BhplE

AL BZT T b= DM 2 DT L IR Ca?' s 7 - WA R O R PR R

1543

e w5, dh IEM

] LR R E AR FTE R

B ZE Calmodulin (CaM) IZEEAMIZH W TS M EIRFENTE N TBED—2THY, ANV T DT
(Ca?") FEET —7 ThHH4-DD EF hand #ED ARSIV TS, CaM I E Ca? K FFRINTHE I 2 o R A~ T 52 &
T, ENOIER ST O E PR RE A ZAb S E DT LIS IO HIGHE, o8I, BT3B, MfkFs 4, /Wil DL Rk e
HSEAHIEIL VD, BIEETO 40 EROBIZEND, Zo 0B WbBESE, B B S, MBI RE L /3
B, 7T N T —8, BRI L0 CaM R FEIES I, BUEIZRW TS, EHITHTHEZR CaM 1)
FIRFE RSN TODBIEND, RN LT D T FIURERIE O FEEINRIBSN TS, FAEITITET 1T 43
I AR HT A T ERER R ERFZEIZ R, T ROt 725 Wolframin X° PRG-1 728 O#Hil7e CaM #1453 1% [FlE
FTRHIENTE, Fillle Ca/CaM ARTFRI2Y 7 IARIERBE DIFAEZ IO L T&E Tz, — 7, CaM BRI F & [FIE T
L7 a7 A AMRNTIX, CaM ZERGHIAZ FIW GRS D CaMAZR) 43 12453, LC-MS/MS (B &0 018 128
DRIET DD THHD, KFIETIEL CaM £ LU AAER T 555 122 X B CERWIE R B D, A
FETIBWTUE, WD LT F U REZHD Calmodulin (CaM) DFTBIZRAER) 53 1% (R E 3572018, T 18T LB
LIS ) LUAR CaM fEGAZ) —=2 7 &K 19676 FEEHD GST @G22V EITK L T To7, i A7) —=
V7 DFER, Biiils CaM FERY 5y - £ LT striated muscle activator of Rho signaling (STARS) #[FI7EL, < ® CaM #& & HE
ZPRHT U7z, SRS N B LOBEE ML IZ 35 T Ca?'/CaM AR E P EamiIlZ STARS O N K (Alal3-GIn35) THH
AAERT2ZENMABD LI oT, £ STARS 73 F D2 FBARFRHTIZEY, 1120 & Trp33 73 CaM & DifE AT ZHRBR/K M
T THHIENRHBLNEI R 5Tz, SHIZ STARS O CaM F5 A HEKEZ BA (11e20Ala, Trp33Ala) 1%, SRF K770
IR A B O D RAERDZENTE L, ZNHORERIT, LIRS T ChD STRAS DOERETHLRHR AL /X
JEDOBIA TR B SN Ca> YR B 54 ) B - I B S A BRI B D AT REMEZ 7RI 5b D Lo T,

1. iRES

HlZe CaM AZ5y 1033 BEILTNDZEND, HefifiH

Calmodulin (CaM) IZTEZ AT I Tied @ ISR
FENTH T ED—DTHY, WL hAF 2 (Ca®h)
fEAETF —7 TdHH4->D EF hand HEIEDHRERLS LTV
%o CaM (X Ca?"KTFHINTHER X L R ~FEB T 52 &
T, TNOEER T DA B RE 2 2 LS D2 LI I0
INHE, IR, BAR B, R AE, il D%
KR7R AR BRIGE 2 HIIL CTD, BISEETO 40 FF[E OB
Mo, Z BT bBER , B TR bR, s
KRB RIE, TT =NV 77—, W mikir %
<D CaM K53 T HRIES T, BUEIZBWTH, EbIZ

RANT T DT F NARERIE DIFAE D RIB STV D,
AT T 0T A7 A M 2 T MR [R] E 5T
(28D, v hORdfHAR 5 Wolframin <° PRG-1 7280
Br#ile CaM W F a2 FRETHIENTE, FHEk
Ca?*/CaM {KAFIN7RL 7 IR ERR IR D IFAEZ BB
LC&E, —F, CaM BERS FERIET L2707 43I/ A
fIRFTIE, CaM ZRAGHRIAZ A\ GRS IR D CaM 12
HI5yFZFERIL, LC-MS/MS (&3 #riE) ICkFET
HHDOTHDHT0, KFIETIE CaM Ry -2 UTH
HAEHT 5507 7 XBICERW B R 13H L, 2T
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BT AV AT DR RAEBET D121, FAEIXERTE
2 cDNA 747 7V —H KD 19676 FFHADIEHL L 30
EEEH LT 71 A (Protein Active Array®) %
HWT, CaM fE/AZ—=2 T %4 T o7, ATFIEICEY
1ToTH7: CaM BERY 7y FREDMEFERIDD T ) LT AR
RRIEEDWTHRETDEELIZ, H72 CaM W)+
(STARS) (22N T DERIBEREMRAT 7> S HT 7= 72 M PN
VT MEBIRER R DFE ROV THE T,

2. ERAE
2. 1 Protein active array® (PAA)/=k£S CaM #2520
Y—=>7

PAA IT1F, ER5E2 R cDNA 747 70 —Hi3K 19676 i
HDORBLE N TEPEH SN TND, ZIDER X7
BT AT MR a2 B A GRICED A RS,
N RHilZ GST #7°L FLAG 27 DM IMS T, Al
NTZ 31X, GST WE —RERAEL T LA DIEIC
o~ X7 —MIEE STV D, 20 1536well
TLAD Iwell 1213 1 T S Z A~ TE S TR
0, S5IZ duplicate TH L/ ENHEIILTNDTD, &
7127 8D PAA ZREE ATV — =2 ZIAE LT,
(FRFE)
*Buffer A / Wash buffer : 150mM NaCl, 20mM Tris-HCI

(pH 7.5), 1mM CaCl,

* Blocking buffer : Buffer A + 5% BSA

s — R B Al
(Biomedical Technology, Inc) (1/1000)

« B A : Buffer A + Streptavidin-HRP (GE
Healthcare, Inc) (1/2000)

<3¢ t6.5 : Western Lightning ECL Pro (PerkinElmer, Inc )
+ ImM CaCl,

PAA DOIUED BV & Blocking Buffer 10 mL Zil1x.
T, EIRT1RFEIRZ L7, & D% Blocking buffer & T &%
ZHBRE, — K BURA% 10 mL 21z 4°CT—MRZL
7o TD, —RBUGHZ T 8ICHVERSE, Wash Buffer
Z 10 mL Nz, 10 ol L7z, W4 3 Bkl
Too WEVT, ZIRBUSHIZ 10mL Nz, SR C 1R RRE:
L7c, 2D, —IREOGAIZ T SIZHVFRE, Wash Buffer
10 mL 2002, 10 73 MHRE L 7=, ZOWes% 3 [E#0 KL
72t%, FEEHZDo<DE 10 mL MZ CCD HATIZEST
gt itiLz,

2. 2 STARS plasmid D&%

STARS %81 plasmid {ESZHV = PCR primer £k
I Table 1 |Z527,

2. 3 GST-STARS-Hise DE g H

PGEX-KG-PreS 74— Xbal, Smal il [R5k
ff1Z human STARS cDNA %7 7m—=7L7= vector
FAWTBL21 StarlZ&0 2 SR BT, Nik77r
— 2 NI 7 41— KNI B 7 ru—2Ara~ 57 ¢
—IZROKERILT,

: Buffer A + Biotinylated Calmodulin

Table 1. STARS %81 plasmid {E#(Z V7= PCR primer >k

GST-STARS (wild type)-Hise, 5’-ggtctagacatggegactgtggea-3°/5'-atgagacaatgatggtcggggttcacggt-3":

GST-STARS (13-381)-Hise, 5’-ggtctagacgccaagagegecctccggaag-3°/5'-atgagacaatgatggtcggggttcacggt-3":

GST-STARS (18-381)-Hiss, 5’- ggtctagaccggaagatacgeaca-3’/5"-atgagacaatgatggtcggggttcacggt-3':

GST-STARS (22-381)-Hise, 5°- ggtctagacacagccaccctggte-3°/5'- atgagacaatgatggteggggttcacggt-3':

GST-STARS (37-381)-Hiss, 5’-ggtctagacgcgaatgagaacagcatcagg-3’/5'- atgagacaatgatggtcggggttcacggt-3":

GST-STARS (1-50)-Hiss, 5’-ggtctagacatggcgactgtggea-3°/5'- geetgtaggceteetgggectg-3":

GST-STARS (1-35)-Hise, 5’-ggtctagacatggegactgtggea-3°/5'- ctgetgecaacctegggecaa-3":

GST-STARS (1-32)-Hiss, 5’-ggtctagacatggcgactgtggea-3°/5'- acctcgggecaagcetgatgac-3'

GST-STARS (Leul 7Ala)-Hiss, 5°- agcgecgetcggaagatacgecacagece-3’/5'- cttccgageggegetettggetgggec-3':

GST-STARS (Ile20Ala)-Hise, 5°- aaggcccgeacagecaccetggtcate -3°/5'- ccggagggegetettggetgg -3

GST-STARS (Trp33Ala)-Hise, 5’-atcagcttggeeccgaggtgcccageagtgg-3°/5'-gaccagggtggctgtgcgtatettcecggag -3":
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NI s
GST-STRAS % 8l vector (pGEX-STARS-Hise) }z OVA B
RFEBL vector |28~ T E I 7= BL-21 Star % 100
mL LB/Amp B HITHERE L, 37°CC—BrREE L7, il T
Bk 20-40 mL % 1L LB/Amp i~ 27— L7 7L,
ODggo fE=~0.8 £725F T 37°CCIRGE; & Z{ToT- +
D14, Isopropyl B-D-1-thiogaractopyranoside (IPTG) % #%
TREE 1 mM E725I0CUINLC 3 R G E E H 2L
T, Z T BEORBFEEIToT,
7o OB S BLR  O 4E  J OSERY
()
*B- buffer : 50mM Tris-HCI (pHS8.0), 150mM KCI, 1mM
DTT
*Lysis buffer : 10mM 34> —/L + B-buffer + 0.2mM
phenylmethylsulfonyl fluoride (PMSF)
GBS D R R A 500mL i3 LA bLAZ[A]
WL, @050 HE(4°C, 5,000g, 15 5D Ick>TELNZ
FAILE % PBS 20 mL Z W T Lz, BbIIZEA
~~ Lysis buffer % 30 mL M2 S&HEL, 50 mL = LEF 2B
LC, BE A iE L 7= (BEIL-2-D 10 Fx6 [H])
Ni-t7ra—2h7 50~k 57 1]
()
< Pk buffer (Ni ) : Lysis buffer
+Wash buffer (Ni ) : Ni-buffer + 20 mM A% —/L
+Elution Buffer (NI /) : Ni-buffer + 300 mM (3% —/L
P IASH AR 2 32 D53 B (4°C, 10,000 tpm, 15 47 L
TH T E G L2372, $2 0 T 1 mL &O
Ni &7 7a—A% FEHE 747 2% L buffer 15 mL 12
TPk %, it FiE2 4L 7=, Wash buffer 30 mL T4
IR R &% L, Elution buffer T H MO
GST-STARS ZimHSE7- (1 BB R ),
VT w7 =T A a5 4]
(FRHK)
< SZHiE L buffer (Glu ) : B-buffer
*Wash buffer (Glu F) : /L buffer(Glu )
*Elution buffer (Glu /) : B-buffer + 10mM 7 /v2FF4 >
500 pL BEOT NAHT AT ru—AE RHELIZAT A
(2L buffer 2 10 mL AN L7214, Ni-E7 71
— AN T L HE Sy 2L 72, Wash buffer (Glu )20 mL
T, B GST-STARS ZIEHSE7- (2 B R),

2. 4 CaM I77O0—XHZLOOVFI ST 1
()
< Ef85{L buffer : 150 mM NaCl, 50 mM Tris-HCI (pH7.5),
1 mM CaCl, 1 mM DTT
*Wash buffer : 150 mM NaCl, 50 mM Tris-HCI (pH7.5),
0.2 mM CaCl, 1 mM DTT
*Elution buffer : 50 mM Tris-HCI (pH7.5), 5 mM EGTA, 1
mM DTT
200 pL #D CaM &7 7u— A& FRIHLIZ AT LI
{t bufferl0 mL Z N Z Pk L7-#%, GST-STARS (40 pg)
S OY GST-SAMS (40 pg) & OGS H Tz, £ D%, wash
buffer 2 mL Z A YL LT, ZOVEZ 5 Al LIZ,
1% Z Elution buffer Z /1% CaM IR EZ DRER) /1%
fiRBfES 7,
fEWVCTIAHIE 2 10 uL &% SDS-PAGE 1L CREFTL, %
NWENDE I S0 5 0 R % Bradford 1£I128D
ERLLT,
2. 5 CaM-overlay ;%
(FRFE)
*Overlay buffer(Ca F/EGTA M) : 150 mM NaCl, 20 mM
Tris-HCI (pH7.5), 1 mM CaCl, or 2 mM EGTA
7y 7 Hl| : Overlay buffer + 5% AF ALY
«—RIGHA : Overlay buffer + Biotinylated Calmodulin

(1/2000)

« “W B A : Overlay buffer + Streptavidin-HRP
(1/2000)

< FEEAHE . Western Lightning ECL-Plus (PerkinElmer,
Inc)

SDS-PAGE #% D% )V} "=hut /Lo — A4 55
buffer TILETIEH (BALRTAZ N R) THAr, #ix
HRgEAZ T 90 43 10 VAREER G AT o7, it T
myX 7 (FiRIRE 1 RS LII4CIRE 1), —Ik
Ot G 184 % 1 BB, overlay buffer wash (318 15 47),
TWRBOE (IR 1 KEfE]) , overlay buffer wash (R IE
%15 77 [8) ONEIZEAEZT TV CCD I AT X > T L%
JeERRLT,

2. 6 GST pulldown ;#
(FRFE)
TTBS (0.15 M NaCl, 20 mM Tris-HCI (pH7.5), 0.05%

Tween)
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- 4871k buffer : B-buffer

-wash buffer (Ca HH/EGTA H) : TTBS + 2 mM CaCl, or

5 mM EGTA

CaM (10 pg)+GST (10ug) or GST-STARS (10 pg)

DIGRIEFAL LI NAETF A7 7a—A% 25 uL
BEINZ, 4°CT—BREENRFL 7=, ZD%iE 058k (4°C,
3,000 rpm, 1 53 L, ZAETFH &7 7a— A% W7
WD BB A% TEIZFRE LT, $iV T wash buffer 1
mL Z Iz, 4CT 10 53 FEEIRALIZ, ZO3EEE 5 [
MO LTz, Veliik, w0 B (4°C, 3,000 rpm, 1 57)
O _E¥EHE T EICHRVERE, 1 Xsample buffer 50 pL Nl
%, SDS-PAGE JEIZ IR L T,
2.7 BRIAESE
(FRFE)

+ 7L —h wash buffer

(pH7.5)

<HEFEIEINY buffer (Ca FI/EGTA Al) : TTBS + 0.2 mM

PMSF + 2 mM CaCl,or 5 mM EGTA

*Protein G sepharose (GE Healthcare, Inc)

-t —X wash buffer : #HAEFEY buffer(Ca FI/EGTA H)
*PBS

Transfection %, 5% 7'l —h wash buffer |V BEFL,

AHAEIENY buffer 300 pL ZM%x 1.5 mL =y~ Fa—7
Az R, B A L 72 (B EILS>D 10 B
X2 [m]), 1m0 EER% (4°C, 15,000 rpm, 104314, PBSIC
X0 b S 7= Protein G sepharose & 25 pL &1, 4°C
T 1 RFEERRFL 7z, £D%iE 05 B (4°C, 3,000 rpm,
155 LCibge B A%, THEITHILV 1.5 mL =y
v Fa—T~BL, FLAG HUik S pg Nz, 4°CC 1 FfHlis
FERFIL7z, il T PBS (2L Ffi{bS4u7z Protein G
sepharose % 25 pL &%, 4°C C—MrisEIEfILZ, D
iz Ly BfER (4°C, 3,000 tpm, 143 H) L CTHDIL R
B TESIZH BRE, B — X wash buffer & 1 mL Iz 7=,
ZOWEHE 5 BRI, Tk, 0o iR (4°C,

: 0.15 M NaCl, 20 mM Tris-HCl

3,000 rpm, 1 43f#]) O EEAHETEIZIVERE, 1X
sample buffer 50 uL 1z, 10 53 FEINIZEA(95°C) L, o
7= %7 V% FLAG $UfA J OV HA HURIZ LD Western blot
fRMTZAT o7,

2.8 N2TI5—EFvtT

()

* Luciferase Assay Reagent I1(50 puL/well)

Luciferase Assay Substrate % Luciferase Assay Buffer II
10 mL (¥ fELTZ,

300 puL §2537EL, -80°C TIRAFLTZ,

*Passive Lysis Buffer (100 pL/well)

5 X Passive Lysis Buffer % MilliQ T 1/5 fi#IZ# R L7,
*Stop & Glo®Reagent(50 pL/well)

VEEEIZSU T, Stop& Glo®substrate & 50 fi5 5D Stop
&Glo® buffer ZEA LT,

* Wash buffer : PBS
Luciferase Assay (Z{d Dual-Luciferase®Reporter Assay
System (7 A 1) Z-f ],

Transfection 1%, £5#& 7L —Na PBS TULf%, Lysis
buffer 100 uL Z WMz, =R T 15 4L HIZ2ELIZ, T D
MR AR 2 0.6 mL Ty A REANA, 13057
(4°C, 15,000 rpm, 3 43[#) L7z, ZH & 0.6 mL T
ANUATTEICE L OK RITE W, 0T, o7 Uk
By DOIE% 1.5 mL =2 50 pL 72507 LOK |
Wz, ZOY TN BN A—F— XNV T =T
—BIEHEEHIEL,

HIRRYARRIZ 10 uL 238 50 pL ~INZ CTE X740
Z 5 [EfToloth, W A—=H—THIELIZ, ZTDH#,
STOP&Glo ® 50uL Z /2. C 3 [ Vortex L, LI/ A—4
— CHIEEIT o7,

2. 9 Western Blot AZ#HT

R LR E 7 a0 7 Fl K OB A RIS IR X

Table 2 |20k 375,

Table 2. fEHL7-HURLT vy 7 &l o O UR AR TR

—IRPUE
anti-GST(1/2000)
anti-HA(1/2000)
anti-Calmodulin(1/2000)

ZIRIEFA
anti-goat IgG-HRP(1/3000)
anti-mouse IgG-HRP(1/5000)
anti-mouse IgG-HRP(1/2000)

A=YV
5%AF LIV
5%AF LIVT
5% A LIV
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3.# R
-PAA (&5 CaM BHIRFDRY)—=T

FT, BEAno CaM HE) > FA#E# L7 PAA ZHWT
CaM fEB> 7 V% PAA E TR CEDDERFELT-,
PAA IZ1F 6 DD CaM {&A7D R (L% (CaMKIIS-2,
CaMKla, CaMKII8-3, CaMKI§, CaMKKa, CaMKIV) &
JE CaM FEH94y - (Venus, IgG) AME#HEN TS, Z0D
PAA IZXfL CaM fEBG AT —=2 T %ATo7- /R, 2T
DB CaM HEH5y T OFEA S 7 F L DIk T,
LTI B G RICED GRS L2 6 DD
CaM {KTFMEY I LEEE L IE CaM Z) 5y F1F CaM
overlay {£& Western blot fi##T (GST HL44) IZ XA HIL 7=,
19676 FEFADERE R cDNA 747 FV— kD& 737
BEERAHLTZ PAA Z VT CaM #EB AV —=2 7 %4T
STFER, <D CaM Fi AT 7 A pfitianiz, 22T
L, RILT VA EDIZ-Z0ELTZ 3 ORI L RTED
CaM #5677 %R LT (CaMKIIB-2, the striated
muscle of Rho signaling[STARS] , LIM
homeobox 2[Lhx2]) ,
-STARS B U Lhx2 ) Ca?*/CaM DiE& & in vitro

CaM fEB A —= 7 THLALTZ STARS &Y Lhx2
23 Ca¥'/CaM LGB TELMERIET 572912, CaM &7
TH—ANT LI NI T T 4 — kR T o, EDRER,
GST-STARS 2 O} GST-Lhx2 [34/L 77 AMEAFRIC CaM
LIEATAIENHLNE 2ol ZIUTIEEMESML T
Ca?"/CaM LD HAFMZEW®T 5, XA T4 7 arb—/v
® GST-SAMS [FA A TSIV TUORNZEND,
Ca?"/CaM EfE AL TN Tz, IRIZ CaM overlay 1AIC
X0, BEHEIETICBITS Ca¥/CaM FiAEWMEELTZ, ©
DOFER, GST-STARS D Ca>'/CaM # &5 7 F/V 3 g
iz, —7, GST-Lhx2 |Z Ca*'/CaM FE& 7 itk
HEhiehotl, ZOW, A T47arba— L
GST-SAMS & Ca?/CaM EfEA L TR oTo, DT 2
DOHFHHIR CaM ) 531-L 1L T STARS KT Lhx2 237
ESNTZN, CaM EDFESREITIHILMNIC I 25TV, L
T=h3o T, ZEPESAE BT Ca?t/CaM EDFEA HLAN
PEAMRY STARS ZFEMIZFI R T Z&IZLTE,
:STARS ) Ca?*/CaM #5& $EE D R E

LFARIEIEIZ LY, Ca? f#1E T DI GST-STARS &
CaM 2’4245 L C 77kDa DNLE ARG PEM D3 R HH S 4T,

activator

GST-STARS (% 64kDa DN EIZHDHIEND, ZNHD5)
FEOZEIY, Ca*'/ CaM1 47175 GST-STARS ~fiiaL
TWDIEDBAGNEoTZ, it T STARS D Ca*'/ CaM
fE O A [FE T 5702k N R K HRZE Bk
(13-381, 18-381, 22-381, 37-381) 2 O} C Rt R HEZE AR
(1-32, 1-35, 1-50) Z{Epk L7z, CaM Overlay 1£IZ40,
13-381 A HAKIT Ca?*/CaM FEGDRHISILIZDITRIL,
18-381 ZEFUKTIL Ca¥/CaM Fi B &M T& -T2,
—J7, 1-35 ZERAKIT Ca?'/CaM FifE ARSI
L, 1-32 28 BAKTIE Ca?*/CaM FE A 2 H TE -T2,
INHDOFEFEY, STARS ¢ Ca/ CaM fi A ekl X 13-35
T BEFEIRNICAE T AZEN BN/ o T2, IRIZ,
Ca’’/CaM-STARS DO AA/EM AR 9572012 GST
pulldown 7£%4757-, GST-STARS (wild-type) I% Ca?*{i
975 CaM EDOFH EAEZ I CET, —J7, 37-381 42
FLAR KON GST Tl Ca 7+ & EGTA f#E FOW 5T
CaM O BEAERZMIH TERh o7, ZHHDFERLD,
STARS ® Ca*'/CaM it & fIEI L N RIsIAFET HZ LM
e DBITZ, EHIT CaM [ TAEH) I3 1D 2O DBRKIMET
UBREREE T HIENHBITNDD T, STARS O 13-35
T BRFEIRN O BOKYET R k% Ala (ZEHRL 72 25028 B
EAERRL, EDBUKMET /)Y Ca?t/CaM fi &I Z B EE
Th DD, CaM-overlay TEICIVIRFEL =, & DHE R,
STARS 28 BAKD Tle20Ala 28 FL{R L Trp33Ala B AR T
Ca”"/CaM FEAHEDS wild type [ZEE~RTIEF I LTz,
—J7, Leul7Ala ZEARTIX CaM FEA IR L o7,
ZNBHORERIY, T1e20 K& T Trp33 7% CaM fE A IZHZH T
HHZENHGNER T, STARS & CaM EDFEAREIT,
CaM #EATEEED 1 DT D 1-14motif EFHF 1T LML TU
HZEDRABEI ST, BURIERNZLIZZD 1-14motif 1
HHEENY) (mouse, chikin, zebra fish) IZB W TERIESIL T
WM, I HEENY) (C.elegans, Dmelanogaster) Cl3f%
FESN TR T2,
- BN $ (15 STARS & Ca?/CaM DHEEER
WITHAEEMIZF1T D STARS & Ca?/CaM EDOAHAAE
HZMEET 572912, COS-7 AT HA-STARS (wild
type) HL<I% HA-STARS Z ¥{K (1le20Ala, Trp33Ala) %
—iBMRBLE, ZOMIET A& —MIxfL CaM-overlay 7%
ATl TORER, KIFE I THILSHET- STARS [FIEE,
BRI CRBISE 72 STARS & N RuGFE T Ca> K
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TEIIIC CaM &#EA LT-, HA-STARS 725 5414 (Ile20Ala,
Trp33Ala) Tl Ca*'/CaM &ftf TEARWZ LA fifEsd Lz,
e TR M 2 I S Z IR E AT o 7o, £ DRER,
HA-STARS |3 Ca? {7/£ F COH FLAG-CaM A A/EH
L CHRERES Iz, ZOZ 1T, Mz
STARS & Ca*/CaM 2MHAAEHL TWAZENRIEEIL
77
-Ca?/CaM 1 STARS 2N 9 BRI RIFTTHE
STARS 3z 5K+ SFR ZiEMEA LT 52 E12LD
SM22-promoter Z /L CHA G- i 23 HZ LM ENIHAT T
%, L7235 HA-STARS % #{K (I1le20Ala, Trp33Ala) &
T Ca?"/CaM B RIETHEL N T 2T —ET v A
WCEVREELT=, £ DfE S, HA-STARS (wild type) I
SM22 N7 =T —EBIEHERK 11 FHENSHET, T,
HA-STARS % 5 (A (1le20Ala, Trp33Ala) Tl, SM22 /L3
727 —BIEER 23 FHINSE, INHOR R
Ca?*/CaM 7% STARS %409 5853 HiA &Ik LT
AZEHIRIERLTUWA,

4. % &,

7 ) BTARAI ) —=2 7 % W= Fiie s Calmodulin
BERI S DOBRZRIZED, Hrll CaM IEHI5) - STARS %%
RIHZENTET, STARS (X7 7F > EfEA T Dk
HE DR R RO LU CRIES I, T MO KE)
k%A %2452 LT, STARS @ mRNA L UL Lg T
up-regulate DT ENENHI T D, STARS DA RE
X7 7F U fEREBUC, SRF (RIFANZEREIENE 2 HI%
L, i AR D 53 1b - HE5E - iR 2 A L TD, et D
WFZE T, STARS @ mRNA ®IIAFRIC AT AT DR
==V T EATHZETHIINESY, — LI~ 2D
Tl STARS OFBLEDHFD DHEINTND, Zih
DHEIEEY, STARS D FE B3 P AE RS A A HE A 53
oW ERRNRHDHZEH R L TND, LU,
FHIHE I L DRI E D XA STARS DFEREZHIFEIL T
WDINEARHTH D, Fex OWFFERERIL, Ca?*/CaM 73
STARS DHEREIZE > CEHEZRHIHEIA F CThHZ LA 58<
RRL WD, EfiiiL72%<?D CaM FEEEBRAZEBUT in
vitro S OBEHINEIZERB T, STARS 13 N REGHEK T
Ca¥ {K(FMIIZ CaM LHERTHIENHLN Lo,

STARS /SZEFIKICZEY STARS @ CaM ik BT REIE
1-14motif (Myosin Light Chain Kinase ® CaM fi& &Kk 2UER)
EIEFNZIMBITOAZER LT, BL EofESIE,
STARS OERENFHINMEAZFHE S D Ca¥ A A IRE E5-
WZEOFEISND FTREME DN RIB SN DRE L/ o T, EHIT
e x13 Ca®/CaM #f G HEAZ KR L 72 & H (KR
SM22-promoter JEMEESHIZ RS EEMERBLTZD
T, Ca’’/CaM 7’ STARS/SRF f& &Iy~ CHFiSH
WiBIs FOBRGEZAICHIEL TWhahbLiten,
Calcineurin <° CaMKII Z & 3o /L0 A7 F NARER:
B, B rRBICB W TEERZE ZH-TEY, O
AERDIRK ThHHZENHESIN TS, Ca?*/CaM (T
&% STARS Z 919 HHA G EIOIHNL, 5 WML AL
T LEITUTCBAG FIEBLOWERE D T2 R BRI
HE NG LR, LARTOHE LA ERE R A Z 8T
DL, Fox IXEHE O RAFEBL T THS STRAS
DIERE THDHIA 5y 1 DBIS TR ELFEI LML Ca?*
TR b 5% D BB A BE 2 HE R I BT B FT R
NHZ L%, KMFFRNDIRE T HIENTET,

5. #

ARIFFENL AT T E N Vb YA = A FE U A
JEIEK (1543) IZEDBAT DI LM ATEEL/RD, AMFIED
— LA T DR 3L &L C Cell Caleium 35122016 4 4
H 13 APl BN IR EL £ LT, Z2IZREA THIE
ERLUET,

Identification of Striated Muscle Activator of Rho
Signaling (STARS) as a Novel Calmodulin Target by a
Newly Developed Genome-Wide Screen

Yusui Furuya!, Miwako Denda’, Kyohei Sakane',
Tomoko Ogusu', Sumio Takahashi’, Masaki Magari!,
Naoki Kanayama!, Ryo Morishita’, and Hiroshi
Tokumitsu®* (*Corresponding author)

Division of Medical Bioengineering and 3Department of
Biology, Graduate School of Natural Scienceand
Technology, Okayama University, Okayama 700-8530,
Japan

2CellFree Sciences Co., Ltd., Matsuyama, 790-8577, Japan

Cell Calcium (2016) in press

-132 -



No. 1543

Comprehensive Identification of Novel Ca**-Signal Transduction Pathways by

Interactome Analysis

Hiroshi Tokumitsu, Masaki Magari
Okayama University

Summary

Calmodulin (CaM) is one of the most highly conserved proteins in eukaryotic cells. It is composed of four
EF-hand Ca’'-binding motifs. CaM shows Ca?'-dependent interaction with target proteins and consequent
alteration in the biochemical functions of those proteins, resulting in the regulation of a large number of
physiological responses including muscle contraction, gene expression, immune response, secretion and regulation
of the central nervous system mediated by an increased intracellular Ca?>" concentration. Extensive studies for
over 40 years have identified intracellular target proteins for CaM, including Ca?"/CaM-dependent protein kinases;
phosphatase; adenylate cyclase; cyclic 3°, 5’-nucleotide phosphodiesterase; nitric oxide synthase; membrane
receptors such as NMDA receptor and IP; receptor; scaffold proteins such as A kinase-anchoring protein AKAP79
and Gravin (AKAP250) and cytoskeletal proteins including unconventional myosin and actin-binding protein.
Presently, CaM binding proteins continue to be discovered, suggesting that the physiological functions of
CaM-mediated intracellular Ca®" signaling pathways remain to be investigated. Previous studies using a
proteomic approach have successfully identified CaM binding proteins from the mouse and rat brain including
novel CaM targets, indicating the existence of novel Ca?’/CaM-dependent signaling pathways. To search for
novel target(s) of the Ca®'-signaling transducer, calmodulin (CaM), we performed a newly developed
genome-wide CaM interaction screening of 19,676 GST-fused proteins expressed in human. We identified
striated muscle activator of Rho signaling (STARS) as a novel CaM target and characterized its CaM binding
ability and found that the Ca®*/CaM complex interacted stoichiometrically with the N-terminal region (Alal3—
GIn35) of STARS in vitro as well as in living cells. Mutagenesis studies identified Ile20 and Trp33 as the
essential hydrophobic residues in CaM anchoring. Furthermore, the CaM binding deficient mutant (Ile20Ala,
Trp33Ala) of STARS further enhanced its stimulatory effect on SRF-dependent transcriptional activation. These
results suggest a connection between Ca’'-signaling via excitation-contraction coupling and the regulation of

STARS-mediated gene expression in muscles.
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