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Abstract

In this study, computer simulated enzymatic digestion, related activity prediction and evaluation, pharma-
cokinetics and molecular simulation were used to screen antioxidant peptides of collagen from Penaeus van-
nameibased on bioinformatics technology. Small molecule peptides with bioactivity were obtained by BIOPEP-
UWM simulated enzymatic digestion and Peptide Ranker scoring, while the physicochemical properties of
the peptides were further analyzed by ToxinPred, Innovagen, and Expasy, and the peptides were screened by
pharmacokinetic ADMET analysis, which resulted in two non-toxic, non-sensitizing, non-carcinogenic, non-
mutagenic and non-mutagenic peptides. Two non-toxic, non-sensitizing, non-mutagenic, non-carcinogenic
and water-soluble small molecule peptides were obtained. The two antioxidant peptides, AWW and HL,
were combined with superoxide dismutase (SOD) by molecular docking technique, and the optimal com-
plexes were subjected to conformational analysis. The results showed that the AWW and HL antioxidant
peptides could better exert antioxidant activities in human body, and this method provides a new idea for the

efficient, rapid and low-cost screening of antioxidant peptides from natural food sources.

Keywords: collagen; antioxidant peptide; in silico; molecular docking

1 ®isv

B @ E A E BN 858, KERTEMES (reactive oxygen species, ROS) 1E ARAHAIAE A IS A2 H ™
4. ROS B4 2 A R A M HARHEMIR 7y, ERoTAIMERErIRIN, BT HRERRIMLERE, ROS A PAS|
KRR AL, T DNA W, MM SBAUAS . NMARHTRARE RG] DU ZHERRIXLE ROS, R
EHETT, ROS M7= A FIHBRAE T— RO R PHERIRS 1, 2 ROS 71 2 s TSE AL T R ST R0,
WU T S RIBRES, SIBS IR ESIA T HUHNE SAMIBE, JERCRRDS 55 2],

PUETE A LA B A7 DL b B S A B2 57 TR & AR A E . iR —FR AR
U, e, aiffin, Sk, RErker. s, MUBEARERITUSEMEE, ERAR MM
PO HMER, E SR R R U BSZ BT X B,

EYEMEIRBR A EFRMESS, ERAMRRME, Jrafe. BERT. SRR vRunieSEEy£aetl. 3
AT, (AR EERIRTAEY). sh¥) ML, AR R R 0 Rk s 2 Tm ek, Al DA 3, 78
DRI, BN AN G RERSWM I, M T @ e B E & A I s S8 R AT EimrEr
BRIT; 29855 N DUKPGESS £ 5 SR MO RSN &, il I e H B i EIEBREE I FIEE ) RGN KPETE
0% 8 T 2R A RO A TG I (O] X B8 A M P A Rt AT 493 A = 7 v O B 2 S 7 e 7 1l o 1
TEPESTEALIR 7], MORIR] ARSI R S S AR TG MR R, SRR Ry el RS MK A R 47 R
R TR B SATUR, AR R EMETERERIER R ZT 3G B,

FAEE XU (Penaeus vannamei) XFRERER, BARNIRESS, HARGEFMA, ZIHAZINRIICRFRIEAT R
fhz—, 2 Eniet R~ B RSN =K A2 — 01, BT RIE KR R R —
Fp2, HFRGEH B COREITRIE SR R = 2 A 80%-90% 101, B RIATELE T 5 8. AL NTEME A PpiE
RO i A ESRAEA, 1 H AT A R 3 R PR ARG MRS YRR, PUE LIRSS, Bh
WS LI AN R T/ E =R RCH RN

RARIPIAMIRTRIE T R e B, IRAHIEE. KRS B Al Sd AR uExt A RIRBOE TR E,. &
J%, FHHATRIMAR N BIBTE ISR RS, R E SR IR BT S AL BRI B B SCRE BRI A [12], BB 2R P15 8
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FHIRIE, THEAUHBIIR A RO, ek AR il R A b T2 N T AR R R . AL A (13
R AEYEBAR TR KB T T o ki i a8 (kP 21, A POClRX sk, R, AWTFeEx e
FONEMRER & H A AN, @ T AR 2Rk iz R & A= A TR RRRIE Sy, $R A —F
R IRRARRITT I, A RARBTRMEDTRAIRRY POR Tz 12 LRI s,

2 MRS 75T
2.1 MRHG I
A 32 NN LR 2 H YR IET NCBI #4048 %E  (https://www.nebi.nlm.nih.gov/) , % AR 32 HATEREIHL T 44

Penaeus vanname %% protein Fe R T EHNEH BT, HEIFF TERIEEH alpha-2 TS, ZAEH
SOD(PDB ID:2ADQ) HI&AZERISR B RCSB ®HFEEE (https//www.rcsb.org/) o

2.2 HHEAHLEHIEK

M NCBI £ 2 15 2 IR & H 5 4 Peptide Cutter (https://web.expasy.org/peptide_cutter/) F1 BIOPEP-
UWM (https://biochemia.uwm.edu.pl/) H'H ENZYME(S) ACTION #{Ilgf#E, EH S &AM (EC3.4.23.1) K
PUEHM, BEBR (EC3.4.21.4) BIEmHEK, WAESBERT C-ARuWmRRR EH F5IYIE Ny 2—13 4
KA R KB

2.3 HiAILAKGHIE

R RKTE Peptide Rank (http://distilldeep.ucd.ie/PeptideRanker/) HARAE B AR VDTS M R OAE 2 6 R A T HE R, A
02145y, SMEBEBRAKEA YIS RTREMEEAR 4 TS & T 0.4 MK TGS, R FIH
BIOPEP-UWM ##EZE (https://biochemia.uwm.edu.pl/biopep-uwm/) T e 35 FH X BRI 25 H AR IBE I P18 ALRK,
H5ZEBIEENCANAEDTEIERREICED,  FREITE M & & RN HOE T e 8204,

2.4 YIBME AU B

A Expasy (https://web.expasy.org/) FH Toxin Pred (https://webs.iiitd.edu.in/raghava/toxinpred/design.php) 3 AT
R &S E IEERRIRERRR 200 (MW), i (PD. BEME. Peptide Ranker {H, 4
FERIAI S MEAHE, FINAIA AllerTOP v.2.0 #2/% (https://www.ddg-pharmfac.net/AllerTOP/index.html)  FIUAK A
BN RS T R A

2.5 ZiKiah 1% b
Il ADMET lab (https://admetmesh.scbdd.com/) X} §iiZe tH AU VTEERK 0, A EIRW, 24m. (R HettAn
FMTRmSR, P imEE S EA TR ISR AKE,

2.6 57 xHE

K RET SOD SZ A F MRS UTE Pymol (3.0) HX B2 IREE AL B, EHFZ RIIELAR, KT RER T,
BEJE7E AutoDock Tools(1.5.7) FATSZ IR E I TN, THE A, SECHEACIE, (#1978 pdbgt 2N FH, #
F ChemDraw (20.0) £l HESRIE /N TRRIVEEM, (R1F 0 pdb /85X, § A Autodock HEAT/INp T RKAGHE,
KWETE AutoDock vina AT T X%, HRAIERTAFTRIIAAFR S SOD A2 & 1k [15]

(center, = —5.9, center, = 28.9, center, = 210.4)

, IRIENEENRERMIZRAEESR, HT Discovery Studio (2019) & Pymol(3.0) HH# AT AIFRALALTE,
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3 &R 59
3.1 IR R EBHOIER R N bR ALK 0 i
EYIEMEKAEST B I SR KA, FH CATEE 777 RENRER SR, AR5 A E EH s (EC 3.4.23.1)
HMIEEEE (EC3.4.21.4) BIITEMAEELNIMNRIEEH, K522 KTE Peptide Ranker HH#H{THEF, 1EHL
HA e mAEYEERR, HS5ERENEGAEYIEHERIRTEE, FRFIH BIOPEP-UWM i 2 il 2 Ak
HIPTEMTETE, TRk mis RanER 1 frr.

T 1. R E AR5 21 Bk M HTE A

Tablel. Peptides obtained by simulated enzymatic digestion of collagen and their activity analysis

NGl ZRKEy  TEMEES | RKEA ZIKPEy SRS
AWW 0.99176  0.33? AF 0.97326  0.50°¢
GPPGL 0.92089  0.20° AGF 0.95682  0.67°¢
MR 0.84915  0.50° SGF 0.94749  0.67°
MY 0.84345  0.50° GAGF 0.93488  0.75°¢
EWAWR 0.83153  0.20° WDPR 091169  0.50°
LIWDPR 0.78946  0.67° VWIWGHL 0.89301  0.43?
FTPR 0.77303  0.50° QGVWDPGAGF 0.89688  0.10?
GR 0.76629  0.50P GPR 0.86597  0.67°
GYL 0.76043  0.67° MGR 0.86036  0.67°
AAPAWAAK 0.71508  0.13? TGF 0.83701  0.67°¢
AVAPWHR 071359  0.29° QGAGF 0.81194  0.80°
IML 0.70966  0.67¢ WITMR 0.78866  0.60°
GIPGDR 0.60925  0.83P SNF 0.78461  0.33P
HPR 0.59236  0.67° GR 0.76628  0.50°
ECPWDIS 0.52910  0.29° HL 0.37487  0.50°
SNPR 0.50252  0.50P DF 0.94241  0.50P

I a. BAFIEMLN; b. BA ACE #1#lt:; o BFA DPP IV il

R 1 ATAlL, MEANIREEARENREZ I ZIK=1K, AP0 ZK, BfF Ala, Trp. Pro. Gly. Leu.
His RN Z A B BAENTIEAIENE, 2 T RBmEHN 10 MEEHIEMEERKT Expasy. Toxin Pred
K AllerTOP HifATR bR, SISO B0, Mgt EE, TEBENPTEMLR, FgsEanR
2 ffi7Ro

R 2. [ RO R S 2 ) ok R LB MR o0 A

Table2.Peptides obtained by simulated enzymatic digestion of collagen and their activity analysis

NG 24l XN T/ Da FHEA @FHEAg FSEENY I8ETET  GRAVY
AWW 461.55 5.57 0 g =3 TCEK 0.00
GPPGL 439.58 5.52 0 =3 g0 -0.04
MY 312.40 5.27 0 T E 0.30
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EWAWR 746.88 6.10 0 L5 B -1.60
AAPAWAAK 785.00 8.88 1 L5 e 0.33
AVAPWHR 836.05 9.80 1.5 TLE B -0.34
ECPWDIS 849.01 3.67 2 i 6 -0.47
VWIWGHL 910.20 6.71 0.5 JLE e 1.01
QGVWDPGAGF  1033.25 3.80 -1 s TCE -0.19
HL 268.34 6.74 0.5 L5 TCE 0.30

FIH ExPAsy Protparam THEAU/NG FRREIPERMAMER, B3 2 RIHD, /N FRKASAEX 4 7 RS Ve LY
268.34Da-1033.25Da, HL 737 T EmE&ARK/N TR, M7 FE N 268.34Da, QGVWDPGAGF N7 & ix
KHIAK, HARXS 73+ 89 1033.25Da, BiE R ARV, 77 T & i 2, AWW, GPPGL. MY & EWAWR ]
¢ PTG 5-6.5, ¥ HLAHMEYI N 0; VWIWGHL A1 HL [EEIS PIETE 6.7 Mk, ¥ HEAH{EYI N 0.5; ECPWDIS
HIFEIE PIHES/N 3.67, QGVWDPGAGF 4 3.80, H.igFf %57 5179-2 F1-1; AAPAWAAK F1 AVAPWHR Y
PI{E 8.88 11 9.80, HA M0 1 F11.5; AT RN 35 DR i 25 A AR/ N o KO 70 7 L
FHmISIRIE, /DEl 5 1E LT W 58h . AWW, GPPGL, EWAWR, AVAPWHR, ECPWDIS, QGVWDPGAGF
AR (GRAVY) /INTERFET 0, SEAKMESELY, fEKFBE 515, MY, AAPAWAAK, VWIWGHL
1 HL /9 GRAVY {HAT 0, EHBCK, BkMEBGE, BORZEMRT kel

% H Toxin Pred F& /53 ffide i B9 2 IRHATF TGN, 450 TR A IS G BEREE, o UH— SRR &N
B mEE o

FIH AllerTOP V2.0 TN FRREVIE 8k, SR TR, A 50% /Ny FIKEEEME, 50% /N FRKICE B
BB,

G5/ N PR R T I 25 S et SUE SokiatE, 1EB AWW, MY, QGVWDPGAGF #1 HL
PURPCE . U, KBRS N PR TR 8253 M,

3.2 24N i~ E o
ZI 2T IR FR, S EMR A EABEEERE Rl L, FFRICENTEARN, RN
FIA WS AL AR B8 IN AT RS MR HE RS #2 7], ADMET 20 29¥imeili, o3, AR, HEtRn s h
fTEmits, FHINRE B IR S 2T R, RN A AR, 18 259 ERTRIE RO &
B, FFREE SRR EIHY, ADMET 25931577 152 MRt fgs ikt + 5> BBy 7712 18],
& T ENESORR A e DA IR SR BRIAR R, AT EA VRN RE A KA RS P Tz HERE, AT
RO /N F K ADMET 3480 3. 4 flis,
R 3. Ik ADMET 4347
Table3. ADMET analysis of peptides

IUNIN7ZBE] M3KEH L i f R KB RTATE
| S
k) Mz (HIA) 4563 (PPB) @& (BBB) SO (logS)  (logP)
AWW 1 71.81% 3 2 -3.194 1.22
MY 1 21.48% 3 4 -1.932 0.33
QGVWDPGAGF 5 33.53% 1 1 -3.042 -1.84
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HL 1 8.89% 5 1 -1.119 -0.33

& 4. ADMET &%
Table4. Reference table of ADMET score

WmiiE BPeR S
0-01 1
-- 0.1-03 2
- 03-05 3
+ 05-07 4
+4+ 0709 5
+++ 091 6

R 3 & 4 AJH], HIA B HEN HIA<30% B2, AWW. MY K& HL B KR E R BEEZRIZ KT 30%,
5P, BFFEREE, R E R AR AT Ak AT AR S P R AL RIS RS 10, AT N T RRI KA
XNEUETE-4 3] 0.5 Z[Al, ViEARTEIKEREA RAFHIKIEE, AWW, MY 1 QGVWDPGAGF Y Ifil % i & 18 i
Pt (BBB) WA HMGEEMNRA, HTMRER S5 TN EGSEMSAYINRE, KNG a8k
FARH 201 FrE /Ny FRRINAR B A 4563 (PPB) /) 90%, RIAHIIRSHMSAWLE SN, BRMY H
50%-70% MR BRI, HRITEBAENSUETE, 56 LRGSR, EEEANRmES S TR, MREASES
R <90%, JTCBUENE, AIBMRLG N FRK AWW F1 HL T80 5%,

3.3 s REER AL

AR TR AR BRI, O RESE PR RNy FRECAIR — e R E H B A TR IERIALA,
EEAWEARAIE, FHRMESSRAEMZR 2, SOD BEFEETHY. EWEMAENHSIUERENER, B
R TTEEE ), STERETE R E VIR &R &R, SOD REARUIEPRANBIMERE. FEIREIH H
B, KH RSO NMRTE B R THKS T, FRIRHERR RSN 22, RS T /Ny TR AWW FI HL 5
SOD (PDBID: 2ADQ) Z[HIHAHEAER, MEATr XA, HAT AT G RE. SO A0 ReH B AT fL
SRR 5 MIE 1, 455R3EM, /I FRRREIR4F LS H R E AROTE MR AIEE &, HLE5 B HES) A N-6.6kcal /mol
F1-5.1kcal/mol, [FIRHBENIE 7AW AT i 0 SRATE LS AT SE it

F+ 5. BLEILIKS 2ADQ HIX 4 &EE
Table5. Docking binding energy of antioxidant peptide and 2ADQ
IRPHI At ERE/ (keal/mol)

AWW  -6.6
HL -5.1

M F R AWW 5 HL 1 SOD RIERHLH, HE 1a. 1c AIA], AWW 5 SOD ¥ Thryio. Gluygg 755
K[EE, SEKESN B.0A), (2.6A/2.0A4), 5 Glujg FEZAFRNESHEREE, S6RE%; 5
Alayz (479 A/5.33 A). Valig (4.61A). Lys,. (415A/3.61 A) Z5ETR pi-bidkt#; 5 Thryio R
KEHN (352A/391A) I pi-WitHENEM; AIE] AWW 5 SOD F 2@ & #EH & pi-pi FLHU8EMEH & B4,
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4. HE 1b, 1d AIA], HL 5 SOD MR KEBRFRHE Asnigs. Serso. Prog FERL 3 MK N (32A/32A4), (2.2
A). Q9A) WEHE, HYS Sers, ZEAMNE BB KERE, S55RERAKA; 5 Prog (3.62A/4.86 A) Uk EE; 5
Asnigg (213 A) JERAEEAMEMHEEM; AIHIHL 5 SOD FE @ S, Hikit, BUkERHESS,
LZERRIA, /INrTRK AWW FHL A1t S AH S AR 1 2 (8] Bk 800 A S B mT BE 2 HL T AE AR Wi 1 A R AL
AWW fll HL 5 SOD ZAEH EEREMNLARE, FNFGES SOD &iar 4S8, RILBAITEMIXHER N T
AR DASR 5 SOD BTSN, (BAESCRR A, TR, FRERE. (ER S m SOD & H g1 23],
HAREHRGT AWW, HL XF SOD BISEFRFENME TR Bt —5 L5810k,

61U
8209

a. AWW-SOD X426 7R E: 2[RI R b. HL-SOD A OGS TR AL S SR ¢. AWW-SOD Xt#% 2D £5#4 d. HL-SOD X#% 2D
gt
1. P bk S SR E B xS B rT AL L
Figurel. Visualisation of docking of antioxidant peptides to receptor proteins

4 gk

ARSI A T B AR 25 R UR R 1, i el B AR MR PR N K, FEE A T M T
SRS A IKBOIATANSORIE, 5705, TR, TEBoR okt BT ROk Bk ok, 25 5
SOD A I Autodock Vina HEFF4) FRHE, AT 40 T-XHHEEA M FTHLIR S 10 Bk Bt L5 5
SIUTITAG, B T B LIS IS 10 AWW, HL B4, 115 SOD & Thriio. Gluigs. Asniss.
Sersy. Pros 2 TBIEE, 5> TRHHEAE BRI T0k 52 (kI 142 IR A9BSR 20 T A R B8 £ ik
A BRI R A,

AR TAE M T B T 00 A P28 11 R R 0 et LA e R IE MR N5 ToE, RITEAT R R 4R
ARG R, I LT A SR, E40F T REEG LRI,
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Rl
AR AIF R PAE PG B AR N B AET BIOPEP-UWM FAUEGfR, Peptide Ranker FE3 15 I B A EYTE
PRI N TR,

AR5 R A ToxinPred. Innovagen M Expasy #t—# 70 IRERRUERILIE IR, FF18 595 1% ADMET
TN RRBOEATIRE, 1582 &T08. B, TR, T8URME KA REFH/ING TR,
KRR 7 FNEEARK AWW, HL MiftHiE RS BRI BALER ( superoxide dismutase, SOD) &54,
X HEARE YA TR 217,

ARIFRARIR B IETT AR SR, Pd, AR AL T8

25k
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