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Tab.1 Peptides with potential biological activity generated
from Mizuhopecten yessoensis myosin digested

in stlico

kB P i Peptide Ranker

iz
GM £514 =515 0.9532
NW f437 —436,f 825 —826 0.934 1
oW £827 - 828 0.928 5
GR 851 —852,f 1780 — 1781 0.766 3
AM £1756 —1757 0.7455
GY 793 —794 ,f 1474 — 1475 0.7416
Ik M £909 —910 0. 697 0
HM £358 —359,f492 — 493 0.678 0
on £288 —289,f518 519, 06710
£749 =750 ,f 855 - 856
NM £1333 - 1334 0. 604 7
RR £ 1529 - 1530 0.5655
Gl £529 -530 0.5216
NCW £35-37 0.965 1
ADF £914 -916 0. 806 2
EGF 43 —45 0.694 7
- GGH f 938 —940 0.6752
VAF £385 —387 0.559 6
ADM f1337 1339 0.5208
DPDF £10 -13 0.8746
QPGL £ 682 — 685 0.7422
TCGM £111 -114 0.716 5
o ik
LPIY 132 -135 0.5920
QRPR £368 —371 0. 560 4
NPPK £81 -84 0.523 4
GFPSR £594 - 598 0.8628
Rk
SITGW f1415 - 1420 0.669 1
APNAIPTG £732 -739 0. 664 3
VAV
CSNAIPEL £296 - 303 0.5253
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5 A B LAY GLN42 1 E 5 A9 GLU329 P4~ e s
RAEMBE R (WE 2 (¢)), kB LibDock Score
$143 136. 03 ; ik Bt LPIY RERE 52 1AE H E £ L1
TYR491 YEFE R &5k, W aE S IS i AE S A B
A9 ASP38 AR AR (WL 2 (d)) , LibDock



$38 4% 4 £ B WT X EER PR b DAL SARS-CoV-2 TH M IKITF5T 57

%2 BIOPEP-UWM 2 [ CL A A i Ak
Tab.2 Known bioactive peptides in BIOPEP-UWM
protein database
Tk ECy/
i C R T (pmol-L-1)
GM A8 B R SR H 4 BRI 1 57 ( ACE k571 )
NW LI IV 500 (DPP IV i) 0.00

QW TJKILAKEE IV I (DPP IV HHIF) 0.00

1 400. 00

GR I B oK LA 41 77 ( ACE #il77)) 3 200. 00
1A 5K A T 1570 ( ACE Fk5)) 210. 00

O LS TV AL (DPP IV A 0.00

M ZRREEARAE TV 4058 (DPP IV S50 0. 00
NM  REESIKEE IV 6150 (DPP IV 4l 5)) 0.00
I B K R AR B 57 (ACE SR
ZRFESKRG TV 157 (DPP IV ) 0. 00

NCW I S 5 S A 4 BT 11 77 ( ACE 1k 1)) 35.50

1.200. 00
Gl

ADF Ei=R 1 0. 00
VAF I8 E 5K R Al 1500 ( ACE $015)) 35. 80
QRPR G REPH T 0. 00

3 REPRIKBA R R T
Tab.3  Simulated toxicity prediction of selected

peptides in silico
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Fig.1 3D structure of SARS-CoV-S/ACE2 complex

protein A and E chain
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Tab.4 LibDock Score of docking results and hydrogen bonding amino acids of 28 peptides and SARS-CoV-S/ACE2 complex protein

... LibDock . . ... LibDock g
KBS 0 LU RS JINE3E 27 SV R R
core Score
SITGW  143.56 GLU35 ,ASP38, LYS68, ASP480 TCGM  110.92 HIS34 . TYR440 ., TYR481
LPIY ” HIS34 GLU37, LYS390 , ASP393 . . HIS34 GLU37 ., ALA387, GLN388 .
142.85 ASP480 . TYR481 TYR491 QW 09. 66 LYS390 . TYR440 , TYR491
CSNAIPEL 136.03  GLN42, ASN49 | ASN64 . GLU329 , SER432 ADM  107.30 HIS34 GLU37 .LYS390 . TYR440 TYR481 TYR491
NCW 135.19 ASP350 ,GLU354 ALA387 ,ASP392  ARG393 \TYR491 NW 104. 47 HIS34 ' TYR440 ,ASP480
DPDF 132 LYS353, GLY354 . ALA386, ALA387 . - 103, 84 - TYRA40 ASP4
32.39 ASP392 . ARG393 . TYR491 03.8 534 .GLU35, TYR440 ., ASP480
GFPSR  132.23 HIS34 | TYR440 ., ASP480 QPGL  103.22 ALA386, ALA387., ARG393, TYR491
ALA386 ., ALA387 ,ASP392 ARG393 . o
APNAIPTG 132. 14 TYR440 . TYR491 oM 102. 94 GLY352, LYS353, GLY354, TYR491
RR 130. 37 LYS353, GLY354, PHE390 , TYR491 GY 100.16 LYS353, ASP480 . TYR481 . GLY482, TYR491
EGF  129.08 GLY352, LYS353, GLY354 GR 98.99  HIS34 TYR440 ,ASP480 TYR481 GLY482 . TYR491
ASN33 | HIS34, ALA387, TYR440 HIS34 | TYR440 ., ASN479 (ASP4380 .
QRPR —127.90 ASP480, TYR481, TYR491 M 873 TYR481
ASP30, ASN33, GLU37. LYS353, .
NPPK  120.54 ALA387. TYR4S1 . TYR4I AM 86. 64 LYS353, TYR491
ADF  113.67 ARG393 | GLY490 NM 86.23 HIS34 . TYR440 , ASP480
VAF 113.34 GLU37 ALA387 .GLUN388 LYS390 ,TYR440 . TYR491 GM 84.17 ASP350 , GLY352, ARG393
GGH  111.60 ASP350 . GLY352, PHE390, ARG393 Gl 81.05 HIS34 . TYR440 . ASP480
RN ARTE A 32 (A i) SRR S I 1
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&
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[ attractive charge [ Pi-sulfur 9 conventional hydrogen bond 3 Pi-alkyl
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Gy
8:329

ALA
A6

LEU
A5

YR
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i =0 /7

&

SER
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& 2
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TYR
E:481
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0 Pi-anion
=1 alkyl
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(d) BREELPIY 55SARS-CoV-S/ACE2H &7 (%145

THMERRBE S SARS-CoV-S/ACE2 A X 2D /n i E

Fig.2 2D diagrams of interaction between bioactive peptides with SARS-CoV-S/ACE2 complex protein
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&3 COVID-19 Mpro 7K fitiE ik = HE 25
Fig.3 3D structure of COVID-19 Mpro hydrolase
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CSNAIPELFI LPIY BE#%3# i 5 SARS-CoV-S/ACE2
AR T OGS S SRR Y il 22 A ELAE T e R
P B RS BE 45 A BEL BT AR 5 TR IR BE QRPR
QPEL.LPIY FI SITGW HE& & & £ % 4 /9 COVID-19
Mpro 7K fift fiig 410 i /£ JH, Hth QRPR 5 COVID-19
Mpro 7K fiff i i) S SH S LR TE i i) AH BAE AU 2,
SEARETIEOARRE  FAINL A K AR B R A 8 T B
FIAR, (E15 — 302, KB LPIY Bk T HA SARS-
CoV-S/ACE2 FHWTRE /1, th 878 H A3 1Y COVID-19
Mpro 7K fff I B8 1, 3t J5 B3 & A B 4
e NARBURR Y e ) A e 1 XU AR FH 4T SARS-
CoV-2 JiHEE LI RE B i B2 At 1 W] e

F5 28 FJIKBtS COVID-19 Mpro 7K fig it X 4245 RV 43 5 S AR FH 2 2218
Tab.5 LibDock Score of docking results and hydrogen bonding amino acids of 28 peptides and COVID-19 Mpro hydrolase

JKBtF%]  LibDock Score S PR LR KBt F % LibDock Score A P R LR
THR24 . THR25 . THR26 , THR45 |
LPLY 168. 04 MET49 | TYR54 . GLY143 . SER144 VAF 123. 64 HIS41 . TYR54 . GLY143 | HIS164
CYS145 , HIS164 . ASP187 . GLN189
. THR26 , HIS41, CYS44 | LEU141 | . HIS41 .CYS44 . MET49 . TYR54 .
CFPSR 166.72 CYS145 , HIS164 GCH 123.37 LEU141, SER144 . CYS145 . GLN189
THR26 . HIS41 . MET49 . TYR54
APNAIPTG 159. 16 THR26 . HISAT 9. TYRS4, ADM 122. 35 THR26 . HIS41 | SER144 | HIS164
ASN142 . GLN189 E—
THR25, HISH , THR43, SER46, LEU141 . SER144 . CYS145 ARG188
DPDF 155.95 MET49 . TYRS4 . GLY143 . SER144 TCGM 117.67 ' GINISO '
CYS145 , HIS164 ’
THR24 . THR26 ., GLN69 . SER144 . PHE140 , LEU141 , ASN142 . SER144 .
CSNAIPEL 155.72 CYSI45. GLNIS9 NW 116.77 CYS145. HIS164. GLUL66
THR24 , THR2S , THR26, CYSM, MET49 SER144 . CYSI145 ., ASP187
QRPR 154.93 THR45 . MET49 | TYR54 ,ASN142 HM 108. 95 ' GINISO '
CYS145
THR24 , THR2S, THR26, CYS44, MET49 | TYR54 SER144 . CYS145
SITGW 150. 46 THR45 . SER46 . ASN142 . GLY143 | oM 106. 95 HISI64 . GLNI89
SER144 | CYS145 . HIS164
THR24 THR26 \MET49 -TYR54 LEU141 , S
NPPK 1343 oy 96.70 TYRS4 . LEU141 , SER144 . CYS145 .
ASN142 | GLY143 . HIS164 , ASP187 HIS163 . HIS164
EGF 133.99 TYRS4, SER“&‘N(]:;;SMS + HISI64, NM 96. 18 HIS41 . SER144 | HIS164 . ASP187
THR24 , THR25 . THR26 , HIS41 |
QPGL 131.36 GR 95.36 LEU141 , SER144 , HIS163 . HIS164
THR45 . TYR54 .
NCW 128.30 TYRS4, CYSI4S , HISI64, ASPIST, M 92.38 SER144  CYS145 . HIS164 , HIS189
ARG188
QW 126. 85 TYRS4. SERM’f‘ » CYSI4S, HISI64, GM 82. 69 HIS164 . ASP187 . ARG188 . GLN189
GLN189
ADF 125.35 HIS41 . GLY143 | CYS145 AM 80. 99 TYRS4 , HIS164 . ASP187
RR 125.34 HIS41, MET49 . LEUI4L | SER144, Gl 79.78 MET49 , TYR54 ., ASP187

HIS163 | HIS164 , GLN189

TSR T A R Y R R
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W y A4S
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e« = ©
1 conventional hydrogen bond = alkyl = conventional hydrogen bond - al'kyl
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1 Pi-donor hyerogen bond
(a) BRBXORPR5COVID-19 Mprot [ X} 4% (b) FKEEQPGLE COVID-19 Mpro# (4 X
ASN
GLN ASP. CYS A42
A:189 A:l87 l'\VSRG A:145
,
st i " R @R % RO
HIS R @‘u, g<'\ ‘ \
- =, R 1 ¥ I
A = Y -
r\\ o= Y \\’) 0=
GLY 5
A:d3 THR L
‘ it A25
s \ . Y
Ailas . TNZRS Hs X i
o & !
e (€8 S
LEU THR
A:27 A:45
1 attractive charge =3 Pi-donor hydrogen bond = conventional hydrogen bond =1 Pi-sulfur
m conventional hydrogen bond =3 alkyl =1 carbon hydrogen bond m Pi-Pi staoked
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Screening Research of Anti-SARS-CoV-2 Peptides from
Mizuhopecten yessoensis Based on Molecular Docking
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Abstract: In order to screen bioactive peptides against SARS-CoV-2 from food raw materials,
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Mizuhopecten yessoensis myosin was selected as the target sequence, which was enzymatically digested in
silico, and then the toxicity and bioactivity of the peptides were predicted. The non-toxicity peptides with
activity scores exceeding 0.5 were selected, and SARS-CoV-S/ACE2 complex protein and COVID-19
Mpro hydrolase were selected as targets for molecular docking to identify their viral resistance. The
molecular docking results showed that the peptide CSNAIPEL could bind to the two key amino acids
GLN42 and GLU329 on the SARS-CoV-S/ACE2 complex protein, and the LibDock Score was 136. 03.
LPIY could not only combine with ASP38 and TYR491 on the SARS-CoV-S/ACE2 complex protein, but
also potentially combine with THR24, THR25 and THR26 on COVID-19 Mpro, and the LibDock Score
was 142. 85 and 168. 04 respectively. QRPR combined with THR24 , THR25 and THR26 on the COVID-
19 Mpro hydrolase crystal, and the LibDock Score was 154. 93. In summary, peptides CSNAIPEL, LPIY
and QRPR exhibited well anti-SARS-CoV-2 capability. This study could provide novel ideas for the
development of new function foods of anti-SARS-CoV-2 in the future.

Keywords: molecular simulation; simulated enzymatic hydrolysis; SARS-CoV-2; virtual screening;
molecular docking; anti-SARS-CoV-2 peptides
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Effect of Cutting Direction on Nutritional Quality and Volatile Flavor
Substances of Fresh-Cut Purple Cabbage

WANG Dan, LU Rongrong, MA Yue, ZHU Li, WANG Yubin, ZHAO Xiaoyan"~
( Vegetable Research Center, Beijing Academy of Agriculture and Foresiry Science/Beijing Key Laboratory of
Agricultural Products of Fruits and Vegetables Preservation and Processing/Key Laboratory of
Vegetable Postharvest Processing, Ministry of Agriculture and Rural Affairs, Beijing 100097, China)

Abstract ; In order to study the effects of different cutting direction on the quality of purple cabbages, the
apparent color, browning degree, contents of soluble solids, phenolic compounds and anthocyanins, and
flavor profiles of freshly transverse or longitudinal cutting purple cabbages before and after storage were
compared. After storage for 9 days, the results showed that L™ and a” of fresh cut purple cabbages were
decreased, " and browning index were increased, the soluble solids content was decreased by 0. 27 -
0. 33 Brix, and contents of total phenol and anthocyanins were increased by 2. 69 —2. 78 mg/g and 0. 06 —
0. 11 mg/g, respectively. Longitudinal cutting could slow down the browning and maintain the phenolic
compounds such as catechin, chlorogenic acid, caffeic acid, ferulic acid and quinic acid. In addition,
the nitrogen oxides in purple cabbage was increased after storage analyzed by electronic nose and volatile
matter, and allyl isothiocyanate in transverse cutting samples was increased than that in longitudinal
cutting samples, which led to undesirable odor production. In conclusion, longitudinal cutting could
efficiently slow down the surface browning and maintain the phenolic substances and flavor quality of
purple cabbages. The results could provide theoretical references for improving the quality and extending

the shelf life of fresh-cut purple cabbage.

Keywords: cutting direction; purple cabbage; phenolic compounds; anthocyanins; volatile compounds
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