sequence fromamno acid nunber 196 to 1176 anong the am no
aci d sequence represented by SEQID No: 2; (0 a cytokinin receptor having
t he ami noLyscber Sendencierf Asprlpsilys Bupi beu Aystes B Leu PheePlenong t he ami no
aci d sequence represented by SEQID_No: 2; (g) a cy%okinin recept or having
the amno acid sequ@ﬂce fromam no i d 0

ctg att ttg tgt gge tct ttg gta att gtt ttg gtt atg ttc tta cgg 144

Leu Ile Leu Cys Gly Ser Leu Val Ile Val Leu Val Met Phe Leu Arg
35 40 45

tta ggt aga agt cag aag gag gag aca gat tct tgt aat gga gaa gag 192

Leu Gly Arg Ser Gln Lys Glu Glu Thr Asp Ser Cys Asn Gly Glu Glu
50 55 60

aaa gtg ttg tat aga cat caa aat gtc aca aga agt gag att cat gat 240

Lys Val Leu Tyr Arg His Gln Asn Val Thr Arg Ser Glu Ile His Asp
65 70 75 80

ttg gtc tct ttg ttc tct gat tca gat cag gta aca tcc ttt gaa tgt 288

Leu Val Ser Leu Phe Ser Asp Ser Asp Gln Val Thr Ser Phe Glu Cys
85 90 85



nunber 32 to 1036 anong the am no acid sequence represented by SEQ ID No:
4; (h) a chinmera-type cytokinin receptor conprising an extracellular 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 extracellular
region, said transnenbrane regions and said histidine kinase region are
honbgeneous to one another and the receiver region is heterogeneous
thereto; and (i) a cytokinin receptor having the am no acid sequence with
del etion, substitution, or addition of one or a plurality of am no acids
in the an&eﬂoa\?\%'gﬂa_ &ROHENGRt Wpat Ry GystRldl BAD thecnt oft ata (fpk, (336, (e),
(t), or (9), erein sard cytokinin receptor is encoded by a

pol ynucl eoti de that hybridi zes under stringent conditions to a

pol ynucl eoti de represented by the nucl eoti de sequence selected fromthe
group condissLyn§lofSesEferl BraGdy Met Brp dhd 48p BrrdGlihddeiThrsGisd stri ngent
conditions conprise hybridization at 6 X SSC at 65C_and washing in the
presence of 0.1 X 382 and 0.5% SDS H 68C for 30 ni Alfes. O aim10: The
met hod according to claim9, wherein growh of said transformed cell is
controlled by intracellular signal transduction fromsaid 61 cytokinin
receptor,

L anoduct 1900 14 OB A dtede fpah Rl Fr el Aok nbd ek o8 b5 kR or 284 SC2T

Claim11l: The nethod according to claim9, wherein the transforned

Ser Leu Ser Val Arg Ser Asp Lys Gln Glu Thr Arg Gly Leu Pro Trp
115 120 125

aat ctt ggc tta gga cat tct atc tca tca aca-tct tgt atg tgt ggt 432

Asn Leu Gly Leu Gly His Ser Ile Ser Ser Thr Ser Cys Met Cys Gly
130 135 140

aat ctt gaa ccg att tta cag caa cct gaa aac ctt gag gaa gaa aac 480

Asn Leu Glu Pro Ile Leu Gln Gln Pro Glu Asn Leu Glu Glu Glﬁ Asn
145 150 155 160

cat gaa gaa ggg ctg gag cag ggt ttg tca tcg tat tta aga aat gca 528

His Glu Glu Gly Leu Glu Gln Gly Leu Ser Ser Tyr Leu Arg Asn Ala
165 170 175



cell is a transformed cell generated by introducing DNA codi ng 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. Caim 12: The nethod according to claim9, wherein the
transforned cell is a transforned cell generated by introduci ng DNA codi ng
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 cel | thy tdelQiti oG apO@tOrgdOEey aftahgtyt L natkipaset t@kagtm 13576The

met hod according to claim9, wherein the transforned cell is a transforned
cell generated by introducing DNA coding the cytokinin receptor into a
host cell having no cytokinin receptor. Caim14: The nethod according to
claims, WrefepRysHeut Fmboidalcber Vab Geakis Lys dien e Vahe method
according to claim9, wherein the transformed cell is budding yeast. C aim
16: A cytokinin red@@tor selected f# (d) a cytokﬂﬁﬁn‘receptor wherei n
said cytokinin receptor has at |east one transnenbrane region but |ess
than that in its natural form (e) a cytokinin receptor having the am no

Cequence Faor 8 dht dam PR et "W Sbe 55 ot M BARMCLORAT LT g

the am no acid sequence fromanm no acid

Ser His Ser Lys Ala Arz Gly Glu Arg Lys Glu Lys Val His Leu Gln
195 200 205

gag gct tta gct cca aag aag cag caa caa cgt gct cag act tct tct 672

Glu Ala Leu Ala Pro Lys Lys Gln Gln Gln Arg Ala Gln Thr Ser Ser
210 215 220

aga ggg get gpa aga tgg agg aag aat atc ctt ctc ctt ggt att tta 720

Arg Gly Ala Gly Arg Trp Arg Lys Asn Ile Leu Leu Leu Gly Ile Leu
225 230 235 240

gga gga gtt tce ttc tet gtt tgg tgg ttt tgg gac act aat gag gag 768 -

Gly Gly Val Ser Phe Ser Val Trp Trp Phe Trp Asp Thr Asn Glu Glu
245 250 255

atc ata atg aaa agg agg gag act ttg gca aac atg tgt gac gaa cga 816



nunber 50 to 1176 anong the am no acid sequence represented by SEQ ID No:
2; (g) a cytokinin receptor having the am no acid sequence fromamno acid
nunber 32 to 1036 anong the am no acid sequence represented by SEQ ID No:
4; (h) a chinmera type cytokinin receptor conprising an extracellular 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 extracellular
region, said transnenbrane regions and said histidine kinase region are
honbgeneous to one another and the receiver region is heterogeneous

t hereto; ahel I(e MNetchyokiniimgr@eePtoienadiantsn Het & spaidAsequence with
del etion, substitution, or addition of one or a plurality of am no acids
inthe amino acid &#guence of the &§%tokinin receptdP of (e), (f), or (g),
wherein said cytokinin receptor is encoded by a pol ynucl eoti de that '
hybri di zes under stringent conditions to a polynucleotide represented by

t he nucl egti de, sequence selected, fromthe gr cansi st f | D Nos:

1 anaRe CEhaEnBLERE BAEEAS I ekt oaf TR e St F 2%y BERi 7at § on
at 6 X SSC at 65C and washing in the presence of 0.1 X SSC and 0. 5% SDS at
68C for 30 mnutes. Caim17: DNA coding the cytokinin receptor of claim

16. O ai Mal@ig Aal riaast ey ABd (38! Phel AP VHDISeR TAWME Hed dlanHig i s
i ntroduced. daim19: A nmethod for anal ysing antagoni st activity to a
cyt oki nin 275 280 285

gee ttg tct att ctt gta tet aca ttt cat cat ggt aaa atc cca tct 912

Ala Leu Ser Ile Leu Val Ser Thr Phe His His Gly Lys Ile Pro Ser
290 295 300

gce att gat cag aga aca ttt gaa gaa tat act gag aga aca aac tti 960

Ala Ile Asp Gln Arg Thr Phe Glu Glu Tyr Thr Glu Arg Thr Asn Phe
305 310 315 320

gag agg cca ctt act agt ggt gta geg tat get ttg aaa gtc cca cac 1008

Glu Arg Pro Leu Thr Ser Gly Val Ala Tyr Ala Leu Lys Val Pro His
325 330 335

tca gaa aga gag aaa ttt gaa aag gag cat gga tgg gea ata aag aaa 1056



receptor, conprising: 63 (1) bringing an exam nee substance and a substance
havi ng agonist-activity to the cytokinin receptor into contact with a
transfornmed cell into which DNA coding the cytokinin receptor is

i ntroduced; (2) neasuring an existence or quantity of intracellular signal
transduction fromthe cytokinin receptor expressed in the transforned cell;
and (3) conparing the existence or quantity neasured in (2) with a second
exi stence or quantity of intracellular signal transduction fromsaid

cyt oki ni n $ec@pi drg HasyseBhd 61t HesabReHEe Ggr Bl dl£qa8iIgeLpgibst ance but
in presence of another exam nee substance. ai m 20: The nethod according

to claim19, whereirB4@inot her exam n#5 substance is 858ubstance having no
antagoni st-activity to said cytokinin receptor. Claim2l1l: A nethod for
sear chi ng ant agoni st-active substance to a cytokinin receptor, which
conpri ses selecting a substance havin anta%onist- activity to a_cytokinin
receptor R€eBABHAC rgégasﬁ%g%iaga-g%tcggamﬁ@ gatotat @it gkitngan paeeptld?

eval uated by the detecting nethod of claim19. Claim22: Use of a
conposition to regulate plant gromh, wherein the conposition conprises a

subst ance | @Ct t a [ t fod |l 1 an active

i ngr edi ent"’ﬁegn‘fgﬁaﬁgrar@rﬁl1 eAEs %%a?%]yg? @rﬁ&hégg fcgg vgaé'?}éc Fi‘g Aﬁaoni st-activity
to a cytokinin rggeptor, which gggprises eval uatygag the agonist-activity
of two or nore different : : : : -

ttt gat ccc geca ccg att caa gac gaa tac geg cca gtt ata ttt get 1152

Phe Asp Pro Ala Pro Ile Gln Asp Glu Tyr Ala Pro Val Ile Phe Ala
370 375 380

‘caa gaa act gtt tcc cat att gta tcg gtc gac atg atg tct gga gaa 1200

Gln Glu Thr Val Ser His Ile Val Ser Val Asp Met Met Ser Gly Glu
385 390 395 400

gaa gac cgt gaa aac atc tta cgg gca agg gea tca gga aaa gga gtg 1248

Glu Asp Arg Glu Asn Ile Leu Arg Ala Arg Ala Ser Gly Lys Gly Val
405 410 415

tta aca tct cca ttt aag ctt ctt aag tca aat cat ctt ggt gtt gtg 1296

Leu Thr Ser Pro Phe Lys Leu Leu Lys Ser Asn His Leu Gly Val Val



exam nee substances to the cytokinin receptor based on the difference
obt ai ned by conparison of the existence or the quantity of the

intracel lular signal transduction in a section where the exam nee ‘
substances are independently used and neasured by the anal ysis method of
claim9. 64 Claim24: The nmethod according to claim23, wherein at |east
one substance anong the two or nore different exam nee substances is a
subst ance having no agonist-activity to the cytokinin receptor. Caim?25: A
met hod for searchi ngg@goni st-active ggbstance to a cgpokinin 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

conposi ti ohtg @ace eidul adte ght aratt gaooach ,agohetreiog cchegatogposicaigaa coldddi ses a
substance sel ected by the searching nethod of claim25 as an active
ingredient and a carrier. 65 SEQUENCE LI STI NG <110> Sum tono Chemi cal Co.,

CrToK N N Lt For idrafh] BrodepoinrdeoLea b ouros AmALA s Gl | 2.1
435 440 445

gaa cag cgt gtt gaa gca act att ggg tac ctt ggt gca tca tat gat 1392

Glu Gln Arg Val Glu Ala Thr Ile Gly Tyr Leu Gly Ala Ser Tyr Aép
450 455 460

atg cca tcg ctg gtg gag aaa ctt ctt cac caa ctt gece age aaa cag 1440

Met Pro Ser Leu Val Glu Lys Leu Leu His GIn Leu Ala Ser Lys Gln
465 470 475 480

aca att gct gtg gat gtt tac gac aca act aac act tca ggt cta ata 1488

Thr Ile Ala Val Asp Val Tyr Asp Thr Thr Asn Thr Ser Gly Leu Ile
485 ' 490 495

aag atg tat ggc tca gaa att ggg gat ata agt gag cag cat ata agt 1536

Lys Met Tyr Gly Ser Glu Ile Gly Asp Ile Ser Glu Gln His Ile Ser
500 505 510



<210> 1 <211> 3531 <212> DNA <213> Arabi dopsis thaliana <220> <221> CDS
<222> (1)..(3531) <400> 1 atg tct ata act.tgt gag ctc ttg aat ctt act tca
aag aaa get aag 48 Met Ser Ile Thr Cys Gu Leu Leu Asn Leu Thr Ser Lys Lys
Ala Lys r 1 5 10 15 aag tcg tcg agc agt gac aag aaa tgg cta aag aag cct
ctc ttc ttc 96 Lys Ser Ser Ser Ser Asp Lys Lys Trp Leu Lys Lys Pro Leu Phe

Phe 20 25 30 ctg att ttg tgt ggc tct ttg gta att gtt ttg gtt atg ttc tta
cgg 144 Leu lle Leu Cys Ay Ser Leu Val Ile Val Leu Val Met Phe Leu Arg 35

40 45 tta ggt aga agt cag aag gag gag aca gat tct tgt aat gga gaa gag 192
Leu Gy Arg Ser Gn Lys Qu Gu Thr Asp Ser Cys Asn Ay Qu du 50 55 60
aaa gtg ttega att ggh tddt sgtagahatcagtca agm aagactgbagaigatdt ¢ad agat 2484 Lys
Val Leu Tyr Arg His G n Asn Val Thr Arg Ser Au Ile H's Asp

Ser Leu Asp Phe Gly Asp Pro Ser Arg Asn His Glu Met His Cys Arg
515 520 525

ttt aag cat aaa ctt ccc att ccc tgg aca geg ata aca ccg teg ate 1632

Phe Lys His Lys Leu Pro Ile Pro Trp Thr Ala Ile Thr Pro Ser Ile
530 535 540

tta gtt ctg gtt att act ttt ctt gtt ggt tat att tta tat gaa gcc 1680

Leu Val Leu Val Ile Thr Phe Leu Val Gly Tyr Ile Leu Tyr Glu Ala
545 550 555 560

atc aac cga att gcg aca gtt gaa gag gat tgt cag aag atg agg gaa 1728

Ile Asn Arg Ile Ala Thr Val Glu Glu Asp Cys Gln Lys Met Arg Glu
565 570 575

ctc aaa get cgt get gag gee get gac att gea aag tca cag tte cta 1776

Leu Lys Ala Arg Ala Glu Ala Ala Asp Ile Ala Lys Ser Gln Phe Leu
580 585 - 590



65 70 75 80 ttg gtc tct ttg ttc tct gat tca gat cag gta aca tcc ttt gaa
tgt 288 Leu Val Ser Leu Phe Ser Asp Ser Asp G n Val Thr Ser The Qu Cys 85
90 95 2 cat aag gaa tca agc cct gga atg tgg aca aac tat ggt att aca tgt
336 His Lys Qu Ser Ser Pro Gy Met Trp Thr Asn Tyr Gy Ile Thr Cys 100
105 110 tcc ctg agt gtg cgt tct gat aaa caa gag act aga ggg ctt ccc tgg
384 Ser Leu Ser Val Arg Ser Asp Lys Gn GQu Thr Arg Ay Leu Pro Trp 115
120 125 aat ctt ggc tta gga cat tct atc tca tca aca tct tgt atg tgt ggt

432 Asn Lgtn @ty dieutcd yatHighe S bi® aSerccpestglbt Jph EMs tMelgelys 18y 130
135 140 aat ctt gaa ccg att tta cag caa cct gaa aac ctt gag gaa gaa aac 480
Asn Leu Qu Pro lle Leu Gn Gn Pro Qu Asn Leu Qu Gu Gu Asn 145 150 155

160 cat gaa gaa_ggg ctg gag cag ggt ttg tca tcg tat tta aga aat gca 528
Hs Adu diladir N@g%@rdﬂ@' ﬁﬁmwe ldrg 'BHTEBEMeﬂ'y‘ksnL@ely ¥alyLasrGl® a 165 170 175

3 tgg tgg tgt ctE ﬁtc ctt ggt gt%@tta gtg tgc cat_aag att tat gta 576 Trp
Trp Cys Leu lle 2 Ay Vval Leu p Cys His Lys I@Q5'Tyr Val

atg ctg aaa atg ctg atg gac acc gat ctt gat geg aag cag atg gac 1872

Met Leu Lys Met Leu Met Asp Thr Asp Leﬁ Asp Ala Lys Gln Met Asp
610 615 620

tat gcg caa act get cat gge agt ggg aag gat ctt aca tca cta ata 1920

Tyr Ala Gin Thr Ala His Gly Ser Gly Lys Asp Leu Thr Ser Leu Ile
625 630 635 640

aat gag gtt ctt gat cag gea aag att gaa tcc gga agg ctc gag ctt 1968

Asn Glu Val Leu Asp Gln Ala Lys Ile Glu Ser Gly Arg Leu Glu Leu
645 650 655

gaa aat gtg cct ttt gat atg cgt ttt att ctt gat aat gtt tca tet 2016

Glu Asn Val Pro Phe Asp Met Arg Phe Ile Leu Asp Asn Val Ser Ser
660 665 670

cte ctc tet gge aag gea aat gaa aaa gga att gag ttg gee gtt tat 2064



180
caa
195
tct

210
720
230
gag
245
cga
260
864
280
912
295

185 190 tct cat tct aaa gca cga ggt gag agg aaa gag aaa gta cat ctg
624 Ser His Ser Lys Ala Arg Ay GQu Arg Lys Qu Lys Val Hs Leu Gn
200 205 gag get tta get cca aag aag cag caa caa cgt get cag act tct
672 Gdu Ala Leu Ala Pro Lys Lys Gn Gn Gn Arg Ala G n Thr Ser Ser
215 220 aga ggg get gga aga tgg agg aag aat atc ctt ctc ctt ggt att tta
Arg Ay Ala Ay Arg Trp Arg Lys Asn |Ile Leu Leu Leu Ay Ile Leu 225

235 240 gga gga gtt tcc ttc tct gtt tgg tgg ttt tgg gac act aat gag
768 dy dy Val Ser Phe Ser Val Trp Trp Phe Trp Asp Thr Asn Gu Qu
250 255 atc ata atg aaa agg agg gag act ttg gca aac atg tgt gac gaa
816 Alaul bed Ber 1By LygsAly §siAGIuys Thr Ile@lalleuAdhn Val Tys Asp Gu Arg
265 270 gca cgt gtt tta caa gat cag ttc aat gtt agc ttg aac cat gtt cat
Ala Arg Val 6f%u G n Asp G nbBbe Asn Val Ser 88u Asn His Val Hs 275
285 gcc ttg tct att ctt gta tct aca ttt cat cat ggt aaa atc cca tct
Ala Leu Ser Ile Leu Val Ser Thr Phe Hs Hs Ay Lys Ile Pro Ser 290

300 :
gtt tct agt caa gtt cct gat gtt gta gtc ggt gat ccg agt cgg ttc 2112

Val Ser Ser Gln Val Pro Asp Val Val Val Gly Asp Pro Ser Arg Phe
690 6% 700

cgg cag atc att aca aac ctg gtt gga aac tca atc aaa ttc aca cag 2160

Arg Gln Ile Ile Thr Asn Leu Val Gly Asn Ser Ile Lys Phe Thr Gln
705 710 715 720

gaa agg gga cac ata ttt atc tca gtg cac ctt gca gat gag gta aag 2208

Glu Arg Gly His Ile Phe Ile Ser Val His Leu Ala Asp Glu Val Lys
725 730 735

gag cct ctt act att gaa gac gca gtg cta aaa cag cga cta gct tta 2256

_Glu Pro Leu Thr Ile Glﬁ Asp Ala Val Leu Lys Gln Arg Leu Ala Leu
740 ' 745 750

gga tge age gag tce ggt gag aca gtt age ggg ttt cct geg gta aat 2304

10



gcc
I'le
gag
Arg
tca
Au
atg

ttt
Asp
gaa
Thr
gaa

tta

att
Asp
agg
Pro
gaa
Arg
gaa
Thr
gat
Pro
act
Val
gac
Arg
aca

gat cag aga aca ttt gaa gaa tat act gag aga aca aac ttt 960 Ala
Gn Arg Thr Phe AQu @u Tyr Thr Au Arg Thr Asn Phe 305 310 315 320
cca ctt act agt ggt gta gcg tat get ttg aaa gtc cca cac 1008 QGu
Leu Thr Ser Ay Val Ala Tyr Ala Leu Lys Val Pro H's 325 330 335
aga gag aaa ttt gaa aag gag cat gga tgg gca ata aag aaa 1056 5 Ser
GQu Lys Phe Qu Lys Au Hs Ay Trp Ala Ile Lys Lys 340 345 350
act gag gac cag aca gtt gta caa gat tgt gtt cct gaa aac 1104 Met

Aouy AR Sdrmclipsevat]yVielu Bhp vA3ISEeY §1Vahe B MaUvASRsg55 360 365

CcC gca ccg att caa'gac gaa tac gcg cca gtt ata ttt get 1152 Phe
Ala Pro795e G n Asp Qu T§6 Ala Pro Val 1768 Phe Ala 370 375 380 caa
gtt tcc cat att gta tcg gtc gac atg atg tct gga gaa 1200 dAn Gu
Ser His Ile Val Ser Val Asp Met Met Ser Ay G u 385 390 395 400

cgt gaa aac atc tta cgg gca agg gca tca gga aaa gga gtg 1248 du
CEt2 Age gdacagedgdrapeAial Aty sagaaGetsitpc 3e arly gedl aghos 436 415

tct cca ttt aag ctt ctt aag tca aat cat ctt ggt gtt gtg 1296

Ala Trp Gly Ser Trp Lys Asn Phe Lys Thr Cys Tyr Ser Thr Glu Ser
770 775 7 780

cag aat tct gat caa atc aaa ttg cta gtt aca gtg gag gac act gga 2400

Gln Asn Ser Asp Gln Ile Lys Leu Leu Val Thr Val Glu Asp Thr Gly
785 790 | 795 800

gtt ggc ata cct gtg gat gca caa gge cga atc ttc aca cct ttt atg 2448

Val Gly Ile Pro Val Asp Ala Gln Gly Arg Ile Phe Thr Pro Phe Met
805 810 815

caa gcc gac agt tce aca tcg cgg act tat ggt gpa act gge ata ggt 2496

GIn Ala Asp Ser Ser Thr Ser Arg Thr Tyr Gly Gly Thr Gly Ile Gly
820 825 830

ttg agt ata agc aaa cgt ttg gtt gaa ctc atg caa gea gag atg ggg 2544

Leu Ser Ile Ser Lys Arg Leu Val Glu Leu Met Gln Gly Glu Met Gly

11



Leu
430
Leu
gaa
Gn
cca
Ser

aca
Ile
aaa
Met

agc
Leu
ttt

Thr

Thr
cag
Arg
tcg
Leu
att
Al a
atg
Tyr
ctt
Asp
aag

Ser

Phe
cgt
Val
ctg
Val
get
Val
tat

Il
gatttttﬁttg agt sgatccecaeg @ga ggg agfcachtt tdatraatft @éF g55cEhbg

Pro Phe Lys Leu Leu Lys Ser Asn His Leu Ay Val Val 6 420 425
ttg acc ttt get gtc tat gac acg agc cta ccg cct gat get aca gaa 1344

Al a

gtt
Au
gtg
Au
agtg
Asp
ggc
Ser

Val Tyr Asp
gaa gca act
Ala Thr Ile
gag aaa ctt
Lys Leu Leu
g3 gtt tac
Val Tyr Asp
tca gaa att
Gulle Ay

Thr Ser
att ggg
Gy Tyr
ctt cac
Hs Gn
gac 8¢
Thr Thr

ggg gat

Leu
tac
Leu
caa
Leu
act

Asn
ata
Ser

Pro Pro
ctt ggt
Gy Aa
ctt gcc
Al a Ser
aac act
Thr Ser
agt gag
Au Gn

Asp
gca
Ser
agc

Lys.

&
Ay
cag
H s

Al a
tca
Tyr
aaa
Adn
ggt
Leu
cat

Thr G u 435 440 445
tat gat 1392 QGu
Asp 450 455 460 atg
cag 1440 Met Pro
465 470 475 480

cta ata 1488 Thr
e 485 490 495

ata agt 1536 Lys

Ser 500 %05 510 7
@%ﬁ Ser

Phe Gy Asp Pro Ser Arg Asn Hs Qu Met Hs Cys Arg 515 520 525
cat aaa ctt ccc att ccc tgg aca gcg ata aca ccg tcg atc 1632

Phe Val Ser Glu Pro Gly Ile Gly Ser Thr Phe Ser Phe Thr Gly Val
850 855 860

ttc ggg aaa gea gaa aca aat acg tcg att act aag ctg gaa cga tte 2640

Phe Gly Lys Ala Glu Thr Asn Thr Ser Ile Thr Lys Leu Glu Arg Phe
865 - 870 875 880

gat cta gct att cag gag ttt aca gga ttg aga gea tta gtt att gat 2688

Asp Leu Ala Ile Gln Glu Phe Thr Gly Leu Arg Ala Leu Val Ile Asp
885 890 895

aac aga aac att aga gca gag gtc acc agg tac gaa ctt cgg aga ctg 2736

Asn Arg Asn Ile Arg Ala Glu Vai Thr Arg Tyr Glu Leu Arg Arg Leu
900 905 910

gga ata tct gea gac att gtt tca agt ctg aga atg gea tge act tgt 2784

Gly Ile Ser Ala Asp Ile Val Ser Ser Leu Arg Met Ala Cys Thr Cys
915 920 925

12



Phe
tta
Val

atc
Asn
ctc
Lys
gca
Thr

atg
Leu
gcg
Gn
aat

Lys
gtt
Leu
aac
Arg
aaa
Al a
act
Val
ctg
Lys
caa
Thr
gag
Val

H's Lys Leu Pro Ile Pro Trp
ctg gtt att act, ttt ctt gtt
Val Ile Thr Phe Leu Val Qvy
cga att gcg aca gtt gaa gag
Ile Ala Thr Val Au A u Asp
get cgt get gag gcc get gac
Arg Ala Qu Ala Ala Asp |lle
gtt tct cat gag ata cgg act
Ser Hs Qu lle Arg Thr Pro

Thr
ggt
Tyr
gat
Cys
att
Al a
ccg
Met

Ala lle

t att
Ile Leu
tgt cag
A n Lys
gca aag
Lys Ser
at g aat
Asn Gy

Thr
tta
Tyr
aag
Met
tca
Adn

gga
Val

Pro
t at
du
atg
Arg
cag
Phe
gtt
Leu

aagtail® agg aahott@agan@at Oetlg gt agatatgcgtaaga gag
Met Leu Met Asp Thr Asp Leu Asp Ala Lys G n Mt

act get cat ggc agt ggg aag gat ctt aca tca cta

Ala Hs Ay Ser Asp Leu Th
gtiysclle et yLE&éegdﬁUaé@ &eg MaMatc

Slodauad Av

Ser Ile
gaa gcc
Al a 545
agg gaa
d u 565
ttc cta
Leu 580
tta gga
Gy 595
adag gaac
Asp 610

ata 1920 Tyr Ala

625 630
Lyadiset t

LeuAgsgLaGn Al a Lys I&ﬁGu Ser GyAgOLeu Gu Leu

gcec tgg aac aag gaa gaa ttt tca gta ;tt‘gap gag ttg ttt acc cga

Ala Trp Asn Lys Glu Glu Phe Ser Val Leu Asp Glu Leu Phe Thr Arg
045 950 955 960

agc aaa gta acc ttt aca aga gtc cca aag att ttt ctt ttg gca act

Ser Lys Val Thr Phe Thr Arg Val Pro Lys Ile Phe Leu Leu Ala Thr
965 970 ‘ 975

tct geca act ctt act gag cgc agt gag atg aag tct act ggt ctc atc

Ser Ala Thr Leu Thr Glu Arg Ser Glu Met Lys Ser Thr Gly Leu Ile
580 685 990

gat gag gtg gtg ata aag cct ctt cgg atg agt gtc tta ata tgt tge

Asp Glu Val Val Ile Lys Pro Leu Arg Met Ser Val Leu Ile Cys Cys
995 1000 1005

13

530 535 540
1680 Leu
550 555 560
1728 lle
570 575
1776 Leu
585 590 8
1824 Al a
600 605
2872 Met
615 620 t at
635 640
1968 Asn
2880

2928

2976

3024



645 650 655 gaa aat gtg cct ttt gat atg cgt ttt att ctt gat aat gtt tca
tct 2016 Cdu Asn Val Pro Phe Asp Met Arg Phe Ile Leu Asp Asn Val Ser Set

660 665 670 ctc ctc tct ggc aag gca aat gaa aaa gga att gag ttg gcc gtt
tat 2064 9 Leu Leu Ser Ay Lys Ala Asn Qu Lys Ay Ile GQu Leu Ala Vval Tyr

675 680 685 gtt tct agt caa gtt cct gat gtt gta gtc ggt gat ccg agt cgg ttc
2112 Val Ser Ser A n Val Pro Asp Val Val Val Ay Asp Pro Ser Arg Phe 690
695 700 cgg cag atc att aca aac ctg gtt gga aac tca atc aaa ttc aca cag

2160 Arg tEoncdal 8ad lagc it PeNak€Yo¥adagChag ABP Y ctd @akYagaPbgy ThB078 n 705
710 715 720 gaa agg gga cac ata ttt atc tca gtg cac ctt gca gat gag gta
aag 2208 GQu Arg Ay Hs Ile Phe Ile Ser Val Hs Leu Ala Asp A u Val Lys
725 730 735 gag cct ctt act att gaa gac gca gtg cta aaa cag cga cta get
tta 2256 Le@®GinFélm Tex LEarVall snly Asp I&Bahr\gagllté’uom nGMg Leu Ala Leu

740 745 750 a tgc agc gag tcc ggt gag aca gtt agc ggg ttt cct gcg gta
aat 2304 10l@y Cys Ser G ul®ér Ay Qu Thr 1088 ser Gy Phe Pro Al a Val

Asn
cga aga aat ctt gga cac ttg cta aga gaa aaa cag att ctg gtt gtg 3120

Arg Arg Asn Leu Gly His Leu Leu Arg Glu Lys Gln Ile Leu Val‘ Val
1025 1030 1035 1040

gat gat aat ctt gtg aac aga cga gtt gca gaa ggt gea ctt aag aaa 3168

Asp Asp Asn Leu Val Asn Arg Arg Val Ala Glu Gly Ala Leu Lyé Lys
1045 1050 1055

tat gga get att gtt aca tge gtt gag agt gge aaa get gea ttg gea - 3216

Tyr Gly Ala Ile Val Thr Cys Val Glu Ser Gly Lys Ala Ala Leu Ala
1060 1065 1070

atg ctt aag ccg cct cat aac ttc gat get tge ttc atg gat cte cag 3264

Met Leu Lys Pro Pro His Asn Phe Asp Ala Cys Phe Met Asp Leu Gln
1075 1080 1085

atg cct gaa atg gat gga ttt gaa geg aca agg aga gtc cgt gag ctg 3312
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755 760 765 gca tgg gga agc tgg aag aat ttc aag aca tgt tac agt act gag agt
2352 Ala Trp Ay Ser Trp Lys Asn Phe Lys Thr Cys Tyr Ser Thr G u Ser 770
775 780 cag aat tct gat caa atc aaa ttg cta gtt aca gtg gag gac act gga
2400 dAn Asn Ser Asp Gn Ile Lys Leu Leu Val Thr Val Qu Asp Thr Gy 785

790 795 800 gtt ggc ata cct gtg gat gca caa ggc cga atc ttc aca cct ttt
atg 2448 Val Ay lle Pro Val Asp Ala A n Gy Arg Ile Phe Thr Pro Phe Mt
805 810 815 <caa gcc gac agt tcc aca tcg cgg act tat ggt gga act ggc ata
ggt 2496 Gn Ala Asp Ser Ser Thr Ser Arg Thr Tyr Ay Ay Thr Ay lle Gy
820 825 830 ttg agt ata agc aaa cgt ttg gtt gaa ctc atg caa gga gag atg
099 2544 Meewrge6ld Met Fep GlysPiy GlhcilaVBlr SgiAtgValetrgGhu Gy Gu Met Gy
11 835 840 845 ttt gtg agt gag ccc ggg ata ggc agt act ttt tca ttt act gga
gtt 2592 Phi)%al Ser Au Pra0®8y Ile Ay Sedl@hr Phe Ser Phe Thr Ay Val
850 855 860 ttc ggg aaa gca gaa aca aat acg tcg att act aag ctg gaa cga ttc
2640 Phe Ay Lys Ala Qu Thr Asn Thr Ser Ile Thr Lys Leu Qu Arg Phe 865

870 875 880
gag agg gaa atc aat aag aaa ata get tct gga gaa gtt tca get gaa 3360

Glu Arg Glu Ile Asn Lys Ly_s. Ile Ala Ser‘Gly Glu Val Ser‘Ala‘ Gluﬂ
1105 1110 1115 | 1120

atg ttc tgt aaa ttt agt agt tgg cac gtc ccg ata tta gea atg aca 3408

Met Phe Cys Lys Phe Ser Ser Trp His Val Pro Ile Leu Ala Met Thr
1125 1130 1135

gca gat gtt att cag gect act cat gaa gaa tgc atg aaa tgt gga atg 3456

Ala Asp Val Ile Gln Ala Thr His Glu Glu Cys Met Lys Cys Gly Met
1140 1145 ‘ 1150

gat ggt tat gta tca aaa ccg ttt gaa gag gaa gtg ctc tac aca geg 3504

Asp Gly Tyr Val Ser Lys Pro Phe Glu Glu Glu Val Leu Tyr Thr Ala
1155 1160 1165

gta gca aga ttc ttt gaa cct tgt taa 3531
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gat cta get att cag gag ttt aca gga ttg aga gca tta gtt att gat 2688 Asp
Leu Ala Ile @n Gu Phe Thr Gy Leu Arg Ala Leu Val |Ile Asp 885 890 895

aac aga aac att aga gca gag gtc acc agg tac gaa ctt cgg aga ctg 2736 Asn
Arg Asn Ile Arg Ala Qu Val Thr Arg Tyr Gu Leu Arg Arg Leu 900 905 910

gga ata tct gca gac att gtt tca agt ctg aga atg gca tgc act tgt 2784 Qdy
Ile Ser Ala Asp Ile Val Ser Ser Leu Arg Met Ala Cys Thr Cys 915 920 925 12
tgt atc agc aaa tta gaa aat ttg get atg att cta ata gac aaa gac 2832 Cys

Ile Ser L L Ile Leu Ile Asp Lys Asp 930 935 940 gcc
tgg aac aﬁ%ldgé §%§P$$?%%§§u€$§ac % gac gag ttg ttt acc cga 2880 Ala Trp

Asn Lys Qu (Jm Phe Ser Val kg Asp G u Leu Phe Thr Arg 945 950 955 960

agc aaa gta acc ttt aca aga gtc cca aag att ttt ctt ttg gca act 2928 Ser

Lys Val Thr Phe Thr Arg Val Pro Lys Ile Phe Leu Leu Ala Thr 965 970 975

tct gca act ctt act gag cgc agt gag atg aag tct act ggt etc ate 2976 Ser

Ala Thr Leu Thr Qu Arg Ser u Met Lys Ser Thr Ay Leu Ile 980 985 990

- gat gag gtgigt% ata aag cct ctt egg atg agt gtc tta ata tgt tgc 3024
<210>

<211> 1176

- <212> PRT

<213> Arabidopsis thaliana

<400> 2 |
Met Ser Ile Thr Cys Glu Leu Leu Asn Leu Thr Ser Lys Lys Ala Lys
1 5 10 15
Lys'Ser Ser Ser Ser Asp Lys Lys Trp Leu Lys Lys Pro Leu Phe Phe
| 20 25 30
Leu Ile Leu Cys Gly Ser Leu Val Ile Val Leu Val Met Phe Leu Arg
35 40 45
Leu Gly Arg Ser Gln Lys Glu Glu Thr Asp Ser Cys Asn Gly Glu Glu
50 55 60
Lys Val Leu Tyr Arg His Gin Asn Val Thr Arg Ser Glu Ile His Asp
65 | 70 75 80
Leu Val Ser Leu Phe Ser Asp Ser Asp Gln Val Thr Ser Phe Glu Cys
85 90 95
His Lys Glu Ser Ser Pro Gly Met Trp Thr Asn Tyr Gly Ile Thr Cys
100 105 110
Ser Leu Ser Val Arg Ser Asp Lys Gin Glu Thr Arg Gly Leu Pro Trp
115 120 125
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Asp Gu Val Vval Ile Lys Pro Leu Arg Met Ser Val Leu Ile Cys Cys 995 1000
1005 13 ttg caa gaa acc ctt gtc aat ggc aag aag agg caa ccg aac aga cag
3072 Leu Gn @u Thr Leu Val Asn Ay Lys Lys Arg Gn Pro Asn Arg G n 1010
1015 1020 cga aga aat ctt gga cac ttg cta aga gaa aaa cag att ctg gtt gtg
3120 Arg Arg Asn Leu Ay Hs Leu Leu Arg Gu Lys Gn Ile Leu Val Val 1025

1030 1035 1040 gat gat aat ctt gtg aac aga cga gtt gca gaa ggt gca ctt aag
aaa 3168 Asp Asp Asn Leu Val Asn Arg"Arg Val Ala Qu Ay Ala Leu Lys Lys

1045 1050 pkAS%y 6Bt Leg& ]9l sasér dlé SeeaSdrgThoiSer d3g Mgt Cgg&laaa get gca ttg
gca 3216 Tyr Ay Ala lle Val Thr Cys Val Gu Ser Ay Lys Ala Ala Leu Al a

1060 1065 107180 atg ctt aag ct3p cct cat aac ttld0gat get tgc ttc atg gat ctc
cag 3264 WMet Leu Lys Pro Pro His Asn Phe Asp Ala Cys Phe Met Asp Leu G n
1075 1080 Asndzuably Bra Idedeat Glmgéin Joa GltUtAsgaéegchua&léJ aliy AsBa gtc cgt gag
ctg 3312 14 Met Pro Au Mt Asp Gy Phe Ala Thr Arg Arg Val Arg GQu
Leu 109014095 1100 gag agglgaa atc aat aa&ﬁhaa ata get tcti®fga gaa gtt tca

get gaa 3?115 Glu Glu Gly Leu Glu Gln Gly Leu Ser Ser Tyr Leu Arg Asn Ala
165 170 175

Trp Trp Cys Leu Ile Leu Gly Val Leu Yal Cys His Lys Ile Tyr Val

180 185 190
Ser His Ser Lys Ala Arg Gly Glu Arg Lys Glu Lys Val His Leu Gin
195 | 200 205
Glu Ala Leu Ala Pro Lys Lys Gln Gln Gln Arg Ala Gln Thr Ser Ser
210 215 220

Arg Gly Ala Gly Arg Trp Arg Lys Asn Ile Leu Leu Leu Gly Ile Leu

225 230 | 235 240

Gly Gly Val Ser Phe Ser Val Trp Trp Phe Trp Asp Thr Asn G;u Glu
245 250 255

Ile Ile Met Lys Arg Arg Glu Thr Leu Ala Asn Met Cys Asp Glu Arg

260 265 270
Ala Arg Val Leu Gln Asp Gln Phe Asn Val Ser Leu Asn His Val His
275 280 285
Ala Leu Ser.Ile Leu Val Ser Thr Phe His His Gly Lys Ile Pro Ser
290 ‘ 295 300

Ala Ile Asp Gln Arg Thr Phe Glu Glu Tyr Thr Glu Arg Thr Asn Phe

305 310 35 320

Glu Arg Pro Leu Thr Ser Gly Val Ala Tyr Ala Leu Lys Val Pro His
325 330 335
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Gu Arg u Ile Asn Lys Lys Ile Ala Ser Ay G u Val
1115 1120 atg ttc tgt aaa ttt agt agt tgg cac gtc ccg ata tta gca atg aca
3408 Met Phe Cys Lys Phe Ser Ser Trp His Val
1130 1135 gca gat gtt att cag get act cat gaa gaa tgc atg aaa tgt gga atg
Ile dn Ala Thr Hs Qu Ju Cys Met Lys Cys Ay Met 1140
1145 1150 gat ggt tat gta tca aaa ccg ttt gaa gag gaa gtg ctc tac aca gcg
3504 Asp Gy Tyr Val Ser Lys Pro Phe Qu Gu Gu Val Leu Tyr Thr Ala 1155

G u pro oyt YRR b fH 08 B Pl s BRI Ma R M 05 0 Sopet s
<400> 2 MefpSer Ile Thr Cggrd u Leu Leu Asgpgeu Thr Ser Lys Lys
1510 15 Lys Ser Ser Ser Ser Asp Lys Lys Trp Leu Lys Lys Pro Leu

3456 Al a Asp Val

t hal i ana
Al a Lys
Phe Phe

Met Glu Thr Glu Asp Gln Thr Val Val Gln Asp Cys Val Pro Glu Asn
355 360 365 |
Phe Asp Pro Ala Pro Ile Gln Asp Glu Tyr Ala Pro Val Ile Phe Ala
370 375 380

- GIn Glu Thr Val Ser His Ile Val Ser Val Asp Met Met Ser Gly_Glu.

385 390 395 400
Glu Asp Arg Glu Asn Ile Leu Arg Ala Arg Ala Ser Gly Lys Gly Val
405 410 415
Leu Thr Ser Pro Phe Lys Leu Leu Lys Ser Asn His Leu Gly Val Val
- 420 425 430
Leu Thr Phe Ala Val Tyr Asp Thr Ser Leu Pro Pro Asp Ala Thr Glu
435 ' 440 445
Glu Gln Arg Val Glu Ala Thr Ile Gly Tyr Leu Gly Ala Ser Tyr Asp
450 455 460
Met Pro Ser Leu Val Glu Lys Leu Leu His GIn Leu Ala Ser Lys Gin
465 470 475 480
Thr Ile Ala Val Asp Val Tyr Asp Thr Thr Asn Thr Ser Gly Leu Ile
485 490 495
Lys Met Tyr Gly Ser Glu Ile Gly Asp Ile Ser Glu Gln His Ile Ser
500 905 510
Ser Leu Asp Phe Gly Asp Pro Ser Arg Asn His Glu Met His Cys Arg
515 520 - 525
Phe Lys His Lys Leu Pro Ile Pro Trp Thr Ala Ile Thr Pro Ser Ile
530 535 _ 540
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20 25 30 Leu Ile Leu Cys Gy Ser Leu Val Ile Val Leu Val Met Phe Leu Arg
35 40 45 Leu Gy Arg Ser Gn Lys AQu Gu Thr Asp Ser Cys Asn Gy Qu Qu
50 55 60 Lys Val Leu Tyr Arg Hs G n Asn Val Thr Arg Ser Qu Ile H's Asp
65 70 75 80 Leu Val Ser Leu Phe Ser Asp Ser Asp G n Val Thr Ser Phe Qu
Cys 85 90 95 His Lys Gu Ser Ser Pro Ay Met Trp Thr Asn Tyr Gy Ile Thr
Cys 100 105 110 Ser Leu Ser Val Arg Ser Asp Lys Gn Gu Thr Arg Ay Leu
Pro Trp 115 120 125 16 Asn Leu Ay Leu Gy His Ser Ile Ser Ser Thr Ser

Cys Met @ yPrer The Legulyd 611GANaPro G u Asn
Leu Qu af.éuga}fu k@;ﬁ@al}ﬂe{@g I?L}%L%L%Owa Hig C%Iqu GQu d yYGLeu Au dn @y Leu

Ser Ser Typsleu Arg Asn Algg0l65 170 175 TE§5 Trp Cys Leu | 1560 Leu Gy Val
Leu Val Cys His Lys Ile Tyr Val 180 185 190 Ser His Ser Lys Ala Arg Ay
Gu Arg LySeQlsy AysIMalalkiBirleal Gl Glu Asp Cys Gln Lys Met Arg Glu

565 570 575
Leu Lys Ala Arg Ala Glu Ala Ala Asp Ile Ala Lys Ser Gln Phe Leu
580 585 590
Ala Thr Val Ser His Glu Ile Arg Thr Pro Met Asn Gly Va} Leq Gly
595 600 605
Met Leu Lys Met Leu Met Asp Thr Asp Leu Asp Ala Lys Gln Met Asp
610 615 620
Tyr Ala Gln Thr Ala His Gly Ser Gly Lys‘Asp Leu Thr Ser Leu Ile
625 ' 630 ' 635 640
Asn Glu Val Leu Asp Gln Ala Lys Ile Glu Ser Gly Arg Leu Glu Leu
645 650 : 655
Glu Asn Val Pro Phe Asp Met Arg Phe Ile Leu Asp Asn Val Ser Ser
660 665 670 .
Leu Leu Ser Gly Lys Ala Asn Glu Lys Gly Ile Glu Leu Ala Val Tyr
675 680 | 685
Val Ser Ser Gln Val Pro Asp Val Val Val Gly Asp Pro Ser Arg Pbe
690 695 700
Arg Gln Ile Ile Thr Asn Leu Val Gly Asn Ser Ile Lys Phe Thr Gin
705 710 IOt 720
Glu Arg Gly His Ile Phe Ile Ser Val His Leu Ala Asp Glu Val Lys
725 730 735
Glu Pro Leu Thr Ile Glu Asp Ala Val Leu Lys Gln Arg Leu Ala Leu
740 745 T80
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200
210

Leu
Asn
Cys
Leu
H s
Tyr
Val
Au
Gn
Pro

205 Adu Ala Leu Ala Pro Lys Lys Gn Gn dn Arg Ala Gn Thr Ser
215 220 Arg Ay Ala Gy Arg Trp Arg Lys Asn Ile Leu Leu Leu Ay
225 230 235 240 Gy dy Vval Ser Phe Ser Val Trp Trp Phe Trp Asp
Au Gu 245 250 255 I1le Ile Met Lys Arg Arg Gu Thr Leu Al a Asn
Asp Gu Arg 260 265 270 Ala Arg Val Leu A n Asp @ n Phe Asn Val
Asn Hs Val Hs 275 280 285 Ala Leu Ser.lle Leu Val Ser Thr Phe
Gy Lys Ile Pro Ser 290 295 300 Ala lle Asp G n Arg Thr Phe G u

T g Leu Thr S
g e I A B o e g A R vy A e

Lys GI ufgrs Ay Trp Al a ¥4e Lys Lys 3407845 350 Met G u Thr Qu
Thr Val Val G n Asp Cys Val Pro Qu Asn 355 360 365 Phe Asp Pro

| kea Grp CAFPSed Trpiys Alsa RieoLyalThir | GysPler Bka Thr Glu Ser
770 775 780
Gln Asn Ser Asp Gln Ile Lys Leu Leu Val Thr Val Glu Asp Thr Gly
785 790 795 800
Val Gly Ile Pro Val Asp Ala Gln Gly Arg Ile Phe Thr Pro Phe Met
805 10 815
Gln Ala Asp Ser Ser Thr Ser Arg Thr Tyr Gly Gly Thr Gly Ile Gly
820 , 825 830
Leu Ser Ile Ser Lys Arg Leu Val Glu Leu Met Gln Gly Glu Met Gly
835 840 845
Phe Val Ser Glu Pro Gly Ile Gly Ser Thr Phe Ser Phe Thr Gly Val
850 , 855 | 860
Phe Gly Lys Ala Glu Thr Asn Thr Ser Ile Thr Lys Leu Glu Arg Phe
865 870 8715 880
Aép Leu Ala Ile Gln Glu Phe Thr Gly Leu Arg Ala Leu Val Ile Asp
885 890 895
Asn Arg Asn Ile Arg Ala Glu Val Thr Arg Tyr Glu Leu Arg Arg Leu
900 905 910
Gly Ile Ser Ala Asp Ile Val Ser Ser Leu Arg Met Ala Cys Thr Cys
915 920 925
Cys Ile Ser Lys Leu Glu Asn Leu Ala Met Ile Leu Ile Asp Lys Asp
930 935 940
Ala Trp Asn Lys Glu Glu Phe Ser Val Leu Asp Glu Leu Phe Thr Arg
945 950 955 960
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370
Au
Lys
Leu
Pro
Leu
H s
Asp
Ile
Asp
Leu
Val

375 380 Gn du Thr vVal Ser H's Ile Val Ser Val Asp Met Met Ser Ay
385 390 395 400 Qu Asp Arg Qu Asn Ile Leu Arg Ala Arg Ala Ser vy
Gy Val 405 410 415 Leu Thr. Ser Pro Phe Lys Leu Leu Lys Ser Asn His
Gy Val Val 420 425 430 Leu Thr Phe Ala Val Tyr Asp Thr Ser Leu Pro
Asp Ala Thr Gu 435 440 445 du Gn Arg Val du Ala Thr Ile Ay Tyr
Ay Ala Ser Tyr Asp 450 455 460 Met Pro Ser Leu Val GQu Lys Leu Leu
Gn Leu Ala Ser Lys G n 465 470 475 480 Thr Ile Ala Val Asp Val Tyr

Thr Tf’SerAWé Tar TRerPhe Thrigte Vhe PIS5L 49014 Phe lapslaktilTyihirdy Ser G u
Gy Asp Il'e Ser Qu Gn Hs Ile Ser 500 505 510 Ser Leu Asp Phe Qy

Pro Ser Arg Asn H 966 u Met His Cys§7& g 515 520 52575Phe Lys His Lys
Prolle Pro Trp Thr Ala Ile Thr Pro Ser Ile 530 535 540 18 Leu Val Leu
Il e THerPhe TleuldalThel §luTirg See UaMeaty EyaSer Alhg Gly Leu Ile

980 985 _— 990
Asp Glu Val Val Ile Lys Pro Leu Arg Met Ser Val Leu Ile Cys Cys
995 1000 1005
Leu Gln Glu Thr Leu Val Asn Gly Lys Lys Arg‘Gln Pro Asn Arg Gln
1010 015 1020
Arg Arg Asn Leu Gly His Leu Leu Arg Glu Lys GIn Ile Leu Val Val
1025 1030 1035 1040
Asp Asp Asn Leu Val Asn Arg Arg Val Ala Glu Gly Ala Leu Lys Lys
1045 1050 1055
Tyr Gly Ala'Ile Val Thr Cys Val Glu Se: Gly Lys Ala Ala Leu Ala
1060 1065 1070
Met Leu Lys Pro Pro His Asn Phe Asp Ala Cys Phe Met Asp Leu Gln
1075 o 1080 | 1085
Met Pro Glu Met Asp Gly Phe Glu Ala Thr Arg Arg Val Arg Glu Leu
1090 1095 1100
Glu Arg Glu Ile Asn Lys Lys Ile Ala Ser Gly Glu Val Ser Ala Glu
1105 1110 1115 1120
Met Phe Cys Lys Phe Ser Ser Trp His Val Pro Ile Leu Ala Met Thr
1125 1130 - 1135
Ala Asp Val Ile Gln Ala Thr His Glu Glu Cys Met Lys Cys Gly Met
1140 1145 1150
Asp Gly Tyr Val Ser Lys Pro Phe Glu Glu Glu Val Leu Tyr Thr Ala
1155 1160 1165
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550
Au
Phe
Val
Lys
Leu
Au
Phe
du
Asp
Asn
Hi s

555 560 Ile Asn Arg Ile Ala Thr Val u du Asp Cys G n Lys Met
565 570 575 Leu Lys Ala Arg Ala Qu Ala Ala Asp Ile Ala Lys Ser
Leu 580 585 590 Ala Thr Val Ser Hs GQu Ile Arg Thr Pro Met Asn
Leu Ay 595 600 605 Met Leu Lys Met Leu Met Asp Thr Asp Leu Asp
Gn Met Asp 610 615 620 Tyr Ala Gn Thr Ala Hs Ay Ser Gy Lys
Thr Ser Leu Ile 625 630 635 640 Asn Qu Val Leu Asp Gn Ala Lys
Ser Ay Arg Leu Au Leu 645 650 655 G u Asn Val Pro Phe Asp Met

II\%IL@M ﬁe‘gt)pﬁ@rphgamuSpfo P95 660 665 670 Leu Leu Ser Ay Lys Ala
Lys G GQu Leu Ala val Tyr 675 680 685 Val Ser Ser G n Va

Val ypvlo VaI Gy Asp R1ms Ser Arg Phe 690 695 700 Arg Gn lle lle
Leu Val Gy Asn Ser Ile Lys Phe Thr Gn 705 710 715 720 du Arg
Ile Phe Ile Ser Val His Leu Ala Asp Qu Val Lys 725 730 735

<210> 3

<2ll> 3111

212 DNA

<213> Arabidopsis thaliana

<220>
<221> CDS

<222> (1)..(3111)

<400> 3
atg agt ctg ttc cat gtg cta ggg ttt ggt gtc aag att ggg cat ctc 48

Mét Ser Leu Phe His Val Leu Gly Phe Gly Val Lys Ile Gly His Leu
1 5 10 15 .

ttc tgg atg cta tge tge tgg ttt gtt tct tgg ttc gtt gat aat ggg 96

Phe Trp Met Leu Cys Cys Trp Phe Val Ser Trp Phe Val Asp Asn Gly
20 25 30

atc gag gac aag tct ggt ctt tta gtt ggc tet gtc ggt gat ctt gag 144

22



750
760
770
Ay
Pro
Thr
Gn
Phe
I'le
Thr
du

Pro Leu Thr Ile Au Asp Ala Val Leu Lys G n Arg Leu Ala Leu 740 745
19 Ay Cys Ser Qu Ser Ay Qu Thr Val Ser Ay Phe Pro Ala Val Asn 755
765 Ala Trp Ay Ser Trp Lys Asn Phe Lys Thr Cys Tyr Ser Thr du Ser
775 780 Gn Asn Ser Asp Gn Ile Lys Leu Leu Val Thr Val Gu Asp Thr
785 790 795 800 Val Gy Ile Pro Val Asp Ala Gn Gy Arg Ile Phe Thr
Phe Met 805 810 815 Gn Ala Asp Ser Ser Thr Ser Arg Thr Tyr Ay Gy
Ay lle Ay 820 825 830 Leu Ser lle Ser Lys Arg Leu Val Qu Leu Met
Gy Gu Met dy 835 840 845 Phe Val Ser Qu Pro Ay Ile Ay Ser Thr
Ser Phe Thr Ay Val 850 855 860 Phe Gy Lys Ala A u Thr Asn Thr Ser
Thr LyHel@w Splss $ePrEly BSHL8T Va8 b y88er VabilvedspALen Gl G n @ u Phe
Gy Leu Arg Ala Leu Val Ile Asp 885 890 895 Asn Arg Asn Ile Arg Ala
Val Thr Arg T8¢ G u Leu Arg At Leu 900 905 920

aag act aag atg act acg ttg aag aag aag aac aag atg tgg ttc tgg 192

Lys Thr Lys Met Thr Thr Leu Lys Lys Lys Asn Lys Met Trp Phe Trp
50 55 60

aat aag atc tct agc age gga cic aag atc ccg agt ttc tct tat cag 240

Asn Lys Ile Ser Ser Ser Gly Leu Lys Ile Pro Ser Phe Ser Tyr Gln
65 70 75 80

ttt ctt ggec tct gtt aaa ttc aac aag gcg tge tge agg aag ctt gtg 288

Phe Leu Gly Ser Val Lys Phe Asn Lys Ala Trp Trp Arg Lys Leu Val
85 90 95

gtg gtt tgg gtt gtc ttc tge gtc ttg gte tet att tgg acg ttt tgg 336

Val Val Trp Val Val Phe Trp Val Leu Val Ser Ile Trp Thr Phe Trp
100 105 110

tac ttt agc tcg caa gct atg gag aag agg aaa gag acg cta get agt 384
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925
935
945
Leu
Thr

Val

Arg
du
Arg
Thr
Pro

Ile Ser Ala Asp Ile Val Ser Ser Leu Arg Met Ala Cys Thr Cys
Cys Ile Ser Lys Leu Qu Asn Leu Ala Met Ile Leu Ile Asp Lys Asp 930
Ala Trp Asn Lys Gu G u Phe Ser Val Leu Asp Qu Leu Phe Thr Arg

955 96,0 20 Ser Lys Val Thr Phe Thr Arg Val Pro Lys Ile Phe Leu

Thr 965 970 975 Ser Ala Thr Leu Thr A u Arg Ser Gu Met Lys Ser

Leu Ile 980 985 990 Asp Gu Val Vval Ile Lys Pro Leu Arg Met Ser

Ile Cys Cys 995 1000 1005 Leu Gn Au Thr Leu Val Asn Ay Lys Lys

P"[?r%@ RrISE Bln ]AQQQ\&e]toé}ﬁJ 192 QrAr ysAG DU ARB Lle@UAKd §eH s Leu Leu Arg

Ghn Ile Leu Val Vval 1025 1030 1035 1040 Asp Asp Asn Leu Val

Val Ala Gru Gy Ala Leu L% Lys 1045 105Q23055 Tyr Ay Ala Ile Val

GQu Ser Gly Lys Ala Ala Leu Ala 1060 1065 1070 Met Leu Lys Pro

1075 1080 1085

940
950
Al a
Ay
Leu
Gn
Lys
Arg
Cys
H s

Val
Asn Phe Asp Ala Cys Phe Met Asp Leu G n

atg tgt gat gag aga gct cgt atg ctg cag gat cag ttc aac gtt agc

Met Cys Asp Glu Arg Ala Arg Met Leu Gln Asp Gln Phe Asn Val Ser
- 130 o 135 o 140A

atg aat cat gtt caa gcc atg tct atc ttg atc tca acc ttc cac cat

Met Asn His Val Gln Ala Met Ser Ile Leu Ile Ser Thr Phe His His
145 150 155 160

gegc aag att cct tct get atc gat cag aga aca ttc tca gag tac act

Gly Lys Ile Pro Ser Ala Ile Asp Gln Arg Thr Phe Ser Glu Tyr Thr
165 170 175

gat aga act tcc tit gag agg cct ctt act agc ggg gta get tat get

Asp Arg Thr Ser Phe Glu Arg Pro Leu Thr Ser Gly Val Ala Tyr Ala
180 185 190

atg agg gtg ctc cat tca gag agg gaa gag ttc gag age caa caa ggt

Met Arg Val Leu His Ser Glu Arg Glu Glu Phe Glu Arg Gln Gln Gly
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Met Pro Gu Met Asp Ay Phe Gu Ala Thr Arg Arg Val Arg Gu Leu 1090 1095
1100 Qu Arg Qu Ile Asn Lys Lys Ile Ala Ser Ay GQu Val Ser Ala Qu 1105
1110 1115 1120 Met Phe Cys Lys Phe Ser Ser Trp His Val Pro Ile Leu Ala Mt
Thr 1125 1130 1135 Ala Asp Val Ile Gn Ala Thr Hs Qu Gu Cys Met Lys Cys
Gy Met 1140 1145 1150 Asp Ay Tyr Val Ser Lys Pro Phe Qu Qu Gu Val Leu
Tyr Thr Ala 1155 1160 1165 21 Val Ala Arg Phe Phe Qu Pro Cys 1170 1175
<210> 3 <211> 3111 <212> DNA <213> Arabi dopsis thaliana <220> <221> CDS
<222> (1)..(31113p5 <400> 3 atg aggp ctg ttc cat gi@scta ggg ttt ggt gtc aag
att ggg cat ctc 48 Met Ser Leu Phe His Val Leu Ay Phe Ay Val Lys Ile Ay

H s Leu

tgg act att agg aag atg tat tct ctt gaa caa aac cca gtt cac aag 672

Trp Thr Ile Arg Lys Met Tyr Ser Léu Glu Gln Asn Pro Val His Lys
210 215 220

gat gac tat gac ctg gaa gct ttg gaa cca tcc cct gtc caa gaa gag 720

Asp Asp Tyr Asp Leu Glu Ala Leu Glu Pro Ser Pro Val Gln Glu Glu
225 230 235 240

tac get cca gtc atc tit get cag gac act gtt tct cac gtt gtt tct 768

Tyr Ala Pro Val Ile Phe Ala Gln Asp Thr Val Ser His Val Val Ser
245 250 255

ctc gat atg ctg tct ggg aaa gaa gat cgt gaa aac gtt ttg cgg gecc 816

Leu Asp Met Leu Ser Gly Lys Glu Asp Arg Glu Asn Val Leu Arg Ala
260 ‘ 265 270

agg agt tca ggt ama ggg gtt ttg aca get cct ttc cca ttg ata aag 864

Arg Ser Ser Gly Lys Gly Val Leu Thr Ala Pro Phe Pro Leu Ile Lys
275 280 285
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15
96
30
I'le
aag
Thr
aag
I'le
ctt
Ay
tgg
Val
agc
Ser

10 15

Phe
atc
du
act
Lys
atc
Ser
ggc
Ser
gtt
Val

tcg
Adn

ttc tgg atg cta tgc tgc tgg ttt gtt tct tgg ttc gtt gat aat ggg

Trp Met Leu Cys Cys Trp Phe Val Ser Trp Phe Val Asp Asn Ay 20 25
gag gac aag tct ggt ctt tta gtt ggc tct gtc ggt gat ctt gag 144 22

Asp Lys Ser Gy Leu Leu Val Ay Ser Val Gy Asp Leu Qu

35 40 45

aag atg act acg ttg aag aag aag aac aag atg tgg ttc tgg 192 Lys
Met Thr Thr Leu Lys Lys Lys Asn Lys Met Trp Phe Trp 50 55 60 aat
tct agc agc gga ctc aag atc ccg agt ttc tct tat cag 240 Asn Lys
Ser Ser Ay Leu Lys Ile Pro Ser Phe Ser Tyr Gdn 65 70 75 80 1ttt
tct gtt aaa ttc aac aag gcg tgg tgg agg aag ctt gtg 288 Phe Leu

Vakalags e cAsrpgkystghhtc Totg doaptiy gehystd dac iag &5 g8t 95918t g gtt
gtc ttc tgg gtc ttg gtc tct att tgg acg ttt tgg 336 Val Val Trp

Phe Trp Val Leu Val Ser Ile Trp Thr Phe Trp 100 105 110

tac ttt

TS ASLEetiang it e dethech g B AL A 1e ™ TV Phe S
295

290 300

ctc cec tcc aat gca acg ccCa aaa gag aga att gag gect act aac ggg

Leu Pro Ser Asn Ala Thr Pro Lys Glu Arg Ile Glu Ala Thr Asn Gly
305 310 315 320

tat ctc ggg gga gtg ttt gac att gag tcc ctg gta gaa aac ttg ctt

Tyr Leu Gly Gly Val Phe Asp Ile Glu Ser Leu Val Glu Asn Leu Leu
325 330 335

caa cag ctg gct agc aag caa acg att ctt gtc aat gtg tac gat atc

Gln Gln Leu Ala Ser Lys Gln Thr Ile Leu Val Asn Val Tyr Asp Ile
340 345 | 350

acc aat cac tct caa ccg att agc atg tat ggt aca aat gtg tcg gct

Thr Asn His Ser Gln Pro Ile Ser Met Tyr Gly Thr Asn Val Ser Ala
355 360 365
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115
432
135
Met

160

gat
Arg
atg
Arg
tgg
Thr
gac
Tyr

120 125 atg tgt gat gag aga get cgt atg ctg cag gat cag ttc aac gtt agc
Met Cys Asp Qu Arg Ala Arg Met Leu G n Asp G n Phe Asn Val Ser 130

140 atg aat cat gtt caa gcc atg tct atc ttg atc tca acc ttc cac cat 480

Asn H's Val Gn Ala Met Ser Ile Leu Ile Ser Thr Phe H's H s 145 150 155
ggc aag att cct tct get atc gat cag aga aca ttc tca gag tac act 528
Lys Ile Pro Ser Ala lle Asp Gn Arg Thr Phe Ser Qu Tyr Thr 165 170 175

aga act tcc ttt gag agg cot ctt act agc ggg gta get tat get 576 Asp

Thr Seéatpg‘é‘g @t%‘ gt‘éhgcé%fgtk%tgﬂéva SBd aktyrt¥agpAlgat Tota M@ af80 1852 190
agg gtg cic cal tca gag agg gaa gag ttc gag agg caa caa ggt 624 Met
Val Leu Hs Ser Qu Arg Qu Gu Phe Qu Arg Gn Gn Ay 24 195 200 205
act att agg aag atg tat tct ctt gaa caa aac cca gtt cac aag 672 Trp
|l e ArfgplEis Med GTyrArgeVall8er Gro [Eun] s Bher(dy\adp Pires LeysArg10 215 220 gat
tat gac ctg gaa get ttg gaa cca tcc cct gtc caa gaa gag 720 Asp Asp
Asp Leu @MW Ala Leu G u PB® Ser Pro val G30G u G u 225 230 235 240

aag cat gag atg cgt tgc aga ttt aag cag aaa cca cca tgg cca gtg 1200

Lys Hié Glu Met Arg Cys Arrg Phe Lys Gln Lys Pro Pro Trp Pro Val
385 390 395 . 400

cta tca atg gtg aca tca ttc ggt atc ctt gtg att geg tta ctt gtt 1248

Leu Ser Met Val Thr Ser Phe Gly Ile Leu Val Ile Ala Leu Leu Val
405 410 415

gca cat ata atc cac gca acc gtt agt cga ata cac aaa gtt gaa gaa 1296

Ala His Ile Ile His Ala Thr Val Ser Arg Ile His Lys Val Glu Glu
420 425 430

gat tgt gat aaa atg aag cag ctc aag aaa aag gct gaa gca gea gat 1344

Asp Cys Asp Lys Met Lys Gln Leu Lys Lys Lys Ala Glu Ala Ala Asp
435 440 445

gtt gea aag tca cag ttc ctt gec act gtt tca cat gaa atc aga act 1392
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tac get cca gtc atc ttt get cag gac act gtt tct cac gtt gtt tct 768 Tyr
Ala Pro Val Ile Phe Ala G n Asp Thr Val Ser H's Val Val Ser 245 250 255

ctc gat atg ctg tct ggg aaa gaa gat cgt gaa aac gtt ttg egg gcc 816 Leu
Asp Met Leu Ser Gy Lys Qu Asp Arg Gu Asn Val Leu Arg Ala 260 265 270

agg agt tca ggt aaa ggg gtt ttg aca get cct ttc cca ttg ata aag 864 Arg
Ser Ser Ay Lys Ay Val Leu Thr Ala Pro Phe Pro Leu Ile Lys 275 280 285 25
aca aat aga ctt ggg gtg atc ctg aca ttt gca gtg tac aag aga gat 912 Thr
Asn Arg Leu Gy Val Ile Leu Thr Phe Ala Val Tyr Lys Arg Asp 290 295 300 ctc

ccc tcc aat gca a cca aaa, gag, a a tn1ac 960 Leu Pro
Ser Asn WlaAl EhLySPBm‘ IGls Rheylet 31@ g@ré{t’ﬂ g&’gH%% Glﬂsh Gﬁlpg 305 310 315 320
tat ctc ggg gga gtg ttt gac t gag tcc ctgygga gaa aac ttg ctt 1008 Tyr
Leu Gy d y4¥al Phe Asp Ile*@ u Ser Leu Val u Asn Leu Leu 325 330 335

caa cag ctg get agc aag caa acg att ctt gtc aat gtg tac gat atc 1056 G n
G@n Leu Ala Ser Lys A n Thr Ile Leu Val Asn Val Tyr Asp Ile 340 345 350

acc aat cac 1Ot £agiCsd Bld (B0%t3! frd @ht Gdl enadgigagiara ese geld4104

Pro Met Asn Gly Val Leu Gly Met Leu His Met Leu Met Asp Thr Giu
165 470 | 475 | 480

tta gat gtt acg caa cag gat tat gtt agg acc gca cag gea agt gga 1488

Leu Asp Val Thr Gln Gln Asp Tyr Val Arg Thr Ala Gln Ala Ser Gly
485 490 495

asa gct tta gtc tcg cta ata aat gag gtt ttg gac caa gca aag att 1536

Lys Ala Leu Val Ser Leu lle Asn Glu Val Leu Asp Gln Ala Lys Ile
500 505 510

gaa tct gga aag ctt gaa ctt gag gag gtg cge ttt gat ttg aga gga 1584

Glu Ser Gly Lys Leu Glu Leu Glu Glu Va! Arg Phe Asp Leu Arg Gly
515 520 _ 525

ata tta gat gat gtc ctg tca cte tic tct agc aag tcc caa caa aag 1632
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Thr Asn Hs Ser Gn Pro Ile Ser Met Tyr Ay Thr Asn Val Ser Al a 355 360 365
26 gat ggg ttg gaa cgt gtt agt cca cta atc ttt ggc gat cca ttg aga 1152

Ay
cat
Au
tca
Met
cat

I1e |

t gt
Asp
gca
Al a
cca

Leu Gu Arg Val Ser Pro Leu Ile Phe Ay Asp Pro Leu Arg 370 375 380
gag atg cgt tgc aga ttt aag cag aaa cca cca tgg cca gtg 1200 Lys
Met Arg Cys Arg Phe Lys Gn Lys Pro Pro Trp Pro Val 385 390 395 400
atg gtg aca tca ttc ggt atc ctt gtg att gcg tta ctt gtt 1248 Leu
Val Thr Ser Phe Gy Ile Leu Val Ile Ala Leu Leu Val 405 410 415

a Cey [aCEy Hekr 291 PEOScAtSerclas 8en (PhtGlgalaysgaa 1296 Al a
Flze Elélg A%\?;AS% ?alV%EuSer Arg Ile Hs Lys Val Qu du 420 425 430

gat gg@ atg aag cag Gi3§ aag aaa aag ¢gel0 gaa gca gca gat 1344 Asp
Lys Met Lys G n Leu Lys Lys Lys Ala Qu Ala Ala Asp 435 440 445

aag tca cag ttc ctt gcc act gtt tca cat gaa atc aga act 1392 27
Lys Ser @ n Phe Leu Ala Thr Val Ser Hs Au lle Ar Thr g 0 455
aggy @by sagtttgt gcawaagips aty) tet gadaeetaglt Gop sat ab% taca 1§8Y 1440

Gly Val Glu Leu Ala Val Tyr Ile Ser Asp Arg Val Pro Asp Met Leu
545 - 550 555 560

att get gat cct ggg agg ttt cga caa ata ctc aca aat ctt atg ggt 1728

Ile Gly Asp Pro Gly Arg Phe Arg Gln Ile Leu Thr Asn Leu Met Gly
| 565 570 575

aat tcc att aag ttc act gag aaa gga cac atc ttt gta act gtt cat 1776

Asn Ser Ile Lys Phe Thr Glu Lys Gly His Ile Phe Val Thr Val His
580 585 590

ttg gtg gat gag cta ttt gaa tct atc gat gga gag aca gca tca tct 1824

Leu Val Asp Glu Leu Phe Glu Ser Ile Asp Gly Glu Thr Ala Ser Ser
595 600 605

ccg gaa agt aca ctg agt ggg ctt cca gtt geca gac cgg cag agg age 1872

Pro Glu Ser Thr Leu Ser Gly Leu Pro Val Ala Asp Arg Gin Arg Ser
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Pro
465
Leu
aaa
Al a
gaa
Ser
at a
Ile
540
Ay
560
Ile

Met
tta
Asp
get
Leu
tct
Ay
tta
Leu

gg9
Val

at t tggobapahc ot appg gayd tetagce§ec @éé ﬂgacé

Val

acg
Adn
tcg
Leu
ctt
Au
gtc
Val

ttg
Al a

Met
gat
Tyr
aat
du
gag
Au Qu
tcagtyc
Ser Leu
gta tac
Tyr Ile

H s
gtt
Arg
gtt
Leu
gtg
Arg

Met Leu
agg acc
Thr Al a
ttg gac
Asp A n
cgg ttt
Phe Asp
tct agc &ég
Ser Ser Lys
tct gat cgt
Asp Arg Vh{

Thr
gca
Ser
aag
I'le
aga
Ay
caa

Leu
t at
Val
gag
Val
gag
Val
ttc
Phe
at a
Ser

Leu
caa
Adn
cta
Ile
gaa
Leu
ctg
Leu
gca
Val

Asn Gy
gat gtt
Val Thr
tta gtc
Val Ser
gga aag
Lys Leu
gat

Aspﬁggp
gtg gag
A u Leu

Met Asp
gca cag
Adn Ala
caa gca
Ala Lys
gat ttg
Leu Arg
tcc caa
Ser An dn
gtt cca gat

cig ool Ep

Trp Glu Asn Phe Lys Ala Fhe Ser Ser Asn Gly His Arg Ser Phe Glu

625 630 635 640

cca tct cee cct gat ata aac cta atcrgtc tca gtt gag gat act gec

Pro Ser Pro Pro Asp Ile Asn Leu Ile Val Ser Val Glu Asp Thr Gly
645 650 655

gta ggg atc cct gta gaa gcg cag tcc cgt att ttt acg cct tte atg

Val Gly Iie Pro Val Glu Ala Gln Ser Arg Ile Phe Thr Pro Phe Met
660 665 670

caa gtc gga cca tcc ata tcc agg acg cat gga ggc aca gga att gga

Gln Val Gly Pro Ser Ile Ser Arg Thr His Gly Gly Thr Gly Ile Gly

675 680 685

ctt agc ata agc aaa tgt cta gtt gga ctg atg aag gga gaa att gga

Leu Ser Ile Ser Lys Cys Leu Val Gly Leu Met Lys Gly Glu Ite Gly

690 695 700

30

Au
agt

Ay
att

500
gga
515
aag
Lys
atg

470 475 480
gga 1488
485 490 495
1536 Lys
505 510
1584 du
520 525
1632 28
530 535
tta 1680

Le 5 550 555
aﬁgéggt 1728
Gy Asp Pro Ay Arg Phe Arg A n Ile Leu Thr Asn Leu Met Ay 565 570 575

aat tcc att aag ttc act gag aaa gga cac atc ttt gta act gtt cat 1776

1968

2016

2064

2112



Ile Lys Phe Thr Qu Lys Ay His Ile Phe Val Thr Val Hs 580 585 590
gat gag cta ttt gaa tct atc gat gga gag aca gca tca tct 1824 Leu
GQu Leu Phe Au Ser Ile Asp Ay du Thr Ala Ser Ser 595 600 605

agt aca ctg agt ggg ctt cca gtt gca gac cgg cag agg agc 1872 Pro
Thr Leu Ser Gy Leu Pro Val Ala Asp Arg G n Arg Ser 29 610 615 620
aac ttt aaa get ttc-agc tcc aac ggg cat cgg agc ttt gaa 1920 Trp
Phe Lys Ala Phe Ser Ser Asn Gy His Arg Ser Phe G u 625 630 635 640
ccc cct gat ata aac cta atc gtc tca gtt gag gat act ggc 1968 Pro
Pro Asp Ile Asn Leu Ile Val Ser Val Qu Asp Thr Gy 645 650 655

PG Ui ol Bl &P 45 (PR il B8 B LE 260 B85 670

gga cca tcc ata tcc agg acg cat gga ggc aca gga att gga 2064 Gn
Pro Ser Ile Ser Arg Thr HHs Gy Ay Thr Ay Ile Gy 675 680 685 ctt

o6 [BASEHThEBodys Yah Qv Peat Thadpe e BmaTht tAlggéal2112 Leu Ser
Lys Cys Leu Val Ay Leu Met Lys Ay u lle Ay

705 710 715 720
ttt tcc aat ggg atg caa cca gct gaa aga aag aat gac aac aac cag 2208

Phe Ser Asn Gly Met Gln Pro Ala Glu Arg Ly.s Asn Asp Asn Asn Gln
725 ‘ 730 735

cce ata ttc teg gaa ttc cgg gec atg aaa get gtg gtt gtg gac cat 2256

Pro Ile Phe Ser Glu Phe Arg Gly Met Lys Ala Val Val Val Asp His
740 745 750

agg cct gea agg gea aaa gtc tcg tgg tac cat ttt cag cgt ctt gga 2304

Arg Pro Ala Arg Ala Lys Val Ser Trp Tyr His Phe Gln Arg Leu Gly
755 760 765

att cga gtc gaa gta gtt cca cgt gtt gaa cag gct cta cat tat ctg 2352

Ile Arg Val Glu Val Val Pro Arg Val Glu Gln Ala Leu His Tyr Leu
770 775 780
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695
2160 Phe Ser Ser Thr Pro Lys Val Ay Ser Thr Phe Thr Phe Thr Al a Val

710
cag
725
cat
740
gga
755
ctg
770
at a
785
gac
Pro

700 30 ttc tcg agt act ccc aag gtt ggg tcc aca ttc aca ttt act get

715 720 ttt tcc aat ggg atg caa cca get gaa aga aag aat gac aac
2208 Phe Ser Asn Ay Met Gn Pro Ala Gu Arg Lys Asn Asp Asn Asn
730 735 <ccc ata ttc tcg gaa ttc cgg ggc atg aaa get gtg gtt gtg
2256 Pro Ile Phe Ser Qu Phe Arg Ay Met Lys Ala Val Val Val Asp
745 750 agg cct gca agg gca aaa gtc tcg tgg tac cat ttt cag cgt

2304 Arg.Pro Ala Arg VS Vi r.p roHi S Phe Goygirg Leu
788 765 £k ?thaﬁggatcé %%aafaﬁat?f%é?ﬁé &}F 5%’%/ Cagrf% 8a§'%get9ct a cat
2352 1le Arg Val GQu Vval Val Pro Arg Val GQu Gn Ala Leu Hs Tyr
775 780 31 aag att ggt act acc act gtg aat atg ata ctc ata gag caa

2400 1183y ! Tt By TRAVaThisnTHEt Yk AsNINeGLLIEplel [le Gu Gn Gu
790 795 800 tgg aat agg gaa gca gat gat ttc att aaa aag cta cag

cE85 2448 Trp Asn78@g Gu Ala Asp ASp Phe Ile Lys BY® Leu A n Lys
tgg aat agg gaa gea gat gat ttc att ama aag cta cag aaa gac cct 2448

Trp Asn Arg Glu Ala Asp Asp Phe Ile Lys Lys Leu Gln Lys Asp Pro
805 810 815

ctt ttc ctt tet cct aag ttg att ttg tta gca aac tca gta gaa tcg 2496

Leu Phe Leu Ser Pro Lys Leu Ile Leu Leu Ala Asn Ser Val Glu Ser
820 825 830

tca ata tca gag gct tta tge acc ggt ata gat cct cca ata gtg ata 2544

Ser Ile Ser Glu Ala Leu Cys Thr Gly Ile Asp Pro Pro Ile Val Ile
835 840 345

gtg aaa cca ttg agg gcg agt atg cta pgea gea act ttg cag agg gea 2592

Val Lys Pro Leu Arg Ala Ser Met Leu Ala Ala Thr Leu Gln Arg Gly
850 855 860

ttg ggt att gga atc aga gaa cca cct caa cac aag gga cct cct get 2640
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805

tcg
820
ata
835

gga
850

810 815 «ctt ttc ctt tct cct aag ttg att ttg tta gca aac tca gta gaa
2496 Leu Phe Leu Ser Pro Lys Leu Ile Leu Leu Ala Asn Ser Val du Ser
825 830 tca ata tca gag get tta tgc acc ggt ata gat cct cca ata gtg
2544 Ser Ile Ser Qu Ala Leu Cys Thr Ay Ile Asp Pro Pro Ile Val Ile
840 845 gtg aaa cca ttg agg gcg agt atg cta gca gca act ttg cag agg
2592 Val Lys Pro Leu Arg Ala Ser Met Leu Ala Ala Thr Leu Adn Arg Ay

855 860 ttg ggt att gga atc aga gaa cca cct caa cac aag gga cct cct get

2640 32 Leu Gy Ille dy Ile Arg Gu Pro Pro Adn Hs Lys Gy Pro Pro Ala

865

870 875 880 ttg att ctc agg aat ctt ctc ctt ggt aga aaa att tta atc
gat 2683 eIl 6192t A ANPILPréTInLiEe Gy Gy PrbyRrd htaleu 1l e Val
g

885 al” aac aac gta aac ctc aga gtg gca gcg gga get ctg aaa
tac 2§86 Asp Asn Asngyal Asn Leu Arg 8781 Ala Ala Gy BB& Leu Lys Lys
900 905 910 gga get gat gtg gtc tgc get gag agt ggg ata aag gca atc
ttg 2784 dy Ala Asp Val Val Cys Ala Qu Ser Ay Ile Lys Ala Ile Ser

915 920 925 ‘
ttg att ctc agg aat ctt ctc ctt ggt aga aaa att tta atc gtg gat 2688

Leu Ile Leu Arg Asn Leu Leu Leu Gly Arg Lys Ile Leu Ile Val Asp
885 890 895

gat aac aac gta aac ctc aga gtg gca geg gga get ctg aaa aag tac 2736

Asp Asn Asn Val Asn Leu Arg Val Ala Ala Gly Ala Leu Lys Lys Tyr
300 905 010

gga get gat gtg gte tge get gag agt ggg ata aag gea atc tca tig 2784

Gly Ala Asp Val Val Cys Ala Glu Ser Gly Ile Lys Ala Ile Ser Leu
915 920 925

ctt aag cca cct cac gag ttt gat gct tge ttc atg gac att cag atg 2832

Leu Lys Pro Pro His Glu Phe Asp Ala Cys Phe Met Asp Ile Gln Met
930 935 040

cca gaa atg gat gga tit gaa gct aca agg aga ata cga gat atg gaa 2880
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ctt
Lys
gaa
du
960
Au
975
Asn
gat
Val
ggg
Tyr
tct
Asn

aag cca cct cac gag ttt gat get tgc ttc atg gac att cag atg 2832 Leu
Pro Pro Hs Qu Phe Asp Ala Cys Phe Met Asp Ile A n Met 930 935 940 cca
atg gat gga ttt gaa get aca agg aga ata cga gat atg gaa 2880 33 Pro
Met Asp Gy Phe Au Ala Thr Arg Arg Ile Arg Asp Met Gu 945 950 955
gag gag atg aac aag aga ata aag aat ggg gag get ttg ata gta gag 2928
GQu Met Asn Lys Arg Ile Lys Asn Ay GQu Ala Leu Ile Val du 965 970
aac ggt aac aaa aca agc tgg cat ctt ccg gta tta gca atg acg gca 2976

Gy n s JJhry, Sex, T IS LeurPr L ty L a 980 985 990
gtg aA?{:O @a"é Magdﬁsgcglycgﬁe ?AB %@a’rg}gt ré[t grgagge ﬁjég AggaM%t{]ghglat 3024 Asp
I1e &y Ala Thr H's Gg OGI u Cys Leu LygsCys Ay Met Aspg@®95 1000 1005
tat gta tca aaa cca t{t gaa gca gag cag ctg tac agg gaa gtt 3072 dy
Val Ser Lys Pro Phe Qu Ala Qu Gn Leu Tyr Arg Au Val 1010 1015 1020
cgc ttt ttc aat tcg cct tca gat aca gaa tca taa 3111 Ser Arg Phe Phe

Ser Pgfp Bgd aAsmathaaddaga Sefa 34g BAR5xgh036 k0B5ttg ata gta gag 2928

Glu Glu Met Asn Lys Arg Ile Lys Asn Gly Glu Ala Leu Ile Val Glu
965 970 975

aac ggt aac aaa aca age tgg cat ctt ccg gta tta gea atg acg gca 2976

Asn Gly Asn Lys Thr Ser Trp His Leu Pro Val Leu Ala Met Thr Ala
980 085 990

gat gtg atc caa gca acg cat gag gaa tgt ctg aag tgt gga atg gat 3024

Asp Val Ile Gln Ala Thr His Glu Glu Cys Leu Lys Cys Gly Met Asb
995 - _ 1000 1005

ggg tat gta tca aaa cca ttt gaa gca gag cag ctg tac agg gaa gtt 3072

Gly Tyr Val Ser Lys Pro Phe Glu Ala Glu Gln Leu Tyr Arg Glu Val
1010 1015 1020

tct cge ttt ttc aat tcg cct tca gat aca gaa tca taa 3111

Ser Arg Phe Phe Asn Ser Pro Ser Asp Thr Glu Ser
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<210> 4

Leu
Met

Asp
Lys
I'le
Leu
Val

Tyr
125

Phe
Leu
Lys
Met
Ser
Ay
Trp
Phe

<211> 1036 <212> PRT <213> Arabi dopsis thaliana <400> 4 Met Ser
Hs Val Leu Ay Phe Ay Val Lys Ile Ay Hs Leu 15 10 15 Phe Trp

Cys QIS Trp Phe Val Ser Trp Phe Val Asp Asn Ay 20 25 30

lle Au

Ser Gy Leu Leu Val Ay Ser Val Ay Asp Leu Qu 35 40 45 Lys Thr
Thr Thr Leu Lys Lys Lys Asn Lys Met Trp Phe Trp 50 55 60 Asn Lys
Ser Ser Ay Leu Lys Ile Pro Ser Phe Ser Tyr Adn 65 70 75 80 Phe
Ser Val Lys Phe Asn Lys Ala Trp Trp Arg Lys Leu Val 85 90 95 \Val
Vib Val The Trp nggoLeu Val Ser IiG%BTrp Thr Phe Trp 100 105 110

S

25Ser Adn

<210> 4

<211> 1036

<212> PRT

<213> Arabidopsis thaliana

<400> 4
Met Ser Leu Phe His Val Leu Gly Phe Gly Val Lys Ile Gly His Leu
1 " 5 10 15
Phe Trp Met Leu Cys Cys Trp Phe Val Ser Trp Phe Val Asp Asn Gly
20 25 30
Ile Glu Asp Lys Ser Gly Leu Leu Val Gly Ser Val Gly Asp Leu Glu
35 40 45
Lys Thr Lys Met Thr Thr Leu Lys Lys Lys Asn Lys Met Trp Phe Trp
50 55 ' 60
Asn Lys Ile Ser Ser Ser Gly Leu Lys Ile Pro Ser Phe Ser Tyr Gln
65 70 75 80
Phe Leu Gly Ser Val Lys Phe Asn Lys Ala Trp Trp Arg Lys Leu Val
85 - 90 95
Val Val Trp Val Val Phe Trp Val Leu Val Ser Ile Trp Thr Phe Trp
100 105 110
Tyr Phe Ser Ser Gln Ala Met Glu Lys Arg Lys Glu Thr Leu Afa Ser
115 120 125
Met Cys Asp Glu Arg Ala Arg Met Leu Gln Asp Gln Phe Asn Val Ser

35

Lys Arg Lys A u Thr Leu Ala Ser
Met Cys Asp Qu Arg Ala Arg Met Leu @ n Asp A n Phe Asn Val

115 120
Ser 35



130 135

140 Met Asn Hs Val An Ala Met Ser Ile Leu Ile Ser Thr Phe Hi s

Hs 145 150 155 160 dy Lys Ile Pro Ser Ala lle Asp An Arg Thr Phe Ser

Gu Tyr
Val Al a
Gu Arg
A n Asn
Pro Ser
G n Asp
Lys Qu
Ay Vval
Ay Val
Asn Al a

Thr 165 170 175 Asp Arg Thr Ser Phe G u Arg Pro Leu Thr Ser Ay
Tyr Ala 180 185 190 Met Arg Val Leu H's Ser Gu Arg Au G u Phe
Gn dAn dy 195 200 205 Trp Thr Ile Arg Lys Met Tyr Ser Leu GQu
Pro Val H's Lys 210 215 220 Asp Asp Tyr Asp Leu Qu Ala Leu Qu
Pro Val GAn Gu Au 225 230 235 240 Tyr Ala Pro Val Ile Phe Ala
Thr V&% Ser Hi s Val Vgh Ser 245 250 25 Leu Asp Met Leu Ser Gy
Asp Ay G u Asn val U Arg Ala 260 270 Arg Ser Ser Ay Lys

i AR T S B S A 2 o Lo
TMS Pro Ly; Gu Agghylle Au Ala ThrssAsn Ay 305 3ip 315 320
Gly Lys Ile Pro Ser Ala Ile Asp Gln Arg Thr Phe Ser Glu Tyr Thr
165 : 170 175
Asp Arg Thr Ser Phe Glu Arg Pro Leu Thr Ser Gly Val Ala Tyr Ala
180 185 | 190 |
Met Arg Val Leu His Ser Glu Arg Glu Clu Phe Glu Arg Gln Gln Gly
195 200 205
Trp Thr Ile Arg Lys Met Tyr Ser Leu Glu Gln Asn Pro Val His Lys
210 215 220
Asp Asp Tyr Asp Leu Glu Ala Leu Glu Pro Ser Pro Val Gln Glu Glu
225 230 235 240
Tyr Ala Pro Val Ile Phe Ala Gln Asp Thr Val Ser His Val Val Ser
245 250 255
Leu Asp Met Leu Ser Gly Lys Glu Asp Arg Glu Asn Val Leu Arg Ala
260 265 270
Arg Ser Ser Gly Lys Gly Val Leu Thr Ala Pro Phe Pro Leu Ile Lys
275 280 285
Thr Asn Arg Leu Gly Val Ile Leu Thr Phe Ala Val Tyr Lys Arg Asp
290 295 300
Leu Pro Ser Asn Ala Thr Pro Lys Glu Arg Ile Glu Ala Thr Asn Gly
305 310 315 320
Tyr Leu Gly Gly Val Phe Asp Ile Glu Ser Leu Val Glu Asn Leu Leu
325 330 335
Gln Gln Leu Ala Ser Lys Gln Thr Ile Leu Val Asn Val Tyr Asp Ile
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Tyr
Gn
350
360
370
385
Leu
Val
du
Hi s
Met
Val

Leu dy Gy Val Phe Asp Ile Qu Ser Leu Val Ju Asn Leu Leu 325 330 335
G@n Leu Ala Ser Lys A n Thr Ile Leu Val Asn Val Tyr Asp Ile 36 340 345
Thr Asn Hi's Ser Gn Pro Ile Ser Met Tyr Ay Thr Asn Val Ser Al a 355
365 Asp Gy Leu Qu Arg Val Ser Pro Leu Ile Phe Gy Asp Pro Leu Arg
375 380 Lys Hs Gu Met Arg Cys Arg Phe Lys G n Lys Pro.Pro Trp Pro Val
390 395 400 Leu Ser Met Val Thr Ser Phe Ay Ile Leu Val Ile Ala Leu
Val 405 410 415 Ala His Ile lle His Ala Thr Val Ser Arg Ile H's Lys
Gu Au 420 4234430 Asp Cys Aspykys Met Lys G nSé(fu Lys Lys Lys Al a
Ala Ala Asp 43 440 445 Val Ala Lys Ser G n Phe Leu Ala Thr Val Ser

E;eﬂ :\/Lmr//iﬁé@ iy sép@1AS% o400 SBE %e'Ye'FoyrAﬁl‘y Gy Agl Vérle‘SeQMaNEt Leu Hi s
p Thr Au 465 470 475 48 Leu Asp Val Thr Gn G n Asp Tyr
Arg Thr Ala @& Ala Ser Ay 48> 490 495 365
Asp Gly Leu Glu Arg Val Ser Pro Leu Ile Phe Gly Asp Pro Leu Arg
370 375 380
Lys His Glu Met Arg Cys Arg Phe Lys Gln Lys Pro Pro Trp Pro Val
385 390 395 400
Leu Ser Met Val Thr Ser Phe Gly Ile Leu Val Ile Ala Leu Leu Val
405 410 415
Ala His Ile Ile His Ala Thr Val Ser Arg Ile His Lys Val Glu Glu
420 425 430
Asp Cys Asp Lys Met Lys Gln Leu Lys Lys Lys Ala Glu Ala Ala Asp
435 440 . 445
Val Ala Lys Ser Gln Phe Leu Ala Thr Val Ser His Glu Ile Arg Thr
450 | 455 460
Pro Met Asn Gly Val Leu Gly Met Leu His Met Leu Met Asp Thr Glu
465 470 475 480
Leu Asp Val Thr Gln Gln Asp Tyr Val Arg Thr Ala Gln Ala Ser Gly
485 490 495
Lys Ala Leu Val Ser Leu Ile Asn Glu Val Leu Asp Gln Ala Lys Ile
500 ‘ 505 510
Glu Ser Gly Lys Leu Glu Leu Glu Glu Val Arg Phe Asp Leu Arg Gly
515 520 525
Ile Leu Asp Asp Val Leu Ser Leu Phe Ser Ser Lys Ser Gln Gln Lys
530 535 540
Gly Val Glu Leu Ala Val Tyr Ile Ser Asp Arg Val Pro Asp Met Leu
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Lys Ala Leu Val Ser Leu Ile Asn Qu Val Leu Asp Gn Ala Lys Ile 500 505
510 Gu Ser Ay Lys Leu u Leu Qu Gu Val Arg Phe Asp Leu Arg Ay 515
520 525 1Ile Leu Asp Asp Val Leu.Ser Leu Phe Ser Ser Lys Ser Gn Gn Lys
530 535 540 Gy Val GQu Leu Ala Val Tyr Ile Ser Asp Arg Val Pro Asp Met
Leu 37 545 550 555 560 Ile Ay Asp Pro Gy Arg Phe Arg An Ile Leu Thr
Asn Leu Met Ay 565 570 575 Asn Ser Ile Lys Phe Thr Qu Lys Ay Hs Ile
Phe Val Thr Val His 580 585 590 Leu Val Asp Qu Leu Phe GQu Ser Ile Asp
Gy Gu Ag 5Ala Ser Ser 600 605 Pro 5?5'51 Ser Thr Leu $gp Gy Leu Pro
Val Al a 6 Arg Gn Arg Ser 610 615 620 Trp du Asn Phe Lys Al a Phe Ser

Ser Asn d 6 Pro Asp 11
e Jen Gty AP PR PSR SER I e g o e 1o

Gu Ala Gn Ser Arg Il ggfhe Thr Pro Phegget 660 665 67675

Asn Ser Ile Lys Phe Thr Glu Lys Gly His Ile Phe Val Thr Val His
580 585 590

Leu Val Asp Glu Leu Phe Glu Ser Ile Asp Gly Glu Thr Ala Ser Ser

| _ 595 600 605

Pro Glu Ser Thr Leu Ser Gly Leu Pro Val Ala Asp Arg Gln Arg Ser

610 615 620

Trp Glu Asn Phe Lys Ala Phe Ser Ser Asn Gly His Arg Ser Phe Glu

625 630 . 635 640

Pro Ser Pro Pro Asp Ile Asn Leu Ile Val Ser Val Glu Asp Thr Gly

645 650 655

Val Gly Ile Pro Val Glu Ala Gln Ser Arg Ile Phe Thr Pro Phe Met
660 665 670

Gln Val Gly Pro Ser Ile Ser Arg Thr His Gly Gly fhr Gly Ile Gly

675 680 685
Leu Ser Ile Ser Lys Cys Leu Val Gly Leu Met Lys Gly Glu Ile Gly
690 695 700

Phe Ser Ser Thr Pro Lys Val Gly Ser Thr Phe Thr Phe Thr Ala Val

705 710 715 720

Phe Ser Asn Gly Met Gln Pro Ala Glu Arg Lys Asn Asp Asn Asn Gln

725 730 735

Pro Ile Phe Ser Glu Phe Arg Gly Met Lys Ala Val Val Val Asp His
740 745 750

Arg Pro Ala Arg Ala Lys Val Ser Trp Tyr His Phe Gin Arg Leu Gly
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Gn Val Ay Pro Ser Ile Ser Arg Thr Hs Ay Ay Thr Ay Ile Ay 675 680
685 Leu Ser Ile Ser Lys Cys Leu Val Ay Leu Met Lys Ay Qu lle Ay 690
695 700 Phe Ser Ser Thr Pro Lys Val @y Ser Thr Phe Thr Phe Thr Al a Val
705 710 715 720 Phe Ser Asn Ay Met A n Pro Ala Gu Arg Lys Asn Asp Asn
Asn Gn 725 730 735 Pro Ile Phe Ser Qu Phe Arg Gy Met Lys Ala Val Val
Val Asp His 740 745 750 Arg Pro Ala Arg Ala Lys Val Ser Trp Tyr H's Phe
Gn Arg Leu Ay 38 755 760 765 1Ile Arg Val Qu Val Val Pro Arg Val Qu
Gn Ala Leu H s égr Leu 770 775 7 0O Lyslle @y g r Thr Thr Val Asn Met
lle Leu Ile Au’®n Gu lle 785990 795 800 Trg n Arg Gu Ala Asp Asp

e 1S LG REMFOR AN B BOEBEPRR e T = 70 S
Leu Cys Thr &Gy Ile Asp Pro RBrg Ile Val Ile #BRp 840 845
Lys Ile Gly Thr Thr Thr Val Asn Met Ile Leu Ile Glu Gln Glu Ile
785 790 795 800
Trp Asn Arg Glu Ala Asp Asp Phe Ile Lys Lys Leu Gln Lys Asp Pro
- 805 - 810 815
Leu Phe Leu Ser Prd Lys Leu Ile Leu Leﬁ Ala Asn Ser Vél Glu Ser
820 825 830
Ser Ile Ser Glu Ala Leu Cys Thr Gly Ile Asp Pro Pro Ile Val Ile
835 840 - 845
Val Lys Pro Leu Arg Ala Ser Met Leu Ala Ala Thr Leu Gln Arg Gly
850 855 860
Leu Gly Ile Gly Ile Arg Glu Pro Pro Gln His Lys Gly Pro Pro Ala
865 870 875 380
Leu Ile Leu Arg Asn Leu Leu Leu Gly Arg Lys Ile Leu Ile Val Asp
885 890 895
Asp Asn Asn Val Asn Leu Arg Val Ala Ala Gly Ala Leu Lys Lys Tyr
900 905 910
Gly Ala Asp Val Val Cys Ala Glu Ser Cly Ile Lys Ala Ile Ser Leu
915 - 920 925
Leu Lys Pro Pro His Glu Phe Asp Ala Cys Phe Met Asp Ile Gln Met
930 - 935 940
Pro Glu Met Asp Gly Phe Glu Ala Thr Arg Arg Ile Arg Asp Met Glu
945 950 955 | 960

Glu Glu Met Asn Lys Arg Ile Lys Asn Gly Glu Ala Leu Ile Val Glu
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Val

Leu
875
885
Tyr
Ser
Ile
Arg
du
Leu
du
Phe

Lys Pro Leu Arg Ala Ser Met Leu Ala Ala Thr Leu Gn Arg Ay 850 855 860
Gy lle dy Ile Arg Qu Pro Pro Gn Hs Lys Ay Pro Pro Ala 865 870
880 Leu lle Leu Arg Asn Leu Leu Leu Ay Arg Lys Ile Leu Ile Val Asp
890 895 Asp Asn Asn Val Asn Leu Arg Val Ala Ala Gy Ala Leu Lys Lys

900.905 910 Ay Ala Asp Val Val Cys Ala Au Ser Gy Ile Lys Ala lle
Leu 915 920 925 Leu Lys Pro Pro Hs Gu Phe Asp Ala Cys Phe Met Asp
Gn Met 930 935 940 Pro GQu Met Asp Gy Phe Au Ala Thr Arg Arg Ile
Asp Met Au 945 9@@5955 960 Qu @ Met Asn Lys Aggrlle Lys Asn Gy
Ala Leu Ile Val 39 965 970 97 Asn Ay Asn Lys Thr Ser Trp His
PrO Vak legy F@naw@tl‘hg_ *HerAi‘éi: ﬁﬁé) 138P1390a] Aew AalMdt! BhSAaA @ Thr His

G u Cys Leu Lys Cy 995 1000 1005 Ay Tyr Val Ser Lys Pro

GQu Ala Qu Glnggceu Tyr Arg Gluggal 1010 1015 219890 _

Asp Val Ile Gln Ala Thr His Glu Glu Cys Leu Lys Cys Gly Met Asp

995 1000 1005
Gly Tyr Val Ser Lys Pro Phe Glu Ala Glu Gln Leu Tyr Arg Glu Val
1010 1015 | 1020
Ser Arg Phe Phe Asn Ser Pro Ser Asp Thr Glu Ser
1025 1030 1035
<210> 5
<211> 3174
<212> DNA

<213> Arabidopsis thaliana

<220>
<221> CDS
<222> (1)..(3174)

<400> 5

atg aac tgg gca ctc aac aat cat caa gaa gaa gaa gaa gag cca Cga 48

Met Asn Trp Ala Leu Asn Asn His Gln Glu Glu Glu Glu Glu Pro Arg
1 5 | 10 15
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Ser Arg Phe Phe Asn Ser Pro Ser Asp Thr G u Ser 1025 1030 1035 <210> 5
<211> 3174 <212> DNA <213> Arabi dopsis thaliana <220> <221> CDS <222>
(1)..(3174) <400> 5 atg aac tgg gca ctc aac aat cat caa gaa gaa gaa gaa
gag cca cga 48 Met Asn Trp Ala Leu Asn Asn HHs An AQu Au Gu Gu Gu Pro
Arg 1 5 10 15 40 aga att gaa att tct gat tcc gag tca cta gaa aac ttg aaa
agc agc 96 Arg lle AQu lle Ser Asp Ser Qu Ser Leu Gu Asn Leu Lys Ser Ser
20 25 30 gat ttt tat caa ctg ggt ggt ggt ggt get ctg aat tcg tca gaa aag
144 Asp Phe Tyr Gn Leu Ay Ay Ay Gy Ala Leu Asn Ser Ser Gu Lys 35 40
45 ccg aga aag atc gat ttt tgg cgt tcg ggg ttg atg ggt ttt gcg aag 192

Pro Arg Lys, | i¢ £5PafRcd BN & B8k CaYctPPalblacGdy BEE Aclade/s 90 55 60

Arg Ile Glu Ile Ser Asp Ser Glu Ser Leu Glu Asn Leu Lys Ser Ser
20 25 30

gat ttt tat Caa.ctg get get ggt ggt gct‘ctgraat tpg tca_gaa aag 144

Asp Phe Tyr Gln Leu Gly Gly Gly Gly Ala Leu Asn Ser Ser Glu Lys
35 | 40 45

ccg aga aag atc gat ttt tgg cgt tcg geg ttg atg ggt ttt geg aag 192

Pro Arg Lys Ile Asp Phe Trp Arg Ser Gly Leu Met Gly Phe Ala Lys
50 55 60

atg cag cag cag caa cag ctt cag cat tca gtg gcg gtg aag atg aac 240

Met Gln Gln Gln Gln Gln Leu Gin His Ser Val Ala Val Lys Met Asn
65 70 75 80

aat aat aat aat aac gat cta atg ggt aat aaa aaa ggg tca act ttc 288

Asn Asn Asn Asn Asn Asp Leu Met Gly Asn Lys Lys Gly Ser Thr Phe
85 90 95
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atg cag
An dn
aat aat
Asn Asn
ata caa
An du
atc att
Il e Val
get aat
Asn Lys
get aga
Arg Met
cat get
Al a Leu
tct gca

cag cag caa cag ctt cag cat tca gtg gcg gtg aag atg aac 240 Met
G@n A@dn dn Leu An H's Ser Val Ala Val Lys Met Asn 65 70 75 80
aat aat aac gat cta atg ggt aat aaa aaa ggg tca act ttc 288 Asn

Asn Asn Asp Leu Met Ay Asn Lys Lys Gy Ser Thr Phe 85 90 95 41

gaa cat cga gca ttg tta cca aaa get ttg att ctg tgg atc 336 Ile

Hs Arg Ala Leu Leu Pro Lys Ala Leu Ile Leu Trp Ile 100
gtt ggg ttt ata agc agt ggg att tat cag tgg atg gat gat

Gy Phe lle S Gy.l T ! 5
A £ Al Garepale i el Aol R GBPat)
Ile Arg Arg Qu Gu Val Leu Val Ser Met Cys Asp G n 130

atg ttg cag gat caa ttt agt gtt agt gtt aat cat gtt 480
Laye @13 ARPHE ArPhe aSedu Yah PeerLy¥akif\sauHle Mal THT 1250

ttg get att ctc gtc tcc act ttt cat tac cac aag aac cct
Ala Ile Leulal Ser Thr Pheldbs Tyr His Lys BEh Pro 165
att gat cag gag aca ttt gcg gag tac acg gca aga aca gca

atc att gtt ggg ttt ata agc agt ggg att tat cag tgg atg gat gat

Ile Ile Val Gly Phe Ile Ser Ser Gly Ile Tyr Gln Trp Mét Asp Asp
115 120 125

get éat aag att aga agg gaa gag gtt ttg gtc age atg tgt gat caa

Ala Asn Lys Ile Arg Arg Glu Glu Val Leu Val Ser Met Cys Asp Gln
130 135 140

aga gct aga atg ttg cag gat caa ttt agt gtt agt gtt aat cat gtt

Arg Ala Arg Met Leu Gln Asp Gln Phe Ser Val Ser Val Asn His Val
145 150 155 160

cat gct ttg gct att cte gte tcc act ttt cat tac cac aag aac cct

His Ala Leu Ala Ile Leu Val Ser Thr Phe His Tyr His Lys Asn Pro
165 170 175

tct gea att gat cag gag aca ttt gcg gag tac acg gca aga aca gca
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105 110
384 lle
?é 125
135 140 aga
Arg Al a
155 160
528 Hi's
170 175
576

384

432

480

528

576



42 Ser Ala Ile Asp An Gu Thr Phe Ala Qu Tyr Thr Ala Arg Thr Ala 180 185

190
Phe
aat

Phe
atg
Asp
gtt

Ile
atg
Ser

gga
Lys
ctc

ttt
du
ttt
du
gat
Arg
at a
Phe
tca
Ay
aaa
Al a

gga

gag aga ccg ttg cta agt gga gtg get tat get gaa aaa gtt gtg 624

Arg Pro Leu Leu Ser Ay Vval Ala Tyr Ala Qu Lys Vval Val 195 200 205
gag agg gag atg ttt gag cgg cag cac aat tgg gtt ata aag 672 Asn
Arg Gu Met Phe Gu Arg A n H's Asn Trp Val Ile Lys 210 215 220 aca
aga gga gag cct tca ccg gtt agg gat gag tat get cct 720 Thr Met
Gy GQu Pro Ser Pro Val Arg Asp Au Tyr Ala Pro 225 230 235 240

ttc tct caa gat agt gtc tct tac ctt gag tca ctc gat atg 768 Val

Ser Ser Val Ser Tyr Leu GQu Ser Leu Asp Met 245 250 255

G%r?@% gslaqug\g?tGl& u%sﬁ%r ?ﬁé }ﬁtatle\t Py£90r 96 AEATHAA1GCC 816 43 Met

Al'la Arg u Thr 260 265 270

get gtc ttg; ggt agc cct ttt @gg ttg ttg gaa agl cac cat 864 dy
Val Leu Thr Ser Pro Phe Arg Leu Leu Qu Thr H's Hs 275 280 285

gtt gtg ttg aca ttc cct gtc tac aag tct tct ctt cct gaa 912

ttt gag aga ccg ttg cta agt gga gtg get tat get gaa aaa gtt gtg 624

Phe Glu Arg Pro Leu Leu SerrGIy Val Ala Tyr Ala Glu Lys Val Val
195 200 205

aat ttt gag agg gag atg ttt gag cgeg cag cac aat tgg gtt ata aag 672

Asn Phe Glu Arg Glu Met Phe Glu Arg Gln His Asn Trp Val Ile Lys
210 215 220

aca atg gat aga gga gag cct tca ccg gtt agg gat gag tat get cct 720

Thr Met Asp Arg Gly Glu Pro Ser Pro Val Arg Asp Glu Tyr Ala Pro
225 230 235 240

gtt ata ttc tct caa gat agt gtc tct tac ctt gag tca ctc gat atg 768

Val Ile Phe Ser Gln Asp Ser Val Ser Tyr Leu Glu Ser Leu Asp Met
245 250 255

atg tca gge gag gag gat cgt gag aat att ttg cga get aga gaa acc 816
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Leu Gy Val Val Leu Thr Phe Pro Val Tyr Lys Ser Ser Leu Pro du 290 295 300
aat ccg act gtc gaa gag cgt att gca gcc act gca ggg tac ctt ggt 960 Asn
Pro Thr Val Qu Qu Arg lle Ala Ala.Thr Ala Ay Tyr Leu Ay 305 310 315 320
ggt gcg ttt gat gtg gag tct cta gtc gag aat tta ctt ggt cag ctt 1008 dy
Ala Phe Asp Val GQu Ser Leu Val Gu Asn Leu Leu Ay dn Leu 325 330 335

get ggt aac caa gca ata gtt gtg cat gtg tat gat atc acc aat gca 1056 Al a
Gy Asn An Ala lle Val Val H's Val Tyr Asp Ile Thr Asn Ala 44 340 345 350

tca gat c g a 8&£ (9acrmoa 1104 Ser
Asp Pro iy %éf(}%?né;q@sp@# & A%?pl%altje%%gg%l@% A O3 THE2 360 365 tct

etc tct cat gag agegg@g etc gat ttt ggga gac ccc ttc 2yy aaa 1152 Ser Leu
Ser Hs Qu Ser Lys Leu Asp Phe Ay Asp Pro Phe Arg Lys 370 375 380 cat aag
atg ata tgc agg tac cac caa aag gca cca ata cca ttg aat 1200 H s Lys Met
Ile Cys Arg Tyr Hi's Gn Lys Ala Pro Ile Pro Leu Asn 385 390 395 400 gtg
etc aca agEagiag goiagtt gtptactt age god bttt aggtttet tia gaa g eap cabas84al Leu
Thr Thr Val Pro Leu Phe Phe Ala Ile Gy Phe Leu Val Gy

Gly Lys Ala Val Leu Thr Ser Pro Phe Arg Leu Leu Glu Thr His His
275 o 280 285

ctc gga gtt gtg ttg aca ttc cct gtc tac aag tct tct ctt cct gaa 812

Leu Gly Val Val Leu Thr Phe Pro Val Tyr Lys Ser Ser Leu Pro Glu
290 295 1300

aat ccg act gtc gaa gag cgt att geca gec act gea ggg tac ctt ggt 960

Asn Pro Thr Val Glu Glu Arg Ile Ala Ala Thr Ala Gly Tyr Leu Gly
305 310 315 320

get gcg tit gat gtg gag tct cta gtc gag aat tta ctt ggt cag ctt 1008

Gly Ala Phe Asp Val Glu Ser Leu Val Glu Asn Leu Leu Gly Gln Leu
325 330 335

get get aac caa gea ata gtt gtg cat gtg tat gat atc acc aat geca 1056

Ala Gly Asn Gin Ala Ile Val Val His Val Tyr Asp Ile Thr Asn Ala
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405 410 415 tat ata ctg tat ggt gca get atg cac ata gta aaa gtc gaa gat

gat 1296 Tyr Ile Leu Tyr Ay Ala Ala Met His Ile Val Lys Val Qu Asp Asp
420 425 430 45 ttc cat gaa atg caa gag ctt aaa gtg cga gca gaa get get gat
gtc 1344 Phe Hs Gu Met A n Au Leu Lys Val Arg Ala Au Ala Ala Asp Va
435 440 445 get aaa tcg cag ttt ctt get acc gtg tct cac gag atc agg aca
cca 1392 Ala Lys Ser G@n Phe Leu Ala Thr Val Ser Hs Qu Ile Arg Thr Pro
450 455 460 atg aat ggc att ctc gga atg ctt get atg ctc cta gat aca gaa cta
1440 Met Asn Gy Ibhggleu Gy Met LeygsAla Met Leu LeggpAsp Thr G u Leu 465
470 475 480 agc tcg aca cag aga gat tac get caa acc get caa gta tgt ggt
aaa 1488 Ser Ser Thr G n Arg Asp Tyr Ala @A n Thr Ala @dn Val Cys Ay Lys
485 490 495 get ttg att gca ttg ata aat gag gtt ctt gat cgc gcc aag att
gaa 1536 tAhgzdteccd ket Ata dmutat @gAsmtCan at dzaugdsgcargpcAbga Lydllde Qu
500 505 510 46 get gga aag ctg gag ttg gaa tca gta cca ttt gat atc cgt tca
ata 1584 Ala Ay Lys Leu Qu Leu GQu Ser Val Pro Phe Asp Ile Arg Ser Ile

Ser Asp Pro Leu Val Met Tyr Gly Asn Gln Asp Glu Glu Ala Asp Arg
355 360 365

tct ctc tct cat gag age aag ctc gat ttt gga gac ccc ttc agg aaa 1152

Ser Leu Ser His Glu Ser Lys Leu Asp Phe Gly Asp Pro Phe Arg Lys
370 375 380

cat aag atg ata tgc agg tac cac caa aag gca cca ata cca ttg aat 1200

His Lys Met Ile Cys Arg Tyr His Gln Lys Ala Pro Ile Pro Leu Asn
385 390 395 400

gtg ctc aca act gtg cca ttg ttc ttt geg att ggt ttc ttg gtg ggt 1248

Val Leu Thr Thr Val Pro Leu Phe Phe Ala Ile Gly Phe Leu Val Gly
405 : 410 415

tat ata ctg tat ggt gea get atg cac ata gta aaa gtc gaa gat gat 1296

Tyr Ile Leu Tyr Gly Ala Ala Met His Ile Val Lys Val Glu Asp Asp
420 425 430
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515 520 525 ttg gat gat gtc ctt tct cta ttc tct gag gag tca agg aac aaa
ggc 1632 Leu Asp Asp Val Leu Ser Leu Phe Ser GQu Qu Ser Arg Asn Lys Gy
530 535 540 att gag ctc gcg gtt ttc gtt tca gac aaa gta cca gag ata gtc aaa
1680 Ile Qu Leu Ala Val Phe Val Ser Asp Lys Val Pro Gu Ile Val Lys 545
550 555 560 gga gat tca ggg aga ttt aga cag ata atc ata aac ctt gtt gga
‘aat 1728 dvy Asp Ser Ay Arg Phe Arg @n lle lle Ile Asn Leu Val Ay Asn
565 570 575 tcg gtt aaa ttc aca gag aaa gga cat atc ttt gtt aaa gtc cat

ctt 1776 Ser Val Lys Phe Thr Gu Lys Ay His Ile Phe Val Lys Val H s Leu
580 585 590 gcg gaa caa tca aaa gat gaa tct gaa ccg aaa aat gca ttg aat

ggt 1824 47 Altagdd utPdaaSely tys sAapgtd vgSerraGaa Bed geysgAsatAl alBelu Asn
Gy 595 600 605 gga gtg tct gaa gaa atg atc gtt gtt tcc aaa cag tca agt
tac aac 1872 Gy Val Ser Qu Qu Met Ile Val Vval Ser Lys @n Ser Ser Tyr

Asn 610 615 620 aca ttg _agc t tac _gaa get_ get gat t cg at agc tgg gat
tca 1920 PhaHiscll usket %llyg(ﬁy?l?e@ bvagIA&rg Akq)%@yﬁArglg%éﬁp %@? Trp Asp Ser

625 630 635 640 435 440 445

gct aaa teg cag ttt ctt get acc gtg tct cac gag atc agg aca cca 1392

; Ala Lys Ser Gln Phe Leu Ala Thr Val Ser His Glu Ile Arg Thr Pro
450 . 455 460

atg aat ggc att ctc gga atg ctt gct atg ctc cta gat aca gaa cta 1440

Met Asn Gly Ile Leu Gly Met Leu Ala Met Leu Leu Asp Thr Glu Leu
465 470 475 480

age tcg aca cag aga gat tac gct caa acc get caa gta tgt ggt aaa 1488

Ser Ser Thr Gln Arg Asp Tyr Ala Gln Thr Ala Gln Val Cys Gly Lys
485 490 495

gct ttg att gea ttg ata aat gag gt ctt gat cge gee aag att gaa 1536

Ala Leu [le Ala Leu Ile Asn Glu Val Leu Asp Arg Ala Lys Ile Glu
500 505 510
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ttc
Lys
tct

Ser

atc
Ile
685
Asp
ata
Ser

agc
Arg
aaa
Cys

gaa

aag
Hi s
agc
Asn
cct
Pro
gat
Ser
agc
Lys
Ccgg
Pro
tgc

cac

cat ttg gtc tct gag gag cag tca tta tcg gag ttt gat att 1968 Phe
Leu Val Ser Qu Gu A@n Ser Leu Ser Qu Phe Asp Ile 645 650 655
aat gtt agg ctt atg gtt tca atc gaa gac acg ggt att gga 2016 Ser
Val Arg Leu Met Val Ser Ile Qu Asp Thr Ay Ile Ay 660 665 670
tta gtt gca caa ggc cgt gtg ttt atg ccg ttt atg caa gca 2064 48
Leu.Val Ala A n dy Arg Val Phe Met Pro Phe Met Gn Ala 675 680
agc tcg act tca aga aac tat gga ggt act ggt att ggt ttg agt 2112

gg%t %% aa%[cg %aé‘gﬂg-r%(ﬁa Gy fdaVedintBgat! he by dequatier BHA 695 700

a ctt atg cgt ggt cag ata aat ttc ata 2160 Ile
Cys Leu Val Qu Leu Mt Arg Ay An Ile Asn Phe Ile 705 710 715 720
cct cat att gga agc acg ttc tgg ttc acg get gtt tta gag 2208 Ser
HiBa Gl ¢ 1GsYLeteGluleu RHe Jemp VRh@rohPheAksp \lhe ArguSedl d1g25 730 735

gat aaa tgc agt gcg att aac cat atg aag aaa cct aat gtg 2256 Lys
Lys Cys 538r Ala Ile Asn & Met Lys Lys PP® Asn Val 740 745 750
ttg cct tct act ttt aaa gga atg aaa get ata gtt gtt gat 2304

ttg gat gat gtc ctt tct cta ttc tct gag gag tca agg aac aaa ggc 1632

Leu Asp Asp Val Leu Ser Leu Phe Ser Glu Glu Ser Arg Asn Lys Gly
530 535 540

att gag ctc geg gtt ttc gtt tca gac aaa gta cca gag ata gtc aaa 1680

Ile Glu Leu Ala Val Phe Val Ser Asp Lys Val Pro Glu Ile Val Lys
545 550 555 560

gpa gat tca ggg aga ttt aga cag ata atc ata aac ctt gtt gga aat 1728

Gly Asp Ser Gly Arg Phe Arg Gln Ile Ile Ile Asn Leu Val Gly Asn
565 570 575

tcg gtt aaa ttc aca gag aaa gga cat atc ttt gtt aaa gtc cat ctt 1776

Ser Val Lys Phe Thr Glu Lys Gly His Ile Phe Val Lys Val His Leu
580 585 590

gcg gaa caa tca aaa gat gaa tct gaa ccg aaa aat gea ttg aat ggt 1824
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765
Al a
gga
I'le
800
Al a
ctt
Asp
aat
Asp
cat
Hi s
gag

H's Leu Pro Ser Thr Phe Lys Gy Met Lys Ala Ile Val Val Asp 49 755 760
get aag cct gtt aga get get gtg act aga tac cat atg aaa aga ctc 2352
Lys Pro Val Arg Ala Ala Val Thr Arg Tyr Hi's Met Lys Arg Leu 770 775 780

atc aat gtt gat gtc gtg aca agt ctc aaa acc get gtt gtt gca 2400 dy
Asn Val Asp. Val Val Thr Ser Leu Lys Thr Ala Val Val Ala 785 790 795

get get gcg ttt gaa aga aac ggt tct cct ctc cca aca aaa ccg caa 2448
Ala Ala Phe Gu Arg Asn Ay Ser Pro Leu Pro Thr Lys Pro G n 805 810 815
gat atg atc tta gta gag aaa gat tca tgg att tca act gaa gat 2496 Leu
Met Ile Leu Val Qu Lys Asp Ser Trp Ile Ser Thr Gu Asp 820 825 830

gac t t ta,.t g tt 2544 Asn
&r M B A silley oy & PRI 28 SEAEF 85 840 a45 0

cac aag tct gmgg aaa cta get ghm ttc gca aca a@g atc aca aat 2592 His
Lys Ser Pro Lys Leu Ala Leu Phe Ala Thr Asn Il e Thr Asn 850 855 860 tcg
ttc gac aga get aaa tcc gca gga ttt gca gat acg gta ata 2640

gga gtg tct gaa gaa atg atc gtt gtt tcc aaa cag tca agt tac aac 1872

Gly Val Ser Glu G}u Met Ile Val Val Ser Lys Gln Ser Ser Tyr Asn
610 615 620

aca ttg agc ggt tac gaa get get gat ggt cgg aat age tgg gat tca 1920

Thr Leu Ser Gly Tyr Glu Ala Ala Asp Gly Arg Asn Ser Trp Asp Ser
625 630 635 640

ttc aag cat ttg gtc tct gag gag cag tca tta tcg gag ttt gat att 1968

Phe Lys His Leu Val Ser Glu Glu Gln Ser Leu Ser Glu Phe Asp Ile
645 650 655

tct age aat gtt agg ctt atg gtt tca atc gaa gac acg ggt att gga 2016

Ser Ser Asn Val Arg Leu Met Val Ser Ile Glu Asp Thr Gly Ile Gly
660 665 670

atc cct tta gtt geca caa gge cgt gtg ttt atg ccg ttt atg caa gca 2064
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Ser Qu Phe Asp Arg Ala Lys Ser Ala Ay Phe Ala Asp Thr Val Ile 865 870 875
atg aaa ccg tta aga gca agc atg att ggg gcg tgt ctg caa caa gtt 2688

880
Met

ctc
du
gca
Thr

gat

Asn
gca
du
ctt

Adn
cca
Gn

Lys
gag
Leu
act
Leu
aat
Ile
gaa
Val
cag
Ile
cag
Met

Pro Leu Arg Ala Ser Met Ile Gy Ala Cys Leu Gn Gn Val 885 890 895
ctg aga aaa aca aga caa caa cat cca gaa gga tca tca ccc 2736 Leu
Arg Lys Thr Arg Gn Gn Hs Pro Gu Ay Ser Ser Pro 900 905 910
ctc aag agc ttg ctt aca ggg aag aag att ctt gtg gtt gat 2784 Ala
Lys Ser Leu Leu Thr Ay Lys Lys Ile Leu Val Val Asp 915 920 925 51

atg .0 a tt 2832 Asp
Vateiete REE VAP UBIRRP Ty AR PP Re PR ot P AR 850 035 640 ga
gtg gtt E@d gca gag agt @ggh caa gtt get tdgy ggt ttg 2880 Gy A a
Val Cys Ala Gu Ser Ay G n Val Ala Leu Gy Leu 945 950 955 960

att cca cac act ttc gat get tgc ttc atg gat att caa atg 2928 Leu
Pro Hs Thr Phe Asp Ala Cys Phe Met Asp Ile A n Met 965 970 975
atmtgeer gom attticgasggeac dott ggp gehqcat getaght &Ly thggaghg 29¥8 Pro
Asp Ay Phe Gu Ala Thr Arg An Ile Arg Met Met Qu

Asp Ser Ser Thr Ser Arg Asn Tyr Gly Gly Thr Gly Ile Gly Leu Ser
630 695 700

ata agc aag tgt ctt gtt gaa ctt atg cgt ggt cag ata aat ttc ata 2160

Ile Ser Lys Cys Leu Val Glu Leu Met Arg Gly Gin Ile Asn Phe Ile
705 710 715 720

agc cgg cct cat att gga age acg ttc tgg ttc acg get gtt tta gag 2208

Ser Arg Pro His Ile Gly Ser Thr Phe.Trp Phe'Thr Alé Val Leu Glu
725 730 735

aaa tge gat aaa tge agt geg att aac cat atg aag aaa cct aat gtg 2256

Lys Cys Asp Lys Cys Ser Ala Ile Asn His Met Lys Lys Pro Asn Val
| 740 745 750

gaa cac ttg cct tct act ttt aaa gga atg aaa gct ata gtt gtt gat 2304

Glu His Leu Pro Ser Thr Phe Lys Gly Met Lys Ala Ile Val Val Asp
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980
cta
995
aaa
Lys
aat

Leu
atc
Ser

PRT
du

985 990 aag gaa get aaa gag aag acg aat ctc gaa tgg cat tta ccg att
3024 Lys GQu Ala Lys GQu Lys Thr Asn Leu Qu Trp Hs Leu Pro Ile Leu

1000 1005 gcg atg act gcg gat gtg ata cac gcg acc tac gag gaa tgt ctg
3072 52 Ala Met Thr Ala Asp Val Ile His Ala Thr Tyr Gu GQu Cys Leu
1010 1015 1020 agt ggg atg gat ggt tac gtc tcc aaa cct ttt gaa gaa gag
ctc 3120 Ser Ay Met Asp Ay Tyr Val Ser Lys Pro Phe Au Gu Ju Asn
1025 1030 1035 1040 tat aaa tcc gtt gcc aaa tca ttc aaa cct aat cct

tca cct tcgg§%68 Tyr Lys Sepxyal Ala Lys SergPhe Lys Pro Asn Pro Ile
Pro Ser 104 050 1055 tcg taa 3174 Ser <218> 6 <211> 1057 <212>
<213> Arabi dopsis thaliana <400> 6 Met Asn Trp Ala Leu Asn Asn Hs An

Gu Qu du du Pro Arg 53
get aag cct gtt aga get get gtg act aga tac cat atg aaa aga ctc 2352

Ala Lys Pro Val Arg Ala Ala Val Thr Arg Tyr His Met Lys Arg Leu
770 775 780

gga atc aat gtt gat gtc gtg aca agt ctc aaa acc gct gtt gtt gca 2400

Gly Ile Asn Val Asp. Val Val Thr Ser Leu Lys Thr Ala Val Val Alg
785 790 795 800

get get geg ttt gaa aga aac ggt tct cct cte cca aca aaa ccg caa 2448

Ala Ala Ala Phe Glu Arg Asn Gly Ser Pro Leu Pro Thr Lys Pro Gln
805 810 815

ctt gat atg atc tta gta gag aaa gat tca tgg att tca act gaa gat 2496

Leu Asp Met Ile Leu Val Glu Lys Asp Ser Trp Ile Ser Thr Glu Asp
820 825 830

aat gac tca gag att cgt tta ttg aat tca aga acc aac gga aac git 2544

Asn Asp Ser Glu Ile Arg Leu Leu Asn Ser Arg Thr Asn Gly Asn Val
835 840 845
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151015 Arglle Qu lle Ser Asp Ser Qu Ser Leu Au Asn Leu Lys Ser Ser
20 25 30 Asp Phe Tyr Gn Leu dy Ay Ay Gy Ala Leu Asn Ser Ser Gu Lys
35 40 45 Pro Arg Lys Ile Asp Phe Trp Arg Ser Ay Leu Met Ay Phe Ala Lys
50 55 60 Met Gn Gn Gn Gn Gn Leu Gn H's Ser vVal Ala Val Lys Met Asn
65 70 75 80 Asn Asn Asn Asn Asn Asp Leu Met Gy Asn Lys Lys Gy Ser Thr
Phe 85 90 95 Ile Gn Gn Hs Arg Ala Leu Leu Pro Lys Ala Leu Ile Leu Trp
Ile 100 105 110 Ile Ile Val Ay Phe Ile Ser Ser Ay Ile Tyr Gn Trp Mt
Asp Asp 115 120 125 Ala Asn Lys Ile Arg Arg Gu Qu Val Leu Val Ser Mt
Cys Asp Gn 130 135 140 Arg Ala Arg Met Leu G n Asp G n Phe Ser Val Ser

Val Asn Hs Val 2340180 158 dG0gctictaM i keal abhaadd atd eraVadt Seg5dthr Phe
Hs Tyr H's Lys ASn Pro g.[65 170 %75 Ser Ala lle Asp Gn Gu Thr Phe Al a

Gu Tyr Thr Ala Arg Thr Ala 180 185 190
His His Lys Ser Pro Lys Leu Ala Leu‘Phe Ala Thr Asn Ile Thr Asn
850 855 860

tcg gag ttc gac aga gct aaa tcc gea gga ttt geca gat acg gta ata 2640

Ser Glu Phe Asp Arg Ala Lys Ser Ala Gly Phe Ala Asp Thr Val Ile
865 870 875 . 880

atg aaa ccg tta aga gca age atg att ggg geg tgt ctg caa caa gtt 2688

Met Lys Pro Leu Arg Ala Ser Met Ile Gly Ala Cys Leu Gln Gln Val
885 890 895

ctc gag ctg aga aaa aca aga caa caa cat cca gaa gga tca tca ccc 2736

Leu Glu Leu Arg Lys Thr Arg Gln Gln His Pro Glu Gly Ser Ser Pro
800 905 910

gca act ctc aag age ttg ctt aca ggg aag aag att ctt gtg gtt gat 2784

Ala Thr Leu Lys Ser Leu Leu Thr Gly Lys Lys Ile Leu Val Val Asp
' 915 920 925
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Thr Al a

Gu Arg Pro Leu Leu Ser Gy Val Ala Tyr Ala Gu Lys Val Va
Asn Phe Qu Arg Gu Met Phe Qu Arg Gn H's Asn Trp Val Ile Lys 54 210
220 Thr Met Asp Arg Ay GQu Pro Ser Pro Val Arg Asp Qu Tyr Ala Pro

195 200

235 240 Val Ile Phe Ser A n Asp Ser Val Ser Tyr Leu A u Ser

245 250 255 Met Ser Ay GQu GQu Asp Arg Qu Asn Ile Leu Arg Al a
Thr ,260 265 270 Ay Lys Ala Val Leu Thr Ser Pro Phe Arg Leu Leu
Hs Hs 275 280 285 Leu Ay Val Val Leu Thr Phe Pro Val

Bt TieE ot o s AR hEcd gy Bt ek A

Val

030 935 940
gga gea gaa gtg gtt tgt geca gag agt ggt caa gtt got ttg ggt ttg

Gly Aia.GIu Val Val Cyé Ala Glu Ser Gly Gln Val Ala Leu Gly Leu
945 950 955 960

ctt cag att cca cac act ttc gat gct tge ttc atg gat att caa atg

Leu Gln Ile Pro His Thr Phe Asp Ala Cys Phe Met Asp Ile Gln Met
065 970 975

cca cag atg gac gea ttt gaa gca act cgt cag ata aga atg atg gag

Pro Gln Met Asp Gly Phe Glu Ala Thr Arg Gln Ile Arg Met Met Glu
980 085 990

aag gaa gct aaa gag aag acg aat ctc gaa tgg cat tta ccg att cta

Lys Glu Ala Lys Glu Lys Thr Asn Leu Glu Trp His Leu Pro Ile Leu
995 1000 1005

geg atg act geg gat gtg ata cac geg acc tac gag gaa tgt ctg aaa
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Tyr

e

u Ser
Asn Leu Leu Ay G n Leu 325 330 335 Ala dy Asn @dn Ala Ile Val
Tyr Asp Ile Thr Asn Ala 340 345 350 Ser Asp Pro Leu Val

Tyr Ay A§8, @sh APV UsHatgAld P8P M 12380 369 [385Lys Lys Phe

2880

2928

2976

3024

3072



Ser Leu Ser HHs Qu Ser Lys Leu Asp Phe Ay Asp Pro Phe Arg Lys 370 375 380
Hs Lys Met Ile Cys Arg Tyr HHs G n Lys Ala Pro Ile Pro Leu Asn 385 390
395 400 Val Leu Thr Thr Val Pro Leu Phe Phe Ala Ile Gy Phe Leu Val Gy
405 410 415 Tyr Ile Leu Tyr Ay Ala Ala Met Hs Ile Val Lys Val GQu Asp
Asp 55 420 425 430 Phe Hs Gu Mt Gn Qu Leu Lys Val Arg Ala Qu Al a
Ala Asp Val 435 440 445 Al a Lys Ser @ n Phe Leu Ala Thr Val Ser Hs Qu
Ile Arg Thr Pro 450 455 460 Met Asn Ay Ile Leu Ay Met Leu Ala Met Leu
Leu Asp Thr A u Leu 465 470 475 480 Ser Ser Thr G n Arg Asp Tyr Ala A n
Thr Ala A n Val Cys Ay Lys 485 490 495 Ala Leu lle Ala Leu Ile Asn GQu

val - Leu Asmaﬁg] ﬂlaAkL?(%s |G e H@Q%éoﬁ]ﬂgr Ala Gty selidysd u Leu A u
Ser Val Pro Phe Asp | rg Ser Ile 515 520 525 Leu Asp Asp Val Leu Ser

Leu Phe Ser @ Au Ser Arg ASIs Lys Ay 530 5380540

agt ggg atg gat ggt tac gtc tcc aaa cct ttt gaa gaa gag aat ctc 3120

Ser Gly Met Asp Gly Tyr Val Ser Lys Pro Phe Glu Glu Glu Asn Leu
1025 1030 1035 1040

tat aaa tcc gtt gec aaa tca ttc aaa cct aat cct atc tca cct tcg 3168

Tyr Lys Ser Val Ala Lys Ser Phe Lys Pro Asn Pro Ile Ser Pro Ser
1045 : 1050 1055

tcg taa 3174
Ser

<210> 6

<211> 1057

<212> PRT

<213> Arabidopsis thaliana

<400> 6
Met Asn Trp Ala Leu Asn Asn His Gln Giu Glu Glu Glu Glu Pro Arg
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Ile Au Leu Ala Val Phe Val Ser Asp Lys Val Pro Qu Ile Val Lys 545 550
555 560 dvy Asp Ser Ay Arg Phe Arg @n lle lle Ile Asn Leu Val Ay Asn
565 570 575 Ser Val Lys Phe Thr Qu Lys Ay Hs Ile Phe Val Lys Val His
Leu 580 585 590 Ala Gu A n Ser Lys Asp Gu Ser Au Pro Lys Asn Ala Leu
Asn Ay 595 600 605 dy Val Ser Gu Gu Mt Ile Val Val Ser Lys A n Ser
Ser Tyr Asn 610 615 620 Thr Leu Ser Ay Tyr Qu Ala Ala Asp Ay Arg Asn
Ser Trp Asp Ser 56 625 630 635 640 Phe Lys His Leu Val Ser Qu Qu dn
Ser Leu Ser G u Phe Asp kle 645 650 655 jjSer Ser Asn Val jArg Leu Met Va

Ser Ile Au Asp Thr Gy Ile Ay 660 665 670 Ile Pro Leu Val Ala @dn Qdy

Arg Val PhgoMie £ I'?QGSéVeAspC%@r Alla S 75 P80u GRh LeAsDySSer Sy Thr Ser Arg
Asn Tyr Ay Gy Thr Ay Ile Ay Leu Ser 690 695 700 Ile Ser Lys Cys Leu
Val Gu Leu Met Arg @y Gln Ile Asn BBe Ile 705 710 305 720
Asp Phe Tyr Gln Leu Gly Gly Gly Gly Ala Leu Asn Ser Ser Glu Lys
35 40 45
Pro Arg Lys Ile Asp Phe Trp Arg Ser Gly Leu Met Gly Phe Ala Lys
50 55 | 60
Met Gln Gln Gln Gln Gln Leu Gln His Ser Val Ala Val Lys Met Asn
65 70 75 80
Asn Asn Asn Asn Asn Asp Leu Met Gly Asn Lys Lys Gly Ser Thr Phe
85 90 95
Ile Gln Glu His Arg Ala Leu Leu Pro Lys Ala Leu Ile Leu Trp Ile
100 105 110
Ile Ile Val Gly Phe Ile Ser Ser Gly Ile Tyr Gln Trp Met Asp Asp
115 120 125
Ala Asn Lys Ile Arg Arg Glu Glu Val Leu Val Ser Met Cys Asp Gln
130 135 140
Arg Ala Arg Met Leu Gln Asp Gln Phe Ser Val Ser Val Asn His Val
145 150 155 160
His Ala Leu Ala Ile Leu Val Ser Thr Phe His Tyr His Lys Asn Pro
165 170 175
Ser Ala Ile Asp Gln Glu Thr Phe Ala Glu Tyr Thr Ala Arg Thr Ala
180 185 190
Phe Glu Arg Pro Leu Leu Ser Gly Val Ala Tyr Ala Glu Lys Val Val
195 200 205

Asn Phe Glu Arg Glu Met Phe Glu Arg Gln His Asn Trp Val Ile Lys
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Ser
Lys
750
760
770
Al a
Lys
Ser
Thr
Phe
Al a
Ser

Arg Pro Hs Ile Ay Ser Thr Phe Trp Phe Thr Ala Val Leu Gu 725 730 735
Cys Asp Lys Cys Ser Ala Ile Asn H's Met Lys Lys Pro Asn Val 740 745
GQu Hs Leu Pro Ser Thr Phe Lys Ay Met Lys Ala Ile Val Vval Asp 755
765 Ala Lys Pro Val Arg Ala Ala Val Thr Arg Tyr H's Met Lys Arg Leu
775 780 dy Ile Asn Val Asp Val Val Thr Ser Leu Lys Thr Al a Val Val
785 790 795 800 Ala Ala Ala Phe Qu Arg Asn Gy Ser Pro Leu Pro Thr
Pro G@n 805 810 815 Leu Asp Met Ile Leu Val Qu Lys Asp Ser Trp lle
Thr GQu A?R) 820 825 830 Asp Ser Qu '226 Arg Leu Leu Asn Ser Arg
Asn Ay ASn Val 57 835 8 845 His Hs Lys Ser Pro Lys Leu Ala Leu

Ala T f 8 S he m3,Al a Lys Ser
Gy P%rﬁﬁ &%A%rmmul F% %gg{)ﬁg%a%%ggg (ﬂﬁelgﬁﬁgéélggg Leu Arg Al a

Met IlesG@y Ala Cys LexgpgG n G n Val 8833890 895 240

Val Ile Phe Ser Gln Asp Ser Val Ser Tyr Leu Glu Ser Leu Asp Met
245 | 250 | 255

Met Ser Gly Glu Glu Asp Arg Glu Asn Ile Leu Arg Ala Arg Glu Thr

- 260 265 270
Gly Lys Ala Val Leu Thr Ser Pfd Phe Arg Leﬁ Leu Glu‘Thr His His
275 280 285
Leu Gly Val Val Leu Thr Phe Pro Val Tyr Lys Ser Ser Leu Pro Glu
290 295 300

Asn Pro Thr Val Glu Glu Arg Ile Ala Ala Thr Ala Gly Tyr Leu Gly

305 310 315 320

Gly Ala Phe Asp Val Glu Ser Leu Val Glu Asn Leu Leu Gly Gln Leu
325 330 335

Ala Gly Asn Gln Ala Ile Val Val His Val Tyr Asp Ile Thr Asn Ala

340 345 350
Ser Asp Pro Leu Val Met Tyr Gly Asn GIn Asp Glu Glu Ala Asp Arg
355 360 365
Ser Leu Ser His Glu Ser Lys Leu Asp Phe Gly Asp Pro Phe Arg Lys
370 375 - 380

His Lys Met Ile Cys Arg Tyr His Gln Lys Ala Pro Ile Pro Leu Asn

385 390 395 400

Val Leu Thr Thr Val Pro Leu Phe Phe Ala Ile Gly Phe Leu Val Gly
405 410 415

Tyr Ile Leu Tyr Gly Ala Ala Met His Ile Val Lys Val Glu Asp Asp
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Leu Gu Leu Arg Lys Thr Arg Gn Gn H's Pro Qu Gy Ser Ser Pro 900 905
910 Ala Thr Leu Lys Ser Leu Leu Thr Gy Lys Lys Ile Leu Val Val Asp 915
920 925 Asp Asn Ile Val Asn Arg Arg Val Ala Ala Ay Ala Leu Lys Lys Phe
930 935 940 Gy Ala Qu Vval val Cys Ala Qu Ser Ay Gn Val Ala Leu Ay
Leu 945 950 955 960 Leu Gn Ille Pro H's Thr Phe Asp Ala Cys Phe Met Asp
lle Gn Met 965 970 975 Pro G n Met Asp Gy Phe Qu Ala Thr Arg Gn Ile
Arg Met Met Gu 980 985 990 Lys Qu Ala Lys Gu Lys Thr Asn Leu Gu Trp
H's Leu Pro Ile Leu4 95 1000 1005 a Met Thr Ala Val Ile Hs Ala Thr
Tyr du Gu Oys Leut®ys 1010 1015 1 Ser Ay Met Ay Tyr Val Ser Lys

Ser Pro. Lyte fig GRiieR Bt by Vel pre ket Afés%l%éég%éervalz’foi 7

Ala Lys Ser Gln Phe Leu Ala Thr Val Ser His Glu Ile Arg Thr Pro
450 455 460

Met Asn Gly Ile Leu Gly Met Leu Ala Met Leu Leu Asp Thr Glu Leu

465 - 470 475 . 480

Ser Ser Thr Gin Arg Asp Tyr Ala Glﬁ.Thr Ala GIn Val Cys Gly Lys.

485 490 495
Ala Leu Ile Ala Leu Ile Asn Glu Val Leu Asp Arg Ala Lys Ile Glu
500 505 ' 510
Ala Gly Lys Leu Glu Leu Glu Ser Val Pro Phe Asp Ile Arg Ser Ile
| 515 520 525

Leu Asp Asp Val Leu Ser Leu Phe Ser Glu Glu Ser Arg Asn Lys Gly
530 535 540

Ile Glu Leu Ala Val Phe Val Ser Asp Lys Val Pro Glu Ile Val Lys

545 550 555 560

Gly Asp Ser Gly Arg Phe Arg Gln Ile Ile Ile Asn Leu Val Gly Asn

565 570 575
Ser Val Lys Phe Thr Glu Lys Gly His Ile Phe Val Lys Val His Leu
580 585 590
Ala Glu Gln Ser Lys Asp Glu Ser Glu Pro Lys Asn Ala Leu Asn Gly
595 600 605

Gly Val Ser Glu Glu Met Ile Val Val Ser Lys Gln Ser Ser Tyr Asn
610 615 620

Thr Leu Ser Gly Tyr Glu Ala Ala Asp Gly Arg Asn Ser Trp Asp Ser
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<211> 125 <212> PRT <213> Saccharonyces cerevi siae <400> 7
Ile Leu Val vVal Qu Asp Asn Hi's Val Asn Adn 15 10 15 Qdu Vval lIle

Val

Lys
Asp
du
Ay
Ser
Au
Lys
118

Lys
Arg
Ay
Asn
Leu
Pro
Cys
Arg

Met Leu Asn Leu Qu Ay Ile Gu Asn Ile Au 20 25 30
Gn GQu Ala Phe Asp Lys Val Lys Qu Leu Thr 35 40 45
Tyr Asn Met Ile Phe Met Asp Val Gn Met Pro 50 55 60
Leu Ser Thr Lys Met Ile Arg Arg Asp Leu Ay 65 70 75
Ile Val Ala Leu Thr Ala Phe Ala Asp Asp Ser - Asn 85 9
L Gu Ser dy n Ay Phe Le er Lys Pro 1

P%gsLys Leu Lys ¥ﬁ%0ﬁ?e Leu Thr & 53 he 115 120 12(5%@O

Phe Lys His Leu Val Ser Glu Glu Gln Ser Leu Ser Glu Phe Asp Ile
645 650 655
Ser Ser Asn Val Arg Leu Met Val Ser Ile Glu Asp Thr Gly Ile Gly
660 665 670
Ile Pro Leu Val Ala Gln Gly Arg Val Phe Met Pro Phe Met Gln Ala
675 680 685
Asp Ser Sef Thr Sef Arg'Asn Tyr Gly Gly Thr Glj Ile Gly Leu Ser
690 695 700
Ile Ser Lys Cys Leu Val Glu Leu Met Arg Gly Gln Ile Asn Phe Ile
705 710 715 720
Ser Arg Pro His Ile Gly Ser Thr Phe Trp Phe Thr Ala Val Leu Glu
725 730 735
Lys Cys Asp Lys Cys Ser Ala Ile Asn His Met Lys Lys Pro Asn Val
740 745 750
Glu His Leu Pro Ser Thr Phe Lys Gly Mef Lys Ala Ile Val Val Asp
755 760 765
Ala Lys Pro Val Arg Ala Ala Val Thr Arg Tyr His Met Lys Arg Leu
770 775 780
Gly Ile Asn Val Asp Val Val Thr Ser Leu Lys Thr Ala Val Val Ala
785 790 795 800
Ala Ala Ala Phe Glu Arg Asn Gly Ser Pro Leu Pro Thr Lys Pro Gln
805 810 815
Leu Asp Met Ile Leu Val Glu Lys Asp Ser Trp Ile Ser Thr Glu Asp
820 825 830
Asn Asp Ser Glu Ile Arg Leu Leu Asn Ser Arg Thr Asn Gly Asn Val
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A u Thr Ser

Leu Ala Cys
Ser Lys Ay

Lys Val Asp
80 59 Tyr Thr
0 95 Ile Lys
105 110 Ile
<210> 8 <211>



<212> PRT <213> Escherichia coli <400> 1 Asn Asp Asp Met Met Ile Leu Val
Val Asp Asp His Pro Ile Asn Arg 1 5 10 15 Arg Leu Leu Ala Asp G n Leu Ay
Ser Leu Ay Tyr A n Cys Lys Thr 20 25 30 Ala Asn Asp Ay Val Asp Ala Leu
Asn Val Leu Ser Lys Asn His Ile 35 40 45 Asp Ile Val Leu Ser Asp Val Asn
Met Pro Asn Met Asp Ay Tyr Arg 60 50 55 60 Leu Thr Gn Arg Ile Arg Gn
Leu Ay Leu Thr Leu Pro Val Ile Ay 65 70 75 80 Val Thr Ala Asn Ala Leu
Ala Gu Qu Lys Gn Arg Cys Leu Qu Ser 85 90 95 dy Met Asp Ser Cys Leu
Ser Lys Pro Val ggg Leu Asp Val %I Lys 100 105 é&p G n Ser Leu Thr Leu
Tyr 115 <210> 9 11> 32 <212>

His His Lys Ser Pro Lys Leu Ala Leu Phe Ala Thr Asn Ile Thr Asn
850 855 860

Ser Glu Phe Asp Arg Ala Lys Ser Ala Gly Phe Ala Asp Thr Val Ile

865 870 875 880

Met Lys Pro Leu Arg Ala Ser Met Ile Gly Ala Cys Leu Gln Gla Val

o | 885 | 890 895
Leu Glu Leu Arg Lys Thr Arg Gin Gln His Pro Glu Gly Ser SerrPro
900 905 910
Ala Thr Leu Lys Ser Leu Leu Thr Gly Lys Lys Ile Leu Val Val Asp
o8 920 925

Asp Asn Ile Val Asn Arg Arg Val Ala Ala Gly Ala Leu Lys Lys Phe
930 935 940

Gly Ala Glu Val Val Cys Ala Glu Ser Gly Gln Val Ala Leu Gly Leu

945 950 955 960

Leu Gin Ile Pro His Thr Phe Asp Ala Cys Phe Met Asp Ile Gln Met

965 | 970 o75
Pro Gln Met Asp Gly Phe Glu Ala Thr Arg Gln Ile Arg Met Met Glu
980 985 990
Lys Glu Ala Lys Glu Lys Thr Asn Leu Glu Trp His Leu Pro Ile Leu
995 1000 1005

Ala Met Thr Ala Asp Val Ile His Ala Thr Tyr Giu Glu Cys Leu Lys
1010 1015 1020

Ser Gly Met Asp Gly Tyr Val Ser Lys Pro Phe Glu Giu Glu_Asn Leu

1025 1030 1035 1040

Tyr Lys Ser Val Ala Lys Ser Phe Lys Pro Asn Pro Ile Ser Pro Ser
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<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned oligonucleotide prinmer for PCR <400> 9 tccccgcgga
aaatgttctt acggttaggt ag 32 61 <210> 10 <211> 33 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned ol igonucl eotide priner for PCR <400> 10 tcggtcgact
tatgattctg tatctgaagg cga 33 <210> 11. <211> 24 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial

Sequence: Desi gned oliﬂﬁ%ucleotide priqggofor PCR 1055

Ser

210> 7
<211> 125
<212> PRT

<213> Saccharomyces cerevisiae

<400> 7
Glu Thr Ser Val Lys Ile Leu Val Val Glu Asp Asn His Val Asn Gln
1 5 10 15

Glu Val Ile Lys Arg Met Leu Asn Leu Glu Gly Ile Glu Asn Ile Glu
20 25 30

Leu Ala Cys Asp Gly Gln Glu Ala Phe Asp Lys Val Lys Glu Leu Thr
35 40 45

Ser Lys Gly Glu Asn Tyr Asn Met Ile Phe Met Asp Val Gln Met Pro
50 55 60

Lys Val Asp Gly Leu Leu Ser Thr Lys Met Ile Arg Arg Asp Leu Gly
65 70 75 80

59



62 <400> 11 tcagatatga actgggcact caac 24 <210> 12 <211> 24 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned ol igonucl eotide priner for PCR <400> 12 ctcaatgctt
ttgttccttg actc 24 <210> 13 <211> 31 <212> DNA <213> Artificial Sequence

<220> <223> Description of Artificial Sequence:Designed 63 oligonucleotide
primer for PCR <400> 13 accatgaact gggcactcaa caatcatcaa g 31 <210> 14
Tyr Thr Ser Pro Ile Val Ala Leu Thr Ala Phe Ala Asp Asp Ser Asn

85 90 95

Ile Lys Glu Cys Leu Glu Ser Gly Met Asn Gly Phe Leu Ser Lys Pro
100 105 110

Ile Lys‘Arg Pro Lys Leu Lys Thr Ile Leu Thr Glu Phe
115 120 125

<210> 8
<211> 118
<212> PRT

<213> Escherichia coli

<4005 1
Asn Asp Asp Met Met Ile Leu Val Val Asp'Asp His Pro Ile Asn Arg
1 5 10 15

Arg Leu Leu Ala Asp Gln Leu Gly Ser Leu Gly Tyr Gla Cys Lys Thr
20 25 30

Ala Asn Asp Gly Val Asp Ala Leu Asn Val Leu Ser Lys Asn His Ile
35 40 . 45

Asp Ile Val Leu Ser Asp Val Asn Met Pro Asn Met Asp Gly Tyr Arg

60



<211> 30 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence:Designed oligonucleotide priner for PCR <400> 14
ggattacgac gaaggtgaga taggattagg 30 <210> 15 <211> 32 <212> DNA <213>
Artificial Sequence 64 <220> <223> Description of Artificial Sequence:
Desi gned ol i gonucl eotide primer for PCR <400> 15 gatcccagct agctagggcc
ctaccgcggg ga 32 <210> 16 <211> 32 <212> DNA <213> Artificial Sequence

<220>
50 55 60

Leu Thr GIn Arg Ile Arg Gln Leu Gly Leu Thr Leu Pro Val Ile Gly
65 70 75 .80

Val Thr Ala Asn Ala Leu Ala Glu Glu Lys Gln Arg Cys Leu Glu Ser
85 90 95

Gly Met Asp Ser Cys Leu Ser Lys Pro Val Thr Leu Asp Val Ile Lys
100 105 110

Gln Ser Leu Thr Leu Tyr
115

<210> 9
<211> 32
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 9
teecegegga aaatgttett acggttaggt ag 32
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<223> Description of Artificial Sequence:Designed oligonucleotide prinmner
for PCR <400> 16 tccccgcgga aaatgttctt acggttaggt ag 32 <210> 17 <211> 33
<212> DNA 65 <213> Artificial Sequence <220> <223> Description of
Artificial Sequence:Designed oligonucleotide primer for PCR <400>. 17
tcggtcgact tatgattctg tatctgaagg cga 33 <210> 18 <211> 32 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned ol igonucl eotide priner for PCR <400> 18 ctagtccccg

cggt agggcc ctagctagct gg 32

<210> 10
211> 33
<212> DNA

<2L3> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 10

tcggtcgact tatgattctg tatctgaagg cga 33

<210> 11
<211> 24
<212> DNA

<213> Artificial Seduence
<220>

<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR
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<210> 19 66 <211> 31 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Designed oligonucleotide prinmer for PCR
<400> 19 tccccgcgga aaatgtctat aacttgtgag ¢ 31 <210> 20 <211> 33 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned ol igonucl eotide priner for PCR <400> 20 ctagctagct
taacaaggtt caaagaatct tgc 33 67 <210> 21 <211> 33 <212> DNA

<400> 11

tcagatatga actgggcact caac 24

<210> 12
211> 24
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 12

ctcaatgett ttgtteettg actc 24

<210> 13
<211> 31
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed
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<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned oligonucleotide prinmer for PCR <400> 21 tccccgcgga

aaat gaaagc acgaggtgag agg 33 <210> 22 <211> 32 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Designed

ol i gonucl eotide priner for PCR <400> 22 ctagctagct taacaaggtt caaagaattt gc

32 68

oligonucleotide primer for PCR

<400> 13

accatgaact gggecactcaa caatcatcaa g 31

<210> 14
<211> 30
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 14
gpattacgac gaaggtgaga taggattagg 30

<210> 15
<211> 32
<212> DNA

<213> Artificial Sequence
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<220>

<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 15
gatcccaget agetagggece ctaccgegge ga

<210> 16
<211> 32
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 16
tceeegegga aaatgttett acgpttaggt ag

<210> 17
<211> 33
<212> DNA
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<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<4005 17
tcggtcgact tatgattctg tatctgaagg cga 33

<210> 18
<211> 32
<212> DNA

<213> Artificial Sequence
<220>

<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 18
ctagtccceg cggtagggee ctagetaget gg 32

<210> 19
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<211> 31
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 19
tcececgegga aaatgtcetat aacttgtgag ¢ 31

<210> 20
<211> 33
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 20
ctagctaget taacaaggtt caaagaatct tge 33
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<210> 21
<211> 33
<212> DNA

<213> Artificial Sequence

<220> - | 7
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 21
tcccecgegga aaatgaaage acgaggtgag agg 33
<210> 22
<211> 32
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:Designed
oligonucleotide primer for PCR
<400> 22
ctagctaget taacaaggtt caaagaattt gc 32
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