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Identification and evaluation of the role of MYL4 in viral myocarditis in mice
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[Abstract] Obijective:To investigate the effects and mechanism of myosin light polypeptide 4 (MYL4) on injury caused by viral
myocarditis in mice. Methods:The experimental animals were randomly divided into the viral myocarditis group (n = 30) and the
control group (n = 10). The viral myocarditis models were achieved by infection with coxsackievirus B3 (CVB3). The proteomics
assay was performed to identify the different proteins involve in the pathogenesis of viral myocarditis. The expression and the role of
one identified protein MYL4 were evaluated by Western blot and ELISA. Results:Six proteins were successfully identified by MS.
MYL4, heat shock protein 1, isocitrate dehydrogenase subunit a mitochondrial precursor, voltage dependent anion-selective
channel protein 2, proteasome subunit a type 1 and macrophage capping protein. The expression of MYL4 was higher in the heart
tissue and serum of VMC mice (P < 0.01), and ELISA results showed that the expression of MYL4 was related to the severity of
disease (r = 0.97,P < 0.00). Conclusion:The MYI4 expression of VMC was higher than that of the control group, and also could
indicate the injury degree, which suggesting that MYL4 might be involved in the pathogenesis of VMC.
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Ik UL, AR O O L) BIR A e 1 R 1Y
Ak M EPERAE , PO LR ESRSEFIA] 5t B8 A% 40
JREE S T L BEAR A R U %) A pL R 2 4 ik
AT, AT VMC &0 R i G E 5y
THLH AT Y], — BRI O LR B &
i R LA AN B BT R AL O I
O A BERRAST, J5 24k AP A B S S
BB, HAT R Pt E 2R OHUIRE R, BF5EER
W, INTEPEIILER EE 1 R REOR AR AV A B S S
D IR 22— AP 22 5 2 1 AL o i D vk
8 T EIMRTRIE O NLR 2R RBE A R
— gy F—L Bk & A 52 5E 4 (myosin light
polypeptide 4, MYLA)FEATHETE , FREKE MYL4 TEH 7F
PEOILR A B e sm L T agrE R

1 #RF7EE

1.1 A

[& 48 pH 6 BE (immobilized pH gradient, IPG) Ji¢
% (pH4~7,3~10 L,3~10 NL,7~10,17 cm) ,ZFHLE
£ (isoelectric focusing, IEF) ¥ (pH3~10,pH7~
10), W52 =T BE (tributylphosphine, TBP) 343
Bio-Rad 23 F) 77 i ; Tris  JR 2 B/ EEE(DTT) | Y
2 — i (TEMED) | N 5 B2 £ (CHAPS) (it &
P fe PR RERG /. FE OB N S ToE R |+ e Sk M
(SDS) |l g% H 2 W HimEh L=
Sigma A FJAH] ; L5 (ACN) ) H 2 [E Fisher 22 H]
&5 T2 A AR ICY) (Marker) 1 B 6878 A9
s HARa R 4ok [ o At

GHLREL, TEEAIKRSEN A 2 Bio-Rad
v Milli-Q 4K R4 H 35 Millipore 2 A ;
e AR R B O AL 23 6O EE T 6 [ Beckman 24
HI e BT EAE (Melanie4.0) . @5 HHEY
(Umax PowerLook 1100) 5% 1% (DE STR MALDI-
TOF) ¥ E ABI A w7 i, Syt MYL4 BLik
(13229-1-AP) 4 H & [# Proteintech 23 ],
12 Fik
121 RS PUR AR o) 3 5 B K 3440

40 H 4~5 J& iy SPF 9% Balb/c /N F B 7S
BEREESLR St A RS TEE IR (20~26°C) |
fEIE (50%~56% ) 1978 Sk &R AR N 5 /N & =
SO UEEE HkE DB OK SR 28 5 IR 2R KA,
IFETCH & AF MIiE R e, CVB3 (Naney #) i3
R IR R T s BB, 7F Hela 400 (A
SEE R AR ) AR ARHG T, I 75 1 A 2 SUS L

(TCIDsp) A 1 x 10%/ml, #/INRBEHLITH VMC A
ZHAT IR, SR C & Bk, Bl VMC L
I VMC FERIZH I s i S B2 0.1 ml, Xof REZH IR
EFEST 0.1 ml AEEEEN Eagle’s MEM # , X Hue
i1 A AR 2 AR L 2 =T v o e UL BRI s e e A
Z AT ARUED .0 43 TCRIET AT BERIE ;1 432 1 4>
5 2 AN EPE  RAELE 52 O3 AN/ NIAELE B
RIGRAELE JNRFELE ;3 73 24 K RAE RS
Wkt 4 o VRIEPERAE IR IAFE 5L
122 #HR4l4&

J FE AR SE/INER, ST BV LG e, 4°C TS
B L AL Tris I L T4, 4°C 3 000 r/min 5.0
10 min, FHUEACNE 3 2R BOMAR  WHIES Bk O IR ZH ]
WIS A, A 1.5 ml EP 45 A 1 ml 2040 , 18
A1 2 min;4°C 15 000 r/min Z5.0 1 hy B I 4035
—80°CIRAE, Bradford B FHMRE
123 M @E ik ik

PG AR (BRI 200 g, %
T35 5 e A JRE R 1 000 pg) 538t KR TR
5], BRI 350 pl, IPG FHRAIISIINA IPG T
SR ge AT E R AL S R AR P AT R R
K G R, B RRAEAT L E AHTR S A S R
ik R REAR A, TR A SETHE
BVRAN 22 5 AR AP RA Th B G O, SRR
MAEbRA LR I 2= S e, VR R
P s e X4
1.2.4 Ik A Bsdn

WGBS YLl =S E AL, BT
1.5 ml EP 4, #RGIKE B G857 Sbe et e
INBRFD ZEEAE AL IR AL BRAFAG AR & DL &S B 4
1.2.5 MALDI-TOF-MS #&|

1wl SIS PR SR AL AL N 1l B
W, HARTHE A 1 Wl 0.1 %TFA,5 s J5W 2 FIH
T SGHAT BTk o b, RSO, TE B3
FE, BT IR LR 20 KV, SURTHLUE A 23 KV, N,
BOGIAS 337 nm, PKMPSEEER 3 ns, BFHERFZHL
100 ns, B2 R 4 x 107 Torr, FUiE(F 5 R 6
F0 50 YR, 1o L B R gt 1] R A 25 U4 N
HRPRERL IE
12.6 #¥EFE#A %

FIH KA Mascot distiller 1 8 4k PUNIE
S FFH 3 B Matrixscience 2 5 1Y) Mascot %44
## 2 NCBInr 045 % (http://www. matrixscience.
com) ; BUH] Peptldent 48 A 7E KK 43 1 LE W2
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1.2.7 Western blot #

FH RAPA 4 240 A AL O EZH 20 SR UK
H,BCA EME B IR, 28 10%SDS-PAGE i3
JE RSG5 PVDF B, PRSI 5% il diky 37°CE
P11 h, B AR Bt MYLA TR (1:1 000 5 B)
FEBT GAPDH FAseREHTIA (1:2 000 FikE) , 4°CIHEE
W, TBST VeI G, FHINA HRP FRic i 1L Pt i
IgG (1:1 000 FivEs), ZEMFE 1 h, TBST PEik, ECL
fb22 &R W . B A X & & MYL4/
GAPDH JKEEHAEZIR
1.2.8 ik ELISA #m)

AL IEF IR/ INEUOWUE S E5 AR DL SR8 B . VMC BRI /N R BB A 7 R, o DL RIS, R AR A0 MTIR T
K1 VMC /RO L B2 2% (HE , x200)
Figure 1  Pathological change of VMC mice (HE,x200)

2.2 Wik £ 1 & G oM AR it

Fie BRETIAR /N BLO DS IR oAb 7 28, 38695 1
B Bt F 5 A G s O 1) LT H K PR
Melainad.0 ST AFEA TR0 BT d R R, SIE
H/NBLOLEIEM L, EEtE o NI #1328 4>
FHFRE LR OREEERE S 52 ), 13 MERAEE

e G U 5, ELISA SR/ B 35
MYT14 FLLALIESE T (cardiac troponin T,c¢TnT)
) i
1.3 “%itFF%

iz 1 SPSS13.0 HAF X Bt A7 DUAR R R I
B A AR LAY ¢ KB | 2 A S R RECR TR
HEAZ AR RIS, A2 Nemenyi 590 LA S5 801127
IriEAbEE | B EVE K a=0.05, IR R R

2 5 R

2.1 VMC AR RS LR F R E

TE VMC BRI/ N RE A 1 5, TR E
USRI B2 ) R AT ER R AR, B B AT DOy L2 A
PEIRBE, F53 D WLEF AERT R A Tkt PR 58 4
R, ZJE 5O WL IS [FIRR B (Y 2F AR RS 2 5 1B
X BE/INER O L 2R U S el A (B 1)

H SR BRI R BEAEAE S A5LATR ), 6 NE S THA 3
HEL 12 ADNE A BENLN TS Tk 8 225
ST S A 6 MR T S . WIBRER LR dE 4
(MYL4,MLCIA) #RFCE 1 Bl SFAPIE IR 2 Bfa
SRS AR ) B e 2R 1 B A 2 T
AN 1A E A A (R 1L, 2)

% 1 MALDI-TOF-MS ¥ E£RRIEBARETER
Table 1 Identification results of proteins differentially expressed by MALDI-TOF-MS

HEH AR PR S il PEECR(100%)  VMC hERis

Bk P24 4 Myosin light polypeptide 4, 21 014.5 4.96 100 Tt
MYL4,MLCIA

PIRTEEH Bl Heat shock proteinf1 22 999.7 6.12 98 Tt

SRR S a PR Isocitrate dehydrogenase subunit 39 613.1 6.27 100 TR
mitochondrial precursor

LRI BB H  Voltage dependent anion-selective 31712.6 7.44 100 NS
channel protein2

FEABEHA a WRALT 1 B Proteasome subunit o type 1 29 527.8 6 100 Tt

E WA it im ik A Macrophage capping protein 39512.9 6.73 96 Tt
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Figure 2 2DE images and MALDI-TOF-MS spectrum results of MYL4

2.3 VMC RS L MYLA 89 £G4
FIIFH Western blot XJ /)N FCs LAz A< 46 % 28
2] 65 MY L4 25 e 5 O LA 2 B 3Rk K -
FIHH 5 TR X IRAL (P < 0.01, 8 3)
24 VMC foik MYL4 £35 5 SR T M £ &
IM3EH MYL4 193835 5.0 UK AR 1 ™ S A B 2
IEASE(r = 0.97,P < 0.001, K 4), MYLA4 TESRZAERY
53 REHE BT, 7 KakBmig, H—HRs s
14 d, 1M CTnT WIFESS 3 KIFUh T+, ZJG8 L T I
(%2).

3 3 R

VMC ZA LA , HATE & A, DI
AR AT 859 T O M LA P R 5 T sl L
P AR TR LB BT AL LS )5 S
DURBRER M A0 A B RPN A K e — 2
T A B B ONAE A IV E A B 5

AT AR AR BRAE 2 S /N B L
FERFH RN b, RO T VMC AR R /)

X R4 VMC R
34d 7d 14 d 34d 7d 14 d
MLY4 T ]| 000
GAPDH 43 000
Lor
*
3 14t
% 1
) 1.2 F
® = 1or
e QE“ 0.8
g § 0.6 ] T
2" #
X 04T
S o2f
0 B e B 2.2 -
3d 7d 14 d 3d 7d 14 d
X R4l VMC R4
5[] X HEALARL B, *P < 0.01,
K3 Western blot £l MYLA £ FI7EER & VMC /ML L
MYV R IL
Figure 3 Different expression of MYL4 in the control and

VMC group showed by Western blot assay
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B Co LB ) H Kk T3, T REAL e+ 2 S 2 1 o e
177 MALDI-TOF-MS %7&, /13T 6 1~5 VMC &
A RIBACHIEE AT, #—PRH R MYLA 75
VMC O ILZH 2 R i 3 H iR 2 3R 9E  BEL, MY L4 78
VMC 0 WLZHZ I 38 7 = 3208 FEE I T
MY LA FESR RGO EE 3 REHE BT, 557 K
KRB H— IR 14 d, KR K50 IUEE
A R R TR ARG

IIfa PRAFFFT & BRAE VMC 5835 L3 Hh T A 5] 22
FhE BRREpiIR, i—2 VMC B E 0L E TSR
BEIEYLRT, NS A KE: A STARAEAE , Hoh 3222

%2 /MRINFE MYL4 0 ¢cTnT ELISA #&NE RE S5 OIFETHXFR
Table 2 ELISA results of mouse serum MYL4 and ¢TnT, and the relationship with pathological lesions (X + §)

B popiiEa) VMC #ERIZH
pUEZZ =7
3 d(n=4) 7 d(n=3) 14 d(n=3) 3 d(n=10) 7 d(n=8) 14 d(n=7)
P TBLIN AN 0.10 = 0.10 0.10 = 0.10 0.10 + 0.10 1.60 + 0.30 3.30 + 0.40 2.80 + 0.40
MYL4(pg/ml) 1.36 + 0.16 0.95 + 0.28 1.43 £ 0.25 23.63 + 3.12* 72.52 + 8.13* 69.78 + 5.14*
¢TnT(ng/ml) 0.26 = 0.12 0.42 + 0.20 035 +0.24 6.38 + 1.36" 5.32 +2.45* 3.66 + 3.12*

5[] 1) i X RELH L3R, ©P < 001,

HUE N OWUILEREE F (cardiac myosin,CM), CM J&
SO JILEH L Y T S R AU 4 35 1 2 — 2 A UL
AL FLZWNSr, AEOISEARER 35%.
EHEAILTIRE ATP BEEEVER A& ESE
(myosin heavy chain, MHC) F1%} #2%5% (myosin light
chain, MLC) 4, & UBEREE B 24 Ui 1 1Y)
HELER, IERENEA 2 MY EEN . — 2
A ATP MG PE, BERYH ATP, BEUIL #RE; — 2 HA
SWEhER45GHREIN  CM TERRTE pH T & EH
fif . MLC #1 MHC 4385, T MLC 73 725V, 5
pueRa 4 1 Rl 187 - TN eV O T i s O IR}
MLC K-Fies , RHA e~ ARk o, BT L MILC
B RE S22 4R 1EI2 W AMT R 5T O LA 405 B2 AR
PR A A AR SR HEL R B, IR
BREE 1 IR LR SE LR R R 2 WS
OMERE LU WUcEs T34 50, ST MY LA 7E.C UL
PO A VE I AT AN A, ARSI i X )
VK 2% S i e K B 4 o, B T 0 WL MYLA 78 VMC
INEO LR R IA T AYEH 1, E—2F Western blot
SERAWUESE MY LA 3 ALERSA7 O LA 2 B 3Rk
A TIE R X A, $R MYIA 25T
VMC kA K,

Neumann 2R HF 5% A& B, CM FIE B6 T4 .0

Pk B AR LA 2B B E AR R M OO LR
G TEME T S IR CM A AT RES | S AR H 5%
PETE B EIRANGY AN A T s A, EXT
ogwaE , X ANRIE R DS, Wi &4 A Bt
JEM DR E . ABFT R R MYLA 7E VMC H3
KT, AR HATRETE VMC H B )5 mit 5 &
FER . CVB3 AU IL4IIE 5 R 4045, cM
EZF A LA R K, Wb R B S h i an
B FEARAMATFTE] , TGRS ) B e I 28 PR R
H Bt O ALR FIBFE TR L ZUESE CM fghg 5 | ik
INERAR Bk O LA FHE PO I, Hs FRARAE
83y SN2 1 0N i 7 T A Nl 1] i i | D9 T | S
A4k, M3 - d A T CM LA | X SERIF 45 SR
TR GG MR LA TR CM X —Fr bt
SRR A B RIE RN

ZE L TR AR 5T i AR A 2 0 ik A e
T 64 VMC ZRRBHEA, HTTHS 1 41MEA
MYLA 7E VMC W3R8 RAEHT, 45 R 5oR MYL4 78
VMC /N EUC IEr 5 m 2ik , HaRA i 5.0 L
FIFEARE R IFEADC, $/8 MYL4 78 VMC O LR
Pkt — AR, SRR Py s LR AR 1 A Rk T
J& VMC 4k & H B W R 2 —, ARBE5T
g By gk — 2 I VMC &R HLH R T S0 54K
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