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ABA Abscisic acid

BASI PhyB activation-tagged suppressor 1

BES1 Brassinosteroid insensitive 1-EMS-supressor 1

BIM1 BES-interacting Myc-like protein 1

BIN2 Brassinosteroid insensitive 2

BL Brassinolide

BN/SDS-PAGE Two-dimensional blue native and sodium dodecyl sulfate

polyacrylamide gel electrophoresis

BR Brassinosteroid

BRI1 Brassinosteroid insensitive 1

Brz Brassinazole

BSA Bovine serum albumin

BZR1 Brassinazole resistant 1

CaMV 35S Cauliflower mosaic virus 35S promoter
CBB Coomassie brilliant blue

CIAP Calf intestine alkaline phosphatase
CPD Constitutive photomorphogenesis and dwarfism
DHFR Dihydrofolate reductase

DMSO Dimethyl sulfoxide

DTT Dithiothreitol
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RT-PCR Reverse transcription polymerase chain reaction

SAM syn.2 S-adenosylmethionine synthetase 2

SDS-PAGE Sodium dodecyl sulfate polyacrylamide gel electrophoresis
SUMO Small ubiquitin-like modifier

TAP Tandem affinity purification

TBS-T Tris buffered saline with Tween 20

UBQI10 Polyubiquitin 10
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1-1 8 REES

R T A TR &2 E TR, k& ZRBREZAGITIAIG T 2 72 D I3 b 72 P HY il i
FEMATWD, Z2O—Flé LT, HLEy WWERREWE) 2 EEDE

BINERMRET bN D, T72bb, BEZICER LT, KNICRFFEh
T2 (NAED) HEWHRNVE S DIFERZZLSE D 2 &XZITHT 2 B M 2 i i
T5Z LT HLWVERERICHIE L BESHRONRBIGE 25T 5, $io, BERE
VTN AER R VT ANTEBC T 0 7T A SN BAERMIZE N TS HEREE
BRI LTWD, LN o T, R /E v O L FEERECVE I T . I 15 S5 TR R I
IR 5 Z %, P OFRAERL b, SR )T 2 IR OARER & 22T 4y TR O
Hf#IZ AR A K CTdh D (Durbak et al., 2012; Vanstraelen and Benkova, 2012),

7Y /) ATaA R (BR) I, AT uA RERERDL, EFEIERRE (/€0
KHE) CTHARE 73 A OTEMAL MR R OIREE, HEE AR Db, ERLEILOBAT,
TEREI R DR HE 7R K 2 I AR BB R 2 L TV DM AT THD (Clouse and
Sasse, 1998) . IT4ETiE, BRI DICEFHCPER, KB CHEREH 2 Rz 354D
Rz HilEd 5 2 & s & TV D (Gudesblat et al., 2012; Kim et al., 2012; Khan et al.,
2013), I HAFEMENTRVBR & LT, 197928 A 0T 77 FOMnL 77>
J ZA4 K (BL) 2N BB S v, = DAL E 3B & M2 S 7 (Figure 1; Grove et al., 1979)
BUETIX, 2% < OFRRCAEWBE TR T, XY, = 77 EhHig
IR BRI N TV D,

BLERIEVLNZ &2, BR 1TV A VA, fiE, DEREDEYIIA b L ALEIR « K



R, W e EOIFAEMINA b L ATH T HIRPUE A I BT 5 2 & AT
REERE TICBW T OFEMICAEBTREDRCHNIRE -6 Z L@ S
TW% (Khripach et al., 2000; Krishna, 2003; [l 4 &, 2007; Divi and Krishna, 2009), il .
T, ER. R, PRER EOREA L AT 2B < &L BB KXIZH T BR
LEL X DR CIIAEB NS 12 #FE S T2 (Nakashita et al., 2003; Kagale et al.,
2007), L L7273 5, BR OZEMCTEMERFGEMEAMEN 2 & | U 70 5 G- 00 23
FRESNLTWRWI LbH D EERICBRFEEIC L > THMAIRPBIE S LN L
# %\ (Kamuro and Takatsuto, 1999) ,
ERD XS B FOT, T, BR OEAEERICIZEICEG T 286 F DA
HI 72BN K DR O¥EZ BEE LR b IR BB STV D, fl i, hvEr =
AR, YaA X T RAFICHRT D BR GREEE - AT 1 —/L C22 (I KERLE#ESR D&
GFEEA LA RIFBAERT S THOF OB L, & I OBCHE S #ENT
L2 ERRESNTND (Wuetal, 2008), I HIZ, vrA XFXFICHkd 5 BR M
iR 5. [K] - Brassinazole resistant 1 (BZR 1) DB 22K B (R 1 bzr]-1D Z BRI S &
7o b~ MIFARIZHR REOTaT /4 RENENTHZ ERELE I TS (Liv
et al, 2014), F7o, EEEERMLFE L L TR HREEINTODE A A LXOMWMARM (uzu
FAR) OJFNEE X, BR O FIREIR T Hordeum vulgare Brassinosteroid insensitive
1 (BRIND RZERERARTH 5 Z & DI ST 5 (Chono et al., 2003), Iz T, ¥}
BVED O EMEDMIETH D Y T~ A Dty (rinrei ZZ5AK) OWER v A X T XF
® BR A KEIE T Dwarfl DA — Y v V851 BR deficit dwarf 1 O /RABZE TR
HZ bW SN TS (Fukuta et al, 2004), FiROAFFEHRL X, BR OEHEF IR

D5 F O & Z2 50 F L -UL TR 5 2 &4 BR OREZEMBERICA DI
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HHT 25 ECRERBETHD Z L ERET D,

INET, A XFZXF (Arabidopsis thaliana) °A % (Oryza sativa) % 7=
S FBEBFHTFIEC L - TBRIGMBFICHEG T 284 W03 FE S, ZHICBd
HETLHIE SN TS (Figure 2; Kim and Wang, 2010; Clouse, 2011; Ye et al., 2011;
Guo et al., 2013; Zhu et al., 2013),, fBHEIZFHAI T % & BR 28HifafiEE RIZR7ET 2 BRIL IZ
BN X5 (Liand Chory, 1997; Wang et al., 2001; Kinoshita et al., 2005) & . Z OfE#HIE
Braip 2 N7 BEO) Ul s Y UBRIEROS ERRT, REICEBEER T TH D
BRI1-EMS-suppressor 1 (BES1) K& UFBZRI1 25 X415 (Wang et al., 2002; Yin et al.,
2002), BR 2+ &FIEL T2 & &, BESI/BZRI #55 K 1% U V(b3 2 EEH
Brassinosteroid insensitive 2 (BIN2) 23 R~{E{k S (Kim et al, 2009), [FFFIZ Protein
phosphatase 2A (PP2A) 7% BES1 X UYBZR1 Z iV » {735 (Tangetal., 2011), Z D
LI LTl ER HIEEM b S b & & HITKICER L (Ryu et al, 2007; 2010), &
ALE AL 250 Fl K N 953 FHIC & I K SRRV SF DO FEBL A Hl4# 95 (Sun et al., 2010; Yu et
al,,2011), —J7. BR 3B LT\ 5 & = BIN2 3 BES1 X U'BZR1 # U Vb L, %
o OHREE NELT D (Heetal, 2002),

RO J 912, BRIGMISER IR O R ST E 722, BESI XU BZRI &
RO T HMICRET DX VX7 AN ED L H I L THE L OBRIGEM#EIE T ORE
ZHE L CTWD D02 ED XD AP PFET 20002 L5 jUTRTE
AR RN, BREEA b L AT 2IRERT 723 Uik (ABA) OEFMRIZED T
Tl B A R Z U RTEDAF MR T v F IS L 0 ERGHEEE O 7 v~ F i H
sFE 5 2 & T, B FORBLDERIT 2 2 LA LN S TWD (Chinnusamy et

al., 2008; Kim et al., 2010), L7>L. BRICXDEGHIEE 7 n~F o VT 7 DM
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FRMEZ R TG BT A STV, TR, BEST ISIEREAR T Ol 247 5 B, Fix
DB NI EEEEREIRT DI Do T&ET (Table 1), ZNHDZ & LD,
BR Ol FIlzd DS /7 B BESI BWEAREERT H /35—~ — - X RJE
ZEGE L, Z00 OREZ TR O NI T 5 Z 213, BRIFHsE L IEEE T
DOIHEBUHIE O MR O 2RI L > THELRRETH L LB HND,

RO AT ZAT O 7o DITiE, WE MBI E —EEU L. LB EEMIC
AFTOHMLENDD, 2T, AR TIEI v A XF X FOERER Columbia DA X
PN RS S U7 R ES S I T87 & 72, (Axelos etal., 1992), 4#%Af5E=E T1Ti
WIBERTDOMZEIN S, v a A XF A FHEEZ OFREHRE L BRICK L TR DINEZRT
Z Lo T2 (Tanaka et al., 2003), $liE, v A XFXF O TFRECFIED
FREIE BL AW K> TIEE SN D, ROKEIFAFIND, 202 &1L BRICKHT
DRI E N EN TN DM E MM TR > TWD Z L 2Rl 5, —J, T87
faid, PEHRAY R 7R s DA AL S AL, BIREHEE b R0 T REOMEHE 2 ERIIC
AFTDHZENRTRETH D, MA T, THIEABA LV A b A =2 OIEREEICR
L AL R e PRI S - KA D & D DT (Yoshida et al., 2002; Yamada et al., 2004;
Lietal,2012), BR G HURIEMME O L FHIRIN A2 BT ARRICHE L TV D EE XD
ns,

FEHIT. BR FHISZEITIKTF LB FREEEO — i 2 6202 5720 T87
MR 2 N2 AL PRI 24T o 7o, RFRSCTIE, 2O OFER L 55 Hiam %
WET D, BB, ARLONBFIIKREL 2200FENLHL SN TS ; WAED BRIEE
IZJ CTHEER R ZIL A R TR Y X OB LFE (552 %) L BESI EHAK

PR THZ BN (E3E) ThbH,
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1281 X

Brassinoliode (BL)

OH

(22R,23R,24S)-2a,30,22,23-tetrahydroxy-
24-methyl-B-homo-7-oxa-5a-cholestan-6-one
c28H4806

Brassinazole 2001 (Brz)

Cl

(]

OH

T&

3-Phenyl-2-(1H-1,2,4-triazole-1-yl)-1-
(4-chlorophenyl)-5-hexene-3-ol
C,H,,CIN,O

20" "20

Figure 1. Structure of brassinolide and brassinazole
Brassinolide (BL) is the most bioactive BR, which is synthesized from campesterol in
Arabidopsis. Brassinazole 2001 (Brz), a specific BR biosynthesis inhibitor is a triazole

derivative that inhibits a C-22 hydroxylase, DWARF4 activity.
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Figure 2. A model of BR signaling in Arabidopsis

(A) When BRs are not perceived by BRI1, BKII interacts with the C-terminus of BRIl and
inhibits kinase activity of BRII. At the same time, the phosphorylated form of BIN2
phosphorylates BES1 and BZR1, leading to their degradation by the 26S proteasome and/or
cytoplasmic retention by their interaction with 14-3-3. As a result, they cannot accumulate in
the nucleus and bind to DNA. (B) When BRs bind to BRI, activated BRI1 associates with
co-receptor BAK1 in addition to its phosphorylation and dissociation of BKI1. Released BKI1
binds to 14-3-3 and inhibits its function. Further activated BRIl by sequential
transphosphorylation of BRI1 with BAK1 phosphorylates BSK1 and CDG1 kinases that interact
with BSU1 phosphatase. BIN2 inactivated by BSU1 leads to 26S proteasome degradation.
Concomitantly, PP2A phosphatase activates the phosphorylated form of BES1 and BZRI,
resulting in increase of their accumulation in the nucleus. Subsequently, BES1 and BZR1 bind
to E-box and BRRE motifs of promoter regions of BR-regulated genes to regulate their
expression. For example, BES1 and BZR1 down-regulate BR biosynthesis genes. In addition,
BES1 forms a protein complex with several partners to regulate genes for various BR responses.
To terminate BR signaling, PP2A interacts with and then dephosphorylates activated BRII,
which is facilitated by its methylation by SBI1 produced in a BR-dependent manner.
Abbreviations used in this figure are shown as follows: BRI1, BR insensitive 1; BKI1, BRI
kinase inhibitor 1; BIN2, BR insensitive 2; BES1, BRI1-EMS-supressor 1; BZR1, brassinazole
resistant 1; BAK1, BRI1-associated receptor kinase 1; BSK1, BR signaling kinase 1; CDGI,
constitutive differential growth 1; BSUI, BRI1 suppressor 1; PP2A, protein phosphatase 2A;
BRRE, BR response element; SBI1, suppressor of BRI1; MYBL2, myeloblastosis family
transcription factor-like 2; HATI1, homeodomain leucine =zipper protein 1; BIMI,
BESI-interacting Myc-like protein 1; MYB30, myeloblastosis family transcription factor 30;
ELF6, early flowering 6; REF6, relative of early flowering 6; IWS1, interact with spt6 1; P,
phosphorylation; Me, methylation.
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Figure 3. Photographs of Arabidopsis cultured cells

Arabidopsis thaliana (L.) Heynh. (ecotype Colombia) T87 suspension-cultured cells were
maintained in JPL (Jouanneau and Péaud-Lenoé€l) medium with agar (A) or without agar (B).
Cells were grown at 22 °C with orbital agitation (120 rpm) under a 16/8 h light dark regime.
Every 14 days, 0.6 ml aliquots of cell suspension in (B) were transferred to 30 ml of fresh
medium and incubated successively under the same conditions. (C) Microscopic observation of

the cells.
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Table 1. BES1-interacting proteins

BIMI Yeast two hybrid Yin et al., 2005
MYB30 Transcriptional Microarray and ChIP Lietal., 2009
MyBL2 regulation ChIP-chip Ye etal., 2012
HAT1 ChIP-chip Zhang et al., 2014

Transcriptional ~ Screening for

SWSl elongation suppressors of bes/-D

Lietal., 2010

Abbreviation of each protein is shown as follows: BIM1, BES1-interacting Myc-like protein 1;
MYB30, myeloblastosis family transcription factor 30; MYBL2, myeloblastosis family
transcription factor-like 2; HATI1, homeodomain leucine zipper protein 1; ELF6, early

flowering 6; REF6, relative of early flowering 6; IWS1, interact with spt6 1.



HB2E HEQCHEETLHTI SV /) AT uAf RgEWE 37 B OBROEN

-181 WS

AHFFEIL, B 1 BT _72 L 51T, T87 Ml % BR IHHmE D A LTI AT IZF
3% Z & &3t L2y, WA BR BOZ{EA T87 Ml DAL T A — 2 — (TR %
22 Z AT bRy, £ T, KETEHRMIZ, HEHEEBR TH D
BL ° BR A£G KR OMERTHH T T )V —/v (Brz) % T87 MO LK IZE
PR E 352 LI X 5T, BLX Brz 28 T87T Mild DI REIC 5- 2 5 B 2 T L 7=,

Brz X, BHH® MV 7Y —/L %4 LT, BR OMIEHD 22 (kg % filif 4%
Cytochrome P450 monooxygenases Cd» %5 DWARF4 (DWF4) ([ZEBEHEAS L. T OEME
ET 2{AWTH D (Figure 2; Asami et al., 2000; 2001; Sekimata et al., 2001), # & 5
DOWEICEDE, Brz (SpM) B L7-=F =F YV 7 OBEEMIITB T, FfifE 1 g
&H7-0 O BL&ED0.25 ng B HFRALL T2 LTz (Asami et al., 2001), & 512,
Brz Z# 5 LECOHNT- v aA XF X FOIFEAZITE L, Bkt TR > =82 FFo
A 72 BR RIBZREIR L ARk e KRB Z 77 L7- (Asami et al., 2000; Tanaka et al., 2003;
2005), ZALD DOFIRIE, Brz (2 X o THWAMIEA O BR &2 ¥8 L7258, BR 23EH
EFICRFRBELZRL TS L2l ESE 5, Bz z WD FIR & LT, BRXHE
2R AR &0 AN O BR BEH KT S E A TLEICRETEH &
DETOND, b9 120FHE LT, BrzlZ X5 BR &EORBOMHEIZAE L 58T
TELSO L N HEOEALZ ABRE A D DIREFFRICH D Z E N ARETHhH D, — .

BR KAAZ SR DTG TIHIEF IS BR 2358 L TWDH O T, 2 RIEELEE T D4
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DD,

RETIX, BRIGEMBZ T ORBGIEICED S & PRINDR -T2 5
PICTHZ e ER RO E Lic, £D7=9HIZ, BL ALBER° Brz ALHIZ X > T4 BR
BN LTz T87 Mifu HAfat 2 Uiz, 2T L C, T IHFET 24 VRV HE
2 RILEXIKENE (2D-PAGE) 12 & - THE#ERIICHENT L7, 2D-PAGE I3, #Rk4 Z2filiK
IZIRE L CENENE A RS 2 R B OB RGN 72 o HiETh 5, L
U726 2D-PAGE 134 RIFER A R T 2 VRV B | O 7S TRl 572
D AFERDB DT DR Z 8T BT AR 2 D L WO EHT AR, YA X T X
FThofFbnieas 37 E D 2D-PAGE 73 Hr Tk, BEEID BR 1F #ASZER - O I
IFEE L TW722 Y (Deng etal., 2007), — % C, Tangetal. (2008) (%, = A XF XF
DIEE Y AFAET D & 37 B & RERICHNT 5 Z &Ik - T, BRIGHMISEICED
% Brassinosteroid signaling kinase 1 Z %W L7=, ZOMREHME LY, BKICHFEET DX >
NWIZEICREL T, ZN6DEELFELH O T 5 Z &%, BRIEWRIEZEICEADD
FHRNRFORREAREICT S22 ENTREIND,

ERo X5 7275 B O T, AL TIE, BL X° Brz ORI X 5 N4 BR BEOE{L)
T87 ML DR KT RBITIN A, B D & R EOFAERITH 2 2 8B &
Nz, EHIZ, TOPTHRICHEICEILT 27 7 EDORE bR T, RETIE,
BR ISEMAE & o 23 7 B DIRMTHE BT EESW T, BRIC L D BEFRELHI I3

LN EDOEENZ SOV T T D,
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2281 MBIROFE

2-2-1 T WAL K OV St

TaA X AT R M T87 #RIX. BUYLF T ANA Y Y =2k Z— X
D 5y5 L CIEW= (Figure 3), Z O #lfdlE Jouanneau and Péaud-Lenoél (JPL) (Jouanneau
and Péaud-Lenoél, 1967) i THEEE L7z, MAESREE L7z T87 ML OMRREE 22 7 1EIZLLT
WRTY Th D, 2 MEREE UMK 0.6 mL 2 7 U — X F N THiE7: JPL
Be 30 mL 25 de 100 ml A=A 7 7 A2llB Liz, £D%, 22°C, 16 KEBFT, 8 K

MRFATO H & 120 rppm THEMRIEGEE L7,

2-2-2 TH FEM AR VT v R OV A B 0 AL B

773774 R (BL) I%, Brassino Co. (Toyama, Japan) K VAL, 777

Y=/ 2001 (Brz) 1%, HIKRZFRZFeF A amPH A sert o & LIS B Bk OB

WFZER 4 24 B 0 & B B 124y 5 L CIEV - (Sekimata et al., 2001), BL & Brz

,U]I

XY AFNVANLRFT R (DMSO) IZHfEL., TAZ1 01 mM & 5mM DA b~y 7§
WERHH LT, £D%, 2 61E-80C CTMEIMRAF L7z, JPL 51130 mL (2 0.1 mM BL
X5 mM Brz % 30 pL %, #RIEE 0.1 uM KNS5 uM & L7z, D%, BLR Bz &5
To JPL ¥5HUIT, 2 BA[FEEFE L7z T87 Ml OMRE#L 2 2 mL N2, 22 °C, 16 KFE AT, 8
PG ET O 6 & 120 rpm THEMIREEE L7z (0, 2. 4. 8 AI#), 2-3-5 HDFEFRTIE, R

B 2 HH OMEERIC BL Z3 L., B2 0, 6. 12FBFEOEE2{To7-,
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2-2-3 I AL DT RESEHOBEAT

HARL O MR O FHHNIL . LAT O FMETTT o 72, MR EIE 10 mL 2= 0F 1B L,
HOBEZIT o7z (1000%g, 5 73), £ Dk, RIEORMAFERIZIY R, @EOEN
DM 2 i A A KT 3 BIEE L7z, Yeid iz OMiai, -20 °C THR S, B2 6o
WAETIR AT o T2, BRI, BT R CEEZUEL, 50 CHHEIE L TRV 72D
BOHERBEZAZLSIC L CHEELE L,

AR O BRROFINL LU T O X 91217 o 7=, AR EIE 1 mL % .05 B (1000xg,
547) L., Bith B3E A BrE L7z, FRIEOHMIE % Olympus IX70 S 7 HBEMEE (OLYMPUS
Co., Tokyo, Japan) THIZZ L, T VX NI AT THRIEAIZIRE Lz, 13EHZ2Z, 100
EOMBADO R ZER THR L, FHHEERL L,

Ml OB ICIX, IKREZER OERE FBHMSE TH S Miniscope TM-1000
(Hitachi High-TechnologiesCo., Tokyo, Japan) ZffiH L7z, #E&0REIE LT, BL <
Brz Z LB L | 4 H G L72 MR ORE IR ) B Z RV FRELZ I — AR o — D

FIDRF 7= D& W=, BIEICB T 2 BEMEEOE31T 200 £% & 3000 528 H L,

2-2-4 T OS5 KON 87 B R

T87 MIfLZ I 1T DD /3l Je V& 37 ' Ot i, CelLytic Plant Nuclei (PN)
Isolation/Extraction Kit (Sigma-Aldrich, St. Louis, MO) ZffH L. #/EFIRIIfFEO~=
2T IS Te, BONERTZBE, < OB 7 i+ 2720, B3y =

PEEJEHIC LD RIS K> TR L7z, 72, BB L 2migho % w87 B,
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Bio-Rad Protein Assay (Bio-Rad laboratories, Hercules, CA) Z HWTE®R L7,

2-2-5I0 X XTI EORTLER K DY IR I E R KE

CelLytic PN kit T L7 > X7 EHIZI3 NNy 7 7 —HROEREOENE i
TWA 7%, Tang et al. (2008) (2~ T, ZHOMMERMEZ1T>7=, £3. 100 pg O
B Ry e E e EHATR IS KT LT, 100 mM BFBRT > =0 L E G A X ) —)L & 5
BERANML, B L7, £20%, KEIZT2RHHEL., # o XV EZ2MEI T2, &
AR CELEEL (4 °CL 15 01D . BEIEZIY BRWZFRIEIZ 1 mL DK\ A F ) —
JVEFRINCIINL, B BRI L, £ LT, K ERIZT 30 oEE Sz, &kim
HE T ODEEL (4°C, 15[ BIFAED BRW% OB & R S iz, it
(2. IPG buffer, pH 3-10 (GE Healthcare Life Sciences, Uppsala, Sweden) % f&I2E 0.5 %I
72 % X 912 DeStreak Rehydration Solution (GE Healthcare) & JR& L72¥AK 200 uL (2L
B 2 SE RIS IR ST, ZIROTERIKENED 72D DB LTz,

2D-PAGE O —RtH Th 5 FHEREXIKE (IEF) (X, A M) v 7o nre LT
Immobiline DryStrip pH 3-10 NL, 11 cm (GE Healthcare) Zf#ifl L. yk@Eh#E@E & L C Ettan
IPGphor IEF system (GE Healthcare) % F\ 7=, BAEOHEIKIZLL T D@D TH S, 100 pg
DE NI B E e BHANR 200 uL 2 A RV v ARV Z —DOHULIZHE T Lz, D%,
ARy TRV —HORENEIR Z YA EED LA MY v TV ZFHDITE WD
Teo VKBNS 27 NV OWEEZE T2, v d 112 200 pL @ Plus One DryStrip
Cover Fluid (GE Healthcare) Z iR L, 7V &K% M- 7-, &#%IZ, IPGphor IZ#E % L

72ARNY RNV A —HEE 22°CI2TH V& 14 FFEAE S 72, &L % 300V.,600V,

22



1000V, 5000V, 8000V T+ 3 Kff#], 8000V T 4 KFfEIZERE L, ¥ VXV E OB+ 1T
STy VKEMEDA MY v 77NV E AN v PRV =R L, TEICVY a4
ANERER-T, 61, ZRICHDO RTUAMBET R U LRV T7 27U L7 IR
BAVKE) (SDS-PAGE) DORILEEE LT, A MY v FZ AR DX R EOBETT V¥
M EITo T2, AN v TV ERKBE SOmM OV F 4 AL A h—/L (DTT) ZHEML
72 NuPAGE LDS sample buffer (Life Technologies Co., Carlsbad, CA) % & ¥ 15 mL 70>
BodziR L, 30 pEiEE 9 Lz, £ LT, FAEKREE 25 mM O3 —R7k& N7
2 F (IAA) %¥shN L7 NuPAGE LDS sample buffer (2% L. (2 30 0HEE 5 L7z,
BILT VARG DA N Y » 77V OisEZ R Sem WD % E L, 6 cm DA MU v
77V (pH 4-7) & L7z, Z#% NuPAGE Novex 12 % Bis-Tris gel, 1.0 mm, 2D well (Life
Technologies) O = VI A LTz, D LG, KEj/Ny 77 —Th D 1xNuPAGE
MOPS SDS running buffer (Life Technologies) (Z¥af#E S W72 1 %7 v — AEHR & it LiA
ToZ & T, FEE AL, &#BIZ, # V% XCell SureLock Mini-Cell Electrophoresis

System (Life Technologies) (Z[&EE L., vkEi/Ny 7 7 —&ii7c L7, vkEZ{T->72 (30

i

mA EEIL) o

2-2-6 T T NYLEAIZ K B Z ST B ORI KONV L S O R

pH NI EERRNT H72DIZ, 2D-PAGE £ D7 /LiX SYPRO Ruby protein gel
stain (Life Technologies) T & 28 il fiiil L7z, e fEIIft RO ~=a27
U 7=, Yetatk 7 Lid, FLA-5000 (Fujifilm Co., Tokyo, Japan) Tae/H Y | HE{ET —

&L UTCTHAS L, 7V o fiEHTIZ B L T, PDQuest version 7.4 ¥ 7 K 7 = 7 (Bio-Rad)
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ER Lz, fTEMEIR~ = 2 7 VI - 72D T, LU ISl et oz ~d, %
FTONVEGE Y T R =TIV AR, A ADBRERLGED NNy 7 T T T RO
ExZ1To7c, HEWT, ZRNENREG L/ VBB TARy e AEfRM L, B2 551
EBETOX L RIBEARy N~y F o7 S8, 20k, FIVBOYGELMIET
H70l, EfD ) —< ) E— 9 A (Total quantity in valid spots) #1T->72, #x

B2, BRRL557VHICB T DR — ARy hOwmNEE S NI EOFER, TR2Db

Normalized spot volume (NSV) & L TFKT Z & T, L@ 21772,

227 Z U NTEHDIREGE

AHFFECTlE, Shevchenko etal. (2006) D FIEICLEE Mz, BESWFIC LD 4
PN EREDTZD OB AR Le, ITIZ, Z0FMAZRT, £9. 2D-PAGE 7
INORERID X N BARy baEID H LTz, @Yt L7/ VL, Safe Imager 2.0
Blue Light Transilluminator (Life Technologies) (& &> Cr[ffb L7z, Y1V L7=7 v
(2. 100 uL OfiGe g (50 %7 F=F U/, 100 mM BEREET E=TU L) A,
FIRTISHoBHRE 9 L, WIREBRWZ, ZOE/ELZFH 2 BHT-72, 100 uL O 100 %7
Eh=RFUAEIMZ, SHEIRE S L, &KLz, 0%, BETVr—4—|C
THIVR % 20 /oy RIRai S W7z, W S 727 LV s, #IRE 20 ug/mL @ Trypsin Gold,
Mass Spectrometry Grade (Promega, Madison, WI) % & el 3R VA (10 %7 & b=k U L,
40 mM HRRT > E=0U L) Z 10 uL Mz, 120 3ok ECHE Lz, Z VR 23 L
RIS T-BREREREL, NI TV a2 EE R 0RKR (10% 7 =R VU L, 40

mM HEKET E=T L) & 20 uL & 7o, 37 °C TR ISS gz, M 7

24



SRR A L, BRI F Rh#E (50 %7 =R UL, 5 %FFE) % 50 uL
A, =T 20 oS 5 Uiz, Wiz RINE, fhiHEEz 6 5 DR L7z, [\
I U728, WEm LT AR L —4 =TT h=h UL, ¥, ERET VET=7 A
ZARSE ST, <20 °C T—BRBEE S 7o, mtkiT, SRS R CRUBE A R S
WHRAT LTz, BEOTF ik, BESWFHIC L 2HEDERTIC 10 uL @ 0.1 %X
VRN & < R S E T,

THAVRAIZBITL M) ZV M ETHRONIZRTF RiL, ks~ o777 4

i

— « U7 NEESHTE (LC-MS/MS) IZ X AMEICH W, £7°, SuL Ok E T/
LC T& % Dina-M HPLC (KYA Technologies Co., Tokyo, Japan) (ZEH A L7-, LC DH T
L2, XTF FONEEMEZ1T O HIQ sil CI8W-3 T v FH T A (¥4 X : 0.5 mm
idx1mm) &0BEA1T 9 HiQsil CI8W-3 ¥ BT U —4 7 A (Y4 X:0.15 mm i.d.x50
mm) ZfEM L7z, LC DL LT, ABHIZ 0.1 %Xk, BEWHEIZ70%7 & h=
MUV EET 0.1 %XMIREE AW, 772y MNABEOSLMITLLFIORTEY ThH
%o Vi 200 nL/min O&{F T C, EEHIAS A 0 98, B: 2 MO AR ABAA L, 40 01
A:0, B:100, 50531212 A:98, B:2 725 K975 60 D70 7T NadkiE L
Tco 7/ LC &A1 T4 TRt LTZEEHTEHNTIE, Q-STAR XL hybrid quadrupole
time-of-flight instrument (AB SCIEX, Toronto, Canada) Zffif L7z, s HikiT~=
2 TS ToTesh, LTFICANIGEIC B 1T D ESRMZR"d, T/ LCIZ K DN A
4% — kLT 104311, Information Dependent Acquisition (IDA)IZ L% MS & U8 MS/MS
HIE % 50 3TV, BA A v 2R L7z, LC Ty L 72 508HE Electrospray ionization
% (FBJE 1800V) TA A b &7, £ LT, 1 DHOMEME MS THEEM L (m/z)

400-1800 DHIPHPNICAFAES 2D 2-5 i DBIA A > % 1 BHEF L, T, =) Pa
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BB T HHA AL ORI E > TAELTLE T T 7 A M A% 2 DHOMRITREM
AIMS T m/z = 50-2000 DFIPHICIBWT 2 HEEFG L7z, ZORETIE, RAR58A A
CHRDT T TA L A F U ERAGT DD 2 EOREE 3RV IR LT, £,
LC-MS/MS OE &K IEIL, I— FHFE T AT A VERIED T VX (b %17 > 7= BSA ®
Ny e E W, T, m/iz=5823 OFIA AU ARSI EBICEL D
2FEDT7 T T A M A (m/z=186.0964 LTV m/z=9514782) Z A X X — & LT,
KBIZ, 55 HlET — & 1% ProteinPilot version 2.0 ¥ 7 b7 =7 (AB SCIEX)
K DT ICHER U7, MRBTSRIEE LT AFOHEBEZRE LT, Yo AT %
identification, ¥ A7 A VERILOEILT /L F /L1t % iodoacetamide, VHILIZHWT-BEFE %
trypsin, JHIEREHTZ QSTAR ESI. AMWFE % Arabidopsis thaliana & LT=, % T, 7/ H
DB TH B Gel-based ID Z5%E L, 177 FOEYFHUERITMAZ, 7/ FREH D
BBHBIC LTz, RBELET—F_X—2 L LT, NCBInr Z ., WEMNLRBREZTH S
Through ID %47~ C, [RE L7=# > /37 EDOREIME (Unused ProtScore) % 1.3 (95 %) LA
FIZERE LTz, [RE LTz & v N7 B OB RTECHEREIX. The Arabidopsis Information
Resource  ( http://arabidopsis.org/index.jsp ) & % The UniProt Knowledgebase

(http://www.uniprot.org) 7 — X X—ZADT )T —a rEHOTHELE,
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2.3 BREVELE

2-3-11 BL MO Brz BRSNS 1 A X X F BB L2200 T87 O EIC 5 2 A5

BIEE TIT, v A XF X F OMMAEIZIBN T, BL X° Brz OALFLIC L - THl & il
ENDAEBOREALEBE LT L OMEMTOILTE T, FlxiX, v ueA X XF
DIFAEZIZBWT, 0.1 uM O BLALFEE L OV5 uM @ Brz ALBRIE, Fi4 O BR A5 aiE
BT OFRB A2 S5 (Tanaka et al., 2005), T87 Mifid b MK & [FAERIZ N4 BR & D
FACITAE S Te A BB 22 23 b A R T E D 2 Z I B 2MCT 5 72912,0.1 uM D BLX° 5 uM
O Brz DALERAS T8T ML DR G- 2 D 5 B & i~ 7=,

F9°.BL MU Brz Z LB U 7= Al oD iz J E N ONHILE 0D J=e 5 D R Y 70 I e it R 2
Figure 4 (278 L7, MIfROREEIL, & TOLMEKX (A, BL, BL+Brz . Brz) (28
WC, B0 HEND 4 B BT CEMBAICHEI L7z (Figure 4A), 553 4 HHOM
faORZEEE IR, MBI (12.5+1.7 mg) 2k T, BL ALBEX THI 30 %M L, Brz AL
HXTHI 18 %Il LT e, 2T Z Lid, WAED BRIBE O EHIZ L DMl E O
ERREORMEZS R LTWDZ EE2RET 5, X T, #HEEOE(bIL BL L
H2AHOMI TS A bBEINIZDOT, &5 Lz BL 28Iaicx L TRBE 2 H LN
EHL TV 2L b EZ26NL. 584 ARICBT2MORE S | IRE & FERIZ,
HEALBRIX (46.440.6 pm) LV BL ALBRIX THI 11 %M L. Brz ZLBX THI 6 %idib L T
V7= (Figure 4B) ,

WIZ, MO R CHHE R Z2EMNRO LI 4 B B OMIn % &5 E 7 Mt

TR LTRSS AR X Ol fe & He~C BL ALBE X O 1 LA K L Cu 7= (Figure SA,
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Figure 5B), & Z A2, Brz AABEX OMfRIE, B FBAMSIIC X 2 IKEZE &M T o#lgic
X oT, HEMNIHA THOSINL TV (Figure 5C), T HOFER X0 | BL ALE T
DIERZARHE L TV 523, Brz AELIMIIEE ORI Z255< LTV A Z RTINS,
CTOZ LT BEICRESNTZV e A X T AT OWMIERICB T AR L —F L TV
7=, BIZIE, EEETEBE Sy a A XX T OMMIRICE VT, BL TSR X
0 bR R 2 U7 M lafh & & (29 % (Tanakaetal., 2003), —J7, Brz ¥ a2 A X

T X F O T RO D R A LB BT 50 %) & 5 (Tanaka et al., 2003), £ 7.

S

R (ZHISBES B, HMIRABEDERG, HMAABERSRK 2 o N7 HOEKIZBED D &9 2% <D

g

M EE R B R+ OB L FET L5 L AL L 7> TV D (Goda et al., 2002; 2004),
UL LS B E 2 T, REBRFERICED 87T MLy n A XFXFDHEZ &
[AERIZ BL X° Brz OLPIZIGE LIflldiik 2779 2 L 2 TE 7, BLIZ & 5 T87
M DOAERIZ L, B D < | MIIZRBED A AP A RS 5 X O R OB T OFEL L
ABEELTWDLZEREZEZLNDTZD, SHBRDOFT THOLNIL TV LENRD D,

ZZETHRARTEZLSIT,BL & Brz OAHITIIT 5 AL D BB OE W T4 L]
ZBIE L T 4 BHOMIN TR B Th o 7008, A% 8 H H ML TILALELX
MIZBW T RERENBE SN - 72 (Figure 4B) , v 0 A X F X FDFEEITEB W T,
BL ZLEE (0.1 uM) 1% H & ORHH&E(S T PhyB activation-tagged suppressor 1 (BAST)D ¥ 51
L% 1 I CRIRIC ER S L 2 M BTV (Tanaka et al., 2005), 2D Z
EB | MIRINIZISIT D BL ORGEZRRHNC L 0 . EEHUZIRIN L 72 BL O K& A3
LTV ZenTPHEND, Z20720, K54 8 H H DM TIZ BL 1T & 5 i RILER) R
WHFE VRO DILRNSTeONE LIz,

PLEOEEGEREZF LD L BL AL Brz LB X, T87 MilnD i # et £ 7=
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IFHEFEL TS Z R LN E R oTe, L7eni> T, T87 Mifiix BR 2F3E 3 5 Ak
RO FHBEZGIT 57200 F MR EBRMETHL LEZ N5, BLYBrzIlLD
HILOIZREZALITAEE 4 B B CRBBAZE T2 - 72D T, FEHIUZERM L 7= BL <° Brz 13 4L8E
%2 ALINIZAEBRZI R Z I L T D 2 E Rl Sz, £Z2 T, RIZBL b L IE

Brz % & et i C 2 HMRGEE U7z T87 MM OBICAFAET D & 2 7 B DR PEfRAT % 3 2

7':,
—o

2-3-2 3 BL KUY Brz LB 3 (ICAFAES D 2 8 7 B OB 5 2 % 78

2D-PAGE EATIC WD 8 2 ™7 B D&%+ IR 272912, BLX° Brz &
2 AR U 72 T87 i Rl 2 R L, & /X7 F 2 Ulc, MO fEE 3 g
B2 DH RO EIT, BABEX (49.7+2.8 pg) 12T, BL AABEX THI 33 %
B LTz, —J, Brz LEEX CTHI 11 %N L Tz, BLALEECTH R0 B OULE
PET LB RO 122 LT, UTOHRHRBZZ LN, 2-3-2 HTR/-L 51T, BL
RBIZ Ko TR IR L7 2 & C, FEOMIEEICI T 2 M nmd L, #ixfe
LTEOWRENMET LD L, Ko T, 20O &IFA %O L > Tl

LTW RT3,

2-3-3 0 BEBSNICAFAET D BRIGEM X v 7 B OFAEEZAL

VT, BRICHIBI SN DR X 237 B 2 ARSI T 5 7201, sy ok

AR EHFWT, 2D-PAGE I LB X "I E7 a7 7 A VD « fffT 217 -
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72, 2D-PAGE % ® /L% SYPRO ruby |2 L > CTHA L, PDQuest Y 7 b7 =72 L%
MR 24T > 72, £ ORGSR, pH 4-7 OFPH & 73 & 10-100 kDa O#FPHIZIS VT, 550
FELLED & X BRAR Y RREENTNWDZ Enghroiz (Figure 6), & 2T,

2D-PAGE fRHTIC L o THLNTEZ L DAR Yy NOF N LAIZERDOH 5 BRIGE
P& R E O & R T 72012, Zv EOZEnEO AR > kO normalized spot
volume (NSV) & WNAED BRIEEIZOWTHBESHT 21T 572, NSV &iX, 2-2-6 H Tl
Nk oL, SO EHREEZHIE LIZBEOENEND ARy FOHNHETH D,
RBFFETIE, ZhE ¥ v 7 BEOFERE Lz, 72, BRIEBEICEL T, #ERTOH
e 2 b ST, Brz ALK ORI IER (SRR 0 BR B, HELLER X o0 | 3 i

@ BR &. BLAVEXOMIIIEEED BR ETHAZ ENEZ NS, XL \0E

K

2Ry FOFFIL, KRB TEBIZZRD X ITHEH L,

B SN 551 DO Z VR EARY D55, 16 ffiE NSV & BR EEORIC
IEOMBENG D Z & & RWE LT, Figure TA IZR LI 8D X X AR » M,
BL7FE FTNSV A I b RE L H LI Bz FET TNSV Al b/h &< g o Tz,
MALER K] CRE R AENBE SN AR > b 1,3, 6122V T, Brz IZ%f9 % BL @ NSV
. ENEN 10500, 5ELLE, #1475 TH o 7=, Figure TA 12 LTV 7R, FRD
? 8 FED NSV X Table 3 IZ/R L7z, Z4U5H 1 BL AABEX O A & dv, Mo LBEX T
IR S ignotc, BLED 16 D AR v b LITRAHIZ, 55O X N7 BHAR Y b
X, NSV & BRIBEDOMICADHENH S Z LB 0hoslz, 2096, ISFHDOX X
7B ARy hD NSV % Figure 1B IZ/R L7z, ZTAUHDO NSV L, Brz fffE F Che b K&
< b LLIEBLAFE T THRbL/INE L 225 T, BL LB XIZ %4 % Brz ALEEX D NSV

R L72AE R, ARy 20 £ 23 TofELlE, ARy b 11, 14, 18 TR 45 LD |
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MIALERIX[H] OO NSV DIIZ R E RZENHO bTe, £72, SSHEOAR Y hOH b #%D
D 40 FE 1T Brz ALBRX. D Z ISR S 4L M OAFE X CIIRR IR AR LL F OFERE TH - 7=,
IhbiE, WABR ORBICE Y | BEICFERNEMNT 2006 Lvey, Thb 40
FEOHF T, 3-3-4 HTIT S IWEHESTIZ K > TH AT EDORIEN K LTz 8 flidD NSV
% Table 5 1Z/R L7z, #50 O 2 FIIHFAEERN T T ol BESITICHLE R+
BEOHERTF R/ LNTE o7,

CIETOERRMERE T DD L, XU EONBERENIEHIZFE L 2D-PAGE
& ME IRV ELRR D CE B A2 R EOE Z v 87 B s A 1 O SYPRO ruby Yefa A LA b
W7o 2L oy & N B ORENTIZ L - T, WAD BRIEEOZEIZS U TEAYAR
W AR 7LD 2 N7 e BB ISR TE o, 20 &9 et 5ikiE, N4 BR
BIRE LTI # v R BOYMBCE YT T 5 2 LR TE 20T, 1ERTO 5 FBISFH
Fikz Tl e U7z BRIEABEIEICBT 20501872 2 i A & 7 b T T REME S TR S 4

50

2-3-4 T8 HESHIEICL D BRISEM & 7 EOFEE

AT CTRWZE S BRISEMES X7 B OMIEN RTEMEPHERE 2 B 52023 5
12012, LC-MS/MS 53T £ 5 & 2 /R 7 D [AlE &2 il A2 72, LC-MS/MS TH b2 JlliE
A& BL 1L, ProteinPilot Y 7 b = 7 THENT L. & D&% Table 2, Table 3, Table 4, Table 5,
Table 6 (27 L7z, [AIAE L7 # v /87 B O JJ eI, BEER 3L (Bae et al., 2003; Calikowski
et al., 2003; Brown et al., 2005; Pendle et al., 2005; Casasoli et al., 2007; Jones et al., 2009) &

WNF =B RXR—=2DT )T — a3 ZHWTHHA L7-, Table2 & Table3 1%, NSV & BR
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BIZIEOHEDB R O 16 FED Z T BEOMFFHERZE L OO THL, Zhb
DX NTEIL, ERER 58, thoA v ixT7 RER (8 ), RERP (2 )
Thole, Y 1 HOZ 7 HIL, &b M) TV U HbiEORTF ROEEND
ol Z B2k REICELRPoTe, BRTENALINL TS X U NTEHE LT,
AR b1 & 51280 T Nucleosome assembly protein 1;2 (NAP1;2), AR v b 31280
T S-adenoylmethionine synthetase 2 (SAM syn.2) , A7~ » bk 27 (28T Histone deacetylase
2B (HD2B) M FIE STz, HRENWZ L2, ZhoDF NI EIZ7n~vFrVET
Uo7 EMEnG, 7 u~F r OEELEN L CEIB OB R ZMETT 2 0 g
WCBE5T 25 Z ENME SN TS (Wagner et al., 2003; Zhou et al., 2004; Park et al., 2006;
Katoh et al., 2011),

S-adenosylmethionine synthetase 2 (SAM syn.2) X, AF A= L ATP ZE L L
TS-TT ) INAF A= DERREMBES 22 NV EThHD, LPLREL, Z
IVE THENIZE T S SAM syn.2 OERBIZIZ L A LEfEI N TV oo, T, v 7 A
DM AT I T, SAM syn.2 (FHEG[KF MafK J N A FOVIRERRERESE & A 1K % B
95 2 &S Sz (Katohetal,2011), DO Z &IZEY, EX R H3 D ATV
L35 % S AL, MafK (12 K D EREE T OIRGOMEAR Z 5 &\ ) AR RSN T
WD, FRIC, HERFE LT, ORI RAD=AL%I L TDNA RFNEZIY %<
E AN OB AFFESNTWHLDMNENI ZETHY | ZHERFOH TH 72,
RGN+, SAMsyn.2, B A b AFALIERIZ K D F X7 BEGROIZ K DMERRE
MradE, b LIEFE L TV D & THUSIERICEBRGE,

Histone deacetylases (HDACs/HDs) [Tt A h > ®D N KD U PN LT F

NWIREBRET DR TH DL, TORE, BEA R~ DNA DBESFEPM< 2D, i
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FREK AR 7 v~ F AREE TE 2 < 725 (Hollender et al.,, 2008), Z D X 51, i
TEF MU L - T, BBERIH SN ~T oz a~F U NERESNS, — . T®F
Ml —r a~F Ozt L, 5 2GR T2, Lo XSz, e X oo
L7 & F AL T & F AT G E O FOR e Bl 2 o T b (Lee etal., 2007)
X512, Wuetal. (2003) 1, ¥ A X+ XF D HD2s |24 DL [K -0 DNA f5&
RAL LV E@G Lo 2 7 B —mNICREBLESE, LAR— X —&5 1 GUS OILE %
AT, EORER, WG R HEMIZ R, HD2s & DA % 87 DIE H 2% GUS 151
B SEDHZERP LIS N, ZOWRHRE LV, HD2s IFEFK 1 & OEA K
ERZE N LT, B rRIEOMENICEE L TWAZ EAREEINS, £0 E, HDACs
FERBEA B L AINESLCABA, V¥ ATV, TF L UOIEICB W CEER&ZE A H
STV 52 (Sridha et al., 2006; Zhou et al., 2005) ., 2415 & BRIEZE DO BRRIZH S0 S
Ty, 5%, HD2B 2/ L7zt A b O 7 & F /b & BRISEDOBRE B 5 )
IZL TN 2 &iE, R T REEERFRBETHD L BEZHND,

xR AMBITHRIE STV D NAPL X, ATP (KfFl e 7 n~F o VET Y 7
K+ & WMAEIIC, X7 LAY — AORECRIRIZBIT D e A oy y<m ok LTH
WTW5 (Park etal., 2006; Liu et al., 2009a) . & H1Z, ZAUTER G BAACIR G R ICB D
HHUNRTBEBEERERRT DI EHMOLN TS (Zlatanova et al., 2007), > 2 A
XF A FITEBW T, NAPL (3 ABA DI HIZEIZE T 2 EOHIIA 7L LTHESNT
BO AR RGEL 7 u~wTF o VET Y U ZICBT 2FHOBEEELIZEI TN D
(Liuetal,,2009b), ZH 6D Z & K0 BRIGEME T OREAMEICL,. NAPL O
PRI BEBEREN LI u~F VT U U REE LTS ATERERHERI SN D,

ZOWGEREFEIRT 572012, WA BR EIZINE L72 NAP1 AR DO ZEN 0% O Ak A 1
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EASBPELNCL T ZENMBETH D,

Table 4 & Table 5 1%, # /N7 B DOfF{E& L BR ®ICEADOHEBN A& 417z 55 FED
ZNTBEDHH, LC-MS/MS TRIEIZHII LT 20 fED Z "7 B a R LTI D TH
Do TNHDH N EIE, BRIED 6 i, oA/ T X T REN 12 F, JRIERHD
QHETHoT, ARy F351ZBWVWT, ARy M1 ESIZHIELENAPIR2 DT A Y 7+
— LT D NAPL;1 BRE STz, £72, Table 6 Tix, WAED BR BICIGE LIZTFER
DEALE RS I T2 X NI HEARy NOF T ERITENALILTWD 9RO & X
JE bR LT,

Z I T, 2D-PAGE DT MK NT, FEAIELRLINVIZEFRLSFRETH D 2
DO NAPI2 DAKRy b (AARy h1 &5) Zp-L7e (Figure 8A), 2D-PAGE @ 2 WKt
HIZBITD220AKRy NOBBEIFEROZELY, 2 bDnTE&OZEITH 1.4kDa Th
D ERTHREINT, BABEXICKT 5 Brz LEEX OFAXTHY 72 NSV X, AAKR > b 11Z
BWTO041, ARy F5IZBWT043 ThH-o7 (Figure 8B), L7 L7235, BL ALEE
KIZAR Y b 1IZBWT 484, ARy h5SIZBWT 127 Th-oiz (Figure 8B), Z D
RiX, ARy F1DONAPL2 IE, ARy 5 IV HBLICHT HINENLVBEETHD
oY S, MAT, ARy b LIS H ARy b 50O NSV DL, Brz LREX
X TENEILS53, 5.1 ThHoDIZx L, BLAX TIZ 14 THo72Z &0
% (Figure 8B). 2 FiD> NAP1;2 DTF/E R OZEIZNAEBR BEBEL WS Z b b &
ZHNb, BAEO L Z A, BR &IZNE L7z 2 FiD NAPL2 OFFAEREDOEL K OV 1 &
DEZHFATEHERERZEB LN TRV, 1 SOAFEM: & LT, NAPI1;2 28 BR
BICNE LI ZEMiZ2Z T T0WD Z ERTHRENS, fIxiE, v uAf XFXF03E

(23T D MBI NAPLL 287 7 VX Wb &, BEICRTET 5 2 &Rl ST
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% (Galichet and Gruissem, 2006), 12 T, in vivo & ¥ in vitro \Z38 T, NAPL;2 (L
Small Ubiquitin-like Modifier (SUMO) 23141 % (Budhiraja etal., 2009), & 512,
HeLa ffifilZ 3 T, NAP1 X TN NAP2 O C RIlEZENZN 9l S 10 HO 74 3 v
BERMIENDRY 72 I VBLIC L 2EMiEZZ T 52 bbb TS (Regnard
etal., 2000), 5% OWFFEIZI VT, NAE BR BIZIGE L2 NAPL;2 OFRRR % &4 O FELE
ERETHZ EIE, BRIIKIELTZZ ua~F L VET U 71281 5 NAPL O E| %

T DT OICEERRETH 5,

2-3-5I3 BL AFRIZ%T 5 BRISEMERE & o R 7 B OPIHIGE

2-3-4 THCEE L7- BRIGAMDO X v )7 &7 BL LB O WIHIZ & & % 330
EIMEWLCT B0, 0, 6, 12 KO BLAABLZ L 584 v X7 E ORRIER 72
BMZAE) % 2D-PAGE |2 X » CTi~37=, Figure 9 %, WLHL 0 FFE O MALELX(Z%f3 5 BL
JLBRIX O NSV % 1 & L C, JLBE 6 BERT & 12 BEICIS 1T D 8 FROKE # v R B DIFIE &
tbE R LTWSD, ARy b1 (NAPL;2), 3 (SAM syn.2), 15 (60S ribosomal protein L14)
I3 BL ORLEERERE] & S CAFEE RS B LTz, — 47 AR » b 5(NAPI1;2) .35(NAPI;1) .
42 (Band 7 family protein) , 47 (Vernalization independence 3; VIP3) (%—i##)72 BL JLEE
2t U CHREENHD LTz, VIP3 X, 2 HE® BL AL CIIFERICELA B S
NIRRT S /X7 TH % (Table 6), ZiviE, TERAZRIZHIEI L TWD 2 & 038k
IZH BT % (Zhang etal., 2003), F£7-, VIP3 ZERAERKIZHBNT, E XM H3 D
VO UERENRATF SN DEIZ—ELEDN, TOEMEZ%THEA N HI D7 r~vF

VINTOHHNEALL TWBZ ENRHALMNE RS> TS (Ohetal., 2008), LL EDOAF%E
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Wi XD, BRIEHIGEICE T D VIP3 OFEZ 5% GMCT 52 i, BRICEEL
Tee A S DAFNACD Sy T 2 B F T 5 ECEBERIMR LD THA I,

22T, 233 MO 2-3-4 THITERW T, WA BR EOBIINIfE - TR HN
THZEBRHALNE/R 5T 2D NAPL2 (AR > b1 & 5) @ BLIZxHT 2 WIHIGEIC
HHLZ, ARy b1 OFEREIE 12 KO BL AABRIZ K> TR 3 fFIC#m L7208, &
AN b 51EK 05 51272 > Tz (Figure 9), 2D Z &b, —@AY72N4A BR &0 E
FAZKI LT, ARy 1 EAR Y FSITHKT I8EEZRL TS I IcBbind, L
L, ARy b1 ESOFEEREOKRRNL, 0RO BL AT, 12 BE# T 1.4 /%
IZHIML TV, ZRHORELY, 2Ky F 50 NAPL2 O @22 FERORDIC
(X, Z o8B R, FIIRRER, -MIRE M OBAT e SRk x 2 ER A ET5 ATHE
MNRBZOND, 5%, ZOZ 2T 572012, WA BR &IZIGE L7 NAPL2 O
XEh A AT T D L ERH D, £z, AR R 5O NAPL2 1T, 2 Ao BL ALEE
(R DR L 12 REH] O BL LB T 2 8 &8 #7e - Tuv/z (Figure 7A, Figure 9)
LIPLeb, 508 ZA, 2O OMBOAEBARENF —TH L0 E I 0Eo b
RNDT, 2 0D FEFRMER A BMICHK T 2 2 3@ cldenE Bbnd, FlxiX,
2 Ao BLALERIX, 12 RffEIO BLALEE L D &, & X7 B OAR R OIRERE OFHAL
DEALTR & O IR EZ I KT L T DH00E LivZeuy,

BEETIZ, DNAYA 70T LA DFERLE T T A I 7 ADFEREHET 5 L
Kz 7o ETEC mRNA & & ¥ VX7 BEOBENLT L HEE) L2 E0NHESh
T\ % (Anderson and Seilhamer, 1997; Ideker et al., 2001; Griffin et al., 2002; Huber et al.,
2004; Tian et al., 2004) , = Z T, BL LB DI JSE L7 S 37 BT LT, 10 nM

® BL % 3 WfLEL L 7= a A XF XF 34 2 128517 5 mRNA B % AtGenExpress 7 —
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4 _— A Ti§~*7z (Table 7, Goda et al., 2008) , & DFEH, K BAR 1 O FEEL &I L AL &
H#E LT, BL CREREMABBO DN o, TOZ LiE, R TRHRE LY
VR EENE A= RLTWAEEFOBLICKHT DISEMEILER R D AlaEMEZ RIg L
TWo, T72bb, A FHRFIEIC L > THLNIEARIROMRET., kDS 7ER
FHITFIEIC LD BRIFBAGEZEDIFETIITREL - AFTERNLDOTHY . BRIEHIHEHE
OB L7e2eolilig L 5V 2 56D THLHZ LR TRIND, Lo TEZEA
T2, FE LT s X7 B LG+ O BRI 5 258 & T87 Mifld THl~721F
A ESANCRANAN
ZIT, AEERET S, IRE TONTREEFEIMEICE VT, BR EHsE
(. BL2ABRINIZ Ko TEZAE SN, BraRZ N TBEDY it O Y i1k
IGER T AT T T ABMEZESND EVWIEAATH L Z EBH LN E 75T,
L LR s, 2Ok T, e RN/ s THZE < 0% R BB EHRE»DH
BB LT Z ERTFRENTZ, 207D, KT, MIAEZICHFET 52
7 BN IRE UT- MR 72 fRATIC X B #TH172 BR BB &7 o R BOREX B L7z, ©
DFESR. WAEBR BICISE L THEEENEILT DL VX7 EE 1N FRET 52 &1
Ji%%h L 7= (Table 2, Table 3, Table 4, Table 5, Table 6), ZiL 5D X > /X7 EH D 5 H NAPIs,
SAM syn.2, HD2B, VIP3 (37 u~F U ZHlT 5 A M ORIEICED L Z &35 5
NTCWe, 2072, BRICEZ2BETFORBHIEIZITE X b Otz Lz 2y
1~ T OMEEBRPEE L TV D RREMENE 2 b, $£72, NAPL2 (X BR &0O%
ITIEE LB ZIEM 2 Z T b Z L b PRSI, b OEBRRERIL, A%
HIRRRT 2 s & LTZ AR DRl 2R ThH D, T 2T, LA EDERHE K OBER O

MEEZL EIC, 7a~F L UEFTY 7 %I Lz BR OB REHESHEEICET T
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TN TR LT (Figure 10), £7°. BR F#{5ZEIC L - TIEME{L L 72 BES1 XU BZR1
O & 5 72 BR BIEER G R O — ISR O v ABSNCREA L. BRIGEMEESE T
DIBL AT % (He etal., 2005; Yin et al., 2005), [FAIFFIZ, NAP1s X° ATP (K770 7 1
~FUVETV RSB a~xF UoBELESES, 202 LiE, BRIGEMER
FO7 0 —F —fEICEGER AP LT K RD 2 EICORN D, ZDE X, 1T
K237 a~F 2 EOiEt) 7 DNA #7212, SAMsyn2 D X 972 DNA Rt A D A

F AL« i A FAAGICBE D HRNFHD2B DL 972t A b DT v F Lk - 7 & F L
LIZBID B K F 2 I USATe Z & TH VX BEARERRT 5, 2NHDOZ LIk y,

PEFH &N TN B B TR BRI Z T, 7 n~TF v EO R DNA Rk A
ko DERIZ AT LTz BRIGEMBEGEFORBGIE 1Thoh T\ d Z EA#fllsn s, =
Z C. BES1 O AEAEMK+ & LT, Early flowering 6 (ELF6) °ZH DOARIE & o 737 H
T& % Relative of early flowering 6 (REF6) 23[FE ATV % (Yuetal., 2008), riHW
ZEIT, INH2MEOX U RIEIZE ARV H3 DU D UREE LA F LT DEESE &
LTHOLNTWD, IHIZ, ZHE BRIGEMEOMIAMEIZE DD TOUCHY EisT
DT mE— X —FEIZ BT BES] EEERE BT D 2 & T, BB T O FBLHIAE 2 1
>TW5% (Yuetal,2008), % Z T, BRIZ & 2 BInF DR BUHEHEAR B D 58 7= 72 A
TERETDHIZOOERD IR E LT, BESI ZHLE LTIeZ T HEA RO 3
FEALNTZ, £ I T, IRE T, BESI DK AANEM A+ D FE M T DK+ D BR

THIsIEIC BT 2B OMAZ B LT,
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Figure 4. Fluctuations in physiological parameters of Arabidopsis cultured cells treated with
BL and/or Brz over an 8-day culture period

(A) Dry weight of cells, and (B) cell size. Arabidopsis cultured cells were grown at 22 °C for 14
days, then aliquots were transferred to fresh medium with or without BL (0.1 pM) or Brz (5

uM). Values are expressed as mean + SE of three experiments.
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Figure 5. Morphological observation of Arabidopsis cultured cells after 4-day treatment with
BL or Brz using electron microscopy

(A) Non-treated control cells, (B) BL (0.1 uM)-treated cells, and (C) Brz (5 uM)-treated cells.
Scale bars represent 500 um (left panels) and 30 um (right panels).
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Figure 6. Representative profiles of 2D-PAGE analysis of proteins in a nuclear-enriched
fraction from cells treated with BL (0.1 uM) for 2 days

(A) BL-treated cells, and (B) non-treated control cells. Each arrow indicates a detected protein
spot in the gel. All proteins were stained with SYPRO Ruby dye and gel images are
representative of 2D-PAGE gels from each treatment condition. Each protein sample
(approximately 100 pg) was separated in the first dimension using IEF and in the second
dimension by SDS-PAGE. An immobilized non-linear pH gradient from 4 to 7 was formed by

using Immobiline gel strips.
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Figure 7. Detection of protein spots showing a correlation between normalized spot volume

(NSV) and cellular BR levels

(A) Positively correlated proteins, and (B) negatively correlated proteins. Each value is
expressed as mean = SE of three experiments. Asterisks indicate statistically significant

differences compared with the non-treated control (**P < 0.01, *P < 0.05).
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Figure 8. Difference in the ratio of protein spot 5 to spot 1 in the 2D-PAGE gels from treated
and non-treated cells

(A) Representative protein gel showing spot 5 and spot 1, which were both identified as the
same protein, NAP1;2. (B) Normalized spot volume (NSV) of spots 5 and 1 under different
cellular BR levels. Each value is expressed as mean + SE of three experiments. Asterisks

indicate significant differences (**P < 0.01, *P < 0.05).
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Figure 9. Fluctuations in protein abundance for identified nuclear target proteins in an early
phase of BL (0.1 uM) treatment

For BL-treated cells, the abundance fluctuations of eight proteins were investigated, from 0 to
12 h after onset of treatment. Each value is shown as a relative ratio of normalized spot volume

(NSV) in BL-treated cells to non-treated control cells.
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Figure 10. Multifunctional and fluid roles of transcription factors in regard to BR-induced gene
expression
Summary of BR signaling factors potentially involved chromatin remodeling is schematized
here; other transcription factors and other proteins in this scheme have not yet been discovered.
Spatial and time-dependent changes in these protein complexes also have not been established.
The interconnections of these various factors are not currently known. Solid lines indicate direct
interactions and dotted lines indicate unknown interactions. Positive interactions are noted by an
arrow. Green stars indicate our identified nuclear proteins. BR: brassinosteroid; TF:
transcription factor; NAP1: nucleosome assembly protein 1; SAM syn.2: S-adenosylmethionine
synthetase 2; HD2B: histone deacetylase 2B; VIP3: vernalization independence 3; Ac: acetyl
group; Me: methyl group; MT: methyltransferase; Met: methionine; SAM:
S-adenosyl-mehionine; RNAP II: RNA polymerase II.
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Table 2. Identification and cellular localization of proteins positively correlated with cellular

BR levels

Spot  Gene locus Protein name Localization” Accessionno.”  Theoretical U scf UPSs®

no.* Mr.pl*

1 At2g19480 Nucleosome assembly Nucleus g1|15224782 43.5/4.3 19 48.0 17.4
proteinl;2

2 At3g62600 Dnal heat shock family protein  Endoplasmic 21/15228802 39.2/5.9 9 40.5 3.7

reticulum lumen

3 At4g01850 S-adenosylmethionine Nucleolus 21|15234354 43.2/5.7 13 46.8 16.4
synthetase 2

4 At5g63510 Gamma carbonic anhydrase Mitochondrion 21|15242792 27.6/9.0 17 84.9 18.6
like 1

5 At2g19480 Nucleosome assembly protein ~ Nucleus 21145329176 42.9/43 24 52.0 213
1;2

6 At2g18020 Embryo defective 2296 Nucleolus g1|15227954 27.8/4.3 6 283 4.0

7 At2g47470 Protein disulfide Cell wall 21/15226610 39.5/5.8 31 712 155
isomerase-like 2-1

8 At3g08030 Unknown protein Cell wall 2118398135 39.0/7.2 5 279 1.7

*Spot numbers refer to protein spots labeled in Figure 6A and Figure 7A.

PLocalization of identified proteins according to published literature (Bae et al., 2003;
Calikowski et al., 2003; Brown et al., 2005; Pendle et al., 2005; Casasoli et al., 2007; Jones et
al., 2009) and database annotations (TAIR and UniProtKB).

‘Accession number in the NCBInr database.

“Theoretical molecular mass (Mr) and isoelectric point (pI) calculated using the ExPASy

website.
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Table 3. Identification and cellular localization of proteins detected only in BL-treated cells

Spot Gene locus Protein name NSV + Localization® Accessionno.!  Theoretical PM' SC*t upPsS"
no.* SE® Mr.pl®
24 Not identified 177.7+
105.5
25 Ribosomal protein ~ 634.0 £ unknown 21[21554945 22.0/9.5 18 68.6 7.32
L9, putative 289.8
26 At1g78900 Vacuolar ATP 1042.6+  Vacuolar 2i[15219234 68.8/5.1 18 323 11.0
synthase subunit A 369.0 membrane
27 At5g22650 Histone deacetylase  579.9 + Nucleolus 21|30688577 32.3/4.7 7 242 4.0
2B 252.8
28 At1g22780 Pointed first leaves ~ 725.7 Cell wall 2115219950 17.5/10.5 15 86.2 4.0
312.0
29 At4g35630 Phosphoserine 1015.6+  Chloroplast 2115237069 47.3/8.3 25 574 14.4
aminotransferase 440.1
30 AtMg01190 ATP synthase 436.1 = Mitochondrion 21/14916970 55.0/6.2 33 59 23.8
subunit alpha 356.0
31 Ribosomal protein ~ 316.6 + unknown g1|21554945 22.0/9.5 6 433 29
L9, putative 232

*Spot numbers refer to protein spots labeled in Figure 6A.

®Normalized spot volume (NSV) + standard errors (SE, n = 3).

‘Localization of the identified proteins according to published literature (Bae et al., 2003;
Calikowski et al., 2003; Brown et al., 2005; Pendle et al., 2005; Casasoli et al., 2007; Jones et
al., 2009) and database annotations (TAIR and UniProtKB).
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Table 4. Identification and cellular localization of proteins negatively correlated with cellular

BR levels

Spot  Gene locus Protein name Localization” Accessionno.”  Theoretical PM° sct UPS®

no.” Mr.pI

9 At4g27230 Histone H2A Nucleus 2i|15237024 13.8/10.1 4 40.5 2.0

10 Putative ATP synthase unknown 2121592716 27.6/6.8 27 73.8 20.0

11 At2g03510 Band 7 family protein Nucleolus 2118395564 40.6/5.7 30 70.5 229

12 At5g23520 Unknown protein Cytoplasm £1/15237781 49.1/6.5 2 3.7 2.0

13 At2g27720 60S acidic ribosomal protein Nucleus 21|15226231 11.4/4.6 2 174 1.4
P2

14 At4g39690 Unknown protein Mitochondrion 2118420505 70.5/5.1 16 334 8.2

15 At4g27090 60S ribosomal protein L14 Nucleolus 2115236981 15.5/10.0 5 433 3.4

16 Not identified

17 At5g50920 Heat shock protein 93-V Chloroplast 2118423214 103.4/6.4 11 14.9 8.4
(CLPC 1)

18 Not identified

19 At1g66580 60S ribosomal protein L10 Cytoplasm 21|18408550 24.9/10.6 3 23.1 1.4

20 At2g27170 Structural maintenance of Nucleus 2141584495 139.3/6.1 18 16.8 85
chromosomes 3

21 Not identified

22 At5g28540 Luminal binding protein (BiP)  Endoplasmic 2i|15241844 73.6/5.1 21 30.2 9.1
1 reticulum lumen

23 At2g38040 Carboxyltransferase alpha Chloroplast 21/62319750 85.2/5.6 22 33.6 12.6

*Spot numbers refer to protein spots labeled in Figure 6A and Figure 7B.

®Localization of identified proteins according to published literature (Bae et al., 2003;
Calikowski et al., 2003; Brown et al., 2005; Pendle et al., 2005; Casasoli et al., 2007; Jones et
al., 2009) and database annotations (TAIR and UniProtKB).

‘Accession number in the NCBInr database.

“Theoretical molecular mass (Mr) and isoelectric point (pI) calculated using the ExPASy
website.

°PM, number of matched peptides.

'SC, percentage of sequence coverage.

fUPS, Unused ProtScore from ProteinPilot 2.0 software.
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Table 5. Identification and cellular localization of proteins detected only in Brz-treated cells

Spot Gene locus  Protein name NSV + Localization® Accessionno.  Theoretical PM® Sc® upPs"
no.” SE® Mr.pI®
32 At5g23310  Iron superoxide 774.5 Chloroplast 21|3273757 30.3/8.6 1 6.5 2.0
dismutase 3 217.1
33 At5g63400  Adenylate kinase 1 1371.8+ Mitochondrion  gi|15242753 26.9/6.9 19 752 174
631.0
34 At2g26140  FtsH protease 4 7471+  Mitochondrion  gi|18401040 77.2/8.7 46 71.7 21.8
160.6
35 At4g26110  Nucleosome assembly ~ 3135.0+  Nucleus g1|15236115 43.0/4.4 17 51.6 10.9
protein 1;1 366.1
36 At5g13850  Nascent 30359+  Cytoplasm 2i[71151986 22.0/4.4 5 29.9 5.5

polypeptide-associated ~ 854.0
complex subunit
alpha-like protein 3

37 2-oxoglutarate 1738.6+ unknown 21[7076784 114.1/6.7 90 799 72.5
dehydrogenase, E1 268.3
subunit-like protein

38 Putative 60S acidic 1633.7+  Cytoplasm g1|21554645 34.1/4.9 12 54.1 6.0
ribosomal protein PO 739.6

39 At5g26830  Threonyl-tRNA 15657+  Chloroplast 213617770 80.9/6.5 24 37.0 19.0
synthetase 898.2

*Spot numbers.

®Normalized spot volume (NSV) + standard errors (SE, n = 3).

‘Localization of the identified proteins according to published literature (Bae et al., 2003;
Calikowski et al., 2003; Brown et al., 2005; Pendle et al., 2005; Casasoli et al., 2007; Jones et
al., 2009) and database annotations (TAIR and UniProtKB).

dAccession number in the NCBInr database.

“Theoretical molecular mass (Mr) and isoelectric point (pI) calculated using the ExPASy
website.

PM, number of matched peptides.

£SC, percentage of sequence coverage.

"UPS, Unused ProtScore from ProteinPilot 2.0 software.
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Table 6. Identification of nuclear-localized proteins showing no response to cellular BR levels

Spot Gene locus Protein name Accessionno”  Theoretical pM* ScC® ups'
no.” Mr.pl®
40 Atlg56110 Arabidopsis homolog of 21/15223458 58.6/8.8 13 27.6 2.6

nucleolar protein 56

41 At3g09200 60S acidic ribosomal protein 21/15232603 34.1/5.0 35 85.0 30.6
PO

42 At2g03510 Band 7 family protein 21/18395564 40.6/5.7 33 65.4 16.7

43 At2g03510 Band 7 family protein 21/29028866 36.5/5.8 7 30.7 2.7

44 Atl1g09760 U2 small nuclear g1|15218274 28.0/5.8 6 29.7 8.6

ribonucleoprotein A

45 At3g57290 Eukaryotic translation 2118410687 51.7/5.6 10 33.6 5.7

initiation factor 3E

46 At2g03511 Band 7 family protein 2118395564 40.6/5.7 16 67.7 42

47 At4g29830 Vemalization independence 3 gi|15233721 34.2/5.8 15 67.6 11.1

48 At2g46280 TGF-beta receptor interacting  gi|15225954 36.4/6.5 10 335 6.6
protein 1

*Spot numbers.

®Accession number in the NCBInr database.

“Theoretical molecular mass (Mr) and isoelectric point (pI) calculated using the ExPASy
website.

PM, number of matched peptides.

SC, percentage of sequence coverage.

fUPS, Unused ProtScore from ProteinPilot 2.0 software.
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Table 7. The mRNA responses to BL treatment of the genes encoding nuclear proteins, which

were identified based on BR-dependent changes in protein abundance in this study

Spot AGI code Protein Signal Signal
No. ratio of
Mock (3 h) 10nM BL (3 h) BL/Mock
1 Ave. 1 2 Ave.
Land o Gloagg Nucleosomeassembly 1o, o ogoe6 30800 38648 36305 37477 12
5 protein 1;2
3 AT4Go1g50  S-adenosylmethionine 4y 6o o y1a0a e 12370 138197 12311 130654 1.1
synthetase 2
6 AT2G18020 g;t;ryo defecviive 26156 27741 26948.5 22937 248655 23913 0.89
15 AT4G27090 g(ii rbosomal protein 1,505 ¢ 159092 16752.5 171807 14510  15845.35 0.95
35 AT4Ga6110  ucleosomeassembly oo 5 hg) s yssas 21270 13356 173135 1.1
protein 1;1
4 AT2G03510 Band 7 family protein 2387 17806 20838 19872  1980.6 19839 0.95
47 AT4G2og30 ' ermalization 11492 8925  1020.85 996.2 952.4 9743 0.95

independence 3

Transcriptome data were downloaded from a table named as “basic hormone treatment of

seedling” in AtGenExpress JAPAN database
(http://atpbsmd.yokohama-cu.ac.jp/AtGenExpressJPN/AtGenExpress.html). Then the data

values for the target genes were chosen and used to prepare Table 7.
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H3E BRIEFEMICIEK X D Heat shock protein 90 8 & & o Hy i f# AT

-1 WS

BITE, BR {E AR E CHE /M7 % 5 % BESI 55 K 113ffix D ¥ 7 E L
BRERT HZ LT, B2 BRIGZEZHHL TS EEZ BN TWD, T72bL,
BES1 [ ZHREFHE OB IZIE BIM1, MYB30, MYBL2, HATI L#54 LT, IBEMEIZE
WTIZIWST EEAERERRL T B A N & X7 BOR A FABIZES L TiL ELF6,
REF6 &if5A LC, - RIRATICHE L CiX 14-3-3 & 4 F-RFH BAEH Z -7 (Table 1;
Yin et al., 2005; Yu et al., 2008; Li et al., 2009, 2010; Ryu et al., 2010; Ye et al., 2012; Zhang et
al.,2014), LA EDZ &5 6 BESI 23 < DAERBER DI ELZ 1 32 72 O IR
THEAROME 2 ORRIN T2 [FET 5 2 L ix. BRIC L 5 s 12 B A 2 g i
T5 ETHEBERMAILRL ETHRIND,

% 2T, AWFFETIE BESI O AEAEHKF Ofsd & /X7 E D 1-5& LT, Heat
shock protein 90 (HSP90) (235 H L7z, HSP90 I, BEEAEMIIB W TEEIRTFINT
DTy Nmrl UTERA B2 R LTng, EHERZ L& LT, BiREEIC
VT, HSPOO IFHRGR F- &2 hpth, AT mA FEZFEKR, £ T —B, vy Xerok )i
TAT L NEMEINDZE DL R E L FRMEERZERT 5 Z ENmbT
W5 (Taipaleetal., 2010), ZDZ &iX, 7747 > FOEESKEEOHIEIZETE L
TWb, £72, HSP9O & 7 T4 7 v b DO~T v HEKOEEIL HSPI0 ¢ ATPase 5
B0 < K7F LT D (Bassoetal., 2002), Z 7=, Z 0 ATPase DFFRMIFAEFRITH 5

FNEF< A (GDA) IX., HSP9O & 7 94 7 v bOBEEERDOIEKELIT. 7 T4
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TV NOREEEG & T ERHE STV D (Obermann et al., 1998; Fang et al.,
2009)

vuA XFAFIZBWT, HSPOO X 7FED 7 7 L U —RFELTEY., ThEh
RN O RTEVES B2 2 Z EABEICH S MI2 ST\ % (Krishna and Gloor, 2001), 9
725, HSP90.1, HSP90.2, HSP90.3, HSP90.4 D 4 FRIZHINLE & K ~D JEMEZ R T,
—J7. HSP90.5 IXFEREIAR, HSP90.6 (LI k=22 KU T HSP90.7 l3/MaKIZRTET 5,
Z LT, P ORRERREZICB VT, B & FFKIC, HSP90 OEREIINETH D Z &
bHLMTSNTE L, BlAE, FEHEA S L ITBEAIC HSPI0 DFERE & #ii 4
Le A XFAFITRRA RIBREFE 45| SR T2 EPBIE I TV S (Sangster et
al., 2007), ABA OfEFAHHEIZIVTH HSPOO O FEE M3 # 5 ST 5, Clément et al.
(2011) %, HSP90.2 23 XALOPASITIN A, ABA IGEIZI T 2GR E53 5 =
EHERPDMNT Uiz, BIERNZ L12, FFEW TR N L AR E 23 2 8% DRk«
PRSIV T U HSPO A LT2 & R 7 G AR DT S B 2 5% 8 245 - T U
HZEHMBILTVWS (Kadota and Shirasu, 2012) . ZALH OFIFIE, HSP9O &7 F A 7
¥ N OB OAIEB Z 8 LA U Sk~ R A S CRE R &E 2 1
LTWAHZ EZRET D,

IHNET, W ONDOIIET V—T1Z L - T, BR OEABEIZEIT 2 HSPIO O
BG- 23 HE S T & 7o, Bl 21X, HSP90.1 & FHAMEHI 3% TWISTED DWARF1 % 21— |
L CW B BB (twisted dwarfl) @ T-DNA i AZE BRI, BR FERS: M8 BLAK & [RBR 72
KB AZRT Z ERBH BTSN TS (Kamphausen et al., 2002; Pérez-Pérez et al.,
2004), F7-. brassinazole-insensitive-long hypocotyl 2 (BIL2) i&{x¥1%. HSP90 & [F U

HFTyNnrTHY, BRIGMIZED TR THEIET DI b= U 7 RER OB
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Dnal/HSP40 7 7 XV — X /X7 B 2 — FLTWD Z LAV E STV % (Bekh-Ochir
etal, 2013), LL EORFFEHAE L 0 | HSPOO 0% D & L3 7 AR % Y Tl pf %
1T, BRAIGWISIZICH T 2B EZ HIZIRD D Z LR TE D LB BND,
UboXH72355 L0, ARETIX, HSPI0 2% BR DIEHIREICE 5T 5011
IVORELE AL RN R T 2 E A B E Lc, £7. WAD BRIBEOE(IZKT 5
HSP90 ¥ &R DB B L %2 7=, IRIZ, HSP9O D7 Z A 7 > NMeEfi & LT, BESI
IR Z YT, 9725, BESI & HSPO OHINLPN T O E A 22+ HAEFH O MGE %
ATz, % IZ. BRIGEMEEIG FOFRBHEIZ 51T 5 BESI/HSPIO & 1K D M E M %

Bt L7z,
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328 MBERUOEFE

3-2-1 T FEMI B OB R 2

WM ELE LT, v uA X X BREEE &M T87 #k2 -, Be&dmix, &

2EOMENL O E (2-2-1 1H) ITHEL T,

3-2-2 5 FEWARVE o OV Fl FH A o0 AL e

BL & Brz D& b 7KL, 222 HIZHE U TR L7z, /o, 7T A kX
77 X —F2A DR R ERTH LA N X WET o E =D LM (OA; Merck, Darmstadt,
Germany) | I (N HSP90 @ ATPase {& P DR R EAITd 2 7 V2~ A 22 (GDA;
Focus Biomolecules, Plymouth Meeting, PA) O A v 7 ¥SHEDOIEE L, FHEH 1 mM K&
Vs5mM & L7z, Zhb0i3KIE, 100 % DMSO [ZIEfiE L, -20 °C THERFELZ, F
7o, MR REEE 7 B B CL IOt BOR AN AE Y 97 5 T87 Ml o la ik s, 2

NHDA Ny 7R & EERIN LT,

3-2-3IH T A KOS

KR THEA LAY I X7 LAF ROLEF|IL Table 8 (277 L7z, LLFIZ, BES1
WRFEBMIBOEHICHERA L7 T 2 I ROME S EERT, BESI D552 E cDNA IZ

7 By va A XFAFEAENLHH L7724 RNA % H U 72 Reverse transcription
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polymerase chain reaction (RT-PCR) (Z X - THjifi§ L 7= (Tanaka et al., 2005), RT-PCR |
W74+ U—= KRR NRN—=2T T ~v—|ZiFEnEi, HlIREFE Clal X T Nod IZ X
ZYIWREAL 2 AN L 7=, & L 72 ¢cDNA 1 pUC118 7°F A X KD Smal GIWrAL 2R A
L., EO®%REREINOMHZITS 2 & T, /7 rn—=7 L7 BESI ORI T —
MIRNT & ZfifEi Lo, WIT, Zanetti etal. (2005) 7€V, 6xHis-FLAG # 7% 22— K
LTCWD2HMOFY IX7 LATF REsit Lz, 2024 Y I X7 AT RILEH
KIZEfE L, 95 C T3 mmEE, |BIRCTHHATLHZ LT 7=—V 7387, ImM
ATP DIFET T, 7=—U VJHEMIZ T4 R X7 LAF REF—B 208 L, 5-0OH
Kz ) Uik L7z, 2 f1o> 2 AW 1% pBluescript SK (+) 77 A I K (Agilent
Technologies, Santa Clara, CA) @ Smal/Clal YIKTRALIZHEA UT=1% ., HEIEELY % fiE7e 3 5
Z & T, AR LT 6xHis-FLAG # 7 OELAIMNIE LW Z & 2 fEs8 L7z, Ncol/Clal Wik %
& T 6xHis-FLAG } O} Clal/Nofl Wi i % & %p 1.1 kb @ BESI cDNA % TN ENDT T A 3
R0 H L.pUCI8 7T A X KD Neol/Notl UIWr gL [RIFFIZE A L=, Z @ pUCIS
TIAIRNIE AN 7T T —FF A7 T AV AHKD 358 71 E—F—(CaMV 359),
Frefhar e & X7 8 (green fluorescent protein, GFP) Dk BB s 1, LHEEME
Agrobacterium tumefaciens O nopaline synthase 81 HHKD % — I x— % — (Nos-T) %
AT 5 05 (Chiu et al., 1996) \ AWFSE Tl GFP 18151 & 6xHis-FLAG-BESI (HF-BESI)
BInF A2 ANEZ D Z & T CaMV 35S::HF-BESI::Nos-T & BIn+ZERL L=, 7238,

CaMV 35S::GFP::Nos-T il & 8In1 % BT A KD pUCI8 77 A X NiE, i[RI KFD
FEPRERELIC 5 LTIV, B2, ZOMABIE X, o — 7 = ZfTIic L - T,

BLHIDOREWVA RN & 2R L=, %I, CaMV 35S::HF-BESI::Nos-T [il& i {s 1

adr 7T A R EcoRl Ik -oTEBILL, XA F VUV —-RT HX—Th b
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pCAMBIA1300 @ EcoR1 BIWTERALIZHEA L7222, 77 a7 7 U o A2 K5 T87 Ak
DO ERREITHEH LT,
A LT RIFEEMNRIC L D 2 N BERMICHER L7cis 58RI L, LT X 51
E® L7z, CaMV 35S::HF-BESI::Nos-T fi&Bin 1% &1 pUCIS 7T A I ARz L
C. PrimeSTAR Max DNA polymerase (TakaRa Bio, Shiga, Japan) f#7E I C HF-BESI ®
cDNA fElk % PCRIZ L > THIIE L7=, L C, % ® PCR FE¥) % InFusion HD cloning kit
(Clontech Laboratories, Mountain View, CA) (Z X - T, pEU-E01-MCS 77 A I R
(CellFree Sciences Co., Yokohama, Japan) @ EcoRV YJWrEALIZHFEA LTz, &I —7
TV AT K > T 6HF-BESI 0% DL fERAI O ILFLSN S TE L Z & 28 L7,
F72. HSP90.3 D#AE$ T, Nemoto et al. (2011) TV, #FHD RNA 7'rE—

B —%2DODT T A ~—"THWr L7 PCR £ (Split-primer PCR %) IZ X > THEE L7z,

3-2-4TH VA X X REREE AN T87 ¥k D & ik

CaMV 35S::HF-BESI ::Nos-T Bl & 386 % & » pCAMBIA1300 75 A 3 Fi&, =L
7 kR b — g VB X o T, Agrobacterium tumefaciens CSSCIRIf £RIZE A L 7=, T87
O E iR IX, Ogawa et al. (2008) D FIEIZHE Uz, WEERHL% OMIIEIE 10 pg/mL
DA T <A KN 200 ug/mLl DY 7747 &k ETe JPL EREEHI TE®EE L, 5
pg/mL DA T r~A 2 ON200 pg/mL D7 7 7 4 T % G e IPL IR IARE: TR L
Tz MRS Ot id, BT T87 AL & RIARIZ, 265 2 EOM B LR G IE (2-2-1 H)

WZHEL T2,
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3-2-5IH  Invitro ¥ /X TEBE KO Y Rl

HF-BES1 # /X2 & HSP90.3 # L /X7 /8, M OVKRIGE HRO U b N m ERRIE T
f#58 O N K32 FLAG # 7 2 L7=fl& % > 737 E (FLAG-DHFR) &/ T 572
12, Nemoto etal. (2011) (ZHE> T, in vitro 55 & OV A PRI Ao Hh g 2 W
7= invitro BliR 247> 7=, £7-. A L7 HF-BES1 Z il V > (k9 5 72, HF-BESI
DOHLA IR T Calf intestine alkaline phosphatase (CIAP; TaKaRa Bio) % 4LHL L 7=, B3
ISR, RO~ =27 Mo Tz, BERRUSHRIZFHEED 2xSDS o TNy 7 7
— [125mM kU A& (pH 6.8), 2% (w/v) SDS, 10% (v/v) 7'Vt —/b, 5% (v/v)
2-ANTH T v B ) — 0005 % (wiv) 7RET =) — VT N—] BIZHI LT,

P& 1 LTz,

3-2-6 TH AL O K NT 28T B ORI

AT AT IRERTEE, UFICRTEIICHR L=, &2/ AT 4 T XY

'E (Total native protein, T) (%, Protease inhibitor cocktail (Sigma-Aldrich) } Tf PhosSTOP

(Roche Applied Science, Mannheim, Germany) % #s1 L 7= CelLytic P Cell Lysis Reagent
(P9599, Sigma-Aldrich) (& X > Tz, 4 ' LD % /37 E (Cytosolic protein, C)

[ 5y D 4 237 '8 (Membrane protein, M) . £ZH| 3D % > /37 & (Nuclear protein, N)

OFIHITIE, CelLytic PN kit Z W7z, $A MY LD 2 37 L, Al b L7 fla 2

w0 EE (1260xg) L72ZIZAEU D By E LTI Lz, BE@Eisy D% 87 Bk, Ml

i L K A S e Ik B I HETEE 0.3 %O Triton X-100 ZALER4+ % = L TE7-, EEOEH
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/71X, Benzonase nuclease (Merck) %K EC 1 RrLBE S N7z, Dk, KIEE 1 %D
Triton X-100, 500 mM @ 6-7 X / 7171 >, protease inhibitor cocktail Z ¥RAN L 7=
1xNativePAGE sample buffer (Life Technologies Co.) TH:Z Fpig# L. 30 4K BT
B L7, HOoBE (12000xg) L72ZICfE ol B Els o2 X7 e L Ciiil

Uiz, Z U7 EOERFGIEIZ, H2EOMERUE 2-2-4H) LFEERTH 5,

32227 AL/ T7uvw b

SDS-PAGE ZAT > 72D 10 % DAV 77 Y7 I K7 VIE, 85Ny 77— [25
mM FU A 192mM 7 ) 2 10% (viv) A% 7 —n] THEfbL7e, £ LT, A
J =)L LMK TT OBKAEL % 1T > TV 72 Immobilon-P A > 7 L > (Millipore,
Bedford, MA) (22X FT7 A4 FNTEEG L1 BEHRDOA 7 L 3 EIRE S % (wiv)
DAXx LI /L7 (Megmilk snow brand Co., Tokyo, Japan) % V&fif X+7= TBS-T [20 mM
U AL 137mM LT R U AL 01% (viv) Tween20, pH7.6] IZiRIE L, FEE T
WFf] 7 vy & 2 UL 24T > 72, TBS-T THiF L7 A7 L id, HF-BES1 ZfRiid
572912, 1% (w/v) BSA Z & TBS-T T 5000 {47 fR L 7= anti-FLAG rabbit polyclonal
antibody (F7425, Sigma-Aldrich) Z4LBEL 7=, & L <|&, HSP9O Z T DH7=9IT,
TBS-T T 1000 {54 L7 anti-HSP90 rabbit polyclonal antibody (sc-33755. SantaCruz
Biotechnology, Santa Cruz, CA) Z ML L7z, —IRHUASIKIZIRIE LT A 7 L d 4 C
T—Bp R S, Wi LA 7 Lot ®iC, TBS-T T 3000 £ L7 Goat
anti-Rabbit IgG secondary antibody-conjugated horseradish peroxidase (Abcam, Cambridge,

MA) & =R T 1 RS &/ 72, &% 12, Amersham ECL prime western blotting detection
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reagent (GE Healthcare) & S HE72 A7 L, LAS-1000 (Fyjifilm. Co.) 12X %
AE 5w Janlhatsis A By

¥ 7-. Blue native (BN) -PAGE X O® two-dimensional BN/SDS-PAGE %, NativePAGE
Novex Bis-Tris Gel system kit (Life Technologies Co.) ® HFiEIZHE~7-, 1 WILH D
BN-PAGE (21 NativePAGE Novex 4-16 % Bis-Tris gel, 2 ¥kt H @ SDS-PAGE (213 10 %
ORI TZINT I RFLVEROZ, ZVOFHAICBE LT, BETEiX 65 ‘CITHE

LTiT> 7,

3-2-8TH X N E D5

BEOWOREHT, LTO X 2 IR U7z, BLAAEE L7 MAa S L7z %A
T4 T BT EH % 4 CT T Sephacryl S-200 High Resolution 7 /L A7 v~ K75 7
4 — (GE Healthcare) (2l L7z, 7V HKIL, b N> 7 7 — [50 mM HEPES (pH
7.5), 150 mM HE{EF FY 7 A0 10% (viv) 77U tEr—L 1% (v/v) Triton X-100] T
ATLEE L7, ARA RAR U = — Y O HI#RIL. Bio-Rad Protein Assay C/E &k, “Fffi
by 77 —CTHIRE 1 mg/mL IZHRN L7, | mL OF /87 EERIZ 50 ub D
Dynabeads Protein G magnetic beads (Life Technologies) Z /1%, 4 °C T 30 4y MR
L7-, EiEZEULL., 2 pg @ Normal rabbit IgG (sc-2027, SantaCruz) & L < {ZHT HSP90
PUAZ N %, 4 CT—BEsEER L7=, 50 uL ® Dynabeads Protein G # /1%, 4 CT 1
REEERENER L, PUR-PURE AR Z BN LTz, FREO B — X% 200 uL D /N> 7 7 —[50
mM HEPES (pH 7.5), 150 mM i{kF R U 7 A 10% (viv) 7V tEr—/1 0.1 % (v/v)

Triton X-100] T3 [HIPEH L7z, H&HZIT, 20 uL D 2xSDS o TNy 7 7 —Z B —X
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WZINA, 95 C. 3MIINR L7k, RiEZmEibEy & LT Lz,

HF-BES1 DX 7 L7 7 4 =7 4 —FHL (TAP) ICBI L T A FOFIATIT o 72,
ETOEEIIKE HDH WL 4 CTITo7c, T His # 7 2 W2 R Z1T 572, 1 mL
DEFAT AT HZ NI BITERE 5 mM OA I XY —)LEEFMLT, 200 uL O
COSMOGEL His-Accept % #i% (Nacalai Tesque) %~ == 7 /LIZHE T T L. 100 pL
@ His FelmiE [SO0mM U s R U ANy 77— 300 mM /b F R U 7 A, SmM
A KV =), 0.1% (v/v) Triton X-100, pH 8.0] TF b FHifb L7, EHANL & Vi
b U 7= His-Accept BRI L, 2 IRefEERENEFN Lo, O BE (1500xg, 543) L
Tth, RIEZBREL. 1 mL O His BEHAIR CRIEZ v L7z (G380, BEE % O
Nz 500 uL @ His IEHE [S0mM U g Y 7 ANy 77— 300 mM (kT R U
L, 125mM A 2 XV —/. 0.1 % (v/v) Triton X-100, pH 8.0] %Nz 5 4y [ D#REIE
FZaATV, EO R O EBEARERE LCEIN L2 (G2 |, ®IiZ, FLAG ¥ 7%
AW Z4T 572, 40 uL @ Mouse IgG-Agarose #EZ (A0919, Sigma-Aldrich) &
Y ANTI-FLAG M2 Affinity Gel 8% (A2220, Sigma-Aldrich) % % #1241 500 uL @ TBS-T

[50mM R~ VU R, 150 mM A T MU 7 A0 0.1 % (v/v) Triton X-100, pH 7.5] Ty
L7z (Fr2[E), 1 mL @ His & K & Bei§1% O Mouse 1gG-Agarose [ZIRAN L7, 1 I
FIERENER L, & 0o BE (5000xg, 30 7)) %o iz ~7 L7 U 7y & LT L7z,
ImL ®7 V7 U 7%y % Y% L 7= ANTI-FLAG M2 Affinity Gel (21 %, 512 4 B HiR g
RFN U7, mL B OFERIL, 1| mL @ TBS-T T4 BIPEE Lz, #KIEE 150 ng/ul @
FLAG ~7'F K (F3290, Sigma-Aldrich) K#&# [10 mM kU A, 150 mM HE{kF K~V
T A, pH7.5] ZFRMEIZ 100 uL Mz, 30 SrEIHAENERI L, .00 BE% O TAP Bisr & L

TBL L7z G 2 B, &2 I HHRIE 10 pL @ StrataClean Resin (Agilent Technologies)
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TEML, HED2xSDS 7Ry 77 —LEE L., 95 CTS5 oMM L 7=,

3-2-9 I [n vitro FLE LK

= L FPRIFMEMRD I TAA L7 20 pL o HSP90.3 } O HF-BES1 D& ik %
160 pL DAYy 77— [20mM kU ZHifg (pH 7.5) . 150 mM HifkF F U 7 AL 0.1 %
(v/v) Triton X-100] &LiRA L. 1 FEFRE L7, EIT, ey 77 —T T Ok
L 72 ANTI-FLAG M2 Affinity Gel & L < IX Mouse IgG-Agarose DK 40 uL &85 L.
4 CTI1BHEERENEM L7z, 1 mL OFFAE/Ny 77— T 4 BIPESHF L7z, FRIEIC 20 pL
D 2xSDS > TN Ny Ty —F ANz, 95 CTS5oMmELEL L, EiFZRIR LT,
F 72, GDA OMERITRD X H 12T > 72, £9°.20 uL D HSP90.3 DA %K & 160 uL
DGy 77y —ZiEG Lic, RIZ, ZTOREAKISKEIRE 50 uM @ GDA Z Mz, 1 FF
WIRTALEE U 7=, f&#I(2, 20 uL @ HF-BES1 OA I &2 Nz, el alk 7= e g i e 217

> 7,

3:2-10 B Wik 7~ N7 o7 04—« BT NEESGHT

10 %RV 727 UNT I RFMZED SDS-PAGE I[Z K-> THBE L% V&%
Silver Stain MS kit (Wako Pure Chemical Industries, Osaka, Japan) THiH L 72, 90 kDa ®
NFEERTNEICHFET D FETID L, 5§ 2 BEOMELLOGE (2-2-7 H) &
[FIRRIZ 7V NEAGICHEER Lo, B D72 bid, 56 2 EOME AR OTGE (2-2-7 H)

W > T, LC-MS/MS fRATIZ K D # RV B DORIEEIT T2, X v /37 B ORI
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HWie7 — & ~_—2 %, Uniprot ZfFEH L7z,

3-2-11 B AlphaScreen

In vitro THRK LTz % > 737 '8 % 7= Alpha Screen 7513, Nemoto et al. (2011) &

U Takahashi et al. (2012) OJEIZHEC /2, LLUFIC, R OMNZRd, B4 F
Ak U7z HSP90.3 KUY 5 %471 L 7= HF-BES1 % L < I3 FLAG-DHFR % ;{&/N v 7 7 —
[100mM kU 22 (pH 8.0). 0.01 % (v/v) Tween 20, 1 mg/mL BSA] {Z/liz, 25 C
T 1 IK§fE] 384 JXD Optiplate (PerkinElmer Life and Analytical Sciences, Waltham, MA) 12
TS SET, ZORBSERICHRE Ny 77— [100mM KU AR (pH 8.0), 0.01 %
(v/v) Tween 20, 1 mg/mL BSA. 1 ng/mL anti-FLAG M2 monoclonal antibody
(Sigma-Aldrich) . Protein A-conjugated acceptor beads (PerkinElmer) . Streptavidin-coated
donor beads (PerkinElmer)] Z¥I L., FIZ 25 CT 1 Bi#E Lz, ¥ /)7 E D45y

F[AIAH A {EH X, EnSpire alpha ¥ 1 7 17 7 L — | U — & — (PerkinElmar) {Z CTHEHT L 72,

3-2-12 1 U7 )v% 14X PCR

BES1 1§ 3 B id 2> & RNeasy plant mini kit (Qiagen, Venlo, The Netherlands) %
HWTERNA Zi# L7, D%, 1554724 RNA Z #5812 L T, ReverTra Ace qPCR
RT master mix with gDNA remover (Toyobo, Osaka, Japan) T ¢cDNA &% L7, &2,
RAMIK T 10 54 L7= ¢cDNA, 10uM ® 7 Z 4 ~—%& > k (Table 8). SYBR premix Ex

Taq II (TaKaRa Bio) % &% L. Thermal Cycler Dice real-time system TP800 (TaKaRa Bio)
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\Z X B EEM PCR 1T > 7=, Constitutive photomorphogenesis and dwarfism (CPD) & X
Dwarf4 (DWF4) OFEXTHFEBEIL, ZFNENDORELE % Polyubiquitin 10 (UBQ10) O

REET/  —~ VB =g L%, AACtEICL > TEH L,
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3-3fi FMREUELE

33-1IH YA X X FEREBEE MG T87 1281 5 HSP9O & A1K D Ml N 4y 4ii

K Oy etk

T87 MdIZH51F 2 HSP9O A RO ZEE 2 ] 502 572012, PRI FIEIC X
- T HSP9O A IR DAL N /0 Afi & BYHIIRRE 2~ 72, HSP90 D iHiZid, SantaCruz t1:
B HRTE S LTV 59T HSPIO (at-115) Fiik 2 H L7z, ZoHiko = v F—7EA1I
HSP90 @ C KuifllZAZE 3 5 M585-D699 Th %5, £ DELH|IL, HSP90.3 & 52T [F—
TH Y HSP90.2 & 1% 97 %, HSP90.4 & 1% 93 %, HSP90.1 & I% 84 %, HSP90.5 }2 OF HSP90.6
E1E 33 %, HSP90.7 &1 2 %DMFEMERRBD bz, ZDOZ b, ZOHEKIZE -
THEH &40 2% HSPOO 13 F2BR S IZ K - Tik, HSP90.3, HSP90.2, HSP90.4, HSP90.1 ®
DR L b 4FO HSPIO 7 7 X U —RNRIET D ATREMENR B 2 bild,

ET. 2o E VLT, T87 Ml i) 2 HSP90s DRI />4 & F71E & % fif
Mrite, &3 FEOMBIANOGE (3-2-6 ) (R LZFIAT, 40X X7 EEH %
Blc. Thbb, BXAT 4T X RIE (T), A V27 H (C), W2
NI M), AR IE (N) Thod, BonizBinzHnTA b/ 7 ey Mtz
Toloflif, BTOX /R BHES TR L% 90 kDa 27 T BB E OALEIZH — D
v R &7 (Figure 11A), ZORERITZ. ZoHUAIC L > THRILESH 3 B
HSPOO 7 7 X U —D X NI EHTHDHZ EEZRLTND,

WIZ, T HE45y, C H5y, N E43 23T 5 HSPIO A KD 4y 14341 % BN/SDS-PAGE

AR L > T2, ZORER, 5. 1 IRTCHORA T 4 7 RIREIZEB W T,
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BI L% 146 kDa 725 1,000 kDa D4y F E#IH TELED & R TE D AR > FBFIEL
TWDHZ ENGhoT- (Figure 11B), Z D Z &lE, T87 MIZRB W T, k& kA +
RO LTINS HSPOO A RN EEFMEL TWDH Z L armed s, £ LT, &7
DEFZHEE L T, e bIFEEN L VAR > RS 146 kDa T I 8152 X v7=, HSP9O 1%
XAT AT RFMFETICBNT 2 BEEOHEL/RT I b, ZOAR Yy MIZEERERD
Wi & > T\ HSP90 Th 5 L HEE S415 (Wayne and Bolon, 2007), A% T, T
531% 720 kDa & U @53 FIZ & HSPOO A IARFAEL TV D Z L b L o7z
(Figure 11B, top panel), —J7, C M4y & N HZIZIHBWT, EFRO AR >y MMEFH < Bl
STz, 480 kDa LA F D4y 1A FF-> HSPO A AICEI L Cix, 3 FEO iy TR
DY 7 FnEE Sz (Figure 11B, middle and lower panels), LA EDFER LD |
HSP9O [ ZAMII N 7312 )& T 2 BARRRD Y X2 R #A 0 480 kDa LL LD WA X

ERTIYFRARER LT 2 LR SN,

3-3-2 IH  HSP90 % & tem sy T #H A 1K BR IKIFH 2 E ) &AL

ARG LD 2 BTV T, T87 MifldiZN A BR D ZITIGE L2 A Z LA
AT ZEEWOMNI LI, 6T, TESIZBWT, 480 kDa L LD 4y A X &7
HSPOO HAKRNIFIE L TWDH Z & 434~ 7= (Figure 11B), % Z T, BN/SDS-PAGE &
e M 2 VT BL X0 Brz SLBEAY T 53 (CAFAES D HSPOO A KD 73 F 32 5 &
D FEFRT-, T OREGE, BLAFEIZ X5 T 1,048 kDa & 720 kDa {13112 HSP90 % &

TeEmy THEAGERO AR v N RBE RO bz (Figure 12), —J7, 480 kDa LL F O &

Ko7 77 A, BLSBrz MBI SE LT B b 2T E A ERE o=, 21D
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DOFEFR LV HSPIO Z G e FHEGIKIEL. WA BR 808N L U TEMNER L2t
ERTIENEZLND, L L, HSPIO D EIX BL°Brz Ik » T, 1F& A EEA
Lo 7e (Figure 13), 2D Z & X0, 7747 Mok, B, HAELEIZLD
HSP90 15 &R DB HIZALS HSPIO % 5 e @ 40 G 1K D BRAKIFH 7257 TRt D 21k
WZHGTHZ ENRBINT, 7272 L, BLICTE o> TEgr Al TRt 47z HSPOO A
ORI, EDOHSPI 77 I U —2BELTWDLDNE S a5 EHONRIC X -

THOLMNIZLTW LENRH D,
3-3-3 I HT HSPOO HLiK % 7= 0 8 PE R 18] 43 (2 AFAE 9 5 HSP90.3 DR E

3-3-1 H Tk~ 7= K o lo, ARBFETHEA L72Ht HSP9O (at-115) FiikiEs m A X7
RXF OEEO HSPIO 7 7 2 U —ZRH L TV D a[REE N E 2 b, 22T, Z0OH
R EBEIAITHEA LTS HSPIO 7 7 X U —DRIEZ AT, £, BL Z0H L7
T87 M2 & TH/y DX LRI EHPH LT, Tnakt 7 7 27 UL 8200 7 /L Aill
<~ 7T 4= L, RA FRY 2 — IS T 2EER AR LZ, ®IZ, Bt
HSP90 HiffIZ X 25 )Z kR T, EO@EHIKN & HSPOO A RAFR L., ikl €
DOREELE /312 £ 5D HSP90 & LC-MS/MS 12 &L » TRIE L7z, £ OfEH, HiL HSP9O Bt
KTk Stz & v /7 B 2iE, HSP903 N EICE TN TWVDH Z E R E
72 o>7- (Table9), T 725, HSP90.3 IZXHINT D 2 KRDO~TF R[EE Sz (Figure
14), 1 KEDOXFF RTHbH EVSHEWDLVNK (& &OFLFHHE 1,354.6517, HIEFRZE
25 ppm, K95 HSPOO D7 X/ Rl %l E253-K263) 1% HSP90.2 & HSP90.3 |[ZfF7E L

TBY, —FH,. 2 KHOXTF R THDH DTSGEALGR (E & DO HGHAE 904.4251, H|E it
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7% 38 ppm. X35 HSPOO D7 2/ FREc %] D162-R170) X HSP90.3 D AIZTFEIE L T
7o THHOZ L1, BLALBE L7 T7 Ml T Ei4y 235V T, HSP90.3 2341 HSPYO it
REBIENICHE LTS Z & 2RRT 5, L L6, LC-MS/MS iz ftil L7z
B XY B T ZIE 480 kDa LU R O 4y -8 A £ HSP90 4 B e G A HIRTE L T
WhHEEZLBND, TOw, BLIZFHE S5 HSPIO &5 TEARDOI & HSP90.3

DBIRPEIES $ OB CHMICHRT 2 LER B 5,

3-3-4 T8 BESI1 & HSP90 @ BR {K1FEHY 724>+ HH BAE

Sangster and Queitsch (2005) DFRFLIZIVT, HSPIO ¥ v~ AR DOIENE]
RIGEMIBFEIZE o THETH L Z EREMIN TN D, MA T, 3-3-2 HIZBIT D FEER
FEH LD HSPOO & om0 FEAIKIE BR &I20 U/ b2 rnd 2 ERHL N E
ol 6o T, BRIGHIGEICED S X 37 % HSPYO D7 A 7 v b & LTCRE
T2 Z LIL BRIGEHRISFEDOFEM 2 AZ BT 5 ECIFICHETHL LD D,
R 1 WIS THRET IR F K+ BES I3 H & OIER B 26T 5 2o icflix o &
VREEEAEEREERT D Z EBNHLMNZENTE T (Yin etal., 2005; Yu et al., 2008;
Li et al. 2009, 2010; Ye et al., 2012; Zhang et al., 2014), 12 C. #¥iZIB\ T, HSPIO i
%< OIEBRFEHAEFEHAL, TNOOREEZME L T2 Z L biEH TS
(Taipale et al. 2012), ZHAUHDOFH LY . HSPO D7 74 7 Mesd & LT BES] (28
H L. HSP90 7% BES1 EEEERELTER L TV DN E D I ERGEE LTz,
BES1 # v /X7 B OREM ARG 57201 N KEMIZ 6 D & 2 F 2 (His)

2 7L FLAG % 7 % e &7~ BES1 # > 237 /F (HF-BES1) Z@E|HH X7 T87 &
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BRI AE Lz, v rA XF X FDXRA T 77 BES] 1L BL LB L7t
U U b &5 TIEMEET 2 2 &M 5TV S (Yin et al., 2002; Vert and Chory, 2006)
Z D%, FANZ HE-BES1 & > /37 B3 NA BR EOHNINTRAE L2 Y iRk % %
T TWDDNE I afEt Lz, BESI OV el i) R bR iIx, ERIKENCE
\7 %5 BES1 O/ N FOZEEOZLTHET SN TWD (Yinetal,2002), T72b05H, U
f2{b. L7= BES1 @32 NI, BLAAEIZ Ko THLY v Eefk S 417z BES1 O3 R
TN EOBEEEA RS R NG, AERIZBNTH, ZOZEZ2REEEL LT
HF-BES1 & U »R{bIRRE 2B L 72,

Z DR, BL 2 L 72 R EEHGMILIC 31T % HF-BEST 13, oL BEA21T -7
AIZ b~ SDS-PAGE |Z8T 5B EEEHE & < 72 7= (Figure 15A., Figure 15B, top
panel), BL OfFEE T Tix., BESL LY VERLIRAE L 720 . BL OIEFAET TlEE U
FRfbARHE & 72 5 2 &3 S AU TV D (Yan et al., 2009; Ryu et al., 2010), S (2, protein
phosphatase 2A DPRLEHITH 5 A ZWeiL BL IZFEE S5 HE-BES1 N> ROBE) A ]
7= (Figure 15A), 25D Z Lk, BES1 BFEIZEHAMIZH O HF-BES1 (X114 T 4 7
72 BESI & [AARIZ BLIZISZE LTI Y b, (R Uik o TWnWH 2 L&
RET S,

WIZ, WA D HSPYO 73 HF-BES1 & % T AT 7 4 =7 ¢ —}E#L (TAP) (2L -
THERINDINE I NTRY | WHOREE ZMEE LT, §FLAG fUiE% iz A &/
7'v oy hyfrid, BLABOAEIZEID 59, HF-BES1 # v /32 % BESI1 i@ RIF& Bl
B B R RAITR R L, B fE C& 722 & 27~ L7z (Figure 15B, third panel), — 5, HSP90
X BL ORI DL L PR SNz, Lo L2ead s, HSPIO O 7 /i BL MEALER

XIZEH AT, BLAABX TR Y i< M S 47z (Figure 15B, forth panel) ., 24156 OfEH

69



X V. HSP90 IZ BL FEFF1E FiZ kb, BL f7#7E F CHEAIIZ BEST &0 FFH BE/EH %2

T EBPHBMNE R T,

3-3-5IH  Invitro {2317 5 HSP90.3 & BES1 @ ATP K572 4>+ A8 AAEH

HSP90.3 %Z & dp HSP9O |X. BL WL¥ L 7=l T, HF-BESI &5 < fHAA/EH

T 5 Z LRSSz (Figure 15), RIZ, invitro (28T HF-BESI & HSP90.3 A&

WEEKT DO0E D 0 ERE Lic, 2 AP HIZ K 5 invitro # > 737

1

B4R T B HSP90.3 & HE-BES1 O AR #1R A L. #L FLAG Hiikic kL 5%
BEILME AT > 72, HLHSPO (at-115) HilEZH WA L/ T my Rk > T, %
REY) FICAFET D HSP90.3 D v 7 F /L idiBb b iv7- (Figure 16A), —J, ~ 7 A IgG
I L DB TE LRIV 7L Tlid, HSP90.3 i Enedr -7 (Figure 16A),
TIHOREFIT, SRR EIC I DRHIC L o Th, [FRRICHE D Z L8 TE 2 (Figure 17),
R |2, AlphaScreen % VT in vitro 23517 % HF-BES1 & HSP90.3 O H AVEH % & &Y
(27~ (Figure 16B), = OfEH., ©4F b L7z HSP90.3 & X AT 4 7 =2 hua—)L
® FLAG-DHFR OflA& bt L ik LT, 4 F 2 {bk L7z HSP90.3 & HF-BES1 DOfil A4
ADOHIZBWT S U EOZREy 7 A p g Siviz (Figure 16C), 2105 OfE R
(X, invitro \IZHBWTH HSP90.3 & BESI WEARKRATEKT 22 L 2R ZFFT 25D
Th ol

In vivo IFERERROFER LD | AR Y U ER(LIREED BESI (X HSP9O & BSEINICA~T
a @ ERERRT D Z E R E 7 (Figure 15), 76> T, invitro THELLT-

HF-BESI & U VLTS LS IR Y VLR O EHL L THEEL TV DN E I gk
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AT, 3 AFPRIEMMAL R TEA AL L 72 HF-BES1 OHLA KK IC Calf intestine alkaline
phosphatase (CIAP) ZMLBEL . ZD%A L/ 7Ty MMyl EiToT-, ZDOR5%E. CIAP
MEALEE X & bbis L C, CIAP 4LEL X HF-BES1 O ¥ 7 LV & /) 7= (Figure 16D), =
OFEFR LV | invitro THAL LTZ HF-BES1 A0 U VLR &L L TIHFEL TV D 2 &
NGy InoTee HE- Tl invitro \IZEBWTCE Y EE{EALD HF-BES1 & HSP90.3 23 G K%
T 5 Z ENTRINTZ, —FTlinvivo [ZF1T 5 IFE LSRR CTIX, HSP0 [T 5 < |
iKY ER{LIRRE D HF-BES1 & EJErIZHES L Tz (Figure 15), Invivo & invitro IZ
F1F % HSP90 & HF-BES1 Oy FHIFHEAEH D A 1 = X LT R > T D Dnd L/
W, BUUED L ZAH, Zh b DBIROBE W Z B H Y T & 2 FBRHERIIGE L Ty
By WL ONDRFHDBE ZBID,

Lachowiec et al. (2013) 1%, in vivo |Z351F 5 A ZILIEREBR OFER 5 BESI IX
HBE DU LIRS & IFHRIFAICHSPI EFHAEHTE DL Z L2 FRLTWND, —H,
AMFFEIZ Lo T, BL 248 L 72 BES1 i RIFE BU I 30 T < @ HSPY0 7% HF-BESI
RIS Z L L M E o7 (Figure 15B), 246D Z &%, HSP90 & BESI
DEERTERAITER Y FR{EIREED BEST IZHEEMERH L TN E S, m U ke D
BES1 2% HSP90 L EEMERZIEMT DA RN H D Z & 2Ry %, o5 \WITHI 72 mThE
P LT, 2HBEORR D Z NI BEERY AT I, DF ) AY—7p 3 b R R
2R ERERFR S L < I3 —7 TT Mifnlc 1T 2N & o "7 BRIFRRICE - T
AR S A7z HF-BES1 O U (L0 U V(L ORREN R o TnD 2 LB b
%o DFED | invitro THRL ST HF-BESI 1, BL ## 5 L7 BESI @RI 5 H AL D
HF-BES1 ® U V(LR REZ S L TWWARWD G LR, LD Z L5, HSPIO

LM AEEH Z/RT BESI OV VLA FFET D Z LIS O EE IR E
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ThdrLEZXIBND,

HSP90 & 7 F A 7 b OFAAEFIZIBV T, HSPIO D ATPase i IT EHE /o8 &
o TS, TNORERNAEATH D GDA L, 7 74 7 > MIxtd % HSP9O Dif
AREZPIHIT 2 Z LA BIL TV S (Obermann et al., 1998; Basso et al., 2002; Fang et al.,

2009), LA EOBRE T, invitro 12315 % BES1/HSP90.3 DEAS KK IZ %1 % GDA D&

I

ZR~7=, £9°, HSP90.3 OHLARKIKIZ, GDA ZEBRM L=, 5, HF-BESI
DA IR ARG L. §L FLAG HURIZ X 2 % kM 21T > 7=, HTHSPO HLikIZ X 5 A
LTy MM ORER, Mock ALBRIZEE T, GDA ALPRIE HF-BES1 & R Sz
HSP90.3 DIFERZ RE WA ESE DL Z LN L E 22> 7= (Figure 16E), 2D Z & 1%

HSP90.3 & ATPase i&itE75 . in vitro (Z351F % BES1 & HSP90.3 DEAKZAIZIB N T,

WHTHD Z L 2R T %,

3-3-6 I BRAEGKEIL D7 4 — K3 7 #ili#IZ 3515 5 BES1/HSPIO #H A A D B 5-

AHFSEIE, BES1 & HSP9O 7% in vivo (28T BRKAFRY KL T, % L Cinvitro
IZFBW T ATPase IKfFHI AN CHEEEREZ KT 5 Z & 28] 52 LT & 7= (Figure 15,
Figure 16), % Z C, BES1 & HSP90 O/ FHFHAAEMILE D X 512 L T BRIFHIREL
B5LTWD0MNn2, EWHFREMNELCTE, ZREHLMNCT D201, NAE
BR DM L > THENAICHIE S5 2 fid BR A/ GEIRF CPD & DWF4

(Tanaka et al., 2005) |~ GDA 2352 5% 4 U 7 /L% A 2 PCR THiat L7z,
Z OFES . BES1 BRI B 31T 5 Ml s DT 813 GDA JEF/E Tk

T BL 2 X » TREEFAIIC KIE 720800 %27~ L 72 (Figure 18), AL & 1X6HT, GDA 1#(E
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TIZBWTIEBLIZHEE SN MBI FDOIEGEOBD VBB AEFEIND Z &3 00
2o ZNHMEEFIX. BES] & ZDOARE R JHRENFTH S BZRI DEHEEF TH
52 ENMBNTVS (Heetal., 2005; Sun etal., 2010; Yu et al., 2011; Ye etal., 2012), 4G
D in vitro FEE EBRIZ IV T, HF-BES1/HSP90.3 HAKDEIE RN GDAIZ L > TH L
(23 LTz (Figure 16E), M2 T, v uA XFXFOREBIKIZIEB T, GDA I
%9 % BZR1 OEZMEIX BEST O F ALK VAR T & A3 5 232 4TV 5 (Lachowiec et
al.,2013), 972> 5 BZRI VL HSPIO DV F A4 7 > TN W) ZERHESNT
% (Lachowiec etal., 2013), LA =D Z & 725 GDA IZ & - T BESI/HSP9O A KD
AP ESND 22X > T, CPD & DWF4 DIEHF 727 4 — RN 7 HlE A IH] X
TWADZERHERISND, LU 5, BESI & BZRIIET 2 VL~V CTIHEFEICH
UWFRIRME (87 % D[Rl —14, 96 % DFALIME) 2R3 2 &L H HFETH 5 (Yin et al., 2002; Wang
etal,2002), 7> T, ARMFFEOFIERFESIZIT TIL. GDA 23 BZR1 & HSP90 O & 1A
FRICH L 52 TV D AR Z BE TE RV, £ 2T, BRIFWRIZEIIE TS
BES1/HSP90 # & A D E 2 K 0 BIREIZ T2 72912, A% DT L > T BZR1 2
HSP9O & EHEKRAETE T 5008 2 InERGET 2 Z S IFHEBERFERED 1 D Th 5,
REIC, REEZRIET 2, AFRICE Y . BRIGHBISEICI T 5 HSPIO & v <1
YOEEWE RT3 OOMAESDL LN TE, 1 DHIZ, HSPYO & & e 0 FHEA
RIZWNA BR EOHINCINE LTRSS Z &3 nhnoTc, 2 2HIZ, HF-BES] (X in
vitro \ZB W T, B 5 < invivo THIFAERIZ, HSP90 ¢ ATPase IGPEKFHIZ HSP90.3 &
NTRBEEERETRT D5 NP LML ol 3-OHIT, HSPIO D ¥ FRAIPHEH T H
% GDA X, BLIZ#HFH 415 2 fD BR GBS . CPD & DWF4 D7 — R\ y

7 EZH L=, fiE > T, Z OI\FEIZI 1) 5 BESI/HSPIO #H A A DB 53 /R X 7=,
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ARWFZETH ORGSR, BRIGHIBEICI T 5 BESI/HSPIO AR D 4y 1 HEfE % L v
FEMICAENT 27O BR LR VAL EERMALTHL I LREZLND, %O
FEIZH\ T, BESI/HSPOO AR S &, HSPI0 & & ie i iy AR E AT 2 ok
AT ZRES 2 Z EIIERHICEETH D, €O LIZLY | mWfRk, BR HRinE
ZITLTEWABR &0 7 ¢ — Ry ZHIIICINZ T, b DOEEIK%Z T L7 BR O#E

IR RBLAEICET 2 A D=L LN E ML TN D,
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Figure 11. Cellular distribution and molecular profiles of HSP90-containing complexes

Native proteins differentially extracted from 7-day-cultured cells were subjected to (A)
SDS-PAGE or (B) BN/SDS-PAGE linked immunodetection with the anti-HSP90 (at-115)
antibody. Abbreviations in the figures: T, total native proteins; C, cytosolic proteins; M,
membrane proteins; N, nuclear proteins. See the Materials and Methods for cell fractionation

details.
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Figure 12. Alteration in the molecular profiles of HSP90-containing complexes in response to

BR level

Total native proteins (the same as the protein fraction “T” in Figure 11) extracted from
7-day-cultured cells treated with either 1 uM BL or 5 uM Brz for 24 h were subjected to
BN/SDS-PAGE linked immunodetection with the anti-HSP90 (at-115) antibody. Photographs
show chemiluminescence images in different exposure times: short (left panels) and long (right

panels). Arrows point to HSP90-containing macromolecular complexes specifically detected in

BL-treated cells.
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Mock BL Brz Mock BL Brz

a-HSP90 CBB

Figure 13. Effect of BR level on HSP90 protein abundance

Total native proteins extracted from 7-day-cultured cells treated with 1 uM BL and 5 uM Brz
for 24 h were subjected to SDS-PAGE linked immunodetection with the anti-HSP90 (at-115)
antibody. Left: chemiluminescence images. Right: coomassie brilliant blue (CBB)-stained

images. Note that both BL and Brz treatments barely affected the amount of HSP90 proteins
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Figure 14. Preferential binding of the anti-HSP90 antibody to HSP90.3

Immunoprecipitation with the anti-HSP90 (at-115) antibody was carried out to purify HSP90
proteins in total native proteins (the protein fraction “T” in Figure 11) extracted from BL-treated
cells. A silver-stained band with the MW of 90 kDa in a gel of SDS-PAGE was excised and
subjected to an in-gel digestion assay with trypsin and then to an LC-MS/MS analysis. Two
tandem mass spectra are shown in (A) and (B); the first spectrum was obtained from a doubly
charged ion with monoisotopic m/z = 1354.6857 and corresponded to the sequence
EVSHEWDLVNK, and the second one was obtained from a doubly charged ion with
monoisotopic m/z = 904.3911 and corresponded to the sequence DTSGEALGR.
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Figure 15. Interaction of HSP90 with BES1 in vivo

(A) To examine the phosphorylation status of HF-BES1 proteins, we carried out
immunoblotting with an anti-FLAG antibody using total denatured proteins extracted from
7-day-cultured transgenic cells harboring CaMV 35S::HF-BESI1 genes, which were treated
sequentially with or without 1 pM okadaic acids (OA) for 1 h and with or without 1 uM BL for
6 h. (B) TAP was used to purify HF-BES1 proteins in the total native proteins (the protein
fraction “T” in Figure 11) prepared from the BL-treated or BL-non-treated transgenic cells. The
purified proteins were then subjected to immunoblotting analyses with the anti-FLAG and
anti-HSP90 (at-115) antibodies, respectively. A non-transgenic parental cell line (WT) was used
as a control. The brackets with the closed arrowhead and open arrowhead show the
hyperphosphorylated and hypophosphorylated HF-BES1, respectively. An asterisk indicates a

non-specific band.
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Figure 16. Interaction of HSP90.3 with BES1 in vitro

(A) In vitro-synthesized proteins of HSP90.3 and HF-BESI, separately expressed in a wheat
germ cell-free system, were mixed and incubated for 1 h and then subjected to an
immunoprecipitation using the anti-FLAG antibody. Immunoblotting using the anti-HSP90
(at-115) antibody was performed to detect HSP90.3 in the precipitates. Mouse IgG was used as
a control antibody. (B) A schematic diagram of the AlphaScreen assay for the detection of
HSP90.3 binding to BES1. The interaction between biotinylated HSP90.3 and HF-BESI1 bridges
the streptavidin-coated donor beads and the anti-FLAG antibody-conjugated acceptor beads.
Upon excitation at 680 nm, singlet oxygen molecules are produced from the donor beads, which
react with the acceptor beads, resulting in light emission with the wavelength between 520 and
620 nm. (C) Binding strength between HSP90.3 and BES1 was quantitatively estimated by
measuring the luminescence. In vitro-synthesized FLAG-DHFR was used as a negative control.
Luminescence values are plotted as average values with the standard error of three
measurements. Student’s t-test (P<0.05) was performed to test the significance of differences in
luminescence signal strength between HSP90.3 with BES1 and HSP90.3 with DHFR. (D) The
immunoblot analyses using the anti-FLAG antibody were carried out on the in vitro-synthesized
HF-BES1 proteins incubated with or without CIAP (left panel), and the total native protein
fractions extracted from the WT and the transgenic cells overproducing HF-BES1 (right panel).
BL treatment was performed as explained in Figure 15. NT, non-treated control. The brackets
with the closed arrowhead and open arrowhead show the hyperphosphorylated and
hypophosphorylated HF-BESI1, respectively. Coomassie brilliant blue-stained gel was used as a
loading control. (E) To test the involvement of ATPase activity in the HSP90.3/BESI
interaction, HSP90.3 was first incubated with or without 50 uM GDA for 1 h, then with

HF-BES1 for 1 h. Immunoprecipitation and immunodetection were performed as described in

(A).
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Figure 17. Silver staining protein patterns in the immunoprecipitates by anti-FLAG antibody
The immunoprecipitates used in Figure 16A were subjected to 10 % SDS-PAGE analysis and
then silver staining. Lane 1, 2, and 3 indicate the input fraction, the product precipitated by
Mouse IgG, and the product precipitated by anti-FLAG antibody, respectively. A closed triangle
indicates the HSP90.3 band. An open triangle indicates the HF-BES1 band.
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Figure 18. Geldanamycin-triggered suppression of negative feedback regulation in BR
biosynthetic genes

Seven-day-cultured transgenic cells overproducing HF-BES1 were pre-treated with mock or 10
uM GDA for 30 min, then incubated with 1 uM BL for 3, 6, and 12 h. The real-time PCR was
performed to determine the transcript levels of (A) CPD and (B) DWF4. The mRNA levels are
shown as a relative value of expression to that of a control experiment incubated for 12.5 h total
in the absence of GDA and BL (fold change = 1). UBQ10 was used for the normalization of

each mRNA level. Error bars indicate standard deviations (n=3).
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Table 8. Oligonucleotides used

BIEST Atlgl9350 CCATCGATGAAAAGATTCTTCTATAATTCCAGCG Cloning

GGGCGGCCGCCATAACAGGTTCATGTATACTTC

all ol | Lay allataaggalgalgalgataay ual tag synthesis
3 hall of IF tag GTge ggatgatgalge AGGTGGTGGAGGAGGTGGAATTGATGGAAGAT Dual tag synthesi

CGATCTTCCATCAATTCCACCTCCTCCACCACCT CCettatcatcateatccttat

HSP90.3 At5g56010 CCACCCACCACCACCAATGGCGGACGCAGAAACCTTIG 1st split-primer PCR

SPU GCGTAGCATTTAGGTGACACT 2nd split-primer PCR

AODA2303 GTCAGACCCCGTAGAAAAGA 2nd split-primer PCR

DWI4 A3g50660 AAACAACGGAGCGTCATCCT Real-time PCR

GCTAGCTCTGAACCAGCACA

Restriction sites are underlined, 6xHis tag sequences are in uppercase italics, and FLAG tag

sequences are in lowercase italics.
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Table 9. LC-MS/MS analysis of immunoprecipitated HSP90 proteins

Protein name Locus UniProt UPS* PM’>  SC°

Heat shock protein 90.3 At5g56010 P51818 20.43 19 25.8

"Unused ProtScore (UPS) from ProteinPilot software. UPS greater than 2.0 indicates a
confidence level of 99 %
®Number of matched peptides

‘Percentage of sequence coverage
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AMZEIL, P u A X X FIREIE ML T87 #RZ W2 AL FRfEHTIZ L U BR
HHIEZ N LB o FRBHEsEOMP 2 AfE L b Th D, ZOMFELE L T,
FEHEIL UTICRTEOR2ODFMAEZGED Z LITII LTz, B2, BRIZSEL
THEENHRT o2 2T . rva~vF L VEFTY U7 IClbbEEZOND G
D% SHFEE L, 25D 95 5B, NAPL2, SAM syn2 & HD2B @ 3 ffijX BR &0 L

P> TIFAERDSEIM LT, 780 O 2 FD 5 5 NAPL;1 OTFERIT BR A RBLEHA -
Brz JLEECHEEIN L 7=, —5. VIP3 OIFEEIT BL LB O @I —@aicid Lz, %=
(2. PZE BR BEOBIINCEE - THF 3 ¥ 21 > HSP90 & BESI #i55: K+ D S AT AL A
MRESND Z 2P LM LIz, & 51T, BESI/HSPIO &R 7Y BR A A RliE s (CPD
& DWF4) @ BRIGHICZERFHZRADT 4 — XNy 7RI 70D bNA BR BEOE
HHEHERRICB DD Z B RS LT,

9. —BAOMRICBEH L TEET 5, A TIE, 7 u~ T OMELERZ T
L7 B ORBHEICEADLL 2 X7 HEDH> B, BEA D AFULIZED S SAM
syn.2 & VIP3 OAFFERD) BRKFHICHINT 2 Z L 2 /o7, ZORERIE. BRICE
LBI5FIRBEHIC E X~ DA TFIACHBE G- 5 ATREME 2 50 < SRR 5, it BESI

DG H NI BEELTE X MU AF AR TH S ELF6 & REF6 M3[FE I iz
(Yuetal., 2008; Luetal, 2011), £72, B A > H3 DV PUFREDOH A F LN T
72 Tg o T2 elf6 FEINIE AR KL O ref6 229K BARTIE, BR DI MBS O I B #11H]
ENDHTEPRHREINTVS (Yuetal, 2008), b DFFERENSEHET L L, K

W% T RO 572 SAM syn.2 <° VIP3 §, BR IGEMEEL+ & A ICHIE LTV 2 afaErEN
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Bxbhb, 5%, ZUH 2 OOX R TERRETEENZHLNITH T LiE, BR
s, kU BRAKIFI 2R R BLH B OB IC L > TIRFICEETH D, K
FFETIX, ERRO B XA R DA F AL Z X7 B LRI T ' FAARIZ B B
X X7 - HD2B % [AlE L=, Wuetal. (2003) (X, HD2s 236k~ 22855 K 1 & fE &
L AREMEZFER L T D, BES1 °Z D/ N7 1 7 Th 5 BZRI X BR [EHIsED EE
HRH K1 Cd 5D T, HD2B 7 BESI ®° BZR1 LfERTHME I M? Fim, £ Th
L5IE, ZNODOMEED BRARFIINNE 502 Lo T2 BB Z L. BR1F
WIREIZBITLE AN ORT EFUUEOEREZRA SN T S LT #ERD LTS
ns,

WIT, ZFHDOHRIZOWTERT H, AHFFEIC XLV . BESI/HSPO & 1475 BR
T MIEEE I L7z BR EGGEIZ T (CPD XN DWF4) ORBIREICEE CTHHZ L %
HHTRENnTz, 2, BANKRAIZIZ HSPIO HH A E T % ATPase IFMENMHTH 5
Z &b inote, CPD, DWF4 WEE 1O BRIGHRIBZIIKITF L7 4 — RNy 7 3881
(X, W4 BR BOEFMHEMER ICI W THEERZEAH S 2 LHEIN TS (Tanaka
etal,2005), 2D & &FETDHE, BESI & HSPIO D%y 1-FiIFH A VEFHILNAE BR D
TEHEPEHERF 2 D 0D — I Th D LHEESN D, RKITIZ/Z2 Y BESI 78 BR A&
FRIBIEF & e 250 FEO B ZAEMIC T 2 2 L 3w Sz (Yuetal, 2011), L7z
28> T, HSP90 @ ATPase %172 BES1 DARHEAS T DIEBUZ G % % 50 8 & M FEH) (7
N5 Z &iE, WA BR BEOEEMEMERFO A2 59 BR /775 T T BES1 287 2 7R
ZTF 1T % BESI/HSPIO HAEKRDEEIDOIHIZERN 5 L bh b,

BESI/HSP9O #EMRN R ALFEHIAE L L TIE, WS ODDRMBEZ SN

5o Bl Z1E, HSP9O IZ BIN2 (2 k5 VU U Ee{k7»5 BES]1 #f&i# L. BES1 #Z&E{LL T
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WHAEEMET®H D, B MIEW T, HSPIO IX Akt ¥ —F LA KEZEKT 5 Z & T,
ZOMEZRZENLLTWVDZ ENMBN TS (Basso et al., 2002), Akt ¥ —E I
RADEITRA AT ORI & TEHERLRENET 2 R-THETH D, Akt ¥
—+ & HSP9O DEAS LA LE S NS L Akt T2 X F b, a7 7 YV —A
\ZK D00 %w%20T 5 2 LS ST\ 5 (Basso et al., 2002) . LA E DA R & F % T,
R DR % 3L T 7=, BESI/HSPIO A RO A LE S5 & BES1 2 BIN2 2L 5 Y
VAL A Z T AR ET D, EOREE, BESI 24 L7z CPD &N DWF4 O 7 4 — KX
v VRBUCEFENEC O Ly, £z, B EITHNCRO X2 2@ b & 2 56
N2, TERTOMFEIZ LV BESLIX, U Ukl K 2HHNIINZ T, -l E Mg E) &
DNA FEAREDOHIE 25212 2 & BRHE S TS (Vert and Chory, 2006; Ryu et al.,
2010), HSP9O I Z 45 DMEEIZ B> TWE D0 E Ly, 5%, LLEOATRENE
ZRRREL TS Z & id, BRIFHAREIZIS T 5 HSPO/BES] & 1A DHERE O 5 7 fif 7
WZERLEEZOND,

HSP90 7% BES1 LISt BR fHHURER 1 & 41 MAH EAE A 2 a3 5 FIREME 2 i
NI DL UEROHIERED 1 >TH D, FFIZ. BESI LIHEFITHWMHFAMELZFF
BZR1 73 HSP9O L AR ATER T 5 E 2 DEHLNCT 2 Z LIFEEE Bbivd, £
7z, BTIZ72 Y BES1 MUY BZR1 OREREZ AICHIET 2 U o Fe{bi%3E ThH S BIN2 73
HSP90 L EAIRAE AT 5 2 & ANl S 47z (Samakovli et al., 2014) , 241 6 OFE R IE
HSP90 7 HEH D BR 1 HUSIERF L EEERELERT D Z & 2R d %, FFk. HSPIO
EREAT D BRIGBRIBERN T OREN DN | EEAEOEEI N HEININD Z L)
Wrrshd,

Ipenberg et al. (2013) X, & FOH HMIRIZF T HSPIO 7% K demethylase 4B
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(KDM4B) ¢fERT D2 L THREDZENEZ®mD D Z & aWE L7z, KDM4B (I, t
AMCH3D9FERE 36 FBDY U URIEDOA F AL T, 5 HIEIZE - T
W5, ZOMEHRSEIL, HSPOO N7 u~F L VET U U ZIClbA Z L2 R"E 35, L
RS> T AMETRELIZE X MOz Lic/n~vF L VETY U 7ICl8b5
BRI GBS /37 B & HSPIO & DA Z 2D Z & 1T RZBEE N,

LLED X912 EH T v A XF X T87 Ml % F 7= BB 2R T I

RIZ & % s 7R B EBE b 28 & X0 B E RN 2 LIgkTh Lic, 574,
A a FIZHE ST, EWVR T 208G 0NTZMRERBESNCHT 72D, K
DX IRMFEE B 2R T D, —FRIC, A CHIL L2 ERARZUHEL, BRIZK
LB FHRBEIEICHD IR FE2FICEZFAET DI L ThdH, —FHAIC, T87 MiflaT

RN LT 2 U R BRER v A XF X ER CRIZTREZHS NI D
ZETHD, ZFBIC, HEHEM~OM RO E LT, B o8+ 2EM
MM ~EER L, Th O ORBAF DL ThoD, E/o. RNA TR E
R EDOFEERANT A=Y VBB FORAEZRILIE S Z & TENLL OABRE
HE L, F7o. BEMMHOMREZRE T D, HERP D, AARTIEMEENRBEE M
HHZAEMORIENFEFE LFIRS TS, 22T, WFEH L L TREBHRICNDD F
BIZEY ., ChOBEFICEREZET 2EMEERT 2L ThHD, DED . RARER
AR LIAEWOEM NS ERROBEFICERZ AT 2 K% 85 FICRE LT
17<, TNEFETT D7D FEE LTIE, Targeting Induced Local Lesions In Genomes

(TILLING) #2152 b5 (Wangetal., 2012), LA ED X 9 72582 %1735 Z L T,
ARBFGECTHF B AT LA R IR INCER B A b U RTREZ 7] B S S/ AF O BRI

AT E2HF LTS
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HRIEY « 7T ) AT A R & 58 s 7RI E A2 BT 5 AL a T

YR NLEY « T T 7 AT a4 K (BR) IZHHORAE - EBFE O % 72351

THELHZDZENMLNTNS, £, BRIIMEMR. HoNEEk, hoist, ~
A F~ AR OIE, AW TR R OIEEYFHIA b LRI 2t & B R
HERMEYOMWEIZC O REREELER D ERHEIN TS, 22 20 FHICATH
Nz v A XF T 2 Ty FBIR SR FEIE. BR [FHAREICE T 2 PR 2 R 12
HEIETE, MRICHNT 5L, MlRimlZd 5 BRII AR L BR O & 2214
(A S OB N T L7 & X7 E DU B b - Y U BREEOS AR Z 0 | k&Y
IZ BR DI AT @ WM A R 2 FEO R G A  BES1 & BZR1IICZ T ES D,
EOIC IR b S NTom 2 R BN T S OBIBFOREBZFHFES L 3T 2
ETL BT ARTZ L 9 e BRICK 2R RAMEIG N E»riLd, Elo X 512 BRIE#H
BEEOZEITIMP S TE 7203, BRAKFAZRBERFORBHIEOFEM, #lziX. 2o

RO P TS 7 BRI &E 2 R b 20,

ARBFFETIE, BR TEHURED D THEO 2K G Z AP LV TRAT 52 %
AEHRE LT, £7, BEHPHFIEICLVANAE BR 824k dlcref X+ XF
T87 ME MM D% & X7 B OB E & “IRITTESIKENEIC & 0 AT Lz, 2 Off
Ry GESSLROZ NI H ARy beRHT 22 LIS LIz, ZRHDOHT 16 D
H %7 81X BR BO EFIE U CIFEERNEMNT 5 2 &, F72, 55 MITIFEREN B

T 52 ENHBMNIR -T2, VT, LC-MS/MS T 21TV, BRI K U FF1E 5 A HE
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THXNRIEISHEERE L, RELEZZ 7B H 11 #ik, TREY, R
ERRE SN X I EThoT=, £, ZOHFIZIL NAPL;2, SAM syn.2, HD2B,
NAPL;1 MFFELTZ, TS 4FEOX R E X7 a~F VTV 7ICE535 2
ENHBNTWVDHDT, BRIEREELEZORICEZ 2B TRAREICE T/~
FUMEDOEANEETHD LEZXBND, MAT, ERORREIL, WIS HEIZ K D8
HEE L T RTBRIKENEDM AR DR, BRAKTFHIZEE S » /30 B O %8 & RN
BT DI LI FETHLZ LEZRLTND,

WIT, T87 FEMfa/» SR8 L7 BES1 2 & Te & R EEA RO RN 21T
W N—= R = BRI L LTy a2 D HSPI0 W) CRE L7, £72,
N4 BR BEZ B S5 &, BESI & HSPOO D4y TR AAEH 7217 Tl <. 480 kDa
LU ED 5y 5% 773 HSPOO A KD AMEE S LD Z &3 oTz, & 51T, HSP9O
® ATPase IEHEDOREA] « F V¥ F~A > & 0BH 2% & BES1 & HSP9O D4 A3 H
FINDHZ L, KOBRABGHELR T THLD CPD & DWF4 O BR KAFHY 72 58 BAM 23
Blebhd ZERWLNERoT, ZRHOFFEN S, BEST & HSPIO D4y 1-[EFH A FE
HNBRIEHRIEE ., ZNE N LIZNA BR BEOEFPEHERFICEE R %8 2 27 LT
5 LR S T,

D XA RIL. 7 a~TF o VET Y 7 & BESIRGKF T3 5 HSP9O
D ¥ 1 AGMED BRIFHIRE & T 5] & e < BARFFEHMH O 73 7 Hms o — i &

HoTWDHZ EZWDTHLNT LT,
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% 6FE Summary

Biochemical analysis of the mechanism for regulation of brassinosteroid-responsive gene

expression in Arabidopsis cultured cells

Brassinosteroids (BRs) are unique polyhydroxylated steroidal hormones that affect a wide
range of plant growth and development at an extremely low concentration. They also control
several important agronomic traits, such as flowering time, number of branches, plant
architecture, biomass production and seed yield, and tolerance to biotic and abiotic stresses.
Over the past decades, molecular genetic studies using Arabidopsis plants have made a great
progress in our understanding of BR signal transduction pathway. Briefly, upon the binding of
BR to a cell-surface receptor BRII1, its signaling cascade progresses with a series of
phosphorylation-dephosphorylation reactions in both cytoplasmic and nuclear spaces and finally
activates two closely related transcription factors, BES1 and BZR1 that together regulate
thousands of BR responsive genes, thus leading to the numerous physiological processes
mentioned above. However, other aspects of BR signaling-mediated gene expression, such as
the involvement of other nuclear proteins and if so, their functions in it are largely unknown.

Therefore, for elucidation of the whole mechanisms underlying BR signaling,
biochemical characterization was firstly performed to reveal the nature of nuclear proteins in
Arabidopsis cultured cells grown under different BR levels. As a results, it was observed that
sixteen spots increased in their abundance in response to high BR contents among 551 protein

spots detected on the 2D-PAGE gels, while fifty-five of spots decreased. The result indicates
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that 2D-PAGE combined with pre-fractionation of nuclei is an effective approach for
investigating the BR-induced changes in nuclear protein abundance. Then, LC-MS/MS analysis
was carried out to characterize proteins derived from the 71 spots fluctuated BR-dependently in
their amounts, and identification of 35 proteins was succeeded, among which 11 proteins were
reportedly nuclear-localized. Among them, three proteins (NAP1;2, SAM syn.2, and HD2B)
were recognized to be BR-induced while two proteins (NAP1;1 and VIP3) were BR-repressed.
All five proteins have been reported to be involved in chromatin remodeling. Thus, this finding
strongly suggests that changes in chromatin structure are crucial for BR signaling-mediated
gene expression.

Next, affinity-purification procedure was employed to characterize a protein complex
containing BES1 and successfully identified a molecular chaperone heat shock protein 90
(HSP90) as a novel partner. High BR levels promoted not only BES1 interaction with HSP90,
but also the formation of HSP90-containing macromolecular complexes with more than 480
kDa of molecular weight. Geldanamycin, a specific inhibitor of HSP90’s ATPase activity
caused prevention of BES1 binding to HSP90 and also disturbance of BR-dependent expression
of two BR biosynthesis genes, CPD and DWF4. These observations suggest that BES1/HSP90
interaction plays a crucial role in BR signaling-mediated feedback control of endogenous BR
contents through regulation of the corresponding genes.

Taken together, the current biochemical study firstly demonstrates the involvement of
both the chromatin remodeling process and the chaperone activity of HSP90 targeted BESI in

BR signaling-mediated gene regulation.
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