XEHS: 1000-0615(2022)07-1154-13

REBARFHEEEBLTREABNTRE. RIELMER

) *ﬁ]ﬁﬂﬁta F/iﬁigf;%> g&éﬂ%;
IERE, kW, #FHEA

(EEERF SN SEY TR, W E1T 361021)

KPR, 2022, 46(7): 1154-1166

11T e
é} 2

Science Press

;¢
2l % 2
JOURNAL OF FISHERIES OF CHINA
DOI: 10.11964/jfc.20220313394

WE: WREAEENEGELELRA L EABRE A (MBSP) W, LTHRXALNEEF
FEMNAREEMBSP #HATEER KRGk, BT wE% 5 k# & MBSP 474 X & K
cDNA JF 2l R B Bk A 515 8| E 4 & B T (Le-rtMBSP), 44 Le-rMBSP #y B 5 4 it
FoZ R AL E R BEEON Le-MBSP W = R4, £ RET, REENMEA4EE G
PAHEMBSP, £55°C TiEMHKE. AEAXEAT AR XREABENLER 16 &,
xix He H 5 K Kk 2 MBSP #47T R Gt WM 9T 0 & A tat, REIRREER SO EREF
| (Lc-MBSP), Lc-MBSP 4% X A4 735bp, #4244 Na KB ARSE, B AR T E
ARK, #BAENFE QT ES 28ku Wy F 4% 8 it Le-rtMBSP, k3% & B W & 1& IR £ 0
pH 47 %5 50 °C fn 8.0, [ = &% 447 &k ¥, W F 4 Le-rMBSP — 4 45 4 B 5 K W %7 o
Lc-rMBSP 7e %% 57 8 i /% 6 B i (40~60 °C) Xt MHC £ 74 # & W K 7& P o Le-rMBSP #y 5
& J& 4 A Boc-Leu-Lys-Arg-MCA, Jf H & 7 M7 £ 5% 2L 09 0 &R sk 25, T F 2 A # AR
FrHo WITFIRZMAFE| Le-MBSP 0y = 4 284, 10 = BXfK d fR <F 8§ His-61. Asp-105 #n
Ser-198 # f% , H & 445 A& O 45 (Ser-192. Gly-215 Fn Ser-225) 5 % JE & & Fa by v H 1 | ,
EHERTHRAFHLMBSP 5 H R Z ABHBEIERT AN ZERE. KHAXTHE
A MBSP W5 % 4 Bh 3 16 5 %

KR K#Ea,;, WEG4LLELGAL2EaREAH,;, XE LK, R, B-€#%,; FR
=g

FE5TEKS: Q785; TS254.4 XHkFRERS: A

A BERE A AL i R g A B, BRI 50~
55 °C, M T4 S WUSLZE 4 o i DLER 3

22 FIRE AL A UAR N R ARG 2 H
I A AR Y WU AR 4l G T 22 R TR

fitf (myofibril-bound serine proteinase, MBSP) j& —
5 LR LT 4E 8 B SS B I 2 =R E M, H
Pl PR R R AAR AT LR S MK S
Jo R A A R RN IR ke e ) R S i IR B, R T
[P F R 2 J TR B I, (H IR E T2 T
U 7L 3 W e A . MIBSP R AEIF 5 e il T &

WS HHA: 20220322  {&EIHHEA: 2022-04-08

BEIE: E XK EATA R (2018YFD0901004); H 5% H AR} 3 4 (31772049)

% (myosin heavy chain, MHC), Xf a-4HillzhE A .
WL 2 R s ILER B A A [R) 2 B ) o Al A
W, I, MBSP Wl &5 | BEEEIE 45 1k
1) BNV A —

5 &L, MBSP i 775 T s W LA 2 41
b, AT RETE WLELEF 4 25 11 00 16 o3 file B B R A s
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AR AHEEEEMAD, 1997 4, Osatomi &0

W EER XM T ERACFEEE (Cyprinus carpio) AILIA, @*i
WU 2T 42 Vi 5, & sk 7 R4 MBSP, %
MEMTT %, HETE S7EZfRK e gk
A0 PL RN B (Mus musculus)!™ #1885 (Stru-
thio camelus)"" W % B MBSP, #if | fif (Hypoph-
thalmichthys molitrix) F1 8 (Carassius auratus) 3 Ff
%7K 1 MBSP 1) ¢cDNA 2K 7 51 9 iy s pe 17
I 5 AR e B e AU ER 3K B 8 MBSP 75 il 2= M 5t I
5 R AR MBSP HB11Y,

TEWF /K51, Shimizu " A, Zid%
U Y 8 i 0. (Nibea mitsukurii) LR 2F4E 5 1,
7E 55 °C £ F 30 min (AR 0] LU S B ILRERR , 1
X TR fift ] Bk 22 R AR I A SRR, TR
52T MBSP BIFFAE . JRAEIE/K £ MBSP BT 7
w5, ROk MBSP AR L, /K L JLA H MBSP
SR, HEAKEreEaifbEZ R, Hil,
{NARGE T R EE A (Saurida wanieso, S. undosqua-
mis)"*" . F it (Argyrosomus argentatus) MBSP!'
M58, AR BT R EE D 80 v AR AT

KA (Larimichthys crocea) J= 3 [ H 211
LTI, IRZIHRH TR, 2020 4F, &
E K TR M, KAy afmE A, A
WFFE AR B x4, R AP 1E B R 3k
7% MBSP W 5E [R5, i i iR Hh 8 4 ek AR AR AL

B AR A I, O A S R 45 ) 1

40T, S 7E R KA MBSP BYBFST 24t —E 1Y

IS,

1 MRSk

1.1 SRR
B, SEXRB R Y 500 g, TR

AR T = R E BRoK 728 2 o .

Tris (F S WARAED A w, thiE); SDS.
NI BEE (Bio-Rad, EIE); 75 Ehiff 5t i R-250,
R ER £ (Sanland-chem, ZE[E); FrifE R Marker
(TaKaRa, H A); PMSF. EDTA (Sigma, 3% H);
E-64 (Amresco, JS[H); pepstatin (743 w kA= 1k
BEARAF, P E); 38k & pMDIO-T
(Simple). BR¥EA VI EcoR T . Not I #1 Sal 1 .
T, ¥ 30 . Primer STAR Max DNA Polymerase (F
YT RABRAF, HE); 2xPro Tag Master Mix
(with dye). Evo M-MLV RT i7] £ F1 DNA B i [7]

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

WO & (2T I AR ARAR A A, HE);
A RNA $EBORF & FORL/ME N & (1R AR
HEMBHEA RN v, E); Boc-Phe-Ser-Arg-MCA
PR Y (Peptide Institute, HA); LR HEE M
B 1 75 (MBTT) F1R S BEAR 11 BEI  57) (STI)
AR Gl A IR AR R RE 1S bR GS115.
L2 307 77 56 i i B K MR pPICOK Hy F AR W8 U5
5 =R T A e IR AL . AR 43 A Al
W ) 24 4 A A 2R A B 2 )

i B AR ) Rk 1 & (Inv1trogen) ERETAL|
fil% YPD WAAREFREL . HIMZE i 77 3E (BMGY)
FTH 22 phif s F2 5E (BMMY ),

1.2 SLHE

MRS e xaei4ld 2% Cao P
Tk IE M s, BOREMALA, PIREE A 4
FEARFRTRA (9 20 mmol/L Tris-HCI (pH 8.0) 2% ik ,
HAUMTES B L (4 °C, 8000 x g, 20 min) BT TE
)2, HEEHERZ MBI 3K, &F—K
75 2 1 Ul 3 H BUR A9 % 0.5 mol/L NaCl 1 20
mmol/L Tris-HCI (pH 8.0) 2z mp i %5 f , B i WL
TYEA

SDS-PAGE &% Laemmli™ §y /7 ki1 T
WA IR BE R 5%, 43 B4 10% F1 15% P Fh
WP . KRR AxSDS Pl L 4 ¢ 1 e TR
4, 7E95°C FHN# 5 min, |4 T SDS-PAGE,
FEMEE R 120 V FH#EFTHIK, 4551 BRI R

W% D2 R-250 YAy rh b AT e o, Al
FRi o (FEE - 1R : K=30:10:60, V/V/V)

e, B ST
FREVEETIRA ez O IER K
JR 2T 4576 14 114 0.5 mol/L NaCl % 20 mmol/L Tris-
HCI (pH 8.0) 2% i % i W B Y 2 mg/mL, 7EA
[F ¥R (30, 40, 45, 50, 55. 60 £l 70 °C) F %
1 h, 459541 SDS-PAGE, J3Hr 4 1 Y R fitt
L
I R AT WUR AT & B B & T fR a0 3 A AE
bid W WU LF 28 WS A TR 26 8 1 2 1 il
MHFNES, ERTFHE 30minJ5, fE55°CF
J$E 2 h, FEPEFT SDS-PAGE, Z3Hr il 5 %) L5
EF 2 25 R AR 0 S 1 o R R A AR A e 2
MW N . E-64, 0.1 mg/mL; pepstatin, 0.01
mg/mL; EDTA, 10 mmol/L; PMSF, 5 mmol/L;
MBTI, 1mg/mL; STI, 1 mg/mL,
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% RNA #9423 F= RT-PCR HUR 3t L
RETRE, TERA T OHE , B2 50 mg BREE AL
A 1 mL Trizol i 7 #F 17 2 215 3%, AR 44
RNA $IGAG & 0 Ul B $2 I RNA, FdH Evo M-
MLV RT X7 & S 5% 5 W cDNA, VE A IR F 515
BB

XEFaARmeg1z &48%  MBSPET%
JoRAR A 2 E R B B X . Ik, 7€ NCBI
X TR i B PR v R A I B R T ) B PR
AR RNk, 5 kK M 5 ) MBSP, LI K
FE A 4 2B (Sinocyclocheilus rhinocerous) 2% ik 2
I Y 50 32E 4T A AR A3 B N 2 7 50 L X, P
5K fa g Bt MBSP 1) N-3iy 2 5L 72 15 51 51 7 []
TSk X, e 20k 5 MBSP 81 [a] U5 1 e
() JE K P 51 Le-MBSP.

Le-MBSP & B & %, 1% 5 57 B 5 Rk B4k
ME IR Le-MBSP 3ER R 5B R 5 |
Yy, LiK¥Ef cDNA AR Le-MBSP 3 #E 47
P, [ T, R 0 H AR 5 e
ARk pMD19-T (Simple) #Hi% , #HEMYIE, HH
FR R N YD EcoR 1 Not 1 %o # 2 e 1 wi R 2k
& (pMD19-T-Le-MBSP) L N B} Fik 4 pPICOK
HEATRUBGY] ,  LAARAS A A AH ) DD A0 8 20 1 o o
B, R T, R UL E i H N S
P BE 3R 38 ARAR HE AT % e, F A R B 3R OA 2K
(pPIC9K-Lc-MBSP).

Lc-MBSP 69 o B 4 & A % g
() 7 1% ) A B IR P R RS2 A L L ) S e 1 %
% 3K #H & (pPICIK-Le-MBSP) 6 B i 1 9 1) il
Sal T &MEALIG , HLHE Ak 58 He o I B JR 2 25 41 i
(P. pastoris GS115) H1, Z:F 7% PCR B AiE A 7 1
g, PREBUHM:S LT (P. pastoris GS115/pPICIK-
Lc-MBSP) T YPD WA SR g G AL, IFLL 1% (1)
Lo B4 7P T BMGY A8 752 3 sp b AT i K5 3%
B H W ODggo 15 F 3.0~6.0 i, UL 800xg B5.0»
Smin, 3 FVEW . FRDIEH A 2 BMMY #5357
REERG, A BMMY A F#HL DI TiAS %
ik, AW AR 24 h#MIn 1R 1% HEE, Ki3%
BEH N 30°C, S S5dE, BEBE4CT,
15 000xg 50> 30 min, HUEBE 35 .

Le-rtMBSP #9264tk 5 g AL
THI AT 30%~60% 1 FlBE B AR e b M, AR
FH 20 mmol/L Tris-HCI (pH 8.0) &Mk H2F1F 4 °C
THEATIENT . BATE AL 0.22 ym BER S,

https://www.china-fishery.cn

- #F DEAE-Sepharose F B T2 EMTH:, 740
WSS, i 0~0.5 mol/L ) NaCl £k MLy, U4
Tit 5% P ¢ g S 0 34T SDS-PAGE (15% 43 8 it
RN pg EHR) T, SR ELHE
1 (Le-rtMBSP). B HLUK 7325 J5 i H I 45 U1
o R AR BB, AR S RO R R T R RO
FHETEAT KRB M2, FHE LO/MS/MS S E
I AR P RRE A o AR R BR A R 5E A

Lc-rMBSP B 7% 14 49 ) 2 # 50 uL Lec-
rMBSP 5 900 pL f%) 20 mmol/L Tris-HCI1 (pH 8.0)
A28 PR A, JA 50 pL ¥ K 10 pmol/L 7%
YR Boc-Phe-Ser-Arg-MCA (BFSR-MCA), 37°C
T%E 30min f5, SZLRVIMA 1.5 mL ZE (R
SETNIE © k=35 :30: 35, V/V/V)LiERN ., HH
PG EETHE WO K E,=380 nm, & i
£ E,=450 nm Tl E =) 7-A R -4-F R F TR
(AMC) By TR

KA AFF S M f4 50 uL Le-tMBSP &5
900 pL 20 mmol/L Tris-HCI (pH 8.0) 2 i IR 4 ,
A 50 uL %6 BE 4 10 umol/L ) A [R) 52 S 4
37°C MW E 30 min J5, S HPANA 1.5 mL 2 1R
kO, IS AR RS (DLZEOBIE Y BFSR-
MCA Frilll 5 B P4 100%)

% JE A= pH 2t Le-rtMBSP 7 14 69 % %) s
Lc-rMBSP 598 ¢ 8 BFSR-MCA IR &5, BT
ARV EE (20, 30, 40, 45, 50, 55, 60. 70 °C)
T HEATEEOE RN, B HRGE TR . R I T Y
PFaEE, ¥ 50 pL Le-rMBSP 5 900 pL 20 mmol/L
Tris-HCI (pH 8.0) Z& il I & J5 70 B AE A RIREE T
WM H 30 min, ZEVKKPRHEZRE, 7
50 °C T I FLFRI AR IS 1 . #F Le-rtMBSP 5 AN
pHH (5.0~11.0) W IR &, MAJKY S TE
50 °C FWFH 30 min, #fxE HAEE pHo A 22
B pH E& 2, #F Le-rMBSP 7E AR pH 2% wpil T
WSEHE F 30 min, HU 50 pL &£ 4 # T 20 mmol/L
Tris-HCI (pH 8.0) ZZ thi ., 7E 50 °C T~ I & H
ARG

Lc-rMBSP *f IUE 41 2 & & 44 T4 A )
90 pL ¥ 5 294 2 mg/mL 14 JILSLT 4555 1A TR
JA 10 pL Le-rtMBSP (0.02 U), B &¥HAIE, 4
HETAFRET (40, 45, 50, 55, 60, 65 Fl170°C)
BEE 1 h, PIARI Le-rMBSP JF4E 70 °C fin# 1 h
IRE SO AE R INFRT B2 . RO EEHE , A 25 pL
4xSDS 2 M, 95 °C F# 5 min J5 #£ 47T SDS-

R E K224 F 7/ sponsored by China Society of Fisheries
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PAGE, USSR 4E5E ARt il .

—&#ESA NEIIREX Le-rtMBSP
TREEF RIS, S A g AR 1 SRS
KB A5k e T 00, BRI E S 190~
260 nm, ¥ 4f 1k J5 B Le-rMBSP ¥ B £ 0.2
mg/mL, L 1 °C/min i3 3 M 25 °C Jt % 95 °C,
PR 95 °C [ % 25 °C, Hdifdi H Origin 2021 #14%
X} 202 nm &b (0 202 nm) [ AL IEITRLE, 15
| Le-rMBSP (9 HEIRE T, fH.

ZREMsH FHREEBEE AKX Le-
MBSP [ = 25 # 47 M . 7 SWISS-MODEL
(http://swissmodel.expasy.org/) Wul [+ TR AR FHT T
AR, HRFESIRIEYE, 454 GMQE PF4y,
KV (Salmo salar) [ 3E H B K 45 14 (PDB
ID: 1A0)) kR, F 479 PDB SCAF7E PyMol
AR AT T

2 4R

21 KRREARALEZEENE SR

R T G UE K £ LR AT S B ) B R 1
W, BHURLT4E8E A (pH 8.0) 7EAIRIIREE (30, 40,
45, 50, 55, 60 Ff170°C) FIEHE 1 h, 5KREHE
X IEAEL, 7 50~60 °C IR ETEREIN, WIBRE A
HHE (MHC) Al LER & 19 (tropomyosin, TM) F&
I, {HAE 30, 40 F1 70 °C F oA & LF B Wk R figt
(B 1), ZEEREY, FEREAIIRS 4 NS
5 MHC F1 TM R fige i P9 UM 2

M 1 2 3 4 5 6 7 8

ku L—-L.—_.-L—_n_u—at-—a—-r
MHC

RRRARE

— — — — —— — o oy CliN

———t0
U O\ IOOINS
S S SHSSSS

—

S
(=1

3 . e T™M
30
25

E1 FREETAZaIEFEELNESER
M. ARHERRH, 1ORMEE MR, 2.30°C, 3.40°C, 4.45°C, 5.50°C,
6.55°C, 7.60°C, 8.70°C

Fig. 1 Self-degradation of myofibrillar proteins in

L. crocea at different temperatures
M. protein marker, 1. non-incubated control, 2. 30 °C, 3. 40 °C, 4. 45 °C,
5.50°C, 6.55°C,7.60°C,8.70°C
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2.2 FEE BB AL R T4 & B AR
HAEH

FE WUELET 2 35 1 in AR [) 28 0 (4 25 14 il
HF, BT MR LR L 4 i i I S 0l . 22
MR E A EFN 417 MBTI, STI Al PMSF AJ L]
MHC Fl TM 1 [ i, i oK 4% 22 R 8 11 i 400 1) 551
pepstatin., It 22 2 & 11 B0 55 E-64 1 4 @ &
B0 I 7] EDTA B AT 22 90 4 il s8R (K] 2),
VI BUYUR £F 4 285 1 8 SR i Y IR 2R
S P R IREE . i T LR A 4 28 i a5 i
B EZWEE, KiEHEEANRE KD, K
I, REMANURL e A MBSP 3125 T LA
EARd g e ] 5N

23 KRReEFARFEERER

M NCBI K8 fa SE R 2 PR R ) 16 R
FIBESE R R (2 1), 12 ] BLAST 51 HE X KGR
T H & PR A 4 2R 6T trypsin-3-like 2 K12 7 91 5
i FN A MBSP 781 [R] M ik 75.62%, R G s
HS R B 0 K 10 2R R i Y 8 HE T R G
AR 53 #7 F1 22 )7 81 L XS o 7 K B A6 1 trypsin-like
EEPYI, iz H AR 5K 18] 2035 1 73 A gt 2R
Wk, IS 2, 14, 3, 15, 4. 1 H1 16 S
Bl MBSP DA M 2 ff) 4x 4 8K trypsin-3-like J& T°[7] —
4332 (E 3-a); ] UPGMA 7343 Hr 2K 1 5T 51
Z I ARG N 3-b s, 815 16, 15,

ku —

¥
200 - on R A Ema
",— " a" s MHC
{38 v S B | s
100 F1ES

85 ' !

70
60
50 —

40 e W — S S S Sy e e Actin

— - —— TM
30
25 -
2 AREIZEBBIEFIMNEAEELE
55 °C TREfERIHNHER

M. FRHEE A, L RFEFENE, 2. W EXHE (55°C, 2h), 3. pep-
statin, 4.E-64, 5.MBTI, 6.STI, 7. EDTA, 8.PMSF
Fig. 2 Inhibitory effect of proteinase inhibitors on
the degradation of myofibrillar proteins at 55 °C
M. protein marker, 1. non-incubated control, 2. incubated control (55 °C,

2 h), 3. pepstatin, 4. E-64, 5. MBTI, 6. STI, 7. EDTA, 8. PMSF
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x1 KRBERENEREDEFT)
Tab.1 Protein sequences of trypsin-like

proteases from L. crocea

Frols  EHFS S (NCBI) A BUER K i /aa
series number  protein ID (NCBI) protein annotation length
1 XP_010739969.2 trypsin-3 244
2 XP_010739698.1 trypsin 249
3 XP_010740568.1 trypsin-2 244
4 XP_010745891.2 trypsin 247
5 XP_010751696.2 anionic trypsin-2 259
6 XP _027144095.1 trypsin-3 isoform X1 283
7 XP_027144097.1 trypsin-3 isoform X3 253
8 XP _027144096.1 trypsin-3 isoform X2 266
9 XP_010753800.2 trypsin-3 250
10 XP 019127934.2 trypsin-3 isoform X1 257
11 XP_027146436.1 trypsin-3 isoform X2 257
12 XP_027134834.1 trypsin 265
13 XP_010753366.3 trypsin 315
14 XP 019122730.1 anionic trypsin-1 247
15 XP_027142150.1 trypsin-1 242
16 XP_027141788.1 trypsin-3 247

1. 4 03 St Fé MBSP LL A JB £f1 4 26 8K trypsin-
3-like J& T [Fl—/4r 3¢ ; i /NI RS R
NT, FAIS 1 16, 40 15, 3. 2 F1 14 S8R
L K BR ) 4 2R 8K 1) trypsin-3-like J& T[] — 43 32
(%l 3-c). 3 FPRILLRGEARY], JFF5 1. 3. 4.
15 F1 16 5% /K i MBSP A % B SE 1k, R 5
F2M 14k,

BFHIE 1. 3, 4, 15 F 16 St F# MBSP
DL Kz R A 4x £R B trypsin-3-like #E 4T 22 1) LU X
KIFHNS 1. 3 F1 15 5iRK A MBSP & )7 51
M R, 7F 55% DA, T 16 4 k2 (& 3-d).
5 ¥ bkt MBSP 1Y N i 2 5L 7971 XS 45 21 o
FE3 5 1 Fl 16 5 % £ o MBSP [F M fe i, N
72.7%, JPHS 4Rz, 1 3 115 SRk MBSP
[FIEMERAR (B 3-e)0 ZEAPINITAI XSS, 7
H5 15 B 4 iE Y MBSP B 5 %1 R IR M A 5
(57%), Al fE N Kt MBSP & HFA, ¥iZzE
P18 ik 1oz 1) 25 XL 91 i 44 R Le-MBSP,

2.4 LerMBSP IRIZAHELE

DL #5 i cDNA AR, BEHEE SRS 4%t
HFE A Le-MBSP #4791, 5452 Le-MBSP
WEATEERE FE R AR, PR A 2 U Y 2 T8 T R

https://www.china-fishery.cn

SZWEESSdE, BOERE SR, Sidmmek
E T F1 DEAE-Sepharose BB 732 # E M+ 4lifb 15
B4y T 5254 28 ku BY Le-rtMBSP (/& 4-a), SDS-
PAGE J&, VI'F HiW4Ar, #47 LC/MS/MS %3¢,
SRS IRl b Y HE F BT Le-rMBSP (141 4-b),,

2.5 Lc-rMBSP BR45H 14

Lc-rMBSP f) % i@ JiE #) & Boc-Leu-Lys-Arg-
MCA, % Boc-Gln-Arg-Arg-MCA i, LA 1R 55 i) 7K
TG PE o 5 ORI Y 22 R BRI (JBRAR L) 1Y IS
Y EYEARTR], Le-rMBSP 45 5 K fit J& HL 41 P1
B AR E R AR IERIR Y, LT A KA P A E
hy # G R 5% A Y IR W) (Boc-Val-Leu-Lys-MCA #l
Boc-Glu-Lys-Lys-MCA) (% 2). 4K ¥R 3 P2
M Lys 5%, Arg i}, ZKFFRCET H . Le-rtMBSP X 41
IR Y Z-Arg-Arg-MCA 1 H A — & 1)K i
TPE, WX T Z-Phe-Arg-MCA I A3, Xt [BiiE
F. 2 H #)E Y Suc-Ala-Ala-Pro-Phe-MCA #i Suc-
Leu-Leu-Val-Tyr-MCA AN E A K f#iEME

2.6 EEF pH Xf Le-rMBSP 5EM HIS N

Lc-rMBSP (1) 5 i it £ Ry 50 °C (& 5-a), 5
WU ZT 45 25 1 1) J5cad ) SRR A RS 50~55 °C (& 1)
FAR—F, F 20~50 °C, BEE RN TR, B
PEZEWAR =, 1F 40~60 °C F Le-rMBSP B A 8 5
FOTE TR, T4 T R & 70 °C B,k I R
o £ 20~60 °C F 9 H 30 min J5, Lc-rMBSP 1/}
SROREE 50% LA IR BTG PE . IR EE R T 60 °C
I, VEPEZEWREAR, 70 °C AR 30% (17
DI 45 SRR, Le-rMBSP B A &by iy $4ka m 1:

# Le-rMBSP 7E A [6] pH Y 2% wh ¥ b 38 47 il
RN, 24 pH A 8.0 B Le-MBSP 2 i H ) K Y
fifgiGt:, 7€ pH 6.0~8.0 G I, KZE pH (A #i
Th, BEEEPERZEEE N (& 5-b). pH 8.0~11.0 i,
g 15 1 5 pH 19 TH 55 B Wi B AIK . Le-rMBSP 7
pH 7.0~10.0 B} FeAe A2, vl AR EF 80% LA I il
T, 7E pH 6.0 LA g6 M 3 AR B AR E
T i P 1) R T I B e v s e P, X6
B Le-rMBSP J& 014 8 M1l
2.7 Lc-rMBSP SHHLR 44 5 B RIBE RZAE A

KT Y8AIE Lo-rMBSP % LR £F 4 25 1 19 B figt
TEH, FWUSRET AR 145 Le-rtMBSP R G, 1EAIF]
JREE T E 1 h J52E T SDS-PAGE 4. Le-rMBSP
P 4G W fig ULER 2 11 #1055 MHC A1 ILER & 11 T™,

R E K224 F 7/ sponsored by China Society of Fisheries
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JRAELRE S rhinocerous trypsin-3-like)

)
=
o o
< =
g =
g <
S £
Z &
~ 3 &
A 5 <]
23 ¢ :
5= £ g
S~
i “%5 5
53 “aa £
£3 %3%2 Vzaﬁ:‘
L =a %2}
T KHES —@m
= =3 =55
= A3 g =
HE O R
ges i 3Lt
53¢ = &% §
Sown — =SS
c5e CwE S
g5e == -TO
B=l o - el <
PO e TV PRV s ﬁg; ~EE
CTY, ==
S8 NG e o —
B0 O S — ——
o 229 4« o= S2& T
———t XA~ —os — == N
- 7o Sox
- IROY
mAa
1<
1
(=3
1
=3
4
=3
=1
0 =
12 =
(2) (©)
2 3 S
1 B B L TT
1 10 40 50 70
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MBSP Bkt S, undosquamis IIVGGYECEAYSKPYQVSINLGY 22

1  22IVGGYECPRNSVPYQVSLNAGY 43
4  22IVGGYECPKNSVPYQVSLFTGY 43
trypsin-like K3 L. crocea 16 251VGGYECRKNSVPYQVSLNSGY 47
15 21IVGGYECTPHSQAHQVSLNSGY 42
3 22IVGGYECKEHSVPWQVSLNNGW 43

(e)
3 RGHUMSITES S FIIE
(a) LW BRI Z%: (b)) UPGMA %5 (o) /MBI (&) ZRFILLA: 20ta, FIJEMA 100%, #0, FEEE=75%;: () N Ma LT
HItext: BI%S, LRk MBSP N /7 41 (R JE P (B f2 MBSP (%) N 3341 :  UniProtKB/Swiss-Prot: P84478.1)
Fig. 3 Phylogenetic tree analysis and multiple sequence alignment

(a) maximum parsimony method; (b) UPGMA method; (c) minimum evolution; (d) multi-sequence alignment: red. 100% homology, yellow. the homo-
logy=75%; (e) alignment of N-terminal amino acid sequences, shadow, homology with the N-terminal sequence of S. undosquamis MBSP (N-terminal
sequence of S. undosquamis MBSP: UniProtKB/ Swiss-PROt: P84478.1)
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M 1
ku

i Lc-MBSP 1 MKALVFLVLLGAAFAAAEDDKIVGGYECPRNSVPYQVSLNAGYHFCGGSL
70 &= Peptides
28 — Lc-MBSP 51 ISSQWVVSAA HCYKSRIQVRLGEHNIAVNE GTEQWIDSAKLIKHPQYNSH
0 ee Peptides [ —
2(5) : ¢ " <—  Lc-MBSP 101 NLDNDIMLIKLSRPATLNNY VKTVSLPSRCPVADENCLVS GWGNMSANGN
20 Peptides - o

Lc-MBSP 151 NFPDRLQCLRQPIIDDRICRNAYPHLFTENMLCSGFMHGGASSCQGDSGG

15 Peptides
10 g Lc-MBSP 201 PLVCNGQLQG VVSWGYECAM QGHPSVYARVCR YNSWISTVMRNN

Peptides
(a)

(b)

4 Le-rMBSP IFRIAAILSETE
(a) FILLAAL G 1 Le-rMBSP, M. br#EZE A, 1. 4646110 Le-rMBSP;  (b) Le-rMBSP [ 3 4 5, 5 (028 2% 7 o 15 46 o B 1 ik BB
Fig. 4 Purification and identification of Lc-rMBSP
(a) purification of Lc-rMBSP, M. protein marker, 1. purified Le-rMBSP; (b) LC/MS/MS identification of Lc-rMBSP, blue line. peptides identified by

mass spectrometry

%2 LcrMBSP BRI
Tab.2 Substrate specificity of Le-rMBSP

JE4) FARS /%
substrates relative activity
Boc-Phe-Ser-Arg-MCA 100
Boc-Leu-Lys-Arg-MCA 388
Boc-GIn-Arg-Arg-MCA 330
Boc-Leu-Arg-Arg-MCA 175
Boc-Gly-Lys-Arg-MCA 159
Boc-Gly-Arg-Arg-MCA 121
Boc-Val-Pro-Arg-MCA 111
Boc-Arg-Val-Arg-Arg-MCA 109
Boc-Val-Leu-Lys-MCA 21
Boc-Glu-Lys-Lys-MCA 0
Z-Arg-Arg-MCA 29
Z-Phe-Arg-MCA 0
Suc-Ala-Ala-Pro-Phe-MCA 0
Suc-Leu-Leu-Val-Tyr-MCA 0

1E 50 °C F HA &G, HAE 50~60 °C Ju
N K IE PR A, MHC I TM JLF 4 5B 0k 5
T 7 At L E T AR K f 15 PR DU AR X G (1B 6), 1%
SR GNURLAEE AW A SR (8 1) EAR—2
2.8 2EX Le-rMBSP — R A MBI 22N

KHE ST T IR T Le-rtMBSP 2%
ZER YRR . Le-rMBSP 7E % I 25 °C F 5 B #i Al
RO B-HT B 45, #E 216 nm AbHELFE, £ 192 nm
Ab HHBRIEIE (8] 7-a)0 24 Le-rMBSP ##kE] 95 °C
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W, PN A A mEe , R g8ty &Rk,
BRI R 25 °C I, Le-rMBSP 45 AR REIK .,
Ui B Le-rtMBSP A9 #AZ8 M2 AN W] 3 1 o A8 M i
Ty s 48 8 IR G AR A — 2P0 X 1 A . H CD
MBI TR PR RS, KA 202 nm 4254k
AR, I, N THE Le-rMBSP VI P I
PEREXT 202 nm b A S A8 AL HEAT WO (K] 7-b).
i 5 Origin 2021 ¥ A #E 4705 43 1, 4% 2 Le-
tMBSP f#ASPEIR B T, h (62.82+1.09) °C, K
HEA B FaE .

2.9 Lc-MBSP =450t

PAR PG 2 B f 1A 2544 (PDB ID: 1A07)
R, iz SWISS-MODEL #E17 [a] #5515
FI| Le-MBSP 19 = 24544 (14 8-a), Lc-MBSP F %
FH A~ B AR B (R RCEAT B g 7K AT 45 48 3 2
His-61. Asp-105 il Ser-198 % ¢ iff i 1k = BX 1A ,
AT PN B KA 45 P 388 9T I B 1) v i) 445 X sk
Ser-192. Gly-215 Fil Ser-225 X 4 F LR W45 &
FI4%, 1% X8R 3 2 T 53T C o s KAl 4514
BRI HG R PG P A R A A T LUK,
P =IMA (His-55 . Asp-99 #l Ser-191) 5 Le-MBSP
HAIE, (HIEYI4S 4 1148 (Asp-186. Gly-209 FI Gly-
219) 5 Lc-MBSP (Ser-192. Gly-215 Fil Ser-225) %
R RZES, KVGPEEERE RIS 456 D48
HERH Gly, H4SIKFZ Asp, 1M Le-MBSP 148
P2 Gly Fl Ser, JIGHRIZ Ser (& 8-b).
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M. ARUEEE, 1ORIEEN, 2.40°C, 3.45°C, 4.50°C, 5.55°C,
6.60°C, 7.65°C, 8.70°C, 9./

Fig. 6 Degradation of myofibrillar proteins by

7 XNEHE, 4. RIEMIUSEST AL G R 2 FRR AR AR s fe . 23k SR 1161
120 - fI&EIRSE  temperature optimal 120 1 o & pH  pH optimal
—o— #HFaE M thermal stability —o— pH F&7EME  pH stability
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gz S 60 HroS 60 f
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0 . . . . : 0 . . . . . :
20 30 40 50 60 70 5 6 7 8 9 10 11
R/ C pH
temperature (b)
(a)
5 REM pH *F Le-rMBSP 5E RIS
Fig. 5 Effects of temperature and pH on the activity of Lc-rMBSP
M 1 2 3 4 5 6 7 8 9 3 e
ku BLEL LB -
me - ! “ .’mﬂ MEC 1% MBSP S 78 20 HH428 60 42 1R BF 5% i i
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10— — O - — — — - - - Actin Fifi £ BUAGE T DA A L s 7 4 PR — o 22
— B - - TM FRAE I, A&y 50 °C, RHzmgs izl
22 4 JREFHEBERE P, BRI ERIR . AT R
. ‘ w0 YU 2T 4R 2 P E TR W R IR R AT E
B 6 AREIEET Le-rMBSP SR T4 E A RIPERRE

g WL $ MHC fll TM 7£ 50~60 °C T k4= T8 R
N i A A, T At R T R A A U AS B
VTN 22 5 i 25 P U0 160 590 5 8 S8 2 00 o1 3k o e e

Lc-rMBSP at different temperatures R MANLA tP FETENUR LT QeSS 5 10 22 S R R
M. protein marker, 1. non-incubated control, 2. 40 °C, 3. 45 °C, 4. 50 °C, IJ:_i ﬁ@ MBSP m r{B I%]j\] 50~60 °C,
5.55°C, 6.60 °C, 7. 65 °C, 8. 70 °C, 9. heating control
20 8 -
2 —— =i 25°C RT-25°C
%“.% 15023 - JIAE 95°C HT-95 °C 6|
EE 0! % —-— F4IR% 25°C TR-25°C 4l
sm .82 . g ~
S —O N T‘m
g osp N\ S 5| .
13
=] E 0L 0t °®
o e
75 " " " " " " ) 72 n n n n )
190 200 210 220 230 240 250 260 0 20 40 60 80 100
WAK/mm g/ PC
wavelength temperature
(a) (b)
&7 REX Le-rMBSP —REEHBIF N

(a) AREE T Le-rMBSP H[5 — i &,
B (T) &

RT-25°C. &, HT-95 °C. i ZE 95°C, TR-25°C. iR K E & 25 °C; (b) Le-rMBSP [ 448 ¥ I

Fig. 7 Effect of temperature on the secondary structure of Lc-rMBSP

(a) circular dichroism of Lc-rMBSP at different temperatures, RT-25 °C. room temperature, HT-95 °C. heated to 95 °C, TR-25 °C. temperature reduced

to 25 °C; (b) fitting diagram of thermal denaturation temperature (7,) of Lc-rMBSP
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1162 K=

=R 46 %

El8 Lc-MBSP S AT FEERE QI = REH
(a) Lc-MBSP, ZLEARMBU =R, SEONARENLS G ©) REFEREAR, L2OARELZE, BORRRDESaHE
Fig. 8 Three-dimensional model of Lc-MBSP and trypsin from S. salar

(a) Le-MBSP, red indicates catalyzed triplet, green indicates substrate binding pocket; (b) S. salar trypsin, red indicates catalyzed triplet, blue indicates

substrate binding pocket

AYE BE T e &) 2 N T A Y 3 Y
GNP LR TR TN L P A T,
A= YE B AR T A Y S R O R LSRR Y B
H BT RS B ETE B — R T B, FhEr A
IR AW 22 B AR A% EA 40 B3 1 i A 27 A 3 1K
FEFDIF MmOk M ar AR S A A A
YA 8.2 T B ) BRUEL DL bR A A S 2R
B . BT MBSP 7ENLIA A BEAR A, dlifk R
SRR FMERE A R o R I 9E K E f MBSP Y4 5T,
W AR B, 5315 CRE R 25 MBSP
IRy 5 BA S EE RIEME TS, I HAar 4
A Le-MBSP. %75 4wt X 21 735 bp, IL4wit
244 N F BRI . FIHEERE R BRI BA
EYTEPER) Le-tMBSP, HArF 829 28 ku, 5k
T8 1Y £1 25 MBSP 431 AR AR 1925 L e-rMBSP
) B 3l T FE S 50 °C, i TR 22 BB AR 1 Y
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40 °C H-HARGFIFRE . B ks R iR,
12 51 T 50 °C I Z 245 A0 I 0 A= 8k B I 1Y
AL (B 7-b), LGS MR TR, U Le-
rMBSP (135 P AR b5 — a5 ha 1 AR A B UTAH OER

Lc-rMBSP f % & JIE #) 24 Boc-Leu-Lys-Arg-
MCA, {UEES DI RREEM R d Rk, X5
HybEf MBSP IR R s MEAHMRL, M4k MBSP
[ A o) A S R 5 i EL AT AR ik I D -, IR %
R R HE . A, Le-rMBSP 5 3% W il £ 2%
#) MBSP —#f, X} iK% Boc-Gln-Arg-Arg-MCA 4
FEIL AR SR A BRI 1,

22 R AR 1 I E A AR R R ST I A AL A
doE MUK RSN 5K A AL, /i
TR A4S, RAR R RE 22 2R B R I IR
S5 AR R &t D483 LIS Gly FR LA
ASIRTRIY Asp FRELLL A, G oV v ek o R 1
(/%] 8-b), Lc-MBSP 9 IK ¥ 45 & H 4%y Ser-192.
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Gly-215 Fl Ser-225, 5 UL 19 25 Jge & 1 g A [+
XA R LI R e (R S DB =
BRI C ity R 2 M T — 0 SR AR 1 Bl A A
BWRESWREAZ —,

Lc-rMBSP 7E 40~60 °C 1955 5 i 5 i il Py %)
WU T 4 #0 HAT B A 0 R f i v . A i, L
JRAFAE R AR A RN, Ab TR
fife MV BT A I s A 2 R URET 2 () MHC
A0 355 T Ul A ULER B 1 RN R i LR B 1 A 2544
B, FREEEIERE 1 HA ATPase i1 LUK 5 L5
EASAGMRESY, M TM S5 E A% A,
LA W SE T B A B AR, Rk, A
AFRIET, AL ) MBSP 3 213 i i
MHC Fl TM 2 5 JUESF4E 5 i, Hah,
B LR LA TR AN 2 0 RE 1, AEAR KRR
JE L YeE T L T RE

Kt e IR AR R A2, Hom
T e —, DGR EERS . Tl FA Uk
an R P, fmBER S B A m A . IR . B
Dy AR A, WG FRBE I AN T oA R £
A R A R A (. MBSP X LR AT 4
MR R A BE R b B R A, iF

50 £ BE YA K PR B S . Ik, Xt

MBSP il 2Pk 5 A0 BIF 5 ] Ay £ 8 fifh S5 %) S o 92 o
PR S
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Hi e H MBSP, X HELEAT T ek R, 534
FE#) 28 ku ) Le-tMBSP, N T i#t— 46 1F MBSP
ENLR TR, SR e TR e 4, 2lifb KR
MBSP Jf b3 E AT e M 2= L 22 5%, WS
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Molecular cloning, expression and characterization of myofibril-bound serine
proteinase from yellow croaker (Larimichthys crocea)

LIU Haiyan, YANG Ruqing, CHEN Yulei, ZHANG Lingjing,
SUN Lechang, LIU Guangming, CAO Minjie "
(College of Marine Food and Biological Engineering, JiMei University, Xiamen 361021, China)

Abstract: Myofibril-bound serine proteinase (MBSP) is a serine proteinase which binds closely to myofibrillar
proteins and is ubiquitous in animal muscle. MBSP is effective in the degradation of myofibrillar proteins, includ-
ing myosin heavy chain (MHC), a-actinin, actin, and tropomyosin (TM) and is thus regarded as an important pro-
teinase responsible for the metabolism of fish muscle in vivo, and is also considered as one of the main endogen-
ous proteases causing the modori phenomenon. However, most research on fish MBSP focused on freshwater fish,
and the research on MBSP from marine fish is still quite limited. In this study, the gene of MBSP from yellow
croaker (Larimichthys crocea) was predicted by bioinformatics. Recombinant protein (Lc-rMBSP) was obtained
by gene cloning and construction of pichia pastoris expression system. Enzymatic properties of Lc-rMBSP includ-
ing molecular weight, substrate specificity, optimum temperature and pH were analyzed and its secondary struc-
ture was detected by circular dichroism. The three-dimensional structure of Lc-MBSP was analyzed by homology
modeling. Sixteen trypsin-like genes in the genome of yellow croaker were identified. Phylogenetic tree analysis
and multi-sequence alignment were performed between these genes and MBSPs in freshwater fish. The highest
homology (57%) gene sequence (Lc-MBSP) was thus obtained, which had an open reading frame of 735 bp encod-
ing 244 amino acid residues. The molecular weight of the recombinant protein Le-rMBSP was~28 ku, and its
optimal temperature and pH were 50 °C and 8.0, respectively. Circular dichroism analysis showed that temperat-
ure had a great influence on its secondary structure, and the thermal denaturation was irreversible. The thermal
denaturation temperature of Le-TMBSP was (62.82+1.09) °C, suggesting it is a thermally stable proteinase. Lc-
rMBSP showed high hydrolytic activity toward MHC and TM in a temperature range of 40~60 °C. Lc-rMBSP
hydrolyzed substrate Boc-Leu-Lys-Arg-MCA most effectively, and it specifically cleaved substrates containing
arginine residues on the carboxyl side, which was similar to MBSP from Saurida undosquamis. The three-dimen-
sional structure of Lc-MBSP was obtained by homology modeling. Its catalytic triplet was His-61, Asp-105 and
Ser-198; its substrate binding pocket (Ser-192, Gly-215 and Ser-225) was slightly different from common trypsin-
like proteinases, which was quite possibly the main reason for the difference in substrate specificity between Lc-
rMBSP and other trypsins. Our present work provides a theoretical reference for the investigation of MBSP from
marine fish.

Key words: Larimichthys crocea; myofibril-binding serine protease; molecular cloning; property analysis; circu-

lar dichroism; homology modeling
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