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Identification and Mechanism of Action of Angiotensin-I Converting Enzyme Inhibitory Peptides from Hen Egg Proteins
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Abstract: In this study, in silico methods were used to discover novel angiotensin-I converting enzyme (ACE) inhibitory
peptides from hen eggs for regulation of blood pressure. Hen egg proteins were in silico hydrolyzed using ExPASy
PeptideCutter program. Potential activity, solubility, and absorption, distribution, metabolism, excretion, and toxicity
(ADMET) properties of the generated peptides were predicted using program online. Three novel ACE inhibitory peptides,
FQK, WGK and ADW, were identified from hen egg protein with ICy, values of (250 + 0.25), (222.74 + 1.02) and
(85.38 £ 0.54) umol/L, respectively. The molecular docking studies revealed that the ACE inhibitory activity of FQK, WGK
and ADW was mainly attributed to their ability to form very strong hydrogen bonds with the S, an S, pockets. This study
provides a high-throughput screening method for the identification of food-derived ACE inhibitory peptides.
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XP 422384) | §IEEAJE-2/144"" (Accession:
NP 001026447 XP 422370) Fl%k#iz®E Y
(Accession: 1AIV_A) {EAHACEMSILRIEREE, H
ALK 1386, 1912, 1 850F1686. 1 fIBIOPEP-
UWMMRE R i) “ig e EimtE” THE Chttp://www.
uwm.edu.pl/biochemia/index.php/en/biopep) Tl fiti% & )
X E R AR A 2 ACEHI IR JFoRHIHE /7. 4%8 (D
R ACEMHI KB SRR (4 M

A/%Z%XIOO ()

X aHEAFFS P ACEMSI K B s N
N i R S R R A (A
132 JEAERR iRk

FIFHEXPASy PeptideCutter'"* (http://web.expasy.org/
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penetration, BBB) M2 D REH . KimiEEa I Ea
KU AEEYE . KA TE R ADMETYE 5 ) v 1 ik 5 7F 26
B FEBIOPEP-UWMAIAHTPDB!"" (http://crdd.osdd.net/
raghava/ahtpdb/) 1 T2 e Hdfs e S I ACE A il IR AT
XTEG, BRI TR IE 1) = IKEAT T — P
133 23R
1.33.1  JIZREERIESE KA &

HEHL6 AN s PE I ACEHI | = IKVE NN ZREE, J3 il
KW' LKP' LGP, PLGP. FCF'™MIFAL®Y, I
k% (50% inhibitory concentration, 1Cs,) {E 4370
021, 0.32, 0.72. 1.62. 2.65. 3.5 umol/L. ffifDiscovery
Studio 2017 R2 Clientf{JMacromoleculesfi bl i) @ 4544, £
CHARMM /137 Nt AT Re e /MU . Kixe Ml ik
/N F B Principal 250K B 42, MaxOmitFeatZ 4% &
0, FGA T R EIENBEST, HALZS 335 A BRI
o FFMAE PRSI R AT 10 AN HEAT 7 B P4
1332 2GR HBE R PG

PAZRLI¥I15 A ACEM ] =k Ayt &> ", Principal
SHRON2R IR R iEYE T, Principal ZHUN 13878
WA AT T, Principal B2 HUN0R RIGIEE R T



XY TR

E6mill=

2020, Vol.41, No.12 131

W& TESr 1. i I Discovery Studio ™ [ Ligand Profilefi bk 43
MR B 43 115 24 3T b DG B AL A2 AR AIE 18] 1 2B A 1 L
MR =255 NBEST, R4 b 2 15 TR Ee AR 41 Fl
HRBETL B A S H N True, HAWSEIY NERIN .

£1 WRAERT
Table1 A set of peptides
NEZ]] ( L?ri?jl%ﬁ y  Principal Jk T %1 ( L%g{l%i ) Principal

VSV 0.15 2 AFL 57.1 1
LRP 0.21 2 YGL 409 1
VY 0.48 2 KGP 172 1
GLP 1.62 2 RVR 526 1
LKA 8.5 2 PER >1000 0
LAP 3.5 2 YPF >1 000 0
PGL 13.93 1 NVR >1 000 0
VAF 35.8 1
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Table2 Amount of ACE-inhibitory peptides from hen egg proteins

predicted with BIOPEP-UWM
mh aewss  fy SHE S
HEEA 10VA A 386 97 2.1
SUEEAE-TTPR NP 001004408 XP 422384 1912 163 85
Ui EAR-20016  NP_001026447 XP 422370 1850 187 10.1
ftigs] IAIV A 686 118 172
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L6 A i 1 A ACEI ] = IRIKW . LKP. LGP,
PLG. FCFRIFALRIZREE, 741710 A 252 B A
Hypothese 1. Hypothese 2. Hypothese 3. Hypothese 4.
Hypothese 5. Hypothese 6. Hypothese 7. Hypothese 8.
Hypothese 9fHypothese 10 (£3) , Rank{H4; A
86.625., 85.470. 85.334, 85.248, 85.202, 84.856.
84.775. 84.773. 84.635%184.491., Rank{f j&HipHopHi%
RN 25 AT o0, ARBL T 2580 53X 6 ANl 2k
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Table3 Ten pharmacophore model parameters generated from
training set
mw o owe e bt VRERT
Hypothese 1 PNHDA 86.625 11111 000000 5
Hypothese 2 PNHAA 85.470 11111 000000 5
Hypothese 3 PNHDA 85.334 111111 000000 5
Hypothese 4 PNHDA 85.248 11111 000000 5
Hypothese 5 PNHDA 85.202 11111 000000 5
Hypothese 6 PNHAA 84.856 111111 000000 5
Hypothese 7 PNHDA 84.775 111111 000000 5
Hypothese 8 PNHAA 84.773 11111 000000 5
Hypothese 9 PNHDA 84.635 11111 000000 5
Hypothese 10 PNHAA 84.491 11111 000000 5
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Fig.1 Pharmacophore heat maps of ACE inhibitory peptides
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“—CDOCKER Energy” {6475l 496.45. 91.64. 111.98,
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ACE IR HLA], A5 #1801 7% 14 IKF QK
WGKHADW 5ACE [ /EFHLE (3D UL 2a, 3a
Mid4a) . HE2bAT &I, =KFQK 5 ACE )& 3 B vk 5
Ala354 (2.07 A/2.59 A) | His353 (2.18 A) . His513
(2.25 A) | Tyr523 (2.04 A) | Tyr520 (2.12 A) .
Lys511 (1.85 A) FiIThr282 (1.89 A) Z AL 18 A
FEE S EsE, Hh, FQKMZIEIRkIEAla354 2 [A] 5
A2 NEHE, SLysSIZ R RmEERE, 4&6RE
%, FQK 5% JEM L HEHIs513 (2.71 A/3.08 A) T2 A
AR MRS, SHis353 (2.86 A) 4L A
WA . FQKEEIEMILIEValSI8 (4.47 A) FRisi/KH
HAEF, LysS11AIGIu3767 i -

I E3bE %1, EACE-WGKE &%, WGK5ACE
R ERRTR FEGIN281 (2.03 A) . Tyr520 (1.97 A) .
Asp453 (1.87 A) . His353 (2.53 A/2.04 A) . His513
(2.09 A) FITyr523 (2.20 A) KT 7 MAFEFEE
A4, 5Glu384 (2.70 A) ZIaJERL 71 MaA s,
HLys511 (2.01 A) M HAEH N, SLys511
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HEMEAEN, 5Vals18 (4.25 A/4.36 A) TR KA
TEF . B4k, WGKH ISR T8 5Zn701 (2.17 A) Rk
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(S 4%, WGKRIADW R M 11 4% o 5k 5 o 2 A Dg?,;‘%:“ds
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Acceptord
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o a. 3DFEALE; b 2DIEE]; c ABAHTEAEM . TR
HE 4o %1, =HkADW5ACET /G281, M2 ACEFOQKSTHEBMT R
Ala354 DL K TyrS23 A EM R B2 MR T3 MNEE, Fig.2 Molecular docking between FQK and ACE

S KR4 W N2.25. 2.91 ALLJ%2.66 A; HHis513
(2.54 A/2.76 A) . His353 (2.53 A/2.61 A) . Tyr523
(2.66 A) FIHis383 (2.69 A) Z ALK 16 MNAFEEE
it alit. [FR, ADWHZILEREHLys511 (1.81 A)
MGlu162 (2.19 A) JEEEENF, SHis353 (4.53 A) K4
FOR M EAEN, 5EIEBRIEIEALa356 (5.45 A) F1Val518
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5Zn701 (2.24 A) BREEZEMEIER, HRME
LR Tk 3 5 ACEHN I Bk TE B #0& Y A48 7 o 16 1k 148
W) BRI S ACES = ik HH AR IR R B B TR
Wit AN ACE R 45# (PDB ID: 1086) 1]
A, ACEFES A3 AMEMEOLES, (Ala354, Glu3g4
Tyr523) , S, (GIn281. His353. His513. Lys5117l
Tyr520) #1S,” (Glul162) P2, WFFt L, ACEHHIIk

GUERRALAR 5 SRR E B D045, L, =Rk L @ @
P4 55 ACE I A1 1L 56 R (0BT 9047 BY T ACELERFy @ () @
BT, 0
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