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Computer Simulation for Screening Protease Activated Receptor 2

Inhibitory Peptides Derivedfrom Edible Algal Proteins
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Abstract: Computer simulations were used to predict the bioactive peptides inhibiting protease activated receptor 2 (PAR2) from food
source proteins, as well as the bioactivity, water solubility; and other physicochemical parameters of the peptides obtained from the enzymatic
digestion of edible algal proteins. First, edible algal proteins were selected from the NCBI database and Protein Data Bank (PDB). Thereafter,
enzymatic digestion was simulated using the BIOPEP-UWM database, activity analysis was performed using Peptide Ranker, high active
peptides were predicted using Innovagen and ToxinPred, and finally, HPEPDOCK was used. The obtained small active peptides with activity
scores over 0.5, excellent water solubility, and non-toxicity were simulated by molecular docking using PAR2 to investigate their molecular
binding ability. The potential and mechanism to discriminate different small active peptides to inhibit PAR2 activity was analyzed. The results
showed that the small molecule oligopeptides PAGR (-165.80), PAR (-163.93), IDQW (-152.95) and DISAW (-154.48) exhibited high binding
to PAR2 and were potential active inhibitory peptides of PAR2. The findings of this study provide valuable insights for developing and utilizing
algal proteins and exploring PAR2 inhibitors.
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2.1 ITEAE DB R G R AT
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BRI, A\ NCBI #fs e Hh i & FH R IR R AREE
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1l (iEsEALEE AN o AT B B ) 7K L
RIFEEAT . 458 m#E 1 s,

POEIBEEE . NERTEE, B, VLB DL AR RS
TR B s SR A R R, AR YR A A
FiE 504G L s DAL X — 4, R NCBI Al
BIOPEP-UWM ##5 PEACEE . BAbIER /K nT #4331, 7K
fift TDH A E KT 30%, fem N 50%; /KAl
JE =) R AR AN AR, Horfy NADH R &
N A-o- 7] TR HE R TR IO KR LR o, r BB T
49.13%7F1 43.63%, 734, KR RE SRR 4 i 521
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Table 1 Introduction of edible algae protein

S Eau AR 95 TDH/% . % k& &EHREE
REER pdb]2BV8 33130 75 13
PR B IR B pdb]1XGO 35.45 49 10
R 2= By pdb|5TIF 36.57 40 7
. A-o-F) FAB A B WP _006618130.1  43.63 121 41
serpin K&K A WP 152088311.1 4095 100 46
EEFEE WP _043468030.1  30.36 12 6
kit & é 70 KDR54311.1 35.59 118 22
AL BN A B EKD06032.1 41.58 55 17
LN EKD08081.1 36.46 90 20
AN=3:3 DNA 4B A bl pdb]2NVA 49277 39 5
FERTEA ABA99997.1 37.90 93 20
HEER3 pdb|SA78 36.28 76 16
LR3 ZZR %4 pdb|7LJ0 3227 65 12
HE
LR6 L &%&4 pdbl6KGX 33.49 49 10
EaEG pdb|7LIZ 31.77 101 21
NADH 45 pdb|6NCL 49.13 89 20
pas 3 KRB EF C AfvEs ASK51653.1 36.76 67 20
AEEEEG ASKS51475.1 33.02 66 41
R AREME 1,5- BB B AE pdb2BW?7 28.24 17 6

EWME B (Bioinformatics) f& 47 &g AN
SRR SRR TR, R AR AT
IREL. AbEE. Pl 0k AT AIfARE, AIfS 39k
TREMEERAR A SZ S PR ER I — PR . AEME R
P TR R R IE, EETERIE A5
Pz RN, S EEAERE ST SARS-CoV-2 T T

Ik iZ2H T PeptideRanker Al ToxinPred 25 2E#)(5 5,27
THU MR, SR S 2 IRER A I TR
WITEZ T B Innovagen 4 LA K Pl P4 A FRTIR Wi

(Adsorptin)+ 434ii (Distribution ) f{if (Metabolism)
AR (Excretion) F1EEPE (Toxicity) 1) AdmetSAR %
P P R AR RREAU 7 i % 4 m A U0 b
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EEALR G A I IR 7T 7738, R AEME B BoR V- TKAT I ] A3 BB 5T B A S DU AT 2 P 1 - B I s
ATLAT B ARSI O R A, LI T RN BN TS VERR IG5 04T, FEAH DU e A
PRI OE BB E Rk RIS, AR5 A Hritt ProteinPilot, #ifH 1 i PERKSEHIZR AR
*® 2 REEABASKAEAMHETA 2 WEMFFIFE
Table 2 Oligopeptide sequence and frequency of algal protein binding PAR 2

EFARLFIIKRE] ihik s R[4 F] FAE/%
REEA[334] DAF[1]. GEF[1]. CAR[1]. QGPN[I] 1.20
IR BRIMBR[221] SDF[1]. EF[1] 0.90
HReE B L AREE[176] IGR[1] 0.70
4-0-F) AR A5 BA[503] EF[2]. PR. DW[2] 1.10
serpin K& & [421] DW[2]. SM[1]. EF[1] 1.00
& EREa(57] x 0
AR &E T0[532] DW[1]. DPR[1] 0.30
#B A ALEE[203] DAF[1]. DF[1] 1.50
#322 3318] DF[1]. AEGDF[1]. PR[1],"EPCGPY[1] 1.30
EBRTEA[439] DW[1]. PAGR[1]./TDWII] 0.70
LR3 X & A[345] PR[1]. EPCGPY[l]. EF[1] 0.90
LR6 X & é[428] SCR[1]s EF[1]. PAR[1] 0.70
RaEA[322] GIDGPF[1]. DAF[2]. GCSR[2] 1.50
A BB BE374] PR[1]. DF[1]. IDQW[1]. DSSF[J]. DIGGGL[I]. IGDW[1]  1.60
DNA A% B 1 Y984 174] x 0
NADH LA B%[345] DF[2]...DSW[1]. SM[1] 0.90
R EE C ALLEE303] DF[1]. PR[1]. ACEF[1]. DISAW[1] 1.30
AR BEEA[323] AGDPSIL[1]. SM[1] 0.60
ALBRAE 1,5- B ER AR AL BR{82] DITF[1] 1.20

7 3 BEHUKRRR B HNS R EAR BBHIHIE QB RUES R 2 BN FE
Table 3 Highly active oligopeptides obtained by simulated hydrolysis and small molecule oligopeptides that effectively inhibit

protease-activated receptor 2 activity

FRAF AT S Kb i Bk FoRHE > TE
AGDPSIL 0.63 Good P2 0.09 0.54 671.84
AACIR 0.53 Good - - - -
SCR 0.67 Good K -0.66 -0.93 364.44
DADW 0.65 Good - - - -
IAPDM 0.62 Good - - - -
EF 0.60 Good p o2 -0.01 -0.35 294.32
PAR 0.60 Good o -0.53 -1.43 342.42
DF 0.94 Good F i -0.05 -0.35 280.29
CDM 0.83 Good - - - -
PR 0.79 Good F i -0.92 -3.05 271.33
GR 0.77 Good - - - -
ACEF 0.73 Good F i 0.06 0.72 450.56
CDGAAL 0.59 Good - - - -
DISAW 0.57 Good o 0.07 0.22 590.69
GIDGPF 0.90 Good P2 0.15 0.23 604.74
DAF 0.80 Good T 0.05 0.37 351.38
CR 0.87 Good - - - -
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&gFk3
BERAT EEATH KM HH Bkt FKH »TE
GPR 0.87 Good - - - -
DQF 0.74 Good - - - -
EPCGPY 0.68 Good xS -0.09 -0.98 664.80
EIPPM 0.67 Good - - - -
AEGDF 0.50 Good ox 3 -0.06 -0.56 537.58
CDR 0.60 Good - - - -
IGAPDM 0.60 Good - - - -
DPAGGGDPVL 0.51 Good - - - -
SDF 0.77 Good Fi -0.12 -0.50 367.38
DW 0.93 Good or 3 -0.17 -2.20 319.33
DPR 0.60 Good R -0.85 -3.20 386.43
GEW 0.74 Good - - - -
DSF 0.73 Good - - - -
GIGDL 0.56 Good - y - -
SADVW 0.52 Good - 9 . -
VDF 0.51 Good - - - -
PSR 0.50 Good - - - -
IGR 0.53 Good Pt = -0.29 0.13 344.45
TDW 0.57 Good 2 -0.18 -1.70 420.45
GDL 0.55 Good - - - -
DSW 0.73 Good Pot:3 0.20 -1.73 406.42
SM 0.63 Good Tt 0 0.55 236.30
IGDW 0.84 Good Foir 0.14 -0.08 489.58
CN 0.63 Good - - - -
DIGGGL 0.61 Good por: 3 0.17 0.60 530.67
IDQW 0.60 Good pio 3 -0.08 -0.85 560.66
CDDPN 0.54 Good - - - -
DGL 0.53 Good - - - -
DSSF 0.52 Good R -0.16 -0.57 454.47
SGIPPR 0.78 Good - - - -
PDIDQPR 0.55 Good - - - -
DGM 0.75 Good - - - -
DITF 0.55 Good R 0.11 0.77 494.59
DVW 0.58 Good - - - -
IQADF 0.52 Good - - - -
AGDW 0.86 Good - - - -
PEF 0.72 Good - - - -
QEPF 0.68 Good - - - -
DVF 0.55 Good - - - -
GEF 0.72 Good A 0.05 -0.37 351.39
CAR 0.65 Good xS -0.49 -0.07 348.44
DM 0.61 Good - - - -
QGPN 0.54 Good Fi -0.31 225 414.47
GCSR 0.60 - Pox -0.46 -0.80 421.51
PAGR 0.63 - R -0.35 -1.18 399.49

E EMITASRT 0.5 0, NAA KB BA e A ME T,
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T FH R RE K BEVE 2~8 Z IAI A SR A i 2 A Tk
TESZAR 2 (PAR2) 4T 7

{5 FH#E 28 T.E Innovagen Al ToxinPred F2/7 K 73]
XoF g SR FREL AT AR A 253 0 (1 SE G A T KV 1 T
UL R BT RE BRI R . 2 o TR S H A AL
Bl , BARZEIRINER 3 FrR. 45 FOR I 5%
FRIGTEFICTH , IXARA T R AR R B (1 S R 1 ol
KU HLERIAAYE . B ToxinPred ik Bk iiAT
BTN, RIFTHGEMIRBIY R, Al HfE
BT 556, BRBERISRK LR fUE
RARTFEKRE ko  IE(A R AR ILBK AR
B
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R 7 IXLeHHIIRE) ACE #IHIVER .. A E )
Discovery Studio #FifikH SARS-CoV-2 HFEIENE
ik, T o FIa AR EAR Y. AR
UL B R AN T TBHE ST AATEE RS AL, 14218
JUIT BAMFTRE & B AN SR, Je i 140 Bk gt Hh G
A5 2 A 16 e e 5 A AT

HPEPDOCK ( http://huanglab.phys.hust.edu.cn/
hpepdock/) & —FK LA - 2R TEZE T R o
Weng PR 1 14 FE A B A fE: =R
[ - & [ o %ok ¢ ZDOCK « FRODOCK  and
HawkDock), ZAREH /N TR (GOLD.
Surflex-Dock and AutoDock Vina), P )\~ E H-Z )ik
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T T R AR

K221 B s K i) 5 Hasn 2R E
BT ARG SEIR S R ARG 2k 2 (PAR2) #
1T F X042 AT <-100 $) e B A AR
WISERR, H FAERPN SR IEBEESE B B0 B g
TEAR 2 (PAR2) HITEFEAIHIRE ). 45K 2 PR,
RIPNRERRBZRGARBEAN F E&&EN
1.60%, G EA BB E A, YN
1.50%. F BB, 1 X = Fhf FH e a1 10 B I E
T3 2 (PAR2) HITEERIHIRE /00 T A ST FE e
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=5 DTIHEER
Table 5 Results of molecular docking
VA 8TZ Hy AP, VA 8UN 4 £ B8

IRERF StaES K RG] R
DW -131.14 DW -122.18
TDW  -138.53 TDW -128.26
DSW  -141.45 DSW -128.85
IDQW  -130.45 IDQW  -152.95
IGDW  -116.79 IGDW  -138.87
ACEF  -10497 ACEF  -114.64
PR -136.99 PAGR  -113.76
EF -114.17 DSSF -107.94
SM -100.36 IAPDM  -112.22
DF -103.16 DISAW  -154.48
SCR -135.92 AEGDF  -105.13
PAR -163.93 GIDGPF  -141.11
DAF -118.19 EPCGPY  -138.87
GEF -108.99 DIGGGL  -104.56
CAR -142.12 AGDPSIL ~ -121.04
SDF -115.84
DPR -101.87
IGR -140.81

QGPN -117.97
GCSR -138.29
PAGR -165.80
AWgeiEid LigPlus A it SR e se i (Y5
HMS PAR2 Mg &Ee7), LAAS S5 EAER 5K
BRI AN BN LU 8TZ A2 R4 R I,
G302 53 B A v I B K R RS R I R I 1)
PAGR (-165.80), HZJKIZ 53 PAR2 &R /T5

/) His227. Leul5l JERERAHTIER, VLK
11e327. Tyr82. HIS135. Leu78. Tyr134. Cys226. Ile152.
Lys131. Thr334. Trpl27. Phel55. Serl24. Phel55.
Asnl58. Asn336. Phel28. Asp228 Jabi/K/EH
A4, PAGR S5#17) 8TZ A 8 AMNHFELE A AL
(I1e327. His227. Asp228. Hisl35. Leu78. Tyr82.
Phel55. Cys226), HH 5 MRAHFMBL K RIENL
& (1le327. His135. Leu78. Phel55. Cys226); PAR
017 8TZ TE 1k 8 MHENMBRAANE AL (Tyr82.
His227. Leu78. Phel55. Phe327. Cys226« Lysl31.
Tyr134) Fl—/MHE O E R (Asp228), ZiAIAN PAR
J§H PAR2 HI IR R 778 o

DA SUN A S IR 6Bt R I, X820 30
SRR Sk B A FUOSEAR C ARG
DISAW (-15448), HZMEEEH 5 PAR2 AR
751 EI¥) Alal57) Cys161,/Leul23. Phel54. Tyr210.
Trp199. Leu203, €202« Leul96. Leu200 fZuk#HiK
MEAEH, RARRERIEM. 1 IDQW S|
SUNJE S 8 MoK 2 BE IR L E (Cys161. Asnl58.
Alal57. Leul23. Leu203. Trpl99. Phel54. Alal20)
Z 55K EAEH . Hik, 28N DISAW
FHEL TDQW X PAR2 FRIHI1E /1 TG R 8. 22 5t

240 4T 3 B R T AL

R4 LA B i iRE R, Har TR <
-150 HIZEMAL AR R SR A, A3 PyMol A% 2440
SEMREATACER, M B0 =473 A1 45 LA L
S FIAER 7. LigPlus 8T R A 15K S
PAR2 SZIREE A I KRR EBEER, 2 Hras R
* 6. K 2~5 AR,

* 6 BeFRNERSEAMMEZHNEEERAN

Table 6 Interactions between ultrahigh affinity oligopeptides and protease activated receptors

BeAR FIKAE ) SAHEE R
8TZ Phel55. His227. Cys226. Trpl4l. Tyrl34. Lysl131. Leu330. Ile327. Leu78 His135. Tyr82. Asp228
pacrE 11e327.:Tyr82. HisI35. Leu78. Tyrl34. Cys226. Ilel52. LysI31. Thr334. HiT. Leulsl

Trp127. PhelSS5. Ser124. AsnlS8. Asn336. Phel28. Asp228

Tyr82. HisI35. Leu330. Trpl27. LysI31. Tyrl34. Leul54. Phel28. Tyrl56.

PAR(BTZ Asp228
(12) Cys226. His227. Ser124 . Leu78. Phel55. Cys331. Ilel152. Ile327. Leul51 P
8UN Asnl58. Trpl199. Alal57. Cysl6l. Alal20. Leu203. Val21l. Tyr210. Leul23. Phel54 x
Cysl61. Asnl58. Alal57. Leul23. Leu203. Trpl199. Phel54.
IDQW(BUN) Alal20. Leu200. Leul96. Ser195. Ilel12. Asnll6 x
DISAW(S8UN) Alal57. Cysl61. Leul23. Phel54. Tyr210. Trpl199. Leu203. I1e202. Leul96. Leu200 7

i 355N A 5 FATERAE A ARG FEUR.
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