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VYPFPGPIPN (VN10) #il SLVYPFPGPIPN (SN12)
FAWFTEXS G, 3X 3 P SR Sfe 5T A LA BT 1
3 H A AT TAE S ARG R 1,

1 SHESIERTHRERRNERER
Table 1 Basic information on three yak milk hard cheese bitter peptides
MR E 7 7 ST MEM BRERGAR/A R AR/ &G kR 5 KAL) - mol™
RPKHPIK (RK7) 875.09 0 3 a,-CN 7 415.18
VYPFPGPIPN (VN10) 1 100.28 0 0 B-CN 8 227.45
SLVYPFPGPIPN(SN12) 1 130.52 0 0 B-CN 7 588.94

R, K& (Arg) ;s P. IHZAR (Pro) ;K. #i M2 (Lys) ;H. 4R
(Phe);G. HEM (Gly);N. RAHERE (Asn);S. 22282 (Ser) ;L. 5%
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SE R 53 7 B 55 R (pl) A L ff s ExPASy

ProtParam T. H- (https.//web.expasy.org/cgi —bin/

HO
AL
. ,,,’/ H,N
N—NH NH
3 0 0 HN
O
INH NH o
o=/

(a)RPKHPIK (RK7)

(His) ;1. S32% M (Tle); V. Hi% M (Val) ;Y. B2 (Tyr) ;F. 28N 2
SR (Leu ) ; K B8 K (E AR BE 7 Bk BIE EE

protparam /protparam ) JH T F0000 9K i) AN B2 PR 4R
B, https ://www.peptide2.com i % JIK 1 5 7K
PR FEIR LB

122 Jk&5iftfk  RK7.VN10 Fl SN12 ) 43F
Zify s 1 R, BARZE R A S S
Mk[2011.2.2 T RTA,

0 O/ < 7
07 "NH
ﬁfo
OH
HN" Y0

(b)VYPFPGPIPN (VNI10)



10 hoE B

i oF i

2022 455 5

HO
Q N
; 0 N HN 4
H,N® o © 41,
o HN
- »J N +\NH
NH O \NH 0
o=, H\/ AN
O A
(¢)SLVYPFPGPIPN (SN12) BN

B 1 EHFACEMEEERHERAKNS FE4
Fig.1 Molecular structure of bitter peptide with ACE inhibitory activity

123 e ZIKEH S % Natesh FPEY i,
M Protein Data Bank %% % J& (www.resb.org) H T
# ACE(PDB ID:1086) % H & 4 1 X 5F £ 117 5
= YELE R, I DS B Ah B B T, H AR b
JrikS 2% 3CHk[16]1.2.3 1Tk,

1.24 srFXi4E EETaimmZiyicit T.H Lib-
Dock AR AF | R 4000 1 A AR H0 8 1), A
R 1 DS #0F HY LibDock 8 B 52 5 BR JiK
TE ACE 375 M350 057 () o A ok 422 07 28 AR 1A FH o6
R RS2 SCHR[20]1.2.4 15 RTIA

1.2.5 JKEEFE X BIOPEP ¥4 4 1 & £ Fh
T RE 16 T T H Y B 511220 4 AR S # AN L
(X)) S RES ACE JE ke € Ik-ACE & &
Y 42 0 w7 Ik 5 BIOPEP %44 % b B 1 #Y ACE
T R AE e S0 AR L FE X, ARl X &t SR R AE
R K 89 ACE 1107 35 7% .

2 HEREHH
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A A A B I RS O 8
BRI 3 Fh R K A0 BRI AR BE R LK 2, N
R 1k i BOFH 1 90000 K Y AS R 1 RKT P s 1
HLf oA 3.1, AN FE MEHRECH 19.84 R e T8 2K
/NF 40, U RKT S Fa e 1 FLHK e 1 R far AN 52 1)
HFGEPE, VNI0 F1 SN12 (A B e 48 205 3l
49.44 F1 42.87 , N Fa € AR BOR F 40, BEBH VN10
1 SN12 "l g e A E i, RK7 ,VN10 A1 SN12 43
BIEA 3,7 F 8 A B KR ILRR, BiK MK
42.86% ,70.00% 1 66.67% , ‘.7~ H 18 FE 1Y 5 K 1
T IKE ACE & HALS 456 5 5K M2 L
AEARFERD, T LSRN RK7 ,VN10 FISN12
BA ACE #0413 M

K2 ERKEBEASHR

Table 2 Physical and chemical parameters of bitter peptides

/5 ®H TR B/ b Ny RABZ I H FAREFHYME AR LB /%
RK7 875.07 11.57 3.1 19.84 -2.029 42.86
VN10 1 100.26 3.63 49.44 -0.010 70.00
SN12 1 300.50 3.43 42.87 0.242 66.67
2.2 HF3FE 222 RK7 5 ACE WM BEA/EH ¥ RK7 5

221 FHZHESX 5B DS F A De-
fine and Edit Binding Site T H F-3k52 {k (ACE)
T A s, DAIGOR -6 32 Ok vh Rl BB (0 45 BB 00L , 25
LE 2 fi, @Gl db s ZRGEME Y A S
10 254 07 /5 (Site 1~10), BI4E 2] T 10 4~ 7] fig
DESES RS

ACE X5 155 52 XM 4, Hodb Site 1 X35
£0,8 50 NRHER S Site 3 XA & 2 A HER
%, HAEXHE G T Site 1 X8 (X:35.46,Y .
43.15,7:55.47,R:9 A) , X145 73 4 240.04, 45 &
ek 28 413.71 kl/mol, e fEXF #2249 4 tn &l 2 Jr
N
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Fig.2 Possible binding sites in the receptor
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Interactions

[ van der Waals M Unavorable Donor-Donor

[ salt Eridge I Pi-Cation
[ Attractive Charge I Pi-Pi T-shaped
B Conventional Hydrogen [ Alkyl

[] Carbon Hydrogen Bond [ Pi-Alkyl

(¢)RK7 5 ACE #H B 1 F e b 42 — 47 1 [

B 3 RK7 5 ACE W3 E# & &
Fig.3 Docking conformation between RK7 and ACE
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Interactions

7] van der Vaals

[ Attractive Charge

[ Conventional Hydrogen Bond

["] Pi-Donor Hydrozen Bond
I Pi-Pi Stacked

I Pi-Pi T-shaped

[ alkyl

[ Pi-Alkyl

(¢)VNI10 5 ACE AHBAf: FH fe 4444 5 — 4 °F- i [&

4 VN10 5 ACE Wy i & &
Fig.4 Docking conformation between VN10 and ACE

A 4 77 %1, VN10 H' Val A% 35 ACE Y
Asp358 FRILI L — A sk A, B N 2.80 A, Tyr
¥ 5 ACE B Glud11 5% 598 o — A~ S8,
Kk 4.88 A, Phe il Pro IR %45 ACE 1 Asn66
B ISP B — A AU B 4 5.32 A R S5.21 A,
Asn 19 2 B LKL 73 5 5 ACE 19 Glul23
Ser517 H& I W — 1~ Sk, K 5.20 A A1 4.32
A;VN10 55 ACE 9y Tyr62 (6.07 A) Asn66(6.24
A) Asn85(4.00 A) Glul23(5.41 A) 5k LI A3 1
e Wk A B, 5 ACE 9 Trp220 (5.26 A) |
Asp358(2.97 A) Tyr360(3.39 A) 5% H: I n i vy 4
HAEM, 5 ACE B Tyr360(6.88 A) His387(5.47
A) \Lpr702(9.41 A) 5 IEIE B Pi-Pi Stacked 5% Pi-
Pi T-shaped #IHAEH], 5 ACE ) Trp59(5.00 A) |
Tyr62(5.48 A) (Ala63(5.71 A) 11e88 (5.09 A/5.46
A) Tyr360(4.46 A) Phe391(5.11 A) Tyr394 (6.55
A) Argd02(5.13 A) His410(6.81 A) Val518(6.57
A) Lpr702 (11.99 A) FRILIE AL Alkyl 2% Pi-Alkyl

HHEAMEM., VNIO 5 ACE A 5 1E A PR 415 B
WK 4e fs X A0 AR FHE VN1O F1 ACE JE L
FREMESWNE.
224 SNI12 5 ACE WM BEAEM 87 SNI12 5
ACE XHEJE15 5] 9 DX S, XL RN T
Site 1 X1 (X:35.46,Y:43.15,7:55.47,R:9 &),
Horb T B R 2 1 6 445 40 -6.32 S A g
2 554.88 kJ/mol , i FEXT A G N E] 5 Fiw

A& 5 AT, SN12 o Ser B9 ¥R 35 Tyr360 JE
WA, K 578 A Tyr (3L Asn66
R — A A, KON 3.74 A Pro RS
Arg124 B8 — A4 BN 512 A, Asn (9 BICIE
5 Lys118 1 Glul23 &8 it — >l 8, #KH
4.50 A F15.45 A;SN12 5 ACE 9 Asn66(5.89 A) .
Tyr394 (5.76 A) Argd02(5.10 A) 5% FE I p 7 i 4
71 Wk &8 58 Pi-Donor hydrogen Bond A H/EH,
5 ACE 9 Lys118 (6.08 A) 5% 5LIE A i o AH H. A
M, 5 ACE 19 Tyr62 (5.87 A) . Trp357 (3.24 A/
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4.16 A) Lpr702(9.53 A) 5% 3L % Pi-Alkyl A1 T
YERT, SN12 5 ACE [R]AH B.AE T A4 P 40 45 2. an 1%

5¢ Tz, & i SN12 F1 ACE X428 15 40 1Y 35 2 5
RUEXT e B HP AP AN SR S 245 5 I R R AR 3L

TYR ASN TRP
A9 A70 A357
TRP  fys @ G
AB9 A118 @ LEU ., A:402 TYR
P e A122 €N % a3
% e* AB1L GLU A A~ % =%
ole (EuAT93 gt % =%
I ps ABL U ) Aw
NN P X & \1 " / £
DV \ ¥ q cEe
& )\ 4 SE AL ASr0s N T
- —\ A:355 A:356 /™ /4
\ ﬁ \/\ abts { X” (N —d
1l a \ / \ N\
% N/ A~ VUl 56
LS 5 ILE < N = 25 :
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Interactions

(b)SN12 5 ACE #H B F fie HE# 4 Jm 3 ]

] van der Vaals

B Unfavorable Bump

- Attractive Charge

- Conventional Hydrogen Bond

[ ] carbon Hydrogen Bond
[ ] Pi-Donor Hydrogen Bond
[] Pi-alkyl

(¢)SN12 5 ACE #H HAE F e At 4 — 4 7 1 &l

5 SN12 5 ACE W3t % E
Fig.5 Docking conformation between SN12 and ACE
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#1E 2020 4F 12 H ,BIOPEP %4 )%y 4 132
PRy fEE M O KBS A 5 1012 F ACE 41 il
Jik , B+ RK7 .VN10 #1 SN12 5 BIOPEP ¥4k % v iy
ACE i ik Fb X J5 % B RK7 . VN10 il SN12 #) fix
T A BLBE 23 3 R 57.14% ,90.00% F1 75.00% , 24 9%

RK7 .VN10 1 SN12 il & H H e —LHfg
ACE #0136 ¥ /K R B, B340+ RK7,
VN10 F1 SN12 AR &, X 0 5 22 0F 58 RKT .
VN10 F1 SN12 2818 1k Bl il U) 5 4k 22 % 4% ACE )
HlvE MR AL T R R, H AR R e o TR AL
{18 Bl V57 A5

%= 3 RK7.VN10 #1 SN12 5 BIOPEP ##& FE # ACE #0 # A& ) 48 160 1% Lt 3¢
Table 3  Similarity comparison of RK7, VN10 and SN12 with ACE inhibitor peptides in the BIOPEP database

) el %5 kR EE #* ¥ i
PKHP 9567 # Rt & ACE #p %) 7 1 [2~5]
RPKHPIK ERIR a,—CN BRI 1 [1~5]
YPFPGPIPN 7486 B-CN(60~68) ACE #p4) 7 1 [2~10]
VYPFPGPIPN L AT A 5T KB B-CN ERIR N 1 [1~10]
YPFPGPIPN 7486 B-CN(60~68) ACE 7] 7 1 [4~12]
SLVYPFPGPIPN L A7 BT 5T R B-CN LT BT 5T B 1 [1~12]
A B R % BIOPEP £ & ACE 490 i 7% 1 £ 20K B A 4w AF 5 JIK B v Jor A 1 o7 2
3 iTig iR Hb ) 25 5 i K 9 ACE 1 il 336 121 24 ACE 41

1T 2R PR R Ak k2 T Ik E A ACE
(G PR, PRI IR 81 H 25 7R g 7 P

WK C o & A 3 B AK ML FERR I, % KA A 5L
i3 (9 ACE 3% £ 55 81, 25 ACE Ml JIkC i
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h B K & R (40 Trp Tyr Pro #l Phe) 58 35 &
TR A SR | v IA) Ry I L Aar 9 2 R N il Ry i 7K
PR HE TR (Val M1 Leu) I, o ACE 411 1 i /1 %%
521 U AR A FF T B LB ACE Ml ki C
Ui oA — UK R IR, E C G Arg HAN
FEMTIEA Lys 1 -2 baw A IEd i, o2
JIKE) ACE it 7 PR AU e Ry 3 > ik B
RK7.VN10 1 SN12, H C %53 & 47 Pro il 1le,N
Uiy D) 5 A5 A TR 04 B K MR R R (40 Pro ., Val FiI
Leu), #4355 BIOPEP ¥4 % LX) J & 8 3 4~ K
B & A ARV B B ACE 406 v 59 78 ik R
B, iX J& RK7 VN10 A1 SN12 E.AT ACE #1 ifil 15 %
RSN

I3 F X SR A FEIC AR 5 1] 52 K 22 R) AH BLAR
FARER 2R AP KA BAE AL S B R BY 9 K Y
FEAE AR Ty | R AR R R A A
H AR Pan S AFLIE & A alifb it 2 A ACE
PSR 2 K LL IF4 5 ACE #1474y 1 X
B, 458 LW LL 5 ACE 4 7" 1Y His353,
Ala354 Ser355 .Glu384  Arg522 I Tyr523 if i &
WL e B AW, Tu S E T3k AR E H
HENR A RS A ACE 06K, %MK ACE B2
FEMRBRHTY B 15 >k, 2 A SV 0 A B B
FHIGIN T ACE FBKE G WA M ACE 36 #
PSR E AR S ACE 5 HA ACE 41l 1%+ 19 ik
FHEAE R SCEE SR L i 3 O 2T i ACE f
REER) (PDB ID: 1086) [ %1, ACE 7% P07 4 A &
3 vk L A R :Tyr523 [ Arg522 Tyr520 ,Pro519 ,
Val518 . Ser517 ,Ser516 \His513 \Phe512 | Lys511 |
Glu411 . His410 . Pro407 .Phe391  His387 .Glu384 .
His383 . Val380 . Ala356 . Ser355 . Ala354  His353 .
GIn281 Alul62"*1 434 RK7 ,VN10 # SN12 5
ACE 9 % 45 45 % 0l 1 | Ala356 .His387 .Phe391 .
Pro407 His410 .Glu411 Ser517 Val518 .Pro519 2
RK7 Fi1 VN10 5 ACE %54 i 5 2% M0 58 ,ACE
5 RK7 1 VN10 (94> FHLHIAERL, YI7E ACE ()75
PN A, 20 N & A C RIS 5K
Berh E I B, A% RK7 5 ACE JE AL 7 4>
A (5 ACE WA S8 K 3 A4 4 ) ,VN10 5
ACE JE B 6 &8 (5 ACE 1S PENL S IE A 2 A&
) ,SN12 5 ACE JE AL 5 A~ 44k (5 ACE 75 P

AR R ), SR 1 8] B BRAE  , 2
K5 ACE 1P ifa e 2 W 401" e ACE )
WG PERINTE N K

4 Z5ig

A5 iz AR W5 B2 T TR W A LA T T
Ji% b 3 Fh iR ik RK7 . VN10 Fi SN12 #4734k 3T
RS, X 3 ARSI S ACE Mg 1 Tz
g WX W] ACE 4 F 1 Ala356 His387 .Phe391 .
Pro407 .His410 .Glu411 Ser517 .Val518 .Pro519 %%
JJE ACE 5 RK7 1 VN10 254 i i & 2 4E F iy
B, KT S 5P R 28 N i Al
C ¥R 3 . RK7.VN10 #1 SN12 5 ACE W454&
B AL B VE AL, 45 A T ACE B35 25 i
W, 454 X Bl X.3546,Y:43.15,2:5547,R:9 A,
RK7 .VN10 # SN12 5 BIOPEP ¥4 4 o i) ACE
P 580 JOR b XoF 5 R 0 A e ARLRLBE 43 501 57.14%
90.00% F1 75.00% ., %i4 RK7.VN10 Fl SN12 5
ACE 7% M A7 o5 &0 5 8 5% 3k A0 5 4F FH 9 5 o0 A
BIOPEP %% 4% i Lt X 285 % 9 ) i 3x 3 Fb Ak B 19
ACE #7132 : VN10 > RK7 > SN12, 3 Fili ik Bt 5t
PRI ACE 01 3 1 A 157 38 2 1A A0 3 36 ik i — 25
B E , 38 o B il U 5T e U0 R B ACE #I I
TEPE . ABER A e R T A ZLAE 5 T s b B
ACE #6036 M 0 35 R K 5 ACE (8146 B 4E FH 0 2
THLH, HAF RK7.VN10 #1 SN12 Jf A1 H A
ACE 1% P 9 BIOPEP 4 FEvh, A3 v fig/E N
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Molecular Mechanism of ACE Inhibitory Activity Characterization of Yak Milk
Cheese Bitter Peptide

Yang Baojun, Liang Qi’, Song Xuemei
(Functional Dairy Product Engineering Laboratory of Gansu, College of Food Science and Engineering,
Gansu Agricultural University, Lanzhou 730070)

Abstract The aim of the experiment was to calculate and analyze the physicochemical properties of three bitter peptides
RK7, VNIO and SN12 identified in yak milk hard cheese using bioinformatics methods, and minimize the energy of the
peptide structure. Obtained the X -ray diffraction three —dimensional structure of ACE protein crystals from the PDB
database, and evaluated and characterized the ACE inhibitory activity of bitter peptides and the mechanism of action
with ACE through molecular docking and database comparison. The instability indexes of RK7, VN10 and SN12 were
19.84, 49.44 and 42.87, respectively, and the hydrophobicities were 42.86%, 70.00% and 66.67%, respectively. These
three peptides were molecularly docked with ACE, the results of the study showed that the Ala356, His387, Phe391,
Pro407, His410, Gludll, Ser517, Val518, and Pro519 residues in the ACE molecule were important active sites for
binding to RK7 and VN10, RK7, VNI10 and SN12, respectively formed 3, 2 and O hydrogen bonds with the amino
acids in the active site of ACE. The binding of RK7, VN10 and SN12 to ACE showed similar molecular mechanisms,
all of which were bound in the active cavity of ACE(X: 35.46, Y. 43.15, Z. 5547, R. 9 A). The highest similarities
between RK7, VNIO and SNI2 and the known ACE inhibitor peptides in the BIOPEP database were 57.14% , 90.00%
and 75.00%, respectively. Integrating the interaction of RK7, VN10 and SN12 with the amino acid residues of the active
site of ACE and the BIOPEP database comparison results predicted the ACE inhibitory activity of the three peptides:
VNI10 > RK7 > SN12. Therefore, this experiment provided the reference for studying the ACE inhibitory activity of cheese
bitter peptides at the theoretical and molecular levels.

Keywords yak milk hard cheese; bitter peptide; physicochemical analysis; ACE inhibitory activity; molecular docking



