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Identification and Analysis of Differentially Expressed Proteins in
Angiotensin II Induced-Mouse Model of Cardiac Hypertrophy

Feng Meng, Zhu Xinran,Zheng Yingying,Zhang Zhao,Zhang Yin
(School of Life Sciences, Nanjing Normal University, Jiangsu Key Laboratory for Molecular and Medical Biotechnology, Nanjing 210023, China)

Abstract : To identify the differential expression of proteins in Angiotensin II (Ang II ) induced-mouse model of cardiac
hypertrophy and explore the pathophysiological significance. A mouse model of cardiac hypertrophy was established by
subcutaneous administration of Ang I with an osmotic pump-based controlled release system and then the cardiac
proteins were extracted. The differentially expressed proteins were separated with two dimensional electrophoresis(2-DE)
and analyzed by matrix assisted laser desorption ionization/time-of-flight mass spectrometry ( MALDI-TOF-MS) and the
original data were processed by Mascot then searched in NCBlnr database. There were significant differences in the
expression levels of 34 proteins between Ang II and Control groups(P<0.05) ,14 differentially expressed proteins were
identified according to the database, in which 12 were down-regulated and 2 were up-regulated. The differentially
expressed proteins in Ang Il induced-mouse model of cardiac hypertrophy were mainly related to energy metabolism,
oxidative stress and cytoskeleton.

Key words: cardiac hypertrophy , proteomics , mitochondria, energy metabolism
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TR R AT PECR , t F AT AR A BCO UL RN R, Ang 1T F2GEE S ATI ZAREE S TGS 50
WUE R ZFES 53712 RAAS PURFESERE Wl LALO LR AR HE K A AL RIIRFE , 3 300 I T fE AR 432
BHTE [ ARSI, Ang 1T Z2 RO T 09 31 O UL R a0 3 2 BEAR O ISR

HEE LSRR B TT , FEBAN ) A= B BR85Sk B 0 , M T 78 2 13 500 A= i
TSRS . O IEAE A 6] 0 g ) e A8 i R R g PR SR A A XN R rh 2 S S5 R
(1 —SE ST 1 I RIS R AR AR DR, S X B R A 2 S R A AR PO AR B TR T RE, KA
BT HATE 4 1 A O UAE R A A LR AL, A BIESE i, JRATAE B3 B B2~ 007 1%, OB 1 T8
Ang 113755 9.0 LB AR B ZH R B2 /DN B JIE A 1 33 1) 28 S TR T HOpg B AR B~ S

1 AR5k

1.1 EIedfy
1.1.1 k&34

SPF 2l C57/BL6 /N, 8~ 10 JEIIE | I8 T F 5t KA =X s Wik 5 i
1.1.2 IR A

Ang I 4-F Sigma 3 7] ; Micro-osmotic Pump ( model 1002) W4 Alzet 23 7] ; IPG 25 (24 em,pH 3-10
NL) i F Bio-Rad 23 F].

1.2 XWAHE
1.2.1 Zhh4ga

C57/BL6 /INRBENLAT N FHLH , 43 S BRI (Ang T 4H) FIXF IR ZH (Cul 4H) , B4 10 H #ERIZH ., LU
1.4 mg-kg™" -d " HUEFEZE R Ang 1T 14 d; X HEZ . 2B A BRER K.

1.2.2 Ang 135 R PLie XA 4 &

FAHER K Ang 11,5 2 Micro-osmotic Pump H93: ABCHI 41 Ang 1T 8l A4z BRER K ; B8 v 4 =R
LR ,%@5?/1\5%{‘;/]\ ST I Bz R B S5 , LR T B , B 75 5 Bz jk , In] J2 T A A Micro-osmotic Pump;
GO R k. 14 A U S
1.2.3 SREAR F

P U B S T R R A= s W S g b S, SR Vevo 2100 RGEHEA T T0 AN =48 75 A
1.2.4 pEZaZ H&E &

3 B IETRY A R RE L /N B O, IF 4% 2 58 W [, AT A s 38R U] | 0 4r i A s 90 R
HCE T I SE T .5 min, .5 min. 38 RS BERS 2EAT 2K, 100% 5K 2 min;95%
1% :2 min;80% 9K :2 min; WFE/K :4 min. HIRARE YL 3 min, 1% Z/KIEBREE S s, BEZEK M 3 WK,
ZLYLE 1 min, JoK ZBEBEK 3 UK, PRI ES i, e T UL,

1.25 SEEHIRR

FHHE R FIE AR A8/ N U, TR B O 0 76 0074 1 PBS 28 b i v HE 5% B8 1 LI, B9 JB0Cr 58 2 LR
& E TR SRA T % 1/15 ISR U2 O FH AT ISR EL B 158 Cocktail 1 PMSF) 7843513 ;
YK FEABR 10 min; JIIA DNAase , #Mill PMSF 4 *CIE%4] 2 h;12 000 rpm,4 °C &> 45 min, W4E F i ; Bradford
BT R e
1.2.6 &) 4t ik

B 800 wg MIBR FRES,, INAZKAL_EREGE IR 53450 41AL 500 wL BRI G2 3 50 I A B 45
oL PG BAR ORI BEE, IC TR B T SR AR T AR VAR L AR TPG ISR LA RS 2 mL T, 5
T, KR (12 h~14 h) 54 1PG MK SR ECH | e i L A R AL 5, I8 'E IPGphor ({4512
380, #7455 845,200 V 1 h,500 V 1 h,500 V~10 000 V 1 h,10 000 V 2 h. Z5e 5 RAELEdG | Hldk
W IPG ISR  MRA T2 phil A (5 A LS BERE ) F1 B( 54 DTT) W, & P4 15 min; 4 IPG BE5%
BRIPEZ 5 A M) SDS-PAGE &, 5 Ji FHERBE B 354 100 ; E 47 FL UK ( R U 10 mA/gel , FFZE 30 min
e 30 mA/gel) 1 TR 15 B A FE B R 4% 1 om AR (k. UK S RS | 0 HEA T % T s g e
0 [E5E 2 hy P (0 16 h~24 h; IV 2 G RJF A (NH,) ,80, TREE A R-RE 51
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1.2.7 B4 A BT

Z YL BERS 18 13 ImageScanner ( GE Healthcare , USA ) 15 {4 B 14, ImageMaster 2D Platinum 6.0
( GE Healthcare , USA) #4743 Hrgeit, i 6 1 22 S A 1 AL
1.2.8 %@ 5k N EfE

P A 22 R 528U, INA 200 wL i (3,3 (100 mmol/L NH,HCO,/30% ACN) , i (4 2E W %R T )5
TR 4 °CH#E 30 min fRCHFEWK; A 20 wL~30 L 25 mmol/L NH,HCO, 2% M ,37 °C JZ Ji
20 h Zidy s B G RO BERE ] 100 L 60% ACN/0.19%TFA $2BUK B % T 45,
1.2.9 RiEsp 5% G HIEEE R

HIS pL 0.1% TFA BMEIKE T8, ke, #4735 20 B (MALDI-TOF ) . Ji3 3% 2040 >R FH Mascot 3K {47
NCBInr 245 N TR R .
1.2.10  mRNA B Z RT-qPCR 57

SHHE R 1L AR A0/ N U, TG B O JUE , FRER, FH 0% A9 PBS PRida% B 1Y I, BT A 18 K/ &
U i Trizol G HEENH LI () mRNA , #% B8 Takara S 5% 550500 & 5 % %45 3] ¢DNA |, F 1 NanoDrop
I RE I 2 HR | e Je RT-qPCR A AR K 3k (R A 22 S 2 14 B 56 st 7K
1.2.11 Z &3 E Western blot 5 #7

SHHE R 1R AR A8/ N B, TG B O U, BRER, FH 704 A9 PBS k1838 B Y I, BT ECA I8 K/ &
WA F R 1 mg ZHEU0N 10 L 245 0 LTI & A7 8 B0 3157 PMSF F1 Cocktail 1) RIPA Z4f#
UK 13 IR A 2 2038 1) JCAT WLAHZIBE. 12 000 rpm,4 °CE.Cr 15 min, 58 FiE 2 HH EP &
H, 2 Bradford 8 E i, LA 5xSample Buffer, T 99 C EREgHEAE 5 min, B HS I IH ERE. S8 60 V
L FEL KA 2 PR ot e TR A, E A3 B R O 100 VOHL R RS FL K, 350 mA TE LR 80 min.
5% NG A WAL 1 h,—$0 4 CWFF LR, EIRFEE 50 1 h~2 h, FIH ECL B €1 H k2% & g
ARG 0 H A
1.3 SitFELE

K FH Tmage J 34455 40 i BRFEAT 40 31 LA B2 X Western blot 45 5 HEAT K 4347, FH SPSS 16.0 G834k 4
HEATELHE /34T, Origin 8.0 R AT RIZRHIME. HHR R I+ bR i 25 (mean=SD ) F/R | PIAEAS B4 22 1]
By 22 S B I ST BEAS ¢ A3 L P<0.05 N 223 B3 P<0.01 Jy 2 5k i 3%
2 TGESR
2.1 Ang IiFES/PMROEE %R X R R

O WUIE R B BEARFAE A 455 O ML ZAH B A FR R O e D 2 4 285 32 16 LA R VR i 00 66 AL vy o 3R TR 5.
TR Ang 1T XFC LA SEM , FRATH Ang TTHFZ24525 14 d J5, /DB T 2 8L KA8 AR A I, an
B 1FT7R , Ang T 2H /N BRSO B AARRSURITLC B AR R LY B R X IR, [R] s LR LA K B A 75 40 F ANP
BNP 1 B-MHC ) mRNA Fik B 715, H&E Y2 R Ang 1141708 B0 ULAN A s 36 e AL BH J R %) B
0. M Ang 1141/ BRIl B AR LU A A8 AL, DRSS R AL /N R S BRI K PRS2 57 4h Ang T 4 5%} R
217N BRURR) 2 2 SR L 550RT 6 i 0 o 3R AR A T[] — 7K, T ISR 2 /)N BRUAS) 0 AL 4 R 0 2 1R 1, &b T
RER BB BE. DL EAS I ZE SR Ang T1i /N BRUAG O BRI K B 42
22 LEEREAMRIESEE

FATHEIC Ang 11 2H F%F B8 20 /0N BRU RS o0 28 2 1 A 5 1) R, AR I R 52 335 43 Ar. ] ImageMaster 2D
Platinum 6.0 3K f4%F Ang IT 1R B /N RO R 2R 1 RS 64T 0T L3, &30 Ang T /N RGO IR 28
g 34 NEA SRR S0 RY4A B E 225 (P<0.05). 1R EYITE F ik 2% 586 (5 E MALDI-
TOF JFRIER I, XF R B A A R ] Mascot #X44H7E NCBInr B3 E N HG R, 45 RIL M FE T 14 D& FRIBH
B, AR 13X 14 AN e B VKBS TR A a8 2 s, o 9 AN e i FEokiiR 3 AN F
A, 1 A TSR, A 1A RSN EA. SXT AL, Ang TAHEX LHNEAFR
24, R TIHMEAR 121
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Fig.2 2D gel map of protein spots identified to be differentially expressed in the hearts of Ang II -treated mice
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Table 1 Differentially expressed proteins in the hearts of Ang II -treated mice

Spot Accession no. Protein name Biological process Mr(Da) pl Mascot Fold Subcel'lular
no. score location
Actomyosin synthesis, muscle contraction, cell
1 NP_001342683.1 Myosin light chain 4 structure and motility, modulate actin-activated 21 260  4.96 65 4.6149 Cytoskeleton
ATPase activity
2 NPLO38699.2  Superoide dismutase[ Mn]  omoval of superoxide radicals, glutathione met- ) ¢\ 6 g g0 74 930571 Mitochondrion
abolic process,
3 NPpagansgq DeR(3,5)Deltal2,4)dis A beta-osidation, ipid metabolism 36437 760 79 252326 ochondrion,
enoyl-CoA isomerase Peroxisome
4 Np_aagzggq  DeMa(3,5)Dela(2,4)dis o betaoxidation, lipid metabolism 36437 7.60 79 258346 echondrion,
enoyl-CoA isomerase Peroxisome
5 NP_031531.1  ATP synthase subunit alpha Mltochondr'la'l ATP sy"nlhems coupled proton 59830 922 63 2997 21 Mitochondrion
transport, lipid metabolic process
6 NP 033784.2  Serum albumin (Jclh%lar .prolem 'metabullc and lr?nspon, high- 0700 5.75 %0 2622139 Extracellular region
density lipoproteinparticle remodeling or secreted
7 NP_033740.2 iﬁ“:l; gamma-enteric smooth e contraction  mesenchyme migration 42249 531 89 -17.6082  Cytoskeleton
5
8 NP_031418.1  Actin,aortic smooth muscle Vascular smooth muscle contraction 42381 5.23 64  -34.2806 Cytoskeleton
9 NP_001185720.1 Adenylate kinase isoenzyme 1 iifliz?:abdw process adenine nucleotide me- 21 640 5.67 60 -14.7456 Cytoplasm
10 NP_083849.1 Isocitrate - dehydrogenase Calrbohydrate metabolic process, tricarboxylic 40069 627 75 _58281  Mitochondrion
[ NAD Jsubunit alpha acid cycle
11 NP_083849.1 Isocitrate ‘ dehydrogenase  Isocitrate metabolic process, tricarboxylic acid 40069 627 55 _554219  Mitochondrion
[ NAD]subunit alpha cycle
2 NP_080728.1 Ublql'uno‘ne biosynthesis mlloch?ndrlal electron transport , ubiquinone bio- 35232 5.60 65 -3.69745 Mitochondrion
protein COQ9 synthetic process
Cytoch b - el L mitochondrial electron transport, ubiquinol to
13 NP_080175.1 )} o tmzm ¢ o complex cytochrome ¢, oxidative phosphorylation, aerobic 48 262 9.26 62 -8.3059  Mitochondrion
subumt respiration
Cytoch b= el | mitochondrial electron transport, ubiquinol to
14 NP_080175.1 ybnc trozm ¢ o compiex cytochrome ¢, oxidative phosphorylation, aerobic 48 262 9.26 63  -8.96158  Mitochondrion
subum respiration
2.3 DEEEREBR mRNA MEAKERIZE

TSR ] F K R A BT 4 S FRATT A AN T 25 R A 2L A Echl, Idh3a, AK1,MnSOD F1 MYL4 )
mRNA 35284k LA 1dh3a Fl MnSOD )2 257281k, W& 3A Fi7R , Ang [T ZHAY spot3 MMt — 4l A 5
FI T ( Ech1) (spot10 54T R i S0 (1dh3a) | spot9 AR R I ( AK1) F1 spot2 267 A H 45 1k 9 157 1k Tt

B Ctrl Ang]]
Idh3a | W . - - - -
A
250 Oew . O P r——
g O Angll —
% 201 GAPDH | e sae " S5 - -
&
15+ 5.
é g = O Ctrl
E Z O Angll
£ 10 ALl ng
2 - _ T
E 09
3 05 =
~ 3
o
E‘ 06 [ ko
0 o T k%
Echl Idh3a AKl MnSOD MYL4 £ sl T
g o
[
Idh3a MnSOD

A ZREAEF M mRNA %Kik
* ¢ 5 Xt RUTAA EE P<0.01.
B3 LHEEREAHN mRNA MIEOKERETL
Fig. 3 The expression of mRNA and proteins in the hearts

;B: Western blot 2347 Idh3a 1 MnSOD FY 2 H 61k K HARXS FE 35 57047 .
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(MnSOD) ) mRNA ik B AL F XF BR4H, spot]l WILEREE F424E 4 (MYL4) ) mRNA 3k B &8 & F X B8
ZH. T Ang I 2079 1dh3a 1 MnSOD 144 [ ZR3k KV W1 AR T X% BRZH (181 3B ), 55 801w L Bk A DN 1) 28 1 1Y %
KA —EL.

3 e

AR AR R4 1 7 e I T 3R T Ang 11375 5 4.0 FILAE SACASE 750 £ 1 %6f BB 26 /N B 0 JUE 2R
MR, BATHIBFFT A B, S50 IR AR L, BRI 4] rp A 22 AR b B 1 R 2 S e AR Ak
I SR AL B 2R G, e LR AT 6 FE R R R 1 0 3R AR A XU I Ty R 114 5 i) B JH i BHR A 3~ 7 S

IR XS e T R d R A5 B, 11 ATP J2 O LT sl B RE R IR, IE R O0 T O NE4E R 45 )
REFISEREFCI T 220 ATP 3222 Ha iR 105 198 FIAE 26 W S A A B 4L | JFC vl i 0 1 2 0 IR A S8 1B 26 1) i >
P IR R, 2 S5 IRNITR B-E ARG R A A M R =R R BR b 0 06 Sl Sk
BRI S R AR AR 2] PP R T XN TRATT 2400 S A RE It Oy e XIS 0 R 2B T A8 4k B A
& A L.

FRAT R I ( AK ) 380 3 AR AR A IR ) i IR 3L AT 5S40 R T Wi 1) AMP 5538 A AR T — A 2 B 1 e i
AR WA 2R G0, 380 A 805 M e g IR D A T A T, ) B S TR A B DR 25 ). AMP 7K S 85 1
HORURE R AEE R RO L S AR B I R A — ke 1) T4 b AK 3R AR S e T A% 4 R He
F(ATP/ADP) FIRE AR A 55

LR A 0 1 1 AR RE S5O0 L PR 2 1) T 1401 43 00 UL ZR Rz AR Finc L i, MnSOD (SOD2 ) &
AR A ALY AR, AT LA R AR B B 7. MnSOD X Tl B 19 A 4800 a8 2 28 6 FE 0, MnSOD i %
B B 1 O R RO 1% S R T 14 5 P D S IR 7). 24 MinSOD 15 [ S0% ), 25 S B0 40 A% 2ok i
DNA HEU AL RATHIRFSE B, S50 BRZH AR EL , AR ZH MnSOD (92635 R I, X 3R TRATT Ang 11
WO NUE RS, O IEA 7T g2 th B E AL 3L

WUER R (42 6E 4(MYLA, ELCa) SHEESUIL A Y 46 D REAR 5, IR I B 7800 55 L0 2= R AR 63k, iAR
Jer AR IRAE O s Wi S5Ol B9 2 B MY LA 2 2 1500 B B A B T i DA B 405 4 5 3 v T i 75 117
MY LA @EBR S5 23 H B0 R AL UG Y 28 280 o0 s v A BTG Sl AU D RE S . 78O 3 s IE R i) 0 i
W MYL3 I8 T, I MYLA 525 605, & A1 (.0 G B PE 81 9. ELCa HUR T f MYL3 4WA% 1 ELCy
Ji , S S TR S A ULER 25 B o 2438 0, S 00 E W E DRI I, B O 29 O E R ELCa Y
SR RS —FAMEERI ™ 78 Ang T1IASF A/ BRGD WUIE KA R L v % B MYTA 3k 1R, X nT
REL 2 — PP A 1

PEAN AR Z2 5T 2 B O ik Hp i) — SE OB 1 & A B A JS S s el O IR (R T . ke i — P08 v 53405 1) 9 A\
OHE, BTG TR (ROS) FRA it 2, Sl — SR (1 & A WAL S AL B S 81 . AR A &
ARAk i B o BRI B & s BB A, LR AR W A B R 07 A R ERR T RIS 1B AR
S S B RIS A ARG A R S AN (R b-cl A = Fh R (7R H bk
B PN A DX SR R AR R P T RE S AN B IR s B VI A7 7  EJR 58 3 & AR T R Fh 8 i B vt
O WUE R B3 M A 1 T i — 25 5%

[ &% 30K ]

[1] RUWHOF C, van der LAARSE A. Mechanical stress-induced cardiac hypertrophy: mechanisms and signal transduction
pathways[ J]. Cardiovasc Res,2000,47(1) :23-37.

[2] PIRATELLO A C, MORAES S I, PAULINI J, et al. Renin angiotensin system and cardiac hypertrophy after sinoaortic
denervation in rats[ J]. Clinics(Sao Paulo) ,2010,65(12) :1345-1350.

[3] FABER M J,AGNETTI G,BEZSTAROSTIK, et al. Recent developments in proteomics ; implications for the study of cardiac
hypertrophy and failure[ J]. Cell Biochem Biophys,2006,44(1) :11-29.

[4] PELLIEUX C,MONTESSUITC,PAPAGEORGIOU I, et al. Differential effects of high-fat diet on myocardial lipid metabolism



PSR 4R (AR R 55 41 45 3 11(2018 4F)

[10]

in failing and nonfailing hearts with angiotensin II-mediated cardiac remodeling in mice[ J]. Am J Physiol Heart Circ Physiol
2012,302(9) : H1795-805.

DZEJA P,TERZIC A. Adenylate kinase and AMP signaling networks : metabolic monitoring, signal communication and body
energy sensing[ J]. Int J Mol Sci,2009,10(4) :1729-1772.

GE L,ZHU M M,YANG ] Y, et al. Differential proteomic analysis of the anti-depressive effects of oleamide in a rat chronic
mild stress model of depression[ J]. Pharmacol Biochem Behav,2015,131.77-86.

MIRIYALA S,HOLLEY A K,ST C D. Mitochondrial superoxide dismutase—signals of distinction[ J]. Anticancer Agents Med
Chem,2011,11(2) :181-190.

HERNANDEZ O M,JONES M,GUZMAN G, et al. Myosin essential light chain in health and disease[ J]. Am J Physiol Heart
Circ Physiol ,2007,292(4) :H1643-54.

PENG W,LI M, TANG K, et al. Dysfunction of Myosin Light-Chain 4 ( MYL4 ) leads to heritable atrial cardiomyopathy with
electrical , contractile ,and structural components ; evidence from genetically-engineered rats[ J|. J] Am Heart Assoc,2017,6(11);
1-14.

SHI Q,FENG J,QU H,et al. A proteomic study of S-nitrosylation in the rat cardiac proteins in vitro[ J]. Biol Pharm Bull,
2008,31(8) : 1536-1540.

[REHE.&E &)



