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SUMMARY

L Titde
Systems biology for sarcoplasmic reticulum and cardiac hypertrophy

IL Research Aim and Motivation
Final goals: The aims of this project are to examine sarcoplasmic reticulum protein
network and to study Ca®* signaling-associated cardiac disease focusing on the

dynamic modeling of the hypertrophic process.

Goals of Research Step 4:
¢ Investigation of cardiac sarcoplasmic reticulum systems

¢ Network dynamics analyses in cardiac pathogenesis
* Gaining of foothold in development of next generation drug through a modeling

III. Research Contents and Proposed for the Studies

» In-depth study on the principle components in cardiac sarcoplasmic reticulum (SR)
and calcium signaling systems
¢ Investigation of pharmacological and physiological functions of the principle
components in cardiac SR
¢ Characterization of new mouse cardiac genes
* Imaging of RyR complexes and interactions

P Investigations into the regulatory mechanism of cardiac hypertrophy development
based on mathematical modeling and dynamical analysis

¢ Investigation of regulatory mechanism of physiological or pathological cardiac
hypertrophy

¢ Development of an extended mathematical model for the calcineurin/NFAT
signaling network

P Integrative analysis of the multilateral omics data on cardiac hypertrophy

¢ Investigation of the transcriptional network in cardiac hypertrophy

¢ Investigation of proteomic network in cardiac hypertrophy

¢ Identification of the principle network for cardiac hypertrophy through an
integrative analysis of the multilateral omics data



IV. Results

» In-depth study on the principle components in cardiac SR and calcium signaling systems

O In-depth study on the biological functions of the prinicple components in SR

Network analyses for interaction among the principle components such as VDAC2, HRC
and HLP in SR

Investigation of inter-relationship between SR and mitochondria by the interaction
between VDAC2 and RyR2

Investigation of exacerbated cardiac function and apoptosis by the expressional
suppression of HRC

Investigation of phosphorylation of CREB by cardiac hypertrophic signals

Investigation of relationship between mechanical stress and Na*-H* exchanger

Network analyses for cardiac novel genes

Network analyses of cardiac novel genes on cardiac hypertrophic signals
Investigation of cardiac novel genes involved in cell structure and splicing

Construction of 3D map for RyR complexes and their interactions

Structure analyses of RyR complexes with CLM, SERCA2, CSQ2
Investigation of interaction map for RyR complexes based on EM map

» Investigations into the regulatory mechanism of cardiac hypertrophy development based on
mathematical modeling and dynamical analysis

O Mathematical modeling and dynamic analysis of the signaling pathways for cardiac hypertrophy

Construction of extended network for cardiac hypertrophy and the mathematical models
for this network

Establishment of mathematical modeling for physiological and pathological cardiac
hypertrophy

Comparative analyses for physiological and pathological cardiac hypertrophy using the
mathematical models.

Investigation of mechanism of cardiac hypertrophy based on the model of calcineurin/NFAT
Establishment of mathematical modeling for calcineurin-NFAT

Investigation of the mechanism of cardiac hypertrophy using the model
Experimental confirmation of the predicted mechanism



» Integrative analysis of the multilateral omics data on cardiac hypertrophy

O Transcriptomic network analyses for cardiac hypertrophy

* Investigation of quantitative differences between physiological and pathological
hypertrophy using transcriptome by NGS

e Investigation of qualitative difference (i.e., alternative splicing) between physiological and

pathological cardiac hypertrophy
¢ Investigation of the important microRNA networks in cardiac hypertrophy
« Investigation of transcriptional regulators using ChIP-on-Chip

O Proteomic network analyses for cardiac hypertrophy

* Absolute quantification of the principle proteins in SR
¢ Analyses for dynamics of the principle proteins in SR

e Establishment of the method for the efficient isolation of protein using surfactant and organic

solvents

O Integrative analyses for the multilateral data for cardiac hypertrophy

e Establishment and release of web-solution CIMDS for the integration of the various omics data

* Experimental confirmation of ER stress network dervied by CIDMS on hypertrophic signal

V. Applications

» Establishment of knowledge infrastructure through the systems biological analyses for
calcium signaling systems

e Possible new drugs development based on the integrative understanding of cardiac
pathogenesis

* Building technology infrastructure for systems biological analyses which could be applicable
to other model systems

» The transcriptomic data by Next Generation Sequencing (NGS) can give more significant
insight for mechanism of cardiac hypertrophy

e The mathematical modelings could help increase the afficacy of the therapeutic drugs,
since quantitative analyses could be possible

» CIDMS, web solution for the comparative and integrative analyses of the various omics
data can be the alternative for the expensive softwares such as IPA and PathwayStudio.
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S Piotes s eriltve reolon(1233-1368 > L2 dfﬁr‘(‘)‘;";(:;"luo PEZABIncing
. — U4 EdHolel
B Bead GST Dcl Del Dal
26 kDa—sg el = = = IRz GST-pull d
- - - g = “ ’ .‘. £ e} -pull down assay
26 kDa . ‘ . é‘]’}. Aﬂﬂl_:l_aﬁ
— = — | Eddol(De3)el M SHH R
l _—— HLPS} =28 o
£2ER —
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(2) HLP2} Caveolin3 (Cav3)®] A& 28 1174

O-

Ao A WAL o] L8t Al W o HLPS Cav3 o A5 zg 3

O v~ A% = 170 or
AeFAS (L9 22)
O Mammahan/‘ﬂ;_ U 23S $% HLP 9 Cav3 4 A} AlZE 3, mammaliant 3£ Yo 42 &2H

Co-immunoprecipitation of HLP and caveolin3

s &
1P a-HLP . S e IP: a-cav3 &5 <
S = s = s = =& LS
BoHLE — s:arHLe - pr——
B:a-Cav3 | — | — B - Caw3 | — —
B.
-
& .
& S =
e S =5
1P a-MMvc =5 = S a
=< = T
SCR— -

— | ———
wWB:o-flag

% 22 (A) PR A A AL WA A3 HLP 574 A
A (

el WARY F 22

oo

(2%F) = Cavd 54 A (LE2%H)E ° a4
Cav3 (¥%)¢} HLP (2E%)7} 43 283H= western blot 7| o=
&9l (B) HEK293 Al W myc-HLP®} Flag-Cav3S A7 ¥

myc 574 GAE ol g3tol WMol AFeol HLP-Cavde] FEAEL

o] &+

T 1.

ot

2% 23 HLP 54 ZA & RyR2 5 A& o] &3
Hoadas ($ha HLP 58 & A9 cavd S TAE
o] g3t Weld MR (oF]). Rat A AT AlEZ oA <]
HLP-RyR2($1)$F HLP-Cav3(etel)e] ¥ & &3 o] A2

<3 (sarcolemma) T ol A S A 07 Lo
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(1) IP;S AAE . AU E fdsls 2R 50 9% &) CREB 943 =4 1%

O ET-1 (10 nM)Z} PE (10 uM)=> CREB UAFSHE Al2E 9]¢ F4 w29 Zo] & o
TINZ (29 24, L8%), 28 o] a3 S
ASke (¥ 24, 9%). &, o] 250 9|st CREB Ql4ts}of] Zo]

FSK - - + - +

- e ® % . J-: + 19 24. Western blots =3t /‘ﬂlit 2]
24 el WE CREB 9413 7,

CREB = B B A e - -;— /‘1]49/]7]_/\ 4—7]'02mMOE]T’q1
(%)= ET-1°14 PE°l 2]$ CERBO

QA7 YA ekgkot 2.0 mMYA
C - (0 22 CREBY| Q1AV3L w2
(FSK: forskolin, 50 uM)

0.2mM Calcium 2.0mM Calcium

O BAPTA-AMZ MXA U Zrg ZYolEAR vlud wE S22 Mxde 2wy A3E,
10 uM 2] BAPTA-AM©] A& US W ET-13} PE +%4 CREB ¢Ab3:= A3 743
(1% 25). ©]= CREB A7 AlE4d W 24 550 =498 ey

ET1 - + + - -
PE - - -+ o+
10 uyM BAPTA-AM_ - -+ -+

% 25 AlE
BAPTA-AM<S 10

ET-1, PE 54 CRE
pCREB

() =] °]§ CREB QM4tstelA psRe] 93 uz

CREB

= 1
N

M)

off
e

hv)

o

M

©

w
o
2
)
N
N
ko
<
2
:(:)L_',
it

O IPsR AFAI?] 2-APB (2-Aminoethoxydiphenyl borate, 3 uM)2} XeC (xestosponsin C, 10 pM)
£ AgAS W ET-1, PE 54 CREB UAtst= A9s] 4% (29 26, 27). ©] A3+
CREB 14Fsh7t 1p;RE] &/ sholl oal dolds &w| 3t

ET-1 8 + +

2-APB - - + - + - +

1% 26. IP3R AFHAIQ]l 2-APB &
A2l ge W ET-1, PE %4 CREB
QARSI % AEld

PCREB | s M -

ET1 I I

XeC

19 27. IPsR AFEAIQ] XeC &
GHER el gS W ET-1, PE +5% CREB
I3l BF A el
pCREB-”
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=+

(3) T2 2% CREB Q4319 x4 714 vz

@ ET-1, PEl 93t %4 CREB 214ts}te] o3t caMK 119} PLCY &g

O ET-1 -4 CREB ¢14F3}= KN93(30 uM), PD98059(10 uM), U73122(20 uM)ell 2] &l A 3f
0 GF109203X(5 uM)ell st Asfi= AL dojubA] §kSks (¥ 28). ©l+= ET-1
=4 CREB ¢1AF3le] CcaMKII, ERK1/2, PLC7} #ojgrs on|sh

ET-1
KN93
PD98059
u73122
GF109203X

L I I R T ]
1
[
| v v+

CREB

19 28. KN93, PD98059, U73122, GF109203X(Z Z+
CaMKII, ERK1/2, PLC, PKC A3 #1)* 2] A] Westwrn

blotS &%k ET-1 +%4 CREB 43} 7. KN93,
PD98059, U73122¢° °l&l ET-1 +%4 CREB 1437}
As] A%, PKC Al A9l GF109203Xell 2] st CREB

=1

QUakek oA wn| g

O PE %4 CREB 143l H89, KN93, U73122°0 oJ&l 5% A=Al (717 29) ] PE
12F3}be] MSK1, PKA, CaMK I, PLC7} ¥oigHg el

PE -+ o+ o+ o+

Hg9 - -+ - -

e . . T 1% 20 Hso, KN93, UT3122 (% 7 MSKI &
PKA, CaMK I, PLC A#)*2] A PE =4

CREB <14tste] 574 . PE %/ CREB
Aikst= Al 744 A @Al ol 25
AastRar, 53] ur31220l o3k gAavt S8

CREB

@ ET-1, PE®l § %74 CREB <14tsel & Msk1¥ ERK129] o3

o

O ET-1 573 CREB 214t8ks} PE 54 CREB 1AFsH= H89(25 uM)9t PD98059l o3l A
RS, 53] ET-1 54 CREB <QIAFstelA] H89¢t PE +54 CREB <lAFS ol A]

PD98059° &&t A3 &7t F=e R (L™ 30). ©I+ CREB {l4Fstel MSK1# ERK1/27}

Bl 9ee 9P



PE - - - - + o+ o+
ET-1 -+ o+ o+ - - -
H89 - -+ - -+ -
PD98059 - - - + - -

19 30. H892} PD98059(Z} 7 MSK1 & PKA,
ERK 172 A3l Al o8t ET-1, PE %43
CREB <21%ts}e] A &,

CREB

e -

@ ET-1, PES +%=4 CREB ¢l4t3}le] gt pRCe o3&

O PI; kinase AdHAIQ! LY294002(25 uM)= ET-1 +54 CREB ¢lAt3}bo] o} f-7l 93 e}
x] ekekom pKC AdAISl GF109203X+: 1AFsHE 7HA4AAI7. SHAIWE PE £ %4 CREB
AQikst= 7 AdlAlel o3l WMk &k (28 31).

g -t f f L s 1% 31 GF109203X2}F LY294002 (Z} 2} PKC,
BT - 2 Y . PI3 kinase AdAl) HEA ET-1, PE F 54
- CREB ¢14F3te] =4 GF109203x°l 93] ET-1
oRER =4 CREB QAtste 24ds] 7438kgl o
LY294002¢° oA 194 945, PE F %4
PCREB - CREB l4Fsh= GF109203X$F LY294002¢0 2] gt
HeE HolA]

@ F-EAHOZ [PsRE E3 ERKIRZ FAEE @43} A7]= PESF ET-1

O PE®} ET-1 +54 ERK1/2 Q1A= 1PsR 2FEhA]Ql 2-APBS} XeColl o3 A &g, sFx|wt
XeColl oJajA = iAo s A3 ad7F &43k5 (29 32). °]+= ET-1% PECl £ §F ERKI1/2
AR A7) FEAHOoRE P3RS BH PSS on T

ET-1 - -+ o+ - - -+ o+ - - _
PE - - - s DT 19 32, PR AFEAIQ] 2-APB
XeC - - + (2-Am1noethoxyd1phenyl borate), XeC (xestosponsin

ERK1/2 O)°l ¢st ET-1, PE 54 ERKI1/2 Q14Fs}e
=4, ET1 PE 54 ERK12 QAM3tE=
-- 2-APBell &l BT As]H S, sHAIT Xecel
e 9 A3 mats oo

® PLCE &3 ERKIRE &43IA 7] ET-1 (CaMK 11 BI&EA)

O ET-1 %4 ERK1/2 AAEs}e) A H8991r U73122+% AFsE F36kA A A 7 2 caMK
0 AAIRI KN932> &37F Sl (L8 33). °l ET-1 54 ERK1/2 1AESH7F caMK T
ob= F-¥sta pLcel fﬂ%ﬁ%‘% LhERH
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ET4 - + + + 4
Ha9 - -4

sz - oot L 1% 33, HB9, U73122, KN93(Z} 7} MSKI1 & PKA,
PLC, CaMKII A3|A]) ol ¢ 3%t ET-1 =4 ERKI1/2

ERK1/2 -
- likshe] 7. H899H U73122+= ET-1 f+%=4 ERKI/2
PERK1/2 - QALSLE AP oy KN93+= 18R] o

® Global Z¥¢ =719} =9 A< PE, ET-1 54 ERK1/2 &4 3}

O 10 uM®] BAPTA-AM A 2]A] ET-1, PE TrEé ERK1/2 QIAFsh= ®WASHA] &FSks (19 34).
1L ET-1, PE %7 CREB <IAts}ts} oh & oF4olth, ERK 129 &4 slelli= global Z4F

7]— ‘j‘]’]‘u% /\‘@!_

ET-1 - o+ + - -
PE - - -+ o+
BAPTA-AM - - + -+
1% 34. BAPTA-AM©| & ET-1, PE %4 ERKI1/2
ERK1/2 AAEle] =4 AxA 24 Ao EAQ BAPTA-AMS
ET-1, PE %4 ERK12 Q1ibshE WIghAI7]A] 95
pERK1/2

ul, 71A1A A= Na'-H' exchanger $+2] F3A A+

FALH (16 dyne/cm2)= 7FsEA Tt Al g o] /g/}j_li:_uﬂd_ pHOﬂ oI Bk D] ] ] OLO}E7] _,45}
ol WA AT Y o AT setting SFATH

(1) pH 1274

O Carboxy-SNARF-1 AM< 10 uM %% 1037F Aol loading 3 ¥ 540 nm®e| beam=
Ar/Kr gl A& o] &3} excitation A% . emission 590+5 nm, 640+5 nmolA S 3FA L
T g342] HE(590 nm/640 nm) T3t pHE R AR

O 27 200 W& 22 o]&ste] 7158 R #he pHE A33t3E. °1E 93 Ruin, Rum= T
stal 7} ghge A 2] 3 o] &5k Al H =, Runs pH 5.5 9 2 0.01 mM nigericine ©|
g5t 7159 FF vlo]M| Rpwdh pH 9.5 €9 % FUEFE nigericine A28t S
A ZoA 71 5H &3 vlo]dd. pH 5.5 £HNE 20 mM Mes, 140 mM KCl, 1 mM MgCl,, 0.5
mM EGTAE Ul H718tlew, pH 9.5 &Noll= 20 mM TrisE buffer® thal A&
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pH = pK, —log((R — R/ (Rppay — R)) — 108F 640 max/min (2.56 f/5)

180 Fso0 10+ R

160 ax  g7a,
140 B i
120 H g \
H ¥ 6 |
F 100 T 8475 &_ |
80 3 L
S .

=<

60 i !
: e 0
;g % o 5% H
169 )y R \ 0.811 '

‘min

ol ; ; ‘ : ; ‘
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time (s)

“1¥ 35. Carboxy SNARF-1< ©] 43t & 47 %9
pHZ S BAAz (AL EE3x)

@) A kel A% AT H v

ol\

7t

O AAZA AN AEW pHZE A ShElell o&f 7t Aoz FHAs S (2
i 0.07£0.01(n=16, P<0.001) pH unit

uich
W
)
1
PN
o
krt

o 2% 36 WA AATAZAN FA 4
pH; 7.15 AW pH (pHi)ell thdh &3, ©d

NN:L/H] of 4 =16 dyne/cm2)=

50s 7balol& wf W3tE <= pHi®l time course.
_PrxﬂoLe:] o lea fed AR o7 ZFAAT.

7 30— FP (16 dyne/cm?)

Decrease of 0.07 1 0.10 pH unit (n=6, P<0.001)

O AZUW H s=7F S718td S71d H'S AXE 92 AlASHE 71do] %3 7154 0]
23t 71l = Azt EA8HE Na'-H" 2849} Na'-HCO3 ™ w.3A7} 9l o
T HCO3 &5 qs AFE3kA &1 tl4l HEPES €5 S AFESES7] wlEoll, ]
Na+-H+ jﬂ_@j.zﬂ7]_ ;(LE%L 74 o=z cq]/\]—E]

=

O FA4 g o e AEU H 5% S7H7F Na-H 284 9] Ao J&S n|xE=A] &
olR 712} Na'-H™ m3hA|of] that AMelz ol A4 HOE6425 AlME3le] 23S AP

3) Al SEel os F7he AX Wl H'= Na-H w kAo o A5 A17 ¢

O HOE642(10 pM)= &5 025 AAZAHE pHel Fao] o, FA dgol oa) 44 A
X pH7k Aad &, A ol AE EAsh AH YA HOEe425 A2 stle el pH7t
Bt @A o #gastds (FAa®: 0.1240.01 pH unit, n=14, P<0.001; 1% 37-A)

=
O HOE642%E ©F 87t A st & w4 A= 74 4¥E 7Hetsls W 574 % pH7F HOE642

5 AAY kA &2 Az Bt oF ovf ¥ A YERE (P<0.01; 1 37-B)
O Ol’”— T2 48 Al F7hE AEY HEC] Na-H m&Ae o8 Az 32 AAHNE 7t

= Hols (IH 37-0).
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i, @ 1% 37. Na-H™ A4 2214 HOE642°]

(A)
- g J% GAgE ] g pH Mol et mtk (A)
'i — R R R R B e
s e | P e T, A4 o] EAskE Aol A
o e HOE642E A 2letl< Wiz pHZ} Huh
e - #AA 3] 74, (B) HOE6425 WA 23t
. FA grEe shetgle W 539 prrt
© fr HEOF i

AAelel) ke AEeIA urt ok ou) E7)

Irex- B (C) Na'-H" 1849} Na'-HCO3 L&) o]
ola] H'o] MELZE AAHE 7S

Under HEPES-buffered conditions,

Na™

A

_— . oﬂ = naAle
=HCO, cotransport may not 1)|a}' arole i acid extrusion, E e R

AFfAAS AH s MEYT B4

b ZEBd AT FAR 24

(1)

O

O

ZHp o A2 Mm.261329 knockdown A ER G H-A]

)=
24

k-2 Za i AR AaAEe] AlE sl HEYAA, 7154 54
knockdown AR A5 53T

Zr AWzl Mm.261329% myosin regulatory light chain (Myl2b)Ql Z o= &,
Myl2bi= Myl2a$}t homoly”t #l-9- 5. Myl2a®t Myl2b (Mm.261329)7} knockdown®¥! NIH3T3
MERAS 53 o]21gh Mm.261329 knockdown AMEZXZoA A3ze] e 2 3o
dramatic$t Ho]E #23gh o] gk FHol= actin stress fiber -2 I+, MEHZA O] F7). Al
ZE719 ok Aol Tt ol B Yol Mm.261329 knockdown Aol Al F=7F4 ©.
% focal adhesion, contractility, migration®] 74 o YA (IH 38)

ulfe

b

tlo
of¢

o:
Jut

O AEAHo7 ZHATddMAC Mm.261329%= MES +%, AAY, 58, AuAd F4

>

Relative level

B

Cell:nuclear arearatio U

A5H SNAYS AFA AT

control ® KD E G cantol KD
15 2 Control Control g0 Control =0 KD 120
Time (h) Eoe 100
S o5 Eaw
3 B0 z PN °
5 o 3. a¥ 38 ZEddadaa
5
= 02
N I ES ° Mm.261329 knockdown A3
Myl12a Myl12b  Myl9 F Time (h) @ T|Ir%-|e(h)95 -
s (==l = ul B
Control KD 0. %“ —— Comrel - KD = :|ljl_ = . Aﬂ’B,
MYL128/ == g -
eon ST 20 © 3 : Knockdown  &<%l.  C-F,
GPD1 | "= . .37 $a . *
=3 —
” £ - KnockdownA| 32 2] 1] 7734
20 4 —s— Control —D—KD 2
g
= S = - —
2. T e FHHst G AZAERE
g 2
L 4
0 0 36 4! ﬁﬂ 72 84
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) ZdE A AR Mm.2613292] @il Y EY T B4

Far

o

FHA A FARES Gl FEo A MEY A, 7ed 5SS 1A
A MS), HHAHIP) T8 24= T3
Aol Mm.261329 (MYL2B &2 MRLC)S] A3 28 ol 2 E0] myosin heavy
chain (MHO)Y & A&ZEAHMS) #4448 F3ll 2dE (19 39)
O o]yt A7E np o= thokst cell type (NIH3T3, HL-1, Bladder, skeletal muscle 5 )l Al
Mm.2613297} bindshi= MHCS] &9} binding®] =& ZAME. 71 23, Mm.261329+ &
+ MHCS$} interactiond}A] ¥F, 715 o 4] %= non-muscle type?] MYH9, 10, 14$} interaction®] %

S AlEAl s ol F vl o R 7k Al EZtypeoll A2l interaction maps 2 F

B | «NHsT b.HLA
A
N = T N D)
12 34[1 P34 12341234 0 12A1
wLizanzese @ | @0 o Tfx ad® .
HY x = @ I l‘_’L+zso & . afe
MYH10  |w ][_ I %080 " 67
18| (mvhia ] N B «230 _
S [ <5 c.Bladder d.skelehlmuscl: Ud Q_]:] ?:]1 701_]:“5 -western blOt @ :1_,’]’ B,
MYH617 | = P “230 5. .
W e | M| e ® AcllM o] Antg YegFstet
112 °12 o
@ -, i HESA

() Zudd AFAAS] AvEate] A w4

O Z&dda AFFE2 Mm.2613299F Mm.208182] &S pathological hypertrophy (TAC)S}
physiological hypertrophy (swimming) =2 ¢l5] NGS (next generation sequencing) 7|<=°l 2] 3|
SAE & A EY datas FEsto] HEWITF A=A EAE RS

O Pathological hypertrophy®lAl Mm.261329 (MRLC)%] &2 <FelAl 713 (18 40). A7t
Z] myosin chain & Ao W= hypertrophy model®ll Al Myh7< 5 7}F8tal Myh6> 4
g2 A9 Mm.261329°] A #7F A H S 3 myosin light, heavy chain®] ¥/l &k 7]
Z7F 2 A9 Mm201819] HEe 7 RdelA {4l Wt gl Aor a4y

A 0 —
[ *

100 -
80
60 -
40

100 -

% of control

0

CTL HT
CTL HT

Physiological ~— ——— Physiological HT
Pathological Pathological

I 40 AMHS REeA Zedd FAAEY TEE. A

Mm.261329. B, Mm.20818

bl
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2l ke
o AR AP, oy FAE o] &5t ﬂ}%* *‘73} A ysateol| Al A3 A-E-3F
ANAES A HA7A712 AFEAAHMS)C.Z F43HA .

O 4% 9WMASL SFPQ (splicing factor, proline- and glutamine-rich), NONO
(non-POU-domain-containing, octamer binding protein), WDR37 (WD repeat-containing protein
37) & . NONO, SFPQ s fAApEd e thefstA #ofsti= DBHS ¥ I5F0 £%
(1% 41). DBHS (Drosohila behavior human splicing) domain®li= tandem RNA recognition
motifs (RRMs)$} helix-turn-helix (HTH) DNA binding domain®] 3132, ©]2] 3t domains 7}%
Q2= DNA repair 5+ RNA regulation®] ¥ 7hsAdo] Qe Ao=w &3,

11 T B

i g Spectrum | Sequence Foaciakon j_‘:” 41 ZH54AE At
£ g_ . Count Coverage P
IR T 2 23% ]S 34 Mm.20818<] &
2 2 20 32% Neno

&b astivity sheck 3 15 34% Wdr37 ﬂ X‘] =z} A 1] )\]_i;(]__g_
. om 4 8 30% Mm.20818 (Peft, Peflin) | ]_'( ) = TS
: == 5 3 15% Whbp2 SRt ARSI
i v 6 1 8% Gstp1 G = (B)
2

O Zadd AFFA2 Mm.208182] WS A3k siRNAS ©]830] NIH3T3A| E oA

= = T
Mm.20818%] knockdowns E3tsls. @A Fo] oF 80% 43t knockdownA ZE &

B olgst MES #E A F&SE vkt AEo] el el Al EFA o W3l Qe
(1% 42)
A *Mm.20818 mRNA ZH4 B *Mm.20818 THaE Zh4
g _(;]_ 20315 5 10 15 20
i 00 5000w Mo e e - 1

I)

00 - —
o B-actin (540 bp) 0
4'}3

% 42 23 A2 Mm.20818 knockdown AIZE A ZF A
knockdownAll £l A4 &) transcript level (A)¥ T2 level (B)

6) ZEHA AFFA2 Mm.20818% splicing 1T 4]

O Zradd 24742 Mm.20818 ¥ o] NONO, SFPQSt 7 E &-§-sttk= Abd e A3t
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o], RNA splicing®l] #o1g 7hsAd S A S ©1 5 9138l minigene assays 3333 =0l,
U2 alternative splicing= £FQ18 4= Sl DNA A3 tlFF 2] splicing factors°] 2}

238 4 3= UHbAQl DNA A4S 743 9l geneS ZA Bl AESHILAL 3t gened] %
< serial = transfection] 7, splicing®] % 3}(exon skipping 4 )5 PCRZE &HQl&}+= assayd
Control Ao %  Zeezl splicing factord] ASF/SF2¢} minigenes cotransfectlonO}Cﬂ
ASF/SF2 <F2] Wi3le]l W& minigene splicing pattern®] W3}E RIS (1H 43)

O Mm.20818%} minigene= co-transfectiond}] splicing®ll V] *| = FaFS A A3}, 259
minigene®l| A ¢FsF WS} AZE . wepbA ZEdAE A2 Mm.208180 ©] splicing @
HddHo S Agox A

H

)

% 43 ZEdd
1y Cad A2 Mm. 208187}
splicing A% . A,
e e Mm.208183} splicing ¥ 4]
c D T A% B, Minigene assay®]

e i = T e control & ol 22<Q1
I A ASF/SF2¢] 7% RA%. C,
ASF/SF2E ©] €3 minigene
control A @A}, D,
Minigene assay©°ll 4]
Mm.20818 activityd 3})

U nEZEgel #¥ FAA B4

() PIEZEelol B Asaat g A=

O A vEZ=gol I A4 11F T 759 F38A] 93 coding® = @A of o
st A5 Attt ge. ols 7l RS Mm41272, Mm.41622, Mm.146332,

Mm.247453, Mm.301020, Mm.27886, Mm.269736%

O 788 A=} el A 714 antigenicity”t - it oll -8 3H= peptideE 3 3t
5702] Al Akell th&t rabbit polyclonal serume X3 (¥ 44)

O 5%° A F Mm.41271 (43 kDa), Mm.269736 (7.4 kDa)> 474 sampleol| A 2t2F o7

st
A @A S detectiond. WEFA Aol 2F 0 FAAbe] Uist AoE FAE FRF

fd
o
i
)

o
%r

o

A

[EXFZM 354 APSPERKNEGS 364

14 PPFFTLQPNVDTRQKQ 29

--------------------- I9 44 M EZE=Pol #-

Pl [ Ab Pl [Ab T'F
- 2z o — -
" = =] i oE A2 A A2 A,
L_PN?PYEEHG 41 fg . < ;g: . s — jg
e . IE g0z ALgd
i - - (kDa)| 43KD: (kDa) 33kDa (kDa)| 22kDa
78 SPYTKGSSLLYRKFVHPT 05 M 269736 . H o
e K e T sy peptide’™%]. B, Western
i 3 am - -
. 1) -
: - I, blotting= ©]-&3F 34| ¢]
Mm 247453 LNRSELPNLAYKRLKGKTP 67 20+ . g
o5 Epscosue, §PUPreimmunesen. Atz e AL
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@) MEZCelcl #d A HARE] AudFehe] A9 B

O vEZ=Zol A=A A4FFAAF 1154 expressions  pathological hypertrophy (TAC)Sk
physiological hypertrophy (swimming) = 2elA NGS 7]<ol o&] 54 E & AF 9l datas
g&ato] LAl 7t A FAT (IH 45)

Pathological hypertrophy®ll Al T2 A4ffF-AA=2] S FFo
mitochondrial proteing codingst= AT FAAES Td A
Abshe, o] & Fal AlatfAAEe] vEZE=goke} 1

o AtrA AsdTel 82 s 7Nk vt

A
i % 45 MEE T}l B
AN el
£ S AFRAAES A mdAe
B s o] 4. A, Physiological
hypertrophy gm i | /E]]H]EH%—O]]}\i‘OJ %O] B’ Pathological
ks Au| g Fel A 9] wol

3. RyR 5FA ] EM 2 43289 334 ¥ &H

(1) Human IP;R1 F 3 A &4 2 CID zinc finger motifZ 3% = H3 9] folding B3 53

O X-A #x #45 9% human IPsR1Y T4 (T1H 46)

O Human IPsR1 construct design % & =71 A (27 47)

C-term -in » Detergent W/O
(160 2a) = O o . » 3Cys--3Ala mut.
6TM . . » MBP/GST/Mistic
I]]]]] O/-ing O/-ing » MAKKTSS
(N-term hydrophilic
I I I I H sequence add.)

N-term I N I ____________________ -ing

| N I nnker
Full N 6TM C -ing

[ Human-IP3R1 full ( 2758 aa ) I I II I I l
C-term  KTTCFICGLERDKFDNKTVTFEEHIKEEHNMWHYLCFIVLVKVKDSTE » NMR
(48aa) S~ R —

Nm PPy

G
N-term fusion tetramer coil-coiled : GCN4/RHCC :i*&x s gLﬁl(DES)
. lis- -Sumo .odon+
» tetramer Globlar : 2FK5/2Z7B/2R8Y/3A57 DETHS Plyss

PET6His-ATS Rosetta2(DE3)
pET6His-Sumo  Rosetta-gami
SoluBL21

1% 46 IPsR1 construct design
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Research Aim <Hypothesis> Number of amino acid : 48

Biochemical and Functional study of Zinc finger Motif Molecularwelght; ;258066 Folding Solution Condition
Theoretical PI 1584
: Human IP3R1-CTD 48 peptides (2616 — 2663 a.a.) s (©) " Peptide (1) : GSSG (10) : GSH (300)

47 Folding Reaction

- NNNRRRRR LR, 0.0177mM : 047mM : 51mM
s N

N\

H XXXH,

CXXC H,XXXXH, I buffer i il
) . . . . . 1 9
IP3R1 [RTTCE ERDREDNKTVTFEEETREEANMWE TURVK] IP1
IP3R2 RQTCFICGLERDKFDNKTVSFEEHIKSEHNMWHYLYFIVLVKVKDPIE 1M Tris-HCI (pH 50 pl 50 pl
IP3R3 KTTSEICGLERDKFDNKTVSFEEHIKLEHNMANYLYFIVLVRYKNKTD 7.8)
.................. e T
Saie e 80% glycerol 62.5pl 62.5pl
o_276290
o »
D: rnnnnnn nnh 100 mM EDTA 5pl X
-
e 10 mM ZnCl, X 5pl
s 5 ﬂ
1 10 mM CacCl, X X
2378
Peptide (1 mg/ 50 pl 50 pl
ml)
GSH (51 mM) 50 pl 50 pl
Solubilization of IP1 peptide GSSG (1.7 mM) 50 l 50 pl
D.W. 232.5pl 232.5pl
Buffer_1 : H,O (included 0.1% TFA) Total 500 pl 500 pl
Buffer_2 : Acetonitrile (included 0.1% TFA)
Mix two buffers (Sml: 5ml)
1 mM EDTA, 1: 10: 100, 2 days. 1 mM EDTA, 1: 10: 100, 6 days
06
05
£ E o
H
8. 8.
% %
3 H
g ¥ | D05 o2
2 3
2 o £ o1
00 00
01 1
2 2 2, » » B 2 20 2 P » » »
Time Time

1% 47 1IPsR CTD 2816-2863 a.a. folding ¥ 3} 43}

(2) Rabbit RyR1 PFR (pore forming region)® g~

il

O RyRE PFRS T4 Q= TM= 3233E C-terminal domain RyRE tetramerE ©]F+= Ul
ToT TS Sk s (LH 48)
]

o] g3l

<
—
5}
—
P
@
(s
&
(4]
R,
=
[0)e]
w2
<
22}
3
=
o
of
:(?g
<2
o
e
17
13
[iﬂ:
>
[>
o2
o

C-terminal tail
(4868 - 4967)

H
g/ |
b
i i
i i Zn Fing
g ! " motif
g" L 1
Side chains
— side chains ¥ of acidic . "
P of acidic H residues.
d residues 1 | Cytoplasm |
>

mmm S EfE
TYIIVITDE | S TYYTYVOIYVIYVIVVATYAYInY & | 3 EYYEYYEYvavoyem,

1% 48 RyR TX 2EH
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T7

14aalinker  ~22.9kDa
f ~13kDa | 1 ]
Mistic fusion vector Bt = TEV = RyR (4829-5037)

M NI I S P

€ "‘,,,.f‘";;m\

periplasm

Mistic

' cytoplasmic
3 membrane

15% SDS-PAGE » Protein purification

1% 49 MISTIC tagging system

(3) Mouse RyR2 CTDS] A A

sk
o
ol

O RyR&| C-terminal domain region< tetramers ©|F+dl T3 < P Sl
O d@MdS AAE sl 243 A= 5
O NMR spectroscopys &3l RyR2 CTD-1002] folding checkE St A3} oF 127]¢] ofn] Akl

flexible ¢t Z& 4 B (19 52)

1% 50 NMR folding &<l

130 o

1.0 20,5 0.0 25 20 &5 80 L5 7.0 65 pem

Wass Distbuton
- > pH 8.0°1MEZn°l Pt effect 1t
5 AL
> BER AT
w 1w w' " .;;mgyzmug:ms"::,’ o o W o (MQanef 213 kDa)
DLS condition Mean
Buffer basic addiives [R204S| | tkDa) |Intorsity| Mass| P!
condition itives (nm)
20 mM Tris, 2mM DTT, 10 % glycerol
1% CHAPS pH 8.0 0.5mM ZnSO4f 3.28 |1.01|52.796 8.0 |100.0|2.769
[
; v
w
ZaFingd H > pH 6.0°%INECa?* IMg?* 9 effect
motif o
T RS
> EFYANEF
; T Y s © " "] (Monomer: 13 kDa)
i ofaddic DLS condition Mean
| e Buffer basic p— Radius (SD) Tltl;‘ ‘;" % | % | pgl
R (Ao condition ves nm) |"™ s tensitynas =
9|l
20 mM MES, 2mM DTT 2mM CaCly
m—-ﬁ- = 10 % glycerol, 1% CHAPS, pH 6.0| +5mM MgCl> 324 104215131 85 6.1 |1.685

1% 51 DLSE 3 oligomeric state &<l
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(4) RyR29} Calumenin®] 35 2Hg F-A

O Mouse Calumenin 48-315°2] A3} o] Limited proteolysis A ¥} flexible$t region®©] 271 E

O CLM-B #9129 constructs #1245

O RyR2-L1 (4523-4569) °] =& F 3 & Bt 1218 (158-192)% 7]¥+© % MODELLER v9< &
3 REE FX2E e $ CLM-B 22% 39 RyR2 L19] H3HA] 228 ZDOCK server
5 F3l docking® (T1FH 52)

O Calumenin?} A& 2-835t= 02 ¢zl SERCA2 loop4$t RyR2%] luminal region®] ©}H| -
AP AMEEs F43%E A3 [5-AFSE hydrophobic res1due*—*°‘ g1t

O ol& Fal 54l docking & TX2E A

Docking model generated by ZDOCK Server

RyR1 LI — CLM-B

RyR2 LI - CLM-B RyR3 LI - CLM-B

1% 52 RyR1l LI ¥} CLM-B9 docking &2

(5) RyR A5 28 W x|

o}

O 10 A HFE9 cryo-EM WS ol §ate] Foagshs el A5 e

DHPR I1-1ll loop cLic2
PR130 Calmodulin A /
"N sgdsl, Homer FKBPs (apo/Ca®)

Otl
-

S100A1 1% 53 RYRJ’]'

)5 2G
PP1/SP Cytcsohcsade Tl 2] }S 28
405 ‘{,ﬁ 1* W 0] A5 Ag

\ i ‘ £

x[ i i LM&M&!

1
orfe

= ‘%:n‘?"'

Calsequestrin
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.
PR D

Y& Asd T

o

wA o 7et A A wA

L AZHd 229N A5dgA 29d% 4 53 £4

7h AZR Ay 34d g E A5dg YEHNZ 242 AF

O

30 gy
Lo
=

o ¢

71 BHA R A (82 vy o R 3dA ATE i EEE AZu o] #
T AZHAGYEYAES g 9 B

oA AE R AZHGHEYSIE 11149 w29 238709 HAz o] FolA
o, AuigidAde] #EEo v 2 2HA 3+ W/B-AR, ATIR, NPR, FGFR,
EGFR, IGFR, GP130/IL % TGFR A3 AGAHAZES ¥33 (1Y 54)

O

f Node Activity Calculation 1 O Mean activities of input nodes (%)
o «Ctrl: 1.00 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
L (t-i) A4, (1): Activity of node k at time t *PhH: 182 1.39 100 066 100 100 100 100 1.00 034 1.00 1.00
4, (1)=22 <100 * =PaH: 1.00 223 260 052 058 1.00 100 308 151 1.00 200 3.60
C L, (1): Logical value of node k at ¢ | | | | |
n k 'S B
e.g., L= 00...0100100100 n  : Length of time window for ”’ é é
Ifn=10, A,=30% ON counting the active logics . /
Probabilistic Boolean Logic (e.g., PKCnover) ) o
Fi: Pi=1-P, F2: Po=min(c:|loga(FC)|,1)
Nominal PhH (}) PaH (1) ’;i
DAG ROS |PKCooei  DAG ROS |PKCooe DAG ROS | PKCooue 20 g
0 o 0 0 o 0 0 o 1 B NI
0 1| 1 o 1| o 0 1| 1 \ 'f‘\‘\'/’;{’@’%%‘\
1 0| 1 1 0 o 10 | 1 /7 Gl
1 tla 1 1lo el W e
E— | —~A 5 7
\ et —X
Piy P P2 log;FC : }@"@}<
- i 7.14 ‘4
-4.95

Y Y Y VY VY Vv
@ Mean activities of output nodes (%)
=Ctrl: 268 9.02 6.47 4.13 182 122 122 4.08 3.25 836 388 749 134

i % - % *PhH: 8.69 120 126 4.09 33.8 164 164 9.85 3.02 779 54.8 634 185
Ctrl PhH PaH =PaH: 53.0 831 761 271 857 824 758 752 260 621 100 243 78.0

% 54, AR Y B iR AZAGYEY T mdo AEolA MExE

-

O A d#d darE ASAGUE] T dist Zednds F53.

O A3 Egdndolr 4 wo(@dod)e Eedz4 TARENY =384 gu &
Rk st =44,

O 3% Egdrds d¥dor 2] flall 24 w29 S =5 ‘Percent-ON'©. &
xdske 428 2dd F47IHE ST (IF 542 ‘Node Activity Calculation” “3=F 3
=)

O olgA g8 A dEgad g2 ASAGUNEY A thest A= oA B
H TS vgoE Ao E ASE (3 19 'GEN).
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@ p<0.05 only for a=0.1

Type | Exp. Cond. Effect (Activity |,1.,¢) Ctrl Reference
PIVAS 104Q2):612-617, 2007%;
ERK1/2 124 AKTt% INKt3% Cire Res, 89:882-890, 20013
ET1 p38MAPK 123; GATA4 1 3% Genes Dev. 15:2702-2719, 2001%
CaMKII 1% NFkB 1 ¢ Cardiovasc Ther. 27:17-27, 2009%
PIVAS 98(12):6668-6673, 20015
GEN N
Angll NFkB 1 ; GATA4 1 PIAS 98(12):6668-6673, 2001
TGFB p38MAPK 1; TAKL 1 Nat Med. 6(5):556-563, 2000
IGF1 p70S6K 1 Mol Cell Brol 24(14):6231-6240, 2004
dnGq DAG| Science 280:574-577, 1998
caRas INK J Biof Chem. 272Q2Y14057-4061, 1997 GA data
Cell 97:189-198, 1999%; GATA4+
Scrence 280:574-577, 19984 GSK3p+
GATA4 114 GSK3Bl: AKTt%
TAC N Hypertension 49:473-480, 20073; AKT }
NFAT 1% ‘
Circulation 110:718-723, 2004% NFAT 1
Nat Med, 16():872-879, 2010°
gpl30<=-TAC | STAT3| Cell 97:189-198, 1998
TAC
dnGg-TAC GATA4 | » Sclence 280:574-577, 1998
gpl30s=TAC | GATA4 gpl30se | Ce//97:189-198, 1999
dnGg-TAC GATA4 t dnGq Scrence 280:574-577, 1998
dnRaf-TAC GATA4 t dnRaf Circulation 110:718-723, 2004
Am J Physiol Heart Circ Physiol p38MAPK | ;
p38MAPK 1% AKT 12
SWIM N 292:H1269-H1277, 2007%; AKTe; p70S6Ke
p70S6K 1% GATA4 12
PNAS 100(21):12355-12360, 20037 GATA4 1
— N fe) = ==
¥ L AT EE iR A dGEYG IR ot A5

4. 398 22E Ve =z sy 4 sy AIudgide 23 7)1d 4

O

Aeistd W e Jodrdel d9e e B 2ednd Jue #8300
Qe W e 2aeA S8 FAPLARY dolEE YE Beldnad
FE T AT dugES MEsklE (2F 548 ‘Probabilistic Boolean Logic' A FH=).
A 9] activation< upstream signal ¥ RF ofH 2} s T o] kol oM AT
= Aol #<ksto], NGS HlolH 258 YeRd A2 8H4 (physiological hypertrophy: PhH) 2
2] 84 (pathological hypertrophy: PaH) 75 Z47+0] F- 2} w& Fe] 2pold S i o
w7 ope] olo] slof@rha AAH e, ol Y @A BHH el WO A
AP s 9 W s o4 wag AU,

olwA e Mestd W gelstd ATvgRaEe Ay 0 Welsd 2oy
S g AR ES v o R Ao AFHden, A Tl 5
zojvto 7= AP 4 gls, @AY A3 FEolA S AolHEs F HolF

(3 1] ‘PAH' ¥ 'PHH)).

sl st 9 yefshd AZugRds Zvko g Aujtiigel QlojA HE v
ZHAAYSTE M

O AlEgold BAe E3 Agshd 9 Washd Ao 27bef A

detH e AdsdgEatel @43t el MR Rt A dEEAss TSNS (L

55A).
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Pathway-level Differential Activities

Az AGEA st o] Ato]
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-

% p-value<0.01

A=y

&
fay

4
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(B)

A
Auld, 1efa e

g Aol

)
ZS|

°
Sl

1.5

Hof| 7108 (LH 56A).

"(PhH 1 ,PaH |)

=
I
©
e
P
I
£
=
Q

1

[}

Differential SRNs (12)
PhH-specific SRNs (5)
A PaH-specific SRNs (22)

Non SRNs (3)
O Common SRNs (69)

$MPK

g

¢
]

A g, Az

o

I

log2(F'Cpru)

05
1% 55 st Bl Wk Aol A

of o

—_L

=
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o
1
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I
o)
o
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J9)
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[
I
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2
(4]

(PhH | ,PaH 1)

41 111 nodes in total
=]
R

hua

6l
0

0

(A),

/g sta’el 7]o1g (29 56A).
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(A) ﬁ

Ctrl & PhH

PhH & PhH

PhH & Ctrl
PhH & PaH
Ctrl & PaH

PaH & PaH

PaH & PhH
PaH & Ctrl

Each case is normalized by §Ci tri & ctrl.

( ) Global output Average input Average output

Type (ternary) Count|Angll ANP BNP CT1 EGF ET1 FGF2 IGF IL6 LIF NE TGFB| McCIP MEF2 GATA4 STAT p70S6K p90RSK ERK1/2 ASK1 HDAC NFkB GSK3  p38MAPK
|o111222102222] 98| 3 2 2 3 2 3 2 2 3 3 3 3 S 2 2% 12 47 39 39 14 3 59 77 36 34
0100111002221 620 (.1 2 3 2 2 2 2 2 2 2 Z 2 6 12 6 b 4 22 18 18 3 7 71 50 66 15
ctrl | 0110222102222 s46| 2 2 3 2 3 3 2 3 2 2 3 2 5 2% 2% 8 a7 40 40 14 6 60 7 36 34
0111223002221 541 4 3 3 3 3 " 3 3 8 3 k) 3 8 6 20 18 12 36 37 37 & 7 60 64 45 25

H H

H H
1121222102212 1406 3 3 3 3 3 3 3 3 3 3 3 2 10 28 33 12 63 41 41 25 S 53 85 26 38)
1221222102212 FTr—— 2 = 2 3 10 31 37 12 67 48 48 28 48 88 2 42

H H

H H
2221222200200) 99%8| 3 2 3 2 3 2 2 2 2 2 3 2 55 85 74 % 36 85 30 30 ) 00 2 76)

MCIP MEF2  GATA4  STAT  p70S6K p90RSK ERK1/2

Bad

HDAC

NFkB

GSK3 p38MAPK

Ternary Conversion
0: 0~9% ON

1. 10~29% ON @ Major Global Output
2: 30~100% ON

:/_‘jf]x 56 }\gﬂﬁlx-l El Hﬂg]ﬁ— Z Al

D I B =

(A) Node Activity,, . (n, )— Node Activity,,,.,...... (1,) (B)
o _ P cNadgAmwty (na ) Node Activi Y i pertrophy (na) n o P CNoakAm‘vizy (”o)

Node Activity, _, (n,)— Node Activity,,,,., (1n,)

Node Activity gy (1, )

ey PCoo(n)

© -

Percent Change,, . (n,) o PC..(n)

Percent Change,.., ()

| mcp | s | mer2 | s |GATA4 | s | STAT | s |p70s6K S [p9oRsK| S |ERK12 | S | Aski | s | Bad | S | HDAC | S | NFkB | S | GSK3 | MAPH
HtoC_PhH|NADPH.of -0.07 [MnSOD | -072|MnSOD | -L12|Angl | 047[MnSOD | -0S6[RKIP | -LO3|RKIP | -103[MnSOD | -L18[IP3R 046]MnSOD | 010]MnSOD | -0.36 [MnSOD | 0.33[MnSOD
HtoCPaH [Raf | -003[HDAC | -002[FGFRL | -012[50CS3  -060|PKG 000 |PKG 000 |PKG 000 [MnSOD | 006 [FGFRL | 124|HDAC 045 [Raf 002 |FGFRL
CtoH_PhH L o2 157 MnSOD | -005 [Grb2 337 [Grb2 140 [Grb2 140 NADPH_o} -0.09 [Grb2 -047 [Grb2
CtoH_PaH  eg 1269 P2 54 s 1736 |Gq 1687 |Gq 1687 Gq -186 [Gs -245 [Gs

T3 57 A 2 Wy douide Fordas HEs A% ugn A,

2. Calcineurin-NFAT A&

A2 S T8 A2ud 24 71A g7

O £d4E 9 Aoy & vt 3dA A5 &3l FHE calcineurin-NFAT
ELAE &g 9 mesh (17 58).

O F38 ASHALUE AT calcineurin-NFAT, PI3K-Akt, ERK signaling pathway =
AAE AES Ade Sl AHE UEAA U A5 Ads 3T (2¥ 59)

O AT ¥ calcineurin-NFAT A S AGU E QY T of ofsh ZFT—’}E%]E

D 24709 Al A 57l e st E R .
ko R AHH oA B oS vEhvlE

O w3 4 AddHolHE
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ET-1 NE, PE, ISO Angll PDGF

C (ETlAR) (GF}CR) @Tlm ) PDClEFR ) Plasma Membrane

Intracellular
mediators

N

Ca“*

PI3K
n
)
GSK3leyt [+ GSK3l gyt — =

A A

-«

y \d
\ GSK3DHUC?<—H GSK3 e
|

PI3K signaling pathway Calcineurin-NFAT RCAN1 regulation
signaling pathway

71¥ 58 Calcineurin-NFAT A SHGYEL I E s 2 13

Fluo-4. AM NFATC1-YFP
= 12 - — M NE = Angll
- -1 min 5 min 10 min Z 10 4 ET-1 = PDGF
=
e B
I T 6 -
£ 4
NE Si“n
-}T‘5 3 45 B0 TH 20 105 120
Treatment Time [sec]
Angll
"M B Angll
2 50 L
ST = ET-1 =mPDGF
w0
ETA T =
= .23
S B
[=]
PDGF 5510 il i
o
0 ——rman "'-H'lr
19 59 AHE Calcineurin-NFAT AT AGUE T st A5 A3,
O 8t da AFH AlEHolA, G MEe ojuy 7]&E o]83te] ERKS GSK3E T4
H A% 3 27) calcineurin-NFAT A2 A EAZ2E 243 t= AS #9E. &, 557 4&

T RCAN1<S = calcineurin® 715& Adllsts JAAZA 7]53HA %, RCAN1S 557}
S7Fetd ERK S} GSK3°ll &3 AR AE A0 &8 calcineurin A2 E T7HA 7= FXAR 7]
S EH (19 61, 62)
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A Incoherent regulation Regulation switch
ERKI/GSK3p
e

—
Ca®™ —» Cn z
"Lkl k25 01.‘9 e
RCAN1 - =
s g Q—-o NFAT
" yek3jds
CrRCAN1 RCANWQ RCAN1 7 Ph“"h"’y‘a"”” e
i) i
J <kB k11> f
RCAN RCAN1
B c

Concave-up MoncBhiE e Facilitative Facilitative

*% *
01 *k e J—] Facilitative
Inhibito
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(2) 2ZHAIY] 7144 w47] (Next generation sequencing, NGS)E ©]-8-3F HALA] 4]

O A srd 9 sty A3v|de] 71 dS w4834} illumina Genome Analyzer 1Ix & ©]-§
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O NGSell g3l dojzl dApAZ=FE 2t A2vdsel o8 FAAE 543305, ol & 94l
b Aol SFH read] NFE Frstetr] 91g WHQ (Read Per Kilobase of gene model

per Milion mapped reads (RPKM)= 283t $ Student’s T-tests T-3J3tal 1.58] o] 57t
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S:;: L. Cenf 2867420 3.0
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HOUESA B omotif ¥4 & FEACE & uwl, Foxmlo] o5 FAAS] WS 2HF

ZoZ AYRE (19 64-D)

(3) st 9 yesrd Atv|tlE ¥El alternative splicing 4]
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4) 2B dFo] F23F pathway 4
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Gene ontology profiles of hypertrophy
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A B Positive regulation of blood pressure
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