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Abstract: This study aimed to explore the possibility of using Mauremys mutica oligopeptides as raw materials to develop a drug targeting
the SARS-CoV-2 virus. M. mutica oligopeptides were prepared through the combined enzymatic hydrolysis of M. mutica meat using
flavoenzyme and papain, and the optimal enzyme ratios, enzyme dosage, pH, and enzymatic hydrolysis time were determined using
single-factor and orthogonal experiments. After separating the oligopeptide fractions via high-performance liquid chromatography-mass
spectrometry (HPLC-MS), Peak Studio and Peptide Ranker were used for peptide sequence analysis and peptide activity prediction, respectively,
to screen for oligopeptides with high bioactivity. Finally, the binding ability of oligopeptides with high predicted activity against the
SARS-CoV-2 spike protein receptor-binding domain (RBD) was evaluated using molecular docking. The results show that the highest degree of
hydrolysis (DH; 42.56%) was obtained when M. mutica meat was treated with a flavoenzyme: papain ratio of 7:3 and an enzyme dosage of 7%
at pH 5.5 for 4 h. According to Peak Studio analysis, 510 peptides with an average local confidence (ALC) of > 90% were discovered. Six
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oligopeptides with high Peptide Ranker scores (LDFFK, LDFFKAL, FRVL, AFRVL, AGGKPFQ, and SPFRVT) were screened to dock with S
protein. Their docking scores ranged from -138.50 to -169.68, and the lowest docking score (-169.68) was exhibited by LDFFKAL. Therefore, a

high DH of M. mutica meat could be attained after process optimization, and a high inhibitory potential for SARS-CoV-2 was observed in the

resulting M. mutica oligopeptides.
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Table 1 Factor and level for orthogonal experiment
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Table 2 Result of orthogonal experiment

FE g5 A% - Kf#E DH/Y%
ARk EGBE L BiBsg CpHME DEE/A

1 1 1 1 1 33.37
2 1 2 2 2 21.73
3 1 3 3 3 21.52
4 2 1 2 3 2891
5 2 2 3 1 34.97
6 2 3 1 2 27.07
7 3 1 3 2 4248
8 3 2 1 3 41.09
9 3 3 2 1 39.87

K1 25.54 34.92 38.84 36.07

K2 30.32 32.60 30.17 30.43

K3 41.15 29.49 32.99 30.51

R 15.61% 5.43% 8.67%  5.64%

2.4 HPLC-MS 4% 5 de novo ik J7 7l &
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Fig.6 HPLC-MS diagram of Mauremys mutica peptide
%% 3 De novo B filtfres
Table 3 Peptide sequences determined by De novo

NO. Peptide ALC/%  m/z  Mass x10°

1 AFRVL 98 303.19 604.36 4
2 YLLLK 98 32521 64842 1.1
3 QVTPVK 98 33620 67040 43
4 LEYVAK 98 361.70 721.40 3.8
5 ALVLK 98 27219 54237 21
6 SSLLAK 98 309.69 61737 15
7 GPLVK 97 25717 51233 27
8 EAFRVL 97 36771  733.41 6
9 AVTPVK 97 307.69 61337 1.6
10 AGGKPFQ 97 352.69 70336 1.7
11 TGKLVE 97 323.69 64536 1.9
12 TTLHEFT 97 42471 84740 2.6
13 SPFRVT 97 353.69 70538 2.6
14 LTGYK 97 291.16 58032 15
15 YPYLAK 96 377771 753.40 2
16 KVYPYQAK 96 498.78 99554 19
17 LDFFKAL 95 42724 85247 24
18 FRVL 95 267.67 53333 29
19 LDFFK 95 33518 66835 2.8
20 VEPFK 95 310.17 61833 2.1

2.5 Peptide Ranker 4 47 & M i F

FIIH Peptide Ranker *F- £ %1 “ALC>95%"[f] 20 2
SRIRHEAT AEDDAEAE T, #5e o Boh s 2 ARHS I T,
Score>0.5 FUREMIL 6 %%, HEH 30%, Fikh
Score>0.5 [IRERAKIEAT FEEBE 7T, AR50 09
LDFFK. LDFFKAL. FRVL. AFRVL. AGGKPFQ.
SPFRVT,

= 4 BKIFHIHY Peptide Ranker TE4T4ER
Table 4 Peptide Ranker score of peptide sequences

NO. Score Peptide NO. Score Peptide
1 0.85 LDFFK 11 0.29 GPLVK
2 076 LDFFKAL 12 025 SSLLAK
3 0.69 FRVL 13 022 KVYPYQAK
4 0.66 AFRVL 14 0.16 LTGYK
5 065 AGGKPFQ 15 0.14 ALVLK
6 056  SPFRVT 16 0.10 AVTPVK
7 043 YPYLAK 17 0.08 TTLHEFT
8 036 YLLLK 18 0.07 QVTPVK
9 033 EAFRVL 19  0.06 LEYVAK
10 030 VEPFK 20 0.05 TGKLVE

26 BAMREIKRE S EHEMEHRN LT
it

85



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.8

d

&7 BKFF5 s EASFREER
Fig.7 Docking image of peptides and S protein
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XS S B A RI45 A 7730, Docking Score ;281 E A4
(145468, Docking Score /]y, Ui E S RBES €,
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J1i5E . 6 24K HKIY Docking Score WIE 5 Fizn, H
KA 6 KRN S HABMA msEAY) (Docking
Score<-100) ,H 7" LDFFK. LDFFKAL. FRVL.
AGGKPFQ. SPFRVT 5 S EHHEAWEEM A

(Docking Score<-140). AHBAATHALLT K. /N,
KRG, #MFE% 7 MY TR R, RIS

86

SARS-CoV-2 i B 7 Al /1 /& B K 2 Ik ( Docking
Score<-140) 14 %&, HIEFM 1@ RER VQVVN
Docking Score Y A-152.4, HAH & T A58 H KR
Jik LDFFKAL (Docking Score=-169.68), it AH 7t
4 SR AR SR KM H] SARS-CoV-2 Jp #3i PE 7E g
BK.

IERT, RZZF MR T Redi] S L 2 KR
BKFH. e SainZ ZEPIXHIHIBK OB TR, A
Wimley-White F [T 57 7K 14 PO 56 AR AT AR 13 gL 7Y
Jii 48977 (SARS-CoV) @i-E 1 =5 20 BB (1) 0 B 11
% Struck ZEPHRER L, ASHCYKYRYL R LA
SARS-CoV Jii# 5 ACE2 k&t &, MM L4k
&Gt s Zhao % PR Bl £ Ik “NGAICWGPCPTA
FRQIGNCGHFKVRCCKIR” A # U f%+Hi SARS-CoV
J5% 2 A1 MERSCoV J55 #5135 P .

%= 5 B389 Docking Sore Z55R
Table 5 Docking Sore of peptide sequences

NO. Peptide Peptide Ranker Score  Docking Score
1 LDFFK 0.85 -149.89
2 LDFFKAL 0.76 -169.68
3 FRVL 0.69 -152.05
4 AFRVL 0.66 -138.50
5  AGGKPFQ 0.65 -152.33
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