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MR OME (330) : Phosphorylation of plant microtubules was investigated with
respects to tubulin phosphorylation and protein phosphatases. 1 found that the
Arabidopsis Propyzamide-Hypersensitive 1 protein of the mitogen-activated protein kinase
phosphatase family also possesses a kinase domain of atypical protein kinases. The
kinase activity is suppressed by the intra-molecular phosphatase activity, but when this
suppression is removed, the activated kinase rapidly phosphorylates tubulin and
depolymerizes cortical microtubules.

ARAF PR TERE
(GFEENL - M)
EERE MR E & FF

2008 5, 500, 000 1, 650, 000 7, 150, 000
2009 4 4, 600, 000 1, 380, 000 5, 980, 000
2010 4,300, 000 1, 290, 000 5, 590, 000

AP

AEJE
o Et 14, 400, 000 4, 320, 000 18, 720, 000

WFoe 8 - A
BfrE 05 - fB : JEBAEYS: - Wy T/EY - AT
F—U— R fNE. VoBb, 73277 EA—E, FF—F, TIERTVRA

1. WHIERAR YD 5 SHRx I 2 N7 (BUNERRE S > 8o

(1) BNEMERIZeE BDODF2—T
VoenT o BENSHERESNSAERRY <
—TH Y., MG ZECMIE O ORI IE R
\CEB B A - TS, WUNE T H)E
HOMEITITH, REMUNE . s R NE
W, S RMUNE, 7T 7R T T ARNEZED
SRR L ER D, ZD KD RBEERMUNG
REEM DRS00 & OREREIL. /& 128

B MAPs) 2MHIEIL CWA EEZ NS, F
7o, Fa—7 U AEOFRGESN S EE
BB ZF o> TWD Z LNl & Tho
STWEHEN, EMBNTIIF2—7VU D
FIERBIEMITIZE A Eboro TR,
UL, &S O NE T RESCENIE A GFP
EO~—H—HANTEEMICEBEINS &
TR0 . AR BT D EE NG DA



SOMINE G3AT N Z — v OFERGERTE DS R 258
STEMTEXA X9kl 295 LN
BELOEMR RN A E 2 T, 0y
METH D THINEFERE 2 83 2 550N i) A
& 7 B ORGE & BEREMAT ) & TRUNE T
s R EOIEEE IS D > 7 RE
R OEHT ] AR DOERDBBED DOb 5, Hi
FIZELTiX, x 07 —T & Tt

DIFFEE 33 TIRARERL AL F 70 £ 2 VT

Y & R A7 S T B AR TR A OBAE T
B ERHLTETW5,

(2) AMITITHBRFICHHET A8, ZhET
\HEM DI NEREREICRE T 5 7R e L
T. U VB E#EE L Rop (IX4) 7-GTPase) #%
BRHEINTWD, VB bRREo7 7 v
K7 v XA E B K L L T, protein
phosphatase 2A  (PP2A) regulatory
subunit B ® & H T & 5 tonneau2 (ton2;
Camilleri et al., 2002) & mitogen—activated
protein kinase (MAPK) phosphatase®ZE ¢
& % propyzamide-hypersensitivel (phsl) 234015
T35, RopREIEIZHOWTIX, DT =7
2 —RICL 732 Bz i o 3 @ ik/NE % il i
DI ENRITHRESINZ, 2o LM 4=
T IR SRITE IR D > 7 F VR R DS Rk i
W INE IR & 22X 7 B OTE A 2 LT
KB NENRZ— D E 2 hr—L L
TWAHZEERBLTODN, 7TV
DEFARE I DE NI BE/EA 7 81X
FFROMITRETH D,

(3) WEHFIXZ 4 E TITPHST MAPK
phosphatase D filt i GE K #0285 B3 BRI IZ >
Fr MR EBRHUNE D ZEM AT Y5 Z
EERHEL, ZOMRENPPHSL DFRE T v 7
ERIZE Db D ThH D L LT (FRk1 8
— 1 9FERBBOMRE) . 7. BFAEMPHSL
Zbaite L CEERE2 N4 7 ) » RIEITED
PHS1 LHHEEHT 2 & 237 B A I
RRER L7203, Y 72 IS o2 o7z,
EHIIZ, TT7E RV ADOMAPK 2 0 FlEDN &
TH54O00Y T I N—T%NRETH1 THED
MAPK & B AEFIPHST DS O —xf— O A HAE
HZEBERE2 A 7 U RIEIZ LD AT,
BERMICHREA T DMAPKITZ R 72 0h o 72,
HE SN DMAPKFH A AER € F— 7 IC A B
(R64C) % ¥i-ophsl-1 78 B bk & B ARk &
phospho-proteomefi#AT TLHL# 32 Z L1k 0 |
BRIV TRRMIZY VIR IREEDZ AL
LCWbOH NI BEEREB LN, K&er=
FIXRHE TV,

2. WO EB

AW TIL, B2V VR b 7 T ARTER
FUZIHER L, F2—7 U O PMAPZ ) iR
fbT 5% F—EOBY VLT 27+ A7 7
Z—YEFREL, VrfbictFa—T7Y
> ROMAPs D AEALZLITEE A & D K 5 ICFHE &

NaNEHLMNIT 5, BRIz, LFo
2 O0DT —<DHEEBIZOWTHIET 5,

1) BF=—T7V DU EALHIE
c BFa—T VDU B ORE
Vb B F 2—7 U v O RTE &
W/ NVEEAHE
U VR bE%ESE (CDK2»?) E MY »iefbli%
# (TON22>?) OD[EE
AR L BREEERNC L B U R b D
R

2) PHS17 4 A7 7 2 —BIT L DM/ NE
S 11
PHSIDREB L 72 ) Vb Z /78D

- O -

E
PHS 1 i e R B A U NE I E & %
1T D 0 T F5 A% O fiR B

3. WD I

1) BF=a—7V D0l kil

Ml E A RFE LT I8 Ry 2558
R Fh R 2 B 45 FE CDK BLiR &2 v ¢
CDK-cyclinfd Az ik L, 7 7 8 K7
VAREMBN OB L Fa—T ) &
FEE LT UBLRIE%1T 5, CDK-A (#)
PCdkl (2F8Y) . CDK-B1 (HE¥#:REmY) .
CDK-B2 (FE#fr5H)) (237 2R RAOPLA
ZRWT, EOCDKEGEN U v BbiEE %
HODMNEFNT,

2) PHS 1 7% A7 72—k HMUNE
L )

C792SIEMEIPHSL 3= &# v 7 g
BENZNT v 7T HR[EERHLDT, 20
ZEHPHSL % baité U CHWEZEERE2 A T
Uy FIEICX Y, PHSL HHAEERHEZ 378
ERERET S,

F 7=, PHS1 OHEWHAaIZE T D/ NEAR
LEATEME 25 72912, GFP-TUB6 f#/)s
BHEERT 7€ N7V ARMOEER B
PHS1 i&{s1- & RFP (GEAMMEREMH) % /3—
T AN TEAL, REWMNEEREZE
215,

4. WFIERE

1) WFZeifE 1 TBF=a—7 U Dl il
HE ] 12OV TiE, BIEFLWERERE S
Moz, WFFEERE 2 TiL, PHS1 MR AEERT
HRFIIERE2 N4 7V v RETIIE OGN
o, LAL., PHSI Offix DR FRT 2
J FRZE B REM G O £ B IUNE TEREIC K&
FT LD FERICBNT, EERMA
DBIF OO T, FHlEZ —HRAE LML
7=,

2) TV RTURERMEBER T 7T
A N CPHSI-GFPZHIELS T/ & 2 A, MIaE,
FIZI 7 v Y — ABEEICRE Lz, BERTE



27 F )V AN L 72 PHS1-GFP & il j B 12 4y
i L, BSOS S Rexportinl o FHE Al
leptomycin BOFE F TOAHELIZRITE LT,
PHS1 (ZIZKESMRE S 27 F L9 C R B EBAL T
8 S AU, FRAE 53 0% (e A L
AL, ME CHREST 5 Z &I L7z,
3)PHSI D7 + A7 7 Z—F KA A &R
To R O HAEY I TR IS &, R
WIS/ NEEATEME 2R LTz, BEATEMEE
RN 4TI L, atypical protein kinase
EFFVFHRIMEZ RTINS F TV e, 2
DD FF —BIEEICHLETH D L T-E
SNDLT I VIR AERIEDH L WUNE
BEATEESHEE L (M 1), 4&PHST 1%
WNEMESIEEEZ RS2, 74+ AT 7
S —BIEEE N AR RIS & EATEME
DHENDZ LD, 74 A7 7 X —BiEMEN
WoNE R EATEEZ BICHIE T2 2 &2
LinklpoT,

N324 [praflclnd catalytic residue)

[

! _ii I “ I | ll I l “ Iphmnhalawl

APHS1
APHEA APHS1 N324A

“d 3 Jr ™
Depolymerized microtubules Intact microtubules

E1 PHS15hR#%) (73 /E85-700; APHS1) &7 SEF
TUAMNERBRMOEREMRTRASIL DL &
BRNESBRES T S, COBRESEEICE, FHEEO
BE A+ —tE R A A T B /\—I220 um,

4) ZRatiEMiadER T e N 7T R D
KR L - NEATRE 2 v R 7 B Gy B S
E L THWT, fUNEBLEATEME % 7R 9PHS 1
HoaE (R F—BEkE ) BnEDHX R
28 % Y T A D EIn vitro Rk
T oA ECI VAR, TORE, Fa—
TV URERS Y gz, £, IO
PHS1 FF—EWirixAa ) U ALTIEME S Ff
S TW7,

W-ST PHSLIZ 7+ A7 7 X —ETEMELE X
F =B A NI 2 =— 7 7
ZURNTETHY, BEILTAAT 74—
EEN T —BEEEZMH LTV D B X
bhb, EH s —F¥iExFa—7Y
VEVUVEMET A Z LI LY., e
BW/NE Z R EST2EEA6N
% (X2),

5) 5%i1%, ol BOELLDFa—T Y v
DEDT I EEIEE D VT 00, 7
F AT 7 A —BEEEMH LT —E %
EHEALT 2N S 7 il )s, PHST Ok

1
(THT T || [T T T Tohosehatese] 1

700 929 aa

IINERESTEMEIZE O L 5 ARSI
HLTWBHD)», EEHLNILTOETZ
A

conserved regions

atypical kinase domain 929 aa

Putative /'
docking a nuclear
motif \ export signal

microtubules

M2 PHS1O#ELHAE. AXSR,

5. E7pFEIGm L
(WFFEEAE . WFIEHE L ORI EE 12
(=)

CdERERm L) (it 9 1)

(DT. Hashimoto (2011) Microtubule and cell
shape determination. In: The Plant Cytoskeleton,
B. Liu, ed (Springer, New York), Chapter 11, pp.
245-257, HFiR L

® M. Nakamura, D. Ehrhardt, and T.
Hashimoto (2010) Microtubule and katanin
dependent dynamics of microtubule nucleation
complexes in the Arabidopsis cortical array.
Nature Cell Biol. 12: 1064-1070, ##id V.
1. Pytela, T. Kato, and T. Hashimoto (2010)
Mitogen-activated protein kinase phosphatase
PHS1 is retained in the cytoplasm by nuclear
extrusion signal-dependent and independent
mechanisms. Planta 231: 1311-1322, #HidH 0 .
@®S. Matsumoto, S. Kumasaki, K. Soga, K.
Wakabayashi, T. Hashimoto, and T. Hoson
(2010)  Gravity-induced  modifications  to
development in hypocotyls of Arabidopsis
tubulin mutants. Plant Physiol. 152: 918-926, %
DY .

(®S. Komaki, T. Abe, S. Coutuer, D. Inze, E.
Russinova, and T. Hashimoto (2010)
Nuclear-localized subtype of end-binding 1
protein  regulates spindle organization in
Arabidopsis. J. Cell Sci. 123: 451-459, 5 #id
n.

® T. Hamada, T.J. Itoh, T. Hashimoto, T.
Shimmen, and S. Sonobe (2009) GTP is required
for the microtubule catastrophe-inducing activity
of MAP200, a tobacco homolog of XMAP215.
Plant Physiol. 151: 1823-1830, ##mcd V.
(@ M. Nakamura, and T. Hashimoto (2009) A
mutation in the Arabidopsis y-tubulin-containing
complex subunit causes helical growth and
abnormal microtubule branching. J. Cell Sci.
122: 2208-2217, EFidH V.
M. Yao, Y. Wakamatsu, T. J. Itoh, T. Shoji,



and T. Hashimoto (2008) Arabidopsis SPIRAL2
promotes uninterrupted microtubule growth by
suppressing the pause state of microtubule
dynamics. J. Cell Sci. 121: 2372-2381, 27t
n.

@ P. Hussey, and T. Hashimoto (2008) The
cytoskeleton and signal transduction: Role and
regulation of plant actin and microtubule binding
proteins. In: Intracellular Signalling in Plants,
(ed. Z. Yang), Wiley-Blackwell, pp. 244-272, %
w7 L.

(Fa%ER] Gr2oth)

OREMEAH, Jaromir Pytela, I3,
R, MEHEN. AR, PHST O¥rar ) —
BEE R A A IUNERES 2 RET 5, 5
52 o] A A AR 2 2011, 3. 20-22,
TR BV TIREKAL

(@Masayoshi Nakamura, David W. Ehrhardt,
Takashi Hashimoto, Analysis of dynamical
behavior of microtubule—nucleating
complexes in the cortical microtubule
nucleation of Arabidopsis cells, Gordon
research conference, 2010. 8. 18-13,
Andover, USA

@ Takashi Hashimoto, Organization of
cortical microotubule arrays in
Arabidopsis, Gordon research conference,
2010.8. 11, Andover, USA

@OFEHPEZ., RAES, BEDME—RS, BmAK
. mRNARGHIC B U DA EH R Y hU—2 D

BN 5 51 B B AR B2 2010. 3. 21,
e

G/l —BB, P dL, Silvie Coutuer,
Dirk Inze, EugeniaRussinova, #gA&ME. 7
T ¥ RT Y AZBW CERTERIEBL (13458
DFRBNLELTH D, 55 51 [A] A AEY A= B
S4s02010.3.21, HE
©/N\KEE, EE~ U 2, BAE . MEE
. B, kR el EICBEbD S
FHIR - ITOSUGT OREREMEAT, 55 51 [B] H ASHE
Wy EsR4 20100 3. 21, RE

OFEM A H1. Pytela Jaromir, MFEEHIE, 15

AP M) DR TERINE % HilH9 S PHST O

REMRAT, 55 51 [B] H At A #7722 2010. 3. 21,

RE

OHAEER., Daivid W. Ehrhardt AR
FE W) HE el D K FE U INE T RIZ 38 1 D U INE
HEAEOEZEEIOMAT, % 51 [0 A
AERSESY 2010, 3,21, RE

1D Takashi Hashimoto, Helical Asymmetry
and Regulation of Cortical Microtubule
Arrays in Plants, 16th International
Soceity of Developmental Biologists
Congress, 2009.9.8, Edinburgh, UK
(2Masayoshi Nakamura, David W. Ehrhardt,
Takashi Hashimoto, Live cell imaging of

cortical microtubule nucleation events in
Arabidopsis cells, Plant Biology
2009. 7. 20, Hawaii, USA
/N —BB, AR, AtEBlelXiEH 72 YL
R HE & o R NE OBLIEICLETH B |
%5 50 [EIfE AR 2 2009. 3. 23, A4y
=
@AE R, Ehrhardt DW, AR, v oA
X R FEMIC BT D HNERRD T A
TA A=Y E 50 [ R B
2009. 3. 23, 4=
O, EEET, SARRE., B NE
B i [K ¥ PROPYZAMIDE HYPERSENSITIVE2
(PHS2) DFEHREMRNT, 55 50 [AIkEY) LB 4F
2. 2009.3.23, 4=
EHMEZ, REG—B, BIRIESE, /ML
fif—R8, PAER, FEEHE., AR, o=
A XF AT WONESBES 7 B DY =
/bﬁ/MW %5 31 [l H ARG T

% 81 EIAARA(LFAERE ARIKE
2009.3.23\ BNy
@ ¥ A& & . Organization of cortical
microtubule arrays in non—centrosomal
plant cells, & 31 BEIHAKSFAYFE

% 81 EIAARA(LFAERE ARIKE
2008. 12.9, fiF
@®Shinichiro Komaki, Tatsuya Abe, Silvie
Coutuer, Joanna Boruc, Dirk Inze, Eugenia
Russinova, Takashi Hashimoto, Functional
analysis of Arabidopsis EBI protein family,
19th International Conference on
Arabidopsis Research, 2008. 7. 24, Montreal,
Canada
(9Masayoshi Nakamura, Takashi Hashimoto,
Microtubule—nucleation complexes
contribute cortical microtubule array
organization in Arabidopsis cells, 19th
International Conference on Arabidopsis
Research, 2008.7.24, Montreal, Canada
@) Takehide Kato, Kuniko Naoi, Takashi
Hashimoto, Analysis of  propyzamide
hypersensitive2 (phs2) mutant, related
with microtubule regulation in
Arabidopsis, 19th International
Conference on Arabidopsis
2008. 7. 24, Montreal, Canada

Research,

(XE] GHo )

(PEZETY PERE)
ORI (G0 )

(Z D)
R—b_X—=TT KL R
http://bsw3. naist. jp/courses/courses103
. html



http://bsw3.naist.jp/courses/courses103.html
http://bsw3.naist.jp/courses/courses103.html

6. WFIEhLR
(1) WFzEfR s
¥EAR B (HASHIMOTO TAKASHT)
73 BB F R R B KT« NA A A
T AR - EfF
&5« 80180826

(2) WFFE55 184
mL

(3) L HETIEA
mL




