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Abstract: Cathepsin D plays a potential role in the degradation of muscle proteins, thereby influencing their
functional properties and structural integrity. The changes in functional properties and microstructure of muscle proteins
in Parapenaeopsis hardwickii treated with cathepsin D were investigated through in vitro simulation. Myofibrillar, actin,
5I30#%
T kS S /K I, 45 ZH U 1 DX e DX 07 X R AL PAY 6 191 J5 T AR A P AR (0] AR HEE, 2025,
41(6):86-94.
YANG Ronglin, ZHENG Wenxiong, SHUI Shanshan, et al. Effects of cathepsin D on the functional properties of
muscle proteins in Parapenaeopsis hardwickii [J]. Modern Food Science and Technology, 2025, 41(6): 86-94.

kS HER: 2024-05-06

E4UH: EREANZFESEMME (32301972&U23A20263) ; EREAMLITRITE (2021YFD2100504) ; I EHBETRATE
(Y202352894) ; #IEEBSKRAABATEARAMLEZE (20241003)

EEEN: HIEH (1998-), %, MTMRE, ARAE: KEREFFEFR. KERMIKZERE, E-mail: 1025333166@qq.com

BIREE: KM (1989-), %, tH4, BIHUE, #HARARE: K=EMHSFEF, E-mail: shuiss@zjou.edu.cn

86




MK EBBHT

Modern Food Science and Technology

and sarcoplasmic proteins were extracted from P. hardwickii muscles and were divided into the experimental (treated with
cathepsin D) and control (which received no enzyme treatment) groups. All samples were incubated at 50 C for 30 min. The turbidity,
surface hydrophobicity, endogenous fluorescence, free amino acid content, and particle size were measured. Compared with
the control groups, the experimental groups exhibited significantly higher turbidity and surface hydrophobicity (P<0.05)
but lower endogenous fluorescence, free amino acid content, and particle size. Turbidity values of the three proteins in the
experimental groups were 0.45, 0.45, and 0.42, respectively. The amounts of bound bromophenol blue were 9.66, 56.30, and
2.34 ng, respectively, exceeding those noted in the control groups. Furthermore, the particle sizes of the three proteins in the
experimental groups were 819.8, 3 230.3, and 1 459.8 nm smaller than those of the control groups. The levels of antioxidant
amino acids (such as glycine and alanine) in the three protein types within the experimental groups were also significantly
lower than those in the control group. These results indicate that cathepsin D effectively degrades myofibrillar, actin, and
sarcoplasmic proteins in the muscles of P. hardwickii, thereby disrupting their functional properties and promoting muscle
softening and autolysis. These findings provide a theoretical basis for in vitro simulation of cathepsin D and storage quality
control of P. hardwickii.
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Fig.1 Changes in turbidity of myofibrillar protein, actin,
and sarcoplasmic protein in vitro simulation
i REKREFHATARBAL LM ¥ ALEDEH
£F, FRANEFAAFANMINRRAEOZAGELENR
%5+ (P<0.05), FF.

22 HHLEAEHDAIENE B FLE G AN
iy % v

60 - C RS 4R
EANEhEH
50 - SR EA

IR LS AR / peg
s

20 |
10k Bb
ZH 5
B 2 sl b AR AFEE T, shEQFALE
EAREEKERT{

Fig.2 Changes in surface hydrophobicity of myofibrillar

protein, actin and sarcoplasmic protein in vitro simulation
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Fig.3 Changes in endogenous fluorescence of myofibrillar

protein, actin, and sarcoplasmic protein in vitro simulation
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Table 1 Changes in free amino acid components of myofibrillar protein, actin, and sarcoplasmic protein ir vitro simulation
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RITARBL (Asp) 0.28 0.27 0.77 ND ND 0.50
7 &E (Thr) 8.45 8.25 22.00 ND 0.36 19.50
2 2B (Ser) 2.55 2.40 8.90 ND ND 8.60
H2B (Glu) 1.25 1.30 4.05 ND ND 3.10
H & (Gly) 140.00 130.00 150.00 ND 2.25 45.00
AEE (Ala) 5.25 5.35 12.00 ND ND 7.10
FBERBL (Cys) ND ND 0.22 ND ND ND
AR (Val) 1.60 1.50 4.40 ND ND 4.40
E R (Met) ND ND ND ND ND ND
FZ A (1e) ND ND 1.90 ND ND 1.65
Z 2B (Leu) ND ND 4.10 ND ND 3.50
B2 (Tyr) ND ND ND ND ND ND
F AR (Phe) ND ND ND ND ND ND
A (Lys) 1.00 0.98 4.05 ND ND 3.90
2188 (His) 0.95 0.92 2.50 ND ND 1.80
R (Arg) 29.00 28.00 57.00 ND ND 44.00

90




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.6

24 AL EAHMDAEMNE AR HALR
G E W

Ui B B TR I MR TR Sy 2 —, BRI
B2 At AN R, HHS B EER K
P2 R R R, fE SR A D XA KA
XPIFHLUE A 4E R . WLahE B LR & A s i
MR, TR IR R IER 1 R, B
MHRHRIEEZ N, Gly. Ala. Cys. Val. Met. Leu A
o 75 75 @ FL % Phe A1 Tyr 25688 i 75 B A L g
TIRMAEERZ, FBCH RS S N E R, H2
Lk RIS B B A R E R . 5
XTHEZHAHLL, SRIe A P LR 2 4E 5 E 1 Gly. Ala.
Val & & 43 5l A 140.00. 525, 1.60 mg/100 mL T f#
BICVEREI s WS AT Gly &2 M 130 mg/100 mL
N & % 2.25 mg/100 mL, Ala. Val & & M 5.35.
1.50 mg/100 mL T FF 2 6k il LK 8 A Gly.
Ala. Leu & &7 % M 150.00. 120.00. 4.10 mg/100 mL
N B& % 45.00. 7.10. 3.50 mg/100 mL, Cys & & M
0.22 mg/100 mL P& TCiER I . RFHLE A
D KRAMEAE - FEAC 72 EE LA 2SR,
P 1T N i S D= R P D S e SRS D)
IR IR A 4R A UL3hE ALK B 2 i
RS INPR. Z5 2 MG PO L R AR S SADURTE 5T R 1
Xof F A A SEAR A Y 5T PR B e SR, ORI i AR

—Record 1:A

[
r—
oo

Intensity (Percent)
N

Tlo 10

0.1 1
d/nm
30r ——Record4B Record 5:B ——Record 6:B
bl
E: 20+
5}
&
2
£ 10t
k|
0 Ll T N lnl AN
0.1 1 10 100 1000 10 000
d/nm

Intensity (Percent)
N

HEgP S, WURL4E8 9 Val. Alay Lys. Tyr.
Glu & H A P b i 2 FE IR T X j AL, 1 WA
JE . I g e D R LA 2 B s I A i, S5t
FEERA) 5

A B ERDAE X & A FURARE IR

5 RIAS AT DL B S R 5T D e AR PR
ARG, B2 T 2 A A I 72 e
TR R AR B R E DY . AR AR D 5 1
PR AL R o AR A MU0 B B R AR AR Ak an 1 4 B
e A, KElay o e s B R NER LR A 45 A
BN EE E . LR S AR 0B B 2H R A2 AR A O 5
Bl b, dv £ BARRIFIUSE 45 5. WBEH.
WU B S IR R AR A E . &5 RIS, 44
EEN D A FEAFIAF AR A4 EE . NahiE
AL B B RORLAR IS, 5008 RE A AH B 2 o 2D
7 819.8. 32303 F1 1 459.8 nm, X AJ AL H T4
ZUEENE D AbFNIE 7 A A, S Bokiae
BN, WU N[, Zhan SRR B0E
E AP IFAINEE 6 h (UF PR £F 45 2 (R
FRIEAG, /NBRL (<100 pm) 5 UKL B 35%,
S A AR, MAh, P SSEPETR R
12 () BRI WT e 5 B 1 5 431 18] () A B AR i
b S

2.5

M Record 3:A

100

1000 10 000
d/nm
b2 12
W Record 6:B
10F
5 s
S
~ 6 -
=y
g 4t
E
2+
1 o100 1000 10 000
d/nm

91




MRE SRR Modern Food Science and Technology 2025, Vol.41, No.6
clior ——Record 7:C - Record 8:C ——Record 9:C c2 8r B Record 9:C
8 L
g 2 o
3 3
g &
~ ~ 4 L
5 5
= ] L
= 5l s 2
0 1 | A 0
0.1 1 100 1000 10 000 1 10 100 1 000 10 000
d/nm d/nm
dl30- —Record 10:D - Record 11:D ——Record 12:D d230-
B Record 12:D
5 20f § 20}
z 2
5 10} £ 10f
£ £
0 1 L Lol reaeel reaeel R A 0 1 L | rael tinel
0.1 1 10 100 1 000 10 000 1 10 100 1 000 10 000
d/nm d/nm
el 10 —Record 19:E - Record 20:E ——Record 21:E e2 8r
M Record 21:E
8L
E o
[} (]
5 6 3
£ s Ll
z, z
= E L
= Ll / £ 2
0 1l Ll '.. sl MR . L .‘x.‘.u 0 I N sl
0.1 1 10 100 1000 10 000 1 10 100 1000 10 000
d/nm d/nm
fl25r —Record 22:F - Record 23:F ——Record 24:F 2 15¢
W Record 24:F
~ 20 B ~
g S 10f
5 15+ S
& &
g s Sr
R \ R
di |
PN o\ A
0 sl Lol s LN 4 .A...l 0 Il PR | sl
0.1 1 10 100 1000 10 000 1 10 100 1000 10 000
d/nm d/nm
4 FSMERIRAIREAEEZER. shEEMINRERNEZENTN
Fig.4 Changes in particle size of myofibrillar protein, actin, and sarcoplasmic protein in vitro simulation
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