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Abstract In order to investigate the relationship between endogenous proteases and heat shock protein 70 and myofibrillar
dissociation of tilapia during the refrigeration, experiments were performed to determine the changes in myofibril
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fragmentation index, myofibrillar dissociation, endogenous protease activity, and heat shock protein 70 content of tilapia fish
meat during vacuum-packed refrigeration at 4°C for 48 h, and the correlation analysis was performed. Results showed that an
overall increasing trend in the change of myofibril fragmentation index during the refrigeration of fish, ending at 3.52 times
the initial value. The dissociated myosin heavy chain and actin content showed an increasing trend, eventually increasing by
70% and 65% respectively from the initial values. The pH changes were a decrease followed by a slight recovery with a range
of 6.5 to 7.0. The activities of cathepsin B and L showed a constant increase, and the activities of cathepsin D and calpain
showed a trend of increasing and then decreasing, and reached the maximum at 8 and 12 h, respectively. Heat shock protein
70 (HSP 70) content showed an increase followed by a decrease, reaching a maximum at 4 h and finally decreasing by 22.27%
compared to the initial value. Myofibril fragmentation index showed a highly significant positive correlation with cathepsin B
and L activities (P<0.01), and with myofibrillar dissociation of both myosin heavy chain and actin content were highly
significantly positively correlated (P<0.01) and negatively correlated with HSP 70 content (P<0.05). HSP 70 can stabilize
myofibril structure by binding to thick and thin filaments of myofibrils. HSP 70 content was significantly negatively
correlated with cathepsin L (P<0.05). cathepsin B and L are essential proteases affecting the integrity of myofibrillar, and
cathepsin L may affect the dissociation of thick and thin filaments of myogenic fibers by degrading HSP 70.

Key words tilapia; endogenous protease activity; heat shock protein 70; myofibril fragmentation index

%'k (Oreochromis niloticus) & & MNAER, £ MEmEANEFaRY, fhEZET M
AR KE, 2020 B AR IR RIA 165.54 5t (HIR/K LR FE R 6.4%P, BTG IR R S
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B, e B 5 LR 45 4 R 22 A gn 22 B, JLJR 1 2 K 22 R0 40 22 10 i 15 2 Bl R UL B 4F 4 ) e 3
M, BFFC R BLIVL R £F 4R 22 R AN 22 () R B S AR I IR LA A SR ST, WANG 2R PR B
(Ctenopharyngodon idellus) At /5 12 h LIS £F 40 22 1) fif 55 5 #0 R BT A 25 A0 AH %
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MRz, HhRETEFANZHAEAR B, L. D MEHEEABE. AR, WIEE AR
JRAF 24 B A I B R R A Re e R R AR S0 G I R AR BB ik, kA R EFEHM AR NS . A
ARPNR A G2 M2 B SRR EOAREN LR, AENREFRMNEIREDRL, M
BORE F A #MR T & A (heat shock proteins, HSP) R4EFF WA S (IFEE, 2% 1 T S & i
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HETGXHNIREAN . HSP 70 5P 4k LR 4 4E i 25 ¢ RIRIER D, AL P P IEfh
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fragmentation index, MF1) DL K fi & i LK &5 1 E%%  (dissociated myofibrillar heavy chain, dMHC) #i1
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W%,

1 MR 5RHE

1.1 MRt EiRH

Bt % E 4 [(800450) g], JMIF- T NuPAGE™Bis-Tris #i#l/K (12%) . NuPAGE™MOPS
SDS HLIKZE M (20%) , JEHEFEILTA AR A ; BeyoColor™ E @i &E . 5>SDS-PAGE
Gt HEERERE, REERSREVEARGRAF; Z-Arg-Arg-AMC. Z-Phe-Arg-AMC. N-
Suc-Leu-Tyr-AMC, Sigma A #); fAHARTLEH-70 (HSP-70) EEEC AW il el &, LilgEEs
MBI AR AR 1-43-3-3-ZFR N )M H g mE, TN EEMRIE AR AH .
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IKA-T25 412301, fEE IKA AF; HH-4 PEERBE KB, & MEEIRAF; Sun-
rise-basic W GEEFRAY, fEE TECAN A#F; CT3 ML, 3£[F Brookfield A &; 3K30 & &A%
BOHL, fE[E Sigma 2 wEl; Mini Gel Tank & A KI#E, £ Invitrogen 2w ALK, EH
BIO-RAD /A #]. Image Scannerlll 4%, 3&E GE A #; Cary Eclipse M4 e fEil, EE
VARIAN 2 &,
13 EWHE
131 HFALE

WSS E i E S, Rk, AEAMPE, REHIAVIR 2 cm>2 cmxL cm HUR, HAQ
B, T 4 CHMBAR.
1.3.2 pH BRI E

2% GB5009.237—2016 £ it %4 H X AL & il pH AE B E Y #7547 ME o
1.3.3 MFI B3Il E

Sk W R IR RS e, B 2 g fI, JIN 25 mmol/L ZZyhi A (100 mmol/L KCI, 1
mmol/L EDTA, 1 mmol/L MgCly, pH 7.0) 30 mL, 7EUKIBIF 1 min, HAMEI{EEK 30 s, FZbAiid g,
JEWRAE 4 °C, 10 000 r/min &4 K &0 15 min, fREVTIE. FUTIER T 20 mL BERR R, FLL 10
000 r/min g E5.00 15 min, AR UCiE A LR R, ARFIENE & AwE, FMBEEEAK
F£75 0.5 mg/mL, fE 540 nm AL sE HROEAE, WROG{E I LA 200 B 9 LS £F 4k Ak FE 3
134 AEAEEBRREK

S BARAE TR IR T4 H . R 2 g MK, A 10 mL M2 B (5 mmol/L
EDTA, 50 mmol/L KCI, 10 mmol/L Tris-HCI, pH 7.5) & 20 min 5, G A, wE#En
A 10 mL FIZEphite C (2 mmol/L MgClz, 50 mmol/L KCI, 10 mmol/L Tris-HCI, pH 7.5) 27 20
min; 985 IEE S MK D (0.1 mmol/L CaClz, 50 mmol/L KCI, 10 mmol/L Tris-HCI, pH 7.5)
12 20 min; /AR IEEH 10 mL W2 C 5t 30 s, 458K 20 s [R5 T 30 s. IREWLE
4 ‘C. 11000 r/min T g5 15 min. YLIERE T C RRI AP RN A4 EH .
135 ALRA4#EHS EDC KB R

WURF4EAS 1-4.5:-3-3-=HR A &) F iRk (EDC) KB R M 2% MIDDE 212
k. BEFIEANIRA4EE O SFHEENED S E 4 mg/mL, B 1 mL I 2 mmol/L ) EDC % 10
ul, M 20 min j5, A 1 mL 1B (1% SDS, 100 mmol/L DTT, 60 mmol/L Tris-HCI, pH
8.3) &I MN . ¥ RN E T K hn# 5 min, 20 15 min (4 °C, 10 000 r/min) . HY i W
5 EFGMBRIRSG, RN 3:2. BEW T W /KFmM#A 5 min, SR HBEIKFES. BIkBEEE RN 100
V, Bt 1h, B 1h, Jetain % Dl R250, i ikt 10%E5 82, 40% £ B Al 50% 7K 4 % -
1.3.6 HSP 70 & 2N E

1o F HR T ER (1-70 (HSP-70)  iff BB6 28 W B 00 2 3K 591 4 0 o
137 NIEEABRIRSEENNE

1.3.7.1 SPOSEAMAMHALSE A B L 3 IS M e

FEE R AR SR (I B L ISR AU I 2% GE 2R8I ik

HY 10 g W A IIN 20 mmol/L Tris %W (pH 7.5) 20 mL, )i 20 s, FEiRJEHIE, 76 4 C&A4
FEFE 30 min, 4 °C. 16 000 r/min K &0 20 min, b3 R ED 9 R B HG -

HUHI RS 0.5 mL, 5 0.25 mL 2 iR & HAE 37 "CHEIRAE T i 10 min, 0N ) 5B JE A,
7 37 C4AF TN 0.5 h JEIA 2.5 mL £ 1k (50 mmol/L Tris-HCI, 1% SDS, pH 7.0) . KM%
ST E 7R -4- R EEE TR (AMC) R E . I K RO I (ex) 340 nm. K4S
FAK (em) 440 nm. BiF3E 7154 O 1 min PUBEAHE 1 umol/L AMC it 75 [ i & .

(HLEAM B 2Zp#:352 mmol/L KH,PO4, 48 mmol/L NapHPO4, 4 mmol/L Na,EDTA, pH
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6.0, f# FHATAECHI NS 8 mmol/L L-2E Bt & FRIET: H B ABF L 22 307:340 mmol/L NaAc, 60 mmol/L
HAc, 4 mmol/L Na;EDTA, pH 5.5, i F HiFCHI 7 8 mmol/L DTT % ; F5¥E0s B Bl : 150
mmol/L Tris-HCI, 7.5 mmol/L CaCl,, pH 6.0)

1.3.7.2 HLUEABE D RIS 35 v e 08,

FREX 15 g WEfA, NN 10 AR B4 AR, Y500 F A6 QIR =i 08, 38T, B3,
BN 20 mL ) KClL¥EW (2%) , JBAIJE 20 15 min (4 °C, 10 000 r/min) , FifS EiEW AN N4 2%
FHEF D FHEE . HX 0.5 mL FFHESW, TN 0.5 mL MOFRAS MM 4L A A (5%) PLA 1.5 mL I HIR
ZEpP (pH 3.00 , fF 37 C%MHTFiE 1 h, JMA 25 mL TCA (5%) &b, &L 15 min
(25 'C, 7 000 r/min) , @IEZ% Lowry L& LiEH A HI 20K, BAEEE 715840 E U8 1 min Z W
L 1 pmol/L BE R (Tyr) ATk ZE RN &

1.4 EIELAE

KH SPSS 23 #1 Origin 8.5 A FAbTE ST 4w AH I 70 B A1 35 M #r, BB MK

0.05, >KH Image j X7 H ik I3 o 2% 5 2K B R AT A G 8 = 0 7

2 ER54H
2.1 MEE B T IEAE AR MFI I

1 Vil A8 v 2 e i g YL T 4/ AR 4R B 4k
Fig.1 Changes of myofibril fragmentation index of tilapia during refrigeration

e AR REE R FEZE R (P<0.05) CFFED

MF1 2 5B LR 1 4 58 P 1) — AN 4808, MFIL R 0 B LR 25 2 45 44 38 52 B R (R RE kT4, 3
MTEM E R G, HLURE AR RS BOE R OGS, W ED. EEREARAERE, Gl Z R4EMH
W, R NUR L gere /e DS, B R AR A2 ML 2Bl 1 B, BEEMAE MFIL LA R
WhnmEs, 75 0~12 h WilENE 3 (P<0.05) , fF 12~24 h WAL A LR (P>0.05) , 7F 48 h i
MFI RVIUEE T 3.52 fiF . XA KIS [A] A MFI ZE47AH G ME 0, I MFL 5 74 e it 1] 52 4 55 3 1 AH O
(P<0.01, r=0.958) , it BIAE WL 72 Fb 2 F LR 4F 4 52 PR B R . AYALA 25161 FY 41 6 5%
X AR 6 (Sparus aurata L.) BEATOWHE T, R B SR [A) R, LR £F 4 5 A0 B0 5 k™
#H, REARLELE LK.

22 WA EAEFEHELTFBELNBETL

JUJER 25 24 KH 22 FOAH 22 110 i 25 22 5 2508 A o o 5 A iR (Rl 2 — o D ik 9 %0 A £ v gl ) AL i 4
Yl P2 Agl 2 S5 AR, REVEE KA EDC MBS et LR 4 4i 52 1, @id SDS-
PAGE KRt A S E H &k, EDC @l M EHM E B o FRREAA R, FEERA
FERRFRFE BRI A R, B 2 AER 1 AN B AR LR 4F 4 R (1 /E EDC RSBk S5 (1) SDS-PAGE
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W K E i d dMHC fiT dAC AR K FEAR A . B 1, R4 ] DMHC fil dAC 15 & SRt
S, £ 0~2 h N dAC S ELEFEDL (P>0.05) , F X B ) Py LR 25 4k 25 (0 22 F0 4 22
R EhEkE A, WK ARALTF T EIRS. /£ 2~8 h B dMHC fl dAC & & L8 E A1
(P>0.05) , XEMAEMELENITLE, US4 2 M2 1) 73 5. 78 8~48 h N dMHC il dAC
TR EZEMER N (P<0.05) , f#EH INLBLE A FLER E E E BE 0 K R Bl A TR 1] 1R SE K T AN
Wit hn. WANG ZECU s RISt 52 f5 12 h P ALJGE £F 4 A 22 gt 5 R P58 o o i) Fr) B K g 38 o 85
B o1 B 5 R I EE A AE Y S 26 1t T 48 h 9, dMHC 1 dAC 2 & B It 38 I 7] ) ZE K T3 i . dMHC
il dAC S EMZ AN MR B EESER 2 —, XMEIUSNUERE A WS REEE DMK,
OKITANI Z5E8HE % 31 P h AL B /) AMP A1 IMP /] L2y BB EREE A . BRIk, s ix s pL A o S50
JER AT o it 15 1R IR B AT WF 7T, A e I B K] 3K ) S B 4 10 2808 S5 UL PR o LR T 4 5 Bk SR, DLk
R R

K 2 At b P AR R 465 9 5 EDC AZHk 5 19 SDS-PAGE &%
Fig.2 SDS-PAGE of tilapia myofibrillar crosslinked with EDC during refrigeration
K1 P At LR 474 5 5 EDCAC IS (11 SDS-PAGE &I 1% Hh 2% iy A FE AR AL
Table 1 The gray scale of the bands in the SDS-PAGE profile of the myofibrillar protein of chilled tilapia fish flesh after cross-linking with EDC

A 1]/h dMHC dAc
0 1.00° 1.00°
2 1.19+0.04% 1.00+0.06*
4 1.18+0.25" 1.120.16%¢
8 1.14+0.09% 1.10£0.012
12 1.51£0.09° 1.24+0.24¢
24 1.49+0.05° 1.20+0.34b
48 1.70+0.22¢ 1.65+0.18¢

E: MHC: WIBREHESE; Actin: MzZhEA. BURRR N THESHEMZE, 7P AR T RERIHANFEREEZER (P<0.05)
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23 FIEER pH EIFHHAEAHTL

BB FE o pH AR A S S L PR AR A SRR AR A, A BRI A 2 R R UL PR s L. 4
FEIYIIA] pH A2 (L Ak R TR T mrE % 18 3) , 1X 5 FARIDC %P 45 R —3. 76 2~8 h N fa
W opH REFME T (P<0.05) , IXATHEARE AR PRI A IO FLIR AT ATP B A 25 Rl (1 18 1 T 5 2
f, 1€ 24~48 h WHEP pH BEA BITF, W RESE PI U Bl A GAE ) B At o o A B R B Jie 2 ) o 51
(1o JTRRRR I 4°CHA I pH 7E 8 h J5 pH 2[RI FF#a % . ARSIGTE 24 h J5 pH 2 BFHEH,
XATREE R O s B SE 22 1 R 0T Y PR AR

d

7.0 -
d\c
5 ab

k \Fﬁ\g/f

6.0

1 1 1 1
0 10 20 30 40 50
AP ) /h
Refrigeration time /h

3 AR AR B AR fa A pH AL
Fig.3 pH changes of tilapia during refrigeration
24 G RNESE ARG EEETRE W

A A B AR R R A RS B L im Ak WA 4 Bon, HE AR B AR A U A AR 2
AWt BT ss, T 24~48 h WHELE M B E I (P>0.05) , UIEIAHZIE AR B G ETE 24 h
e TP, ALUEAE L AR N EEL T A S rEs, HE 12~48 h 28 EMERE N
(P<0.05) , RERHAAEAM L FEE T EKILEE AT e gk it m. Wilim Y EmAdiEn
By D WML 5 fron, HAEAR D WA 0~8 h BEMIEIN (P<0.05) , 7£ 8 h Rk K
B, NVIUGMEN 1.23 %, 105 bl 5 ek i ) i 2 Vg PR PR AR, A a5 WG E ML . WANG
LURIME MM 12 h WALE AR B Gt 27 @@, A4EAR D STt & &K, BHE 8
h kB KAE. TRGRPAWIR T 4 CA R A E I WA EAR B. L miEAtk, ZREHA
SURANE By LGS 0~3 d NEAEBEH. A4UEAR B. L fHiE pH N 6.5~7.0, MAHAEH
g D A& pH v 5.5 LLRDO, KBFsE A pH 4T E N 6.5~7.0, Fk, 76 AR A
ZUE AR B. L Al Aetb AU ARG D oalik 5 oK.

P R A — PR T LR R R R A2, YA A [R) 2 A a5 90 R A AR b
Wik 6 Frm. 530S & B TE R AR SR NS PR IR S, 78 0~12 h )R E M (P<0.05) ,
12~48 h WIHEMHEE R (P<0.05) , RAESVIMHMEM KT 25.4%, 52247 BI%] 5 6 jig
HH S B0 R S AL AT IR AT, Rk LA N T O IR PN B B A RS M B e TR TR R
P, HAE 12 h B HIEWIA R R ME, X 5290808 B — 3. 0SB B 10 0 5 R AT RE A Y
JoT I R AR R A B K BRI BSOS B LB s, ORI RE R T H A S B IEEH LA
T R S R A B R R AEAE Y S S R A AR A, HAEWEAT 12 h R IELE
F, B I A 8 S, o L PR A P B ik B A
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B4 Al Eh P EmapdfEAR B, LigtkEt
Fig.4 Changes of cathepsin B. L activity of tilapia during refrigeration

5 Vol AR b B AR £ I ZVER A D R R
Fig.5 Changes of cathepsin D activity of tilapia during refrigeration

6 ¥ 7 rp B 3 £ £ AT S0 B 1 S T AR AL
Fig.6 Changes of calpain activity of tilapia during refrigeration

25 IEd iR T EaA R HSP70 88T/

AR T AR MUVALE LB A T KBS THARE R, BFE IR 50 8 A2 SR R
JR A I R T BT AR R AL, Zh b ek a, WLAH AR REA% 1R T R se B R B S O S L
JR 2 4 2 1 2 e e H A R el iy e DO I AR BT 4L R B HSP 70 £ B 5 B AR SR SR A AR
KM, AEFF R LB HEATIRAB L. S8 5 AP AE M m A HSP 70 & B2l 7 iz, HSP 70
SRESTIEE FRERES, HAE 4 h WIER&RAE, NPIGER 1.33 5, £ 4~48 h WE T
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e, 48 h WA LEHTGRME TR T 22.27%. 40 B 4545 35 20 HSP 70 A, HSP 70 & & 75 F8 i (7]
R ZIE . HSP 70 & &E/b R i T WIEE AR /ER, 5K 5 4 OLE i 44 SR 0L Sz 56 2 B AT BT £
RHZUEARE L X HSP 70 B R 4R R R, H R E 2] 90%.

7 ARG RE R P e AR HSP 70 F AL
Fig.7 Changes of HSP70 content in tilapia during refrigeration
2.6 MFI, RIEEBBEEFEME. HSP70 §=. dMHC #1 dAC S EH XS

AR A EUHE A MFIL A1 HSP 70 &2 54K E AN B. L. D FB0& & A BEE .
dMHC & dAC & &M IR 2 Fion. AR MFI 5SHLAEAR B. L G2 E#H EMHX
(P<0.01) , SHZEAR D MESEIEEAMIEMELEZMK (P>0.05) , RPHALEAMH B. L &
MRt EES SORRMBNASEARE, X5RRABW a8, nTRemE R &5 E AR
B. L Mfid pH {55 A N pH G EAHIE, (e RER KIEN, HALEAR B, L GefF
R VLR AF 4 A M2k 2 TAHLUE A B D M5 30E & AR .

A MFI 5 dMHC 1 dAC & &3 252 1IEAHE (P<0.01) , 3R B JULJE 27 4 fH 22 R4 22 (1) fif 25
SEE LR A4 e BN, MFL 5 HSP 70 SR 2B EMAHC (P<0.05) , H HSP 70 &5
dMHC 1 dAC 2 3 i AHC (P<0.01) , REAFESIRIEIE HSP 70 1] e 5 LR £F 48 22 F 4 22 &5 &
faE et . HSP 70 SR 5AHLE AN B MBS & OB LR EHEHEK (P>0.05) , HHLE
FlE D 3G M 2R3 IEFC (P<0.05) , SHALAEAR L 22EAMEK (P<0.05) , RHAHANEAR L
A A LA R HSP 70 fBE /1, X 59Kk = A BRI 50 45 1 — 2.

X2 DARMAHIHRIMFL, HIUEAMB. L. DRGEISEANETIE. HSPTO& &, dMHCAIAACHE EIHSCHE 3 Hr
Table 2 Correlation analysis of MFI, cathepsin B, L, D and calpain activities, HSP70 content, IMHC and dAC content in tilapia during refrigeration

HIZVEAM BWENE  HIUEAM LA AZUEAMDEE  SRUEEAMEE  AMHC  dAC MFI

PARTEEH 70 5 & -0.315 -0.503" 0.465" 0.322 -0.636™ -0.629™ -0.434"
MFI 0.938™ 0.934 0.173 0.348 0.825™ 0.814™ 1
A
3 &i

TR R], P A T TR B, B R R S OSBRI R AR MFL S R B, AR A
B. L i&. dMHC I dAC & &EEWF A, pH 2 NEM@ES, ALUE AR D SIS E AL
MR HSP 70 & 2Tt m e RS . @AM T A gUE Al B. L AT RS BRI
LT Y e BEVE WA S BEAE T, fAKBE G HSP 70 ml e 5 LR 2T 4t 22 A am 22 45 & Fa e L ai i), AR
FAM L AN ANTTRESE HSP 70 (MFEME, G WIUR S 2 a2 ffes. Hik, NTR&EM
Fre i, ATDCREIHIHSAE AR B, L iEME, 4ERF HSP 70 & S 42 € SR 4% fif . PR LE JE 7 3 6]
A B AL
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