. m s sy B
Kt E IR ACE JE — K Y 15 48000 2% .
AN PSS UE K 2y 1 BL
LE8s BEE,T R,OEE, FER ,BXT,BER"

(BhiERFRMAFE TRE R, AR F S ilim T
B AR HARE R HBAS TR TS, T T4 121013)

T E AR ARSI RN R SRR RO BB, 5P Z AR A E R R SO oA ARG R A
PRSP R SR AT TR 38 At o F AR Z Ak 5 A 4 %7K & 4510 B (angiotensin—1 converting enzyme, ACE) 3t 448 &, F
B2t E AR ACE dp4) &bl 2, 5 8A 5 ACE & hAs s eg TR RN, &R A, KPR G XK &e9 ACE
4] =k CMK, GWR, WAK F= WOQK, 3£ 1C,, 15 % %] 34 0.19.2.40.0.40 #= 1.10 mmol/L, 4 F 4 JA #L4] £ 8 = ik CMK,
GWR,WAK #= WQK 5 ACE ¢4 S, & 4 %42 5 3L 52 Ala354 ,Glu384 #= S, o A4 A A M His353 = AMENA, M BLEA
Rt Z k5 ACE EH o BW4s, ATRANRAXRE LR AW KT AR A T L TRG & £ R 6 2h s R 5
W,

KEIF: KA BB RE G, Rk, ACE 34l Bk, 2T Hu#]

Screening ,in Vitro Activity and Molecular Mechanism of
ACE Inhibitory Tirpeptides from Larimichthys crocea Protein
JI Huizhuo , CHEN Jiayu,LI Xin, MA Ruping, YU Zhipeng * ,ZHAO Wenzhu, LI Jianrong

(College of Food Science and Engineering,Bohai University,,National & Local Joint Engineering Research Center of Storage,

Processing and Safety Control Technology for Fresh Agricultural and Aquatic Products,Jinzhou 121013, China)

Abstract; The moesin of Larimichthys crocea was in silico digested by gastrointestinal proteases ( pepsin and trypsin) of online
databases ExPASy PeptideCutter, and the potential bioactive, solubility, absorption, distribution, metabolism, excretion and
toxicity of screened tripeptides were predicted and validated in this study.Furthermore , the interaction mechanism of tripeptides
and angiotensin—1I converting enzyme ( ACE ) was elucidated by molecular docking and the CDOCKER-Energy was calculated.
The ACE inhibitory activity of potential tripeptides in vitro was determined by RP—HPLC and the interaction site of tripeptides
in ACE was also clarified. In this paper, four ACE inhibitory tripeptides CMK, GWR, WAK and WQK were successfully
identified from the moesin of Larimichihys crocea ,with 1Cs, values of 0.19,2.40,0.40,and 1.10 mmol/L respectively.The results
of molecular interaction between tripeptides and ACE suggested that tripeptides CMK, GWR, WAK and WQK interacted with
key residues Ala354,Glu384 in S, pocket of ACE and key residue His353 in S, pocket of ACE.Meanwhile, hydrogen bond may
attribute to the molecular interaction of tripeptide and the active pocket of ACE.The current study indicated that tripeptides
from Larimichthys crocea moesin could be used to develop functional food to prevent hypertension in the future.

Key words : Larimichthys crocea moesin ;virtual screening; ACE inhibitory peptides ; molecular mechanism
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RER T KR A4S STk 3R 1L, ZE 1 R 98 1y Hh i B AR
LR AZ 2z k" . ACE fddl ) 2 % H T4
TR I 4520 AL 4S5 505 , L3 6 4100 4t 591 23 7 AR R 22
AN B, W02 LR K B L T RE A 05 45, G
SR AW T AT 5 RS ) 22 0 Rk 2 2 TR R L R,
2055 TR KR H 224209 ACE 15 .

B 10 20 2 P T A A A R R B R W 3
JU L ISR AT A AR S s g i R S o kT R
IR K LA 22 Bt R AR 3 25 Ab , andt S AL | FEAIG I
JEA5, ok FH A A D) s & E O R AR SR E SRR
R N B A AR Y e Rl AN N
fm Rz — , 2018 4F R B £ Vg K SR GE 77 i ik 19.8 7
m , (H R B A N T4 AR V% 5, R ECH A AR, £
FEyrga i PRGNS, KEAEARSTEFE,
AR AR IR . LERTIIESE h & B, K A
B B ACE $0 3% v, DRt Ok o 8 n] 1R
Jg ACE 1701l Uk il 4 114 2 P JB0RE o SRL0HT 0k 8 R
ACE 4 Ik , v % A% S 0 366 J5 2% 09 I 1] 4 L e A
SRR

PRI, ASBIF 5% LA K #8502 3 P R JEORE, L
LT e Iy e A% HA VR AE ACE 404135 1 = ik, FE %0
RAMEPEVEA TR UE, I T ACE 41 = Ik 15 #1050 4H
HAEIB S THLH . ASSCRHE IR ME ACE i Ik IT 4
WAL T EnsAT , A SRR R A A I
1 MRl5HE*®
1.1 MRS5S

M K R AL (ACE ) (Gl 2 H0) | 5 bR

TR B PRI - 2H 24 e - 7o 24 e (HHL) - 5G[5] Sigma—
Aldrich 23 7] s {EVERK (ZEE 80% ) L7 vi 35 A Wy Bt

FABRAF

Discovery Studio 2017 R2 Client 3% [E Accelrys
A W] HPLC-2010 B AR (5L (oA L) HAS
SHIMADZ A\ F] o
1.2 RWHIE
1.2.1 Ul Efg MOopt IKi 8 7F National Center for
Biotechnology Information ( NCBI ) %% 4% J&£ ( https://
www.ncbi.nlm.nih.gov/) 3k 15 K 2% 4 5 2& 7K H J7 4]
(accession No: KKF16686 ), #| Jf ExPASy Peptide
Cutter™ F2 )3 ( http : //web. expasy.org/peptide_cutter) ,
e U S e R I B e A T, DA i S T A
K& 2 ik b o 2k = Ik 9, I R T AE e B 9E R
AHTPDB"' ( hitp://crdd.osdd.net/ raghava// toxinpred/ )
F1 BIOPEP—UWN" (hitp :// www.uwm.edu.pl/ biochemia/
index.php/en/biopep) 5 B HI K XT b, i 15 i AR 4R 18
oy =Rk,
1.2.2  AEYEH OKE M CADMET PR A H
PeptideRanker & J¥""  ( hitp://bioware.ucd.ie/
~compass/biowareweb/) T fif 15 = K 2= ¥ 7% P,
Ve HL AT B4 AR W W M B9 = k. JH Innovagen ™
(http : //www.innovagen.com/ ) F£ J3* X = Bl 7K ¥ 4 7
M, F FH admetSAR!™! ( http : //Immd.ecust.edu.cn/
admetsarl/ ) I BT 55 356 = JK A e WA 43~ A L AT L HE
i X 5% P 7 52 ( Absorption, Distribution, Metabolism ,

126 021 06w

TR

Excretion ,and Toxicity, ADMET) , 7= ¥k §iffi 16 458 Fr 32 32
AL % 5 B ¥ % # ( BBB, blood — brain barrier
penetration) | 5 7 18 W U #£ ( HIA, human intestinal
absorption) \CYP450 ( 40 Jify &, 2% P450) Fll &M 1 IR 8%
PR B m LT e TS = I TR ELT5R .
1.2.3 3% = k5 ACE 4> %F#% M\ Protein Data
Bank ( PDB) ¥4 % )% #5 Bt ACE ) 3D 4544 ( PDB ID:
1086) , MIER/K 53T, InEUs T&4f , I VE S .
Discovery Studio( DS)2017 R2 Client ZA4-22 %1 v M Bk
3D 45#4 , 7E H: Small Molecules Filei$ CHARMM
Y, f#i ] Minimize Ligands Fll Prepare Ligands X 7% 4
DL, BE B e MESS AR R/ INor T e A . AT DS /19
CDOCKER #& gt 3 47 XF #2, X 4% o7 528 2L b5 F x:
40.497490 ,y: 34.882980 Fll z:44.381489 , 1 ¥§ X% 422
“—~CDOCKER_ENERGY ” {H H Wr 115 14 Bk 5 ACE A9 4%
GREST .
1.2.4  ACE MHIAKAYE L HbsiE FMOC [& AH 1k 2#
A TR = RRFES
1.2.5 ACE #ili&E 2 I FH RP-HPLC 7k #E47
RSN ACE 40 35 ME M 52 . RP— HPLC (5% 2% 1
A KGN 228 nm, A 7R 25 °C L, i 0.5 ml/min,
BNAH N N/ 7K (25/75) S5 REVER .
1.4 RS

SIUG B PR RN S E = AR i 22, SR JH Spss
Statistics 25 BRAF X R VEA T BRI 2R 5 225387 o
2 HRE5HH
2.1 =RRAEYEME KRR

KRGS 48 ExPASy PeptideCutter F2 7 H7
W A 1 Tl R o A Tl R AU T A, HRRE S 55 S =K.
“HKH 55 ACE 3G VER A A A Rl AR5y T
e 14 UK 5 o 2 ek 4R M PSR /I 5 B PRIk A S
BEH = IR BEAT IS EE0T5Y . STELER 2 AHTPDB Hi
BIOPEP-UWN 7 s 19 = IR UE AT X HE AT 2] 45 4~
RYHRIER =K. PeptideRanker J&—Fj 22 JIK A= 715
PEFUMAR T, AT ACE $ G TE BUe B DAL
AWEE ,, LT3 5 N—to—1 #1252 M 2% (novel N—to—1
neural network ) FU 22 JIk HL A A= 35 Pk i ol g e
A WS P TI E PEAT 2 R T AR T 0.5 i = IREA T
TERY AT PR, A O e e 11 A4~ = Ik MAF .GWR |
IGF .GML SCL ,CMK , WAK . WQK | AGR . VNF [ ALG,
PEAME S 5B S 0.97 10.97 .0.95 0.91 .0.71 ,0.70 .0.65 .
0.57.0.55,0.51,0.51, 3 8] B & W 75 2 ¥ i Tk,
Innovagen 2 F it T 22 IR A% 45 v i 7 HL 7 2R L A A
B T 1 FE 7K 1, &5 2R 5 IR K8 P 47 sk
W25 . POV TE 00 AR S M = IR R, 4
FH] =ik CMK,GWR, WAK , WQK F1 AGR ) 7K I
LS
2.2 ADMET 14 & f il

RO 55 A K W AT | S A AR HE i B i S
BT (ADMET) X1 & B ACE 311 JIR (19 AN R P J5 il
WEG 25 N A ok 2 Atk ) B BA B X
admetSAR 2 JT i 5 AT 352 U E0HE 122 , BE A% AR 418 Ik 19 2%
FE SR T I 43 BT B 9 ADMET 4 i, A< SC 0 14 48
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R 1 REAPFETE R =K ADMET P45 5 45 51
Table 1 ADMET prediction results of tripeptide from moesin in Larimichthy crocea

=ik CMK GWR WAK WQK AGR

HIA + HIA + HIA + HIA + HIA-

HIA 0.5058 0.8291 0.9441 0.8852 0.7528

BBB + BBB + BBB + BBB + BBB +

BB 0.5871 0.5895 0.6041 0.7917 0.6205

CYP450 2C9 Substrate 0.8182 0.8496 0.8371 0.8854 0.8034
CYP450 2D6 Substrate 0.7678 0.7447 0.7825 0.7906 0.7833
CYP450 3A4 Substrate 0.7086 0.6941 0.6631 0.6805 0.7097
CYP450 1A2 Inhibitor 0.8611 0.8554 0.6908 0.8415 0.9151
CYP450 2C9 Inhibitor 0.8856 0.8896 0.9237 0.9303 0.8333
CPY450 2D6 Inhibitor 0.9375 09113 0.9676 0.9554 0.9095
CYP450 2C19 Inhibitor 0.8760 0.8118 0.8715 0.9038 0.84374
CYP450 3A4 Inhibitor 0.9849 0.8704 0.9644 0.9748 0.8472
CYP Inhibitory Promiscuity 0.9950 0.9850 0.9628 0.9752 0.9942

Rk CYPASO Fl &bk 11 i 2% M | o B B [ 98 i T
(BBB) | B i et (HIA) 455 0L 1,
221 CYP450 itk ik eEtE  CYP450 f72E T A
/N AR, AR N 2 5 N ANIR Y BTG ) 32
TG, ] SRt R ER R 2 R, b S 5 AR
WY =TS CYP450 2C9 .CYP450 2D6 .CYP450 3A4 |
CYP450 1A2 .CYP450 2C19 Z5, w3 i Wil = fk 55
CYP450 BAHE A, WF 98 = B2 75 T AE > HOE 9 ek
JAf TR BT = KRR E T . WETR Al R R
e = ik IF AN 2 CYP450 2C9 . CYP450 2D6 . CYP450
3A4 CYP450 1A2 CYP450 2C19 [t AE b A1
i), B A = Ik CMK . GWR \ WAK , WQK I
AGR X AR TCHE M B FE M
222 A% BEEEE A TE(BBB) IR 5T B = Ak d5 A
PR EEfeE TR 454, TR AR BDIRAASR , — F M AE
PRV 2R P 75 04 8 SR W ot Sy HE L R rFiE o,
— 7 RERA YA T W m kA, R AT s A
AR HES . (H2, BBB (WAELE, BT 216 Y
TR EI R P T A, AN e & AR . I AR 5
T T = K 4 I A 5 B 5 A P, i A 5 e s 38 P AT
B2 BARic o BBB®, )R Z BiARic i BBB ™™, 4R
2 = Ak CMK .GWR .WAK .WQK FiI AGR ) BBB {&
4354 0.5871 .0.5895 .0.6041 Fi1 0.7917 , H ¥ ¥ kRic
S BBB + |, FRH X AFD = IR B B A0 i ik e
223 HpBEBWCH: (HIA) 36 P IR 0 7 38 W% 135
EERZ ) A W R B, AE 00 A, g i R
F 30% ) KB AR IE S HIA- | (R Z45ic 8 HIA +
HIA {RHE 5 UL 2% = K 25 5 /N gk ™ . &%
IR =ik CMK .GWR . WAK il WQK 3¢ 8 4 B 47
1) iz 38 W WM, g 1B T WM 433 S 0.5058 ,0.8291
0.9441 #F10.8852
2.3 =#k5 ACE H94 Fxi#E R ks

Sy TR EEFE B 2 A 4Tl L S5 4 B b ek Rl
S DCECAH B YU, S b 8L 5 N Y 2 AR AR AT S
YA EAEAMEZ T H, i =k5 ACE {+H H.

YER, A SCHRI A DS #4F4% ACE 5 =ik CMK .GWR |
WAK Fll WOK Xf#:, “—CDOCKER_ENERGY” {H AL
X —KS ACE W45 G5 J) , iz (B = 2R I 25 & i
B=aR . =k CMK .GWR . WAK F1 WQK 5 ACE #H
VEF B XF 422 57 43 45 51 &y 95.7441 ,84.9125 ,100.2910
F1104.3250 kcal/mol, W] 5 ACE % = 6] 2
BEWZES AT RE A TETE ACE fINHIE M. 144 ACE
) 3 PR 0 e 45 SR R = Ik CMK . GWR | WAK Fl
WOK (19 1C5, (B 435187 0.19 2.40 .0.40 F1 1.10 mmol/L,
HXZ AT IE 69 = Bk ACE 410 1 1% P 4% 2R A0 el an .
PYK,GEPF1 DMG™™) (1C,, 8 4> B b 2.4,3.2 F
3.95 mmol/L) , & F ik FNATAG™ (1C,, {5 8.84 mmol/L)
i ACE DI v, Ak, iX 28 = K AT 4R S 2k >k ACE
0 50 i A s D Re R 5 o
2.4 =hjk5 ACE Hi5F1ERLE

ACE 48 =P 7EME 4% ,S1,S2 Ff1S1’, S1 4%
AL e R I Ala354 | Glu384 F1 Tyr523;S2 [ 484U 7 5%
3 GIn281 , His353 , Lys511 , His513 Fl Tyr520;S1' [14%
WE R Glul62, [E B, i + ACE 3 M 7 & 1Y
Zn(11) Ef% 5 ACE #%3: His383 ,His387 F1 Glud11 4%
4 X ACE Pt 25 S E T 27

=K CMK 5 ACE pyXfi45 5 ULiEl 1,CMK 5
S1 14858 3 Ala354, Glu384; S2 4% 5k 3t His353,
Lys511, His513, Tyr520 LA Kz %% %L Glu376, Asp453 k&
440 B AE JH. ACE %k Kt Ala354, His353, His513,
Tyr520, Asp453 5 CMK kA= S B AER , I K 7
A4, [EIRT, B3 Ala354 38 53 o AR B VE FH 5 Rk
454, His353 i - F A BAEH S kg &, bk
4h, = Ik CMK 3@ i W 51 H ff AH B AR 5 5% B
Glu384 ,Glu376 , Asp453,Lys511 454, 5 Lys511 JE K,
EhAr,

=Kk GWR 5 ACE #yxf #2451 UL 2, GWR [d]
A5 S1 A4S =PRI Z A EAEM, 5 S2 4%
His353,S1’ 4% Glul62, 4F 55 T 45 & 5k &t Glud11,
His387 K & %t Ala356, Val380, Val379 #H & 1E JH.
ACE %% 3£ Ala354, Tyr523, His353, His387, Ala356
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Interactions

W SaltBridge [0 Carbon Hydrogen Bond
B Atactivecharge Allgl
W Conventionsl Hydrogen Bond PiAlkyl

TR

| /Hisis3

K1 CMK-ACE 737 HAEH]
Fig.1 Molecular interaction of CMK and ACE

Interactions

B SaltBridge B PiCatin

B Attractive charge [ Pi-Donor Hydrogen Bond
I Conventional Hydrogen Bond I Amide-Pi Stacked

[0 Carbon Hydrogen Bond Pi-Alkyl

B Unfavorable Acceptor-Acceptor
a

GLU411

K12 GWR-ACE 7 FHHEAEH
Fig.2 Molecular interaction of GWR and ACE

Interactions
I saltBridge W Conventional Hydrogen Bond
I Attractive charge {0 Carbon Hydrogen Bond

et ‘
= TYR520 :
—. g

HISs13

K13 WAK-ACE 7 FHHEAEH
Fig.3 Molecular interaction of WAK and ACE

5 GWR kA& S EAH G A/EM, HIE 8 &, [F
B}, ACE %k 3t His353 ifiad w— FHES A0 B AEH 5 K
54 . —AK GWR 5 ACE 9 Glul62 & alt 3k #F Ak
SlH A B AEA, 5 Gludll JE B 51 & faf A0 B AF
JH. &I Val380 5 GWR il i 2 4> w— ki FAH H
TEH
=K WAK 5 ACE pyXf3z45 R WK 3, =

WAK 5 S1 [14% Ala354,Glu384, 5 S2 [14% His353,
Lys511,His513, Tyr520 4% 2 F45 5 5% 3k Gludll 5k
3 Asp453,Glu376,Thr282 &M HAEH . ACE 53t
Ala354, His353, Lys511, His513, Tyr520, Glu4ll,
Thr282 5 = ik WAK i it &0 & A A0 B AE AT, ST
9 MEfE, ACE #R3E Lys511 5 = IKIE b B Ak 5|

128 021 206w

HmiAH BEAEA. =Kk WAK 5 ACE 1) Asp453 3@ i
W5 | e Ao AH BAE FH S5 G, %3, Glu384 1 Glu376 M43l
SR A S | F e A0 BEAE S WAK 254

=K WAK 5 ACE W XT 45 WKl 4, =k
WOK [R5 S1 O48 g =k R AT ER, 5
S2 [14% GIn281 , His353 , Lys511 , His513 F1 Tyr520 , £%
BT 45 A pk L His387, 7k 3L Thr282, Ala356, Glu376
K Zn701 A H /£ B, ACE %% 3£ Ala354, Glu384,
Tyr523, GIn281, His353, His513, Tyr520, Thr282,
Ala356 5 =ik WOQK & 4= S 8 A 5 AEH, HIE g 12
A4k, [FIET, ACE 1% Ala356 3l i w— % R AH 5
VER 5 = BkE5 4. —AK5 ACE 9 Lys511,Glu376 ¥
JE R ER A A 5 | H for A B AE S5 & . His387 5 =ik
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Interactions
B SaltBridge Pi-Donor Hydrogen Bond
W Conventional Hydrogen Bond B Pi-Pi T-shaped

Carbon Hydrogen Bond PiAlksl

Metal acceptor
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/

cuuaze

HIS387
\

4 WQK-ACE 4 FHHAEH
Fig4 Molecular interaction of WQK and ACE

ZEJE m-mAH BEAEM . 4k, Zn701 5 =ik WOQK
T SR T IE A B 2 R A BEAEH S
3 iTit54ie

AR SO FH L 07 35 285 - AR A/ 0 1 56 T v 3K
1SR M H IR ACE i =k CMK .GWR \WAK Fl
WQK , A& 52 36 4iF B — ik CMK .GWR \WAK 1 WQK
Yy EAE ACE fil & M, e 1C5 18 4351 2 0.19 ,2.40 .
0.40 F1 1.10 mmol/L, %5 F B = ik CMK,GWR
WAK F1 WQK ¥ 5 ACE /9 S1 Fit S2 O 4SAH L AEA,
M A5 ACE (5% 3 His353 , Ala354 f1 Glu384 %4
FHEAE , F2 B Ik £ 2 JL 2 7T REAE ACE &5 5 P 2|
HEEH., AR RS ACE # 5GP
Al AEd T H S ACE 36 PR S i 2 | i . AR
g, = Ak WOQK 5 ACE JE &8 H %, B
SuE A ) R R A BVE A BRI K, P RE 2
WQK 5 ACE fXF B2V 5 R A . ACE fI il Jik
SRR T 45 A sk EEAH BHAE A, AR 3= ACE $1 ) 1R
PEP S AR =ik GWR \WAK Fl WQK 4 5 4% 5
TaEG I KA T HEAEM, B =ik CMK .GWR |
WAK F1 WOK #J B A A ACE fIiil 1% P, 54K 485
g R —3,

57 Sk

[1] Chamata Y, Watson K A, Jauregi P.Whey— derived peptides
interactions with ACE by molecular docking as a potential
predictive tool of natural ACE inhibitors[ J].International Journal
of Molecular Sciences,2020,21(3) :864.

[2 ] Mirzaei M, Mirdamadi S, Safavi M.Structural analysis of ACE
— inhibitory peptide ( VL. — 9) derived from Kluyveromyces
marxianus protein hydrolysate[ J ].Journal of Molecular Structure,
2020,1213.:128199.

[3] Shen W L, Matsui T.Current knowledge of intestinal
absorption of bioactive peptides [ J ] .Food & Function, 2017, 8
(12) .4306-4314.

[4] Lassoued I, Mora L, Barkia A, et al. Bioactive peptides
identified in thornback ray skin’ s gelatin hydrolysates by
proteases from Bacillus subtilis and Bacillus amyloliquefaciens
[J]. Journal of Proteomics,2015,128.:8-17.

[S5]RFm, K%, ANEE FEXESLEN TR
M RGEA[)]. % F 53R ,2013,35(6) :610-612.

[6]# 37 A THFxedHKE ACE Ip4) Z K2 B AF A
AEI AR D ] A% < 3k K 5 ,2019.
[7]1Yu Z P,Chen Y,Zhao W Z et al.Identification and molecular
docking study of novel angiotensin—converting enzyme inhibitory
peptides from Salmo salar using in silico methods[ J].Journal of
the Science of Food and Agriculture,2018 ,98(10) :3907-3914.
[ 8 ] Wiederschain G Y.The proteomics protocols handbook [ J].
Biochemistry ,2006,71(6) :696.
[9]Gupta S, Kapoor P, Chaudhary K, et al.In silico approach for
predicting toxicity of peptides and proteins[ J].PLoS One,2013,8
(9) :e73957.
[10 ] Twaniak A, Minkiewicz P, Darewicz M, et al. BIOPEP
database of sensory peptides and amino acids[ J].Food Research
International ,2016,85:155-161.
[11] Mooney C, Haslam N J, Pollastri G, et al. Towards the
improved discovery and design of functional peptides: Common
features of diverse classes permit generalized prediction of
bioactivity[ J ].PLoS One,2012,7(10) ;e45012.
[12] Lafarga T, O’ Connor P, Hayes M.In silico methods to
identify meat — derived prolyl endopeptidase inhibitors [ J ] .Food
Chemistry,2015,175:337-343.
[13] Cheng F X, Li W H, Zhou Y, et al. admetSAR; A
comprehensive source and free tool for assessment of chemical
ADMET properties [ J | .Journal of Chemical Information and
Modeling,2012,52(11) :3099-3105.
[14] Zhao W Z, Zhang D, Yu Z P, et al. Novel membrane
peptidase inhibitory peptides with activity against angiotensin
converting enzyme and dipeptidyl peptidase IV identified from hen
eges| J].Journal of Functional Foods,2020,64 :103649.
[15]Liu J B,Yu Z P,Zhao W Z et al.Isolation and identification
of angiotensin — converting enzyme inhibitory peptides from egg
white protein hydrolysates [ J ] .Food Chemistry, 2010, 122 (4)
1159-1163.
[16] Hu F Y, Chi C F, Wang B, et al. Two novel antioxidant
nonapeptides from protein hydrolysate of skate ( Raja porosa )
muscle[ J ].Marine Drugs,2015,13(4) :1993-2009.
[17]Cheng F X, Yu Y, Shen J,et al.Classification of cytochrome
P450 inhibitors and noninhibitors using combined classifiers[ J ].
Journal of Chemical Information and Modeling, 2011, 51 (5) :
(F#% 143 ®)

20214 55064 129



T kK

@ézﬂ%ﬁil

present in underutilised legumes[ J].Journal of Food Science and
Technology—Mysore ,2019,56 (1) :281-289.

[10]Kasar S S, Giri A P,Pawar P K, et al. A protein— amylase
inhibitor from Withania Somnifera and its role in overall quality
and nutritional value improvement of potato chips during
processing[ J ].Food and Bioprocess Technology,2019,12 (4) .
636-644.

(1] A, R, % L, 5 A AL L e ik 2 5% 2 4
Ko = Z e[ 1]0 B R LA 5 ,2020,48(5) :739-744.
[12] 3% T2 iRa, 5 ZRAITEZS A FINRE =
LACK [ T].F B AFk,2008, (4) :11-12.
[13]#A%AK, B EE e, KPR T RGHDEE T
SEMNEBEALSA[T].F BARFEIR,2020,36(5) :18-25.
[14] BB %, KRE . KaERrMAFNE o4 [I]. 7
%,2016,(24) .200-208.

[15] Ganesan K, Xu B J. Polyphenol — rich dry common beans
( Phaseolus vulgaris 1..) and their health benefits[ J ].International
Journal of Molecular Sciences,2017,18(11) :1-26.

[16]Yao Y,Hu Y, Zhu Y, et al. Comparisons of Phaseolin type
and a—amylase inhibitor in common bean( Phaseolus vulgaris 1.)
in China[ J].The Crop Journal ,2016,4(1) :68-72.

[17]Ma Y, Rang Y, Yang R, et al. Effect of white kidney bean
extracts on estimated glycemic index of different kinds of porridge
[J].LWT-Food Science and Technology,2018,96(8) :576-582.
(18] F— i, 54k, Rat, 5 . X 2RI - 54 B 37 4 7 xF
SD K R8s RAT R T ]2 e AH44,2012,37(10) :207-210.
[19] Shi Z, Zhu Y, Teng C, et al. Anti — obesity effects of
a—amylase inhibitor enriched — extract from white common beans
( Phaseolus wvulgaris L.) associated with the modulation of gut
microbiota composition in high—fat diet—induced obese rats[ ] ].
Food & Function,2020,11:1624-1634.

[20] Wang S, Chen L, Yang H, et al. Regular intake of white
kidney beans extract ( Phaseolus vulgaris L.) induces weight loss
(B35 129 W)

996-1011.

[18] FueF, x| £4k .CYPAS0 Bo4F B L w MAT Lt B[],
B R HF 5 05 57 5 ,2008,13(8) :942-946.

[19] 8wk, F0mA i IR E Lok AR 26 4 i 3 o i B T 0
At (] 4 B 25 4 & ,2012,37(7) :878-881.

[20] Shen J, Cheng F X, Xu Y, et al. Estimation of ADME
properties with substructure pattern recognition [ J ] .Journal of
Chemical Information and Modeling,2010,50(6) :1034-1041.

[ 21 ] Terashima M,0Oe M,Ogura K, et al.Inhibition strength of short
peptides derived from an ACE inhibitory peptide [ J ] .Journal of
Agricultural and Food Chemistry,2011,59(20) :11234-11237.
[22]Garcia M C,Puchalska P, Esteve C,et al. Vegetable foods ; A
cheap source of proteins and peptides with antihypertensive,
antioxidant, and other less occurrence bioactivities [ J ] .Talanta,
2013,106:328-349.

[23]Zhao W Z,Xue S Y,Yu Z P, et al. Novel ACE inhibitors
derived from soybean proteins using in silico and in wvitro studies
[J].Journal of Food Biochemistry,2019,43(9) :e12975.

[24 ]Forghani B, Zarei M, Ebrahimpour A, et al. Purification and

characterization of angiotensin converting enzyme — inhibitory

Vol.42,N0.06,2021

compared to placebo in obese human subjects[ J].Food Science &
Nutrition,2020,8 : 1-10.

[21] B, TAue W, B 45, % .DNS ik 2 0 & & R ¥k 6f 0k
¥k #F[]]. P ERFEIR,2017,33(15) :144-149.

[22]Sagu S T, Huschek G, Bonick J, et al. A new approach of
extraction of alpha — amylase/trypsin inhibitors from wheat
( Triticum aestivum L.) , based on optimization using plackett —
burman and box — behnken designs [ J | . Molecules, 2019, 24
(19) :3589.

[23 ] Fakhoury A M, Woloshuk C P. Inhibition of growth of
Aspergillus flavus and fungal a—amylases by a lectin—like protein
from Lablab purpureus[ J].Molecular Plant—Microbe Interactions,
2001,14(8) :955-961.

[24] Bao Y, Shao L, Xing G, et al. Cobalt, nickel and iron
embedded chitosan microparticles as efficient and reusable
catalysts for Heck cross — coupling reactions [ J ] . International
Journal of Biological Macromolecules,2019,130:203-212.
[25]Chen X,He X,Zhang B, et al. Wheat gluten protein inhibits
alpha— amylase activity more strongly than a soy protein isolate
based on kinetic analysis [ J ].International Journal of Biological
Macromolecules,2019,129 .433-441.

[26]Ribic R, Stojkovic R, Milkovic L, et al.Design, synthesis and
biological ~evaluation of immunostimulating mannosylated
desmuramyl peptides[ J ].Beilstein Journal of Organic Chemistry,
2019,15.:1805-1814.

[27]Cao Y,Sun Y,Zou S W, et al.Orally administered Baker’ s
Yeast beta—glucan promotes glucose and lipid homeostasis in the
livers of obesity and diabetes model mice [ J] . Journal of
Agricultural and Food Chemistry,2017,65(44) :9665-9674.

[28 ] Senthil S L., Chandrasekaran R, Arjun H A, et al.In vitro and
in silico inhibition properties of fucoidan against a—amylase and
a-D-glucosidase with relevance to type 2 diabetes mellitus[ J].

Carbohydrate Polymers,2019,209 .350-355.

SRR ST S ST =S SR =S SR SR I S S e e S S S I L e SIS I S =

peptides derived from Stichopus horrens : Stability study against the
ACE and inhibition kinetics [ J] .Journal of Functional Foods,
2016,20:276-290.

[25] Lin K, Zhang L. W, Han X, et al. Novel angiotensin
I-converting enzyme inhibitory peptides from protease
hydrolysates of Qula casein: Quantitative structure — activity
relationship modeling and molecular docking study[ J].Journal of
Functional Foods,2017,32.:266-277.

[26] Pan D D,Cao J X,Guo H Q, et al.Studies on purification
and the molecular mechanism of a novel ACE inhibitory peptide
from whey protein hydrolysate [ J ] .Food Chemistry, 2012, 130
(1):121-126.

[27]Yu Z P,Wu S J, Zhao W Z, et al. Identification and the
molecular mechanism of a novel myosin—derived ACE inhibitory
peptide[ J].Food & Function,2018,9(1) ;:364-370.

[28] Abdelhedi O, Nasri R, Mora L, et al.In silico analysis and
molecular docking study of angiotensin I — converting enzyme
inhibitory peptides from smooth - hound viscera protein
hydrolysates fractionated by ultrafiltration [ J ] .Food Chemistry,

2018,239:453-463.

20214 55064 143



