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1 B AREATAMKA ACE M4 =k, 4480 /£ % Novopro 38 B M) # C 3% A 84 258 09 = k3t 17 B M 5%
i, fF2BA ACE-C MR EE M H 0 =K, ML A EE, Rk, BE Rk, RitfFRFHR, &
RAnF3tizit Fh 5o Rk F 4B (angiotensin-1 converting enzyme, ACE) A & & 4= /) 69w 4% ACE #7141
AL RWY. FRY. YRY #= RFY 5 #t 474k ACE dp#) FE M2, RiTE 285 NAFZ, SR &Y, 2/ F
E| 49w A =k RWY. FRY. YRY. RFY &4 % 28 ACE 474 & 1, IC, 1A% % % 228.67. 113.10. 272.61.
101.00 pmol/L. 4 F %42 MR 27, RWY. FRY. YRY. RFY ¥ 5 S/ R&E F4, L ARMEIIER,
RS/ REL A2 FAHNRFY B AR RE, ALH AAEDEEFRE, 433 iF ik ACE-C Z5#)3%
B PEAPH] 49 B RBR =K, 9 ACE 49| Ik 89 2 3 05 SR AR A 49 T RE 4o
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Virtual Screening of ACE Inhibitory Tripeptides Containing Tyrosine
Residues Based on Molecular Docking

SUN Chensong, CHEN Wenqi, CHEN Yingying, WANG Shuo, YOU Qinghui”

(College of Life Sciences, Jiangxi Normal University, Nanchang 330022, China)

Abstract: In order to obtain ACE inhibitory tripeptides containing tyrosine residues, the online Novopro database was used
to construct tripeptides with tyrosine at the C-terminus for virtual screening to obtain tripeptides with selective inhibition of
ACE-C domains, and predict their biological activity, water solubility, gastrointestinal absorbability, metabolism, and
toxicity and other properties. The four ACE inhibitor peptides with high affinity to angiotensin-converting enzyme (ACE)
were calculated by molecular docking, and the in vitro ACE inhibitory activity was determined to explore the relationship
between binding sites and effects. The results showed that the four selected tripeptides RWY, FRY, YRY, and RFY had
significant ACE inhibitory activity, with ICy, values of 228.67, 113.10, 272.61, and 101.00 pumol/L, respectively. The
virtual results of molecular docking showed that RWY, FRY, YRY, and RFY all had high affinity with S, pocket and
produce hydrogen bond interactions. Among them, RFY combined with S,' pocket to produce two hydrogen bonds had the
best inhibitory effect. This article used bioinformatics principles to screen tyrosine tripeptides selectively inhibited by the
ACE-C domain, providing new possibilities for high-speed screening of ACE inhibitor peptides.
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VRN , S5 FET T XM AU L 1 R B AL H) ACE i = fik <21 -

i & 55 9K 2 §% 1k [i§ (angiotensin-1 converting
enzyme, ACE) & —Fh4x @ Ik, BA W A%
FAREERAE FH, 0 FL 3 W 45 2S L0 8L i 2 i KR A
TE, JCFL V25341 T, B, 5 MHEr RS Bt
BEIHAEVE Y i A B AR, ISR SZ 5T A
GURYTT R . ACE 11| 57 9l e 38 BEA &a il v 1Lk,
IR AT 25t & . (B Hur i m b 2
ACE MHIFI 25k b T A 1%, i iFl. R+t
A DUIRE R, X Le25 ) A i . R RS AT,
I HAAGEA BR, In IR &8 5 | LRI is . % B
YIReS A RN P B, ST XIS AL AT
Wz 25 5, SR BN ACE MIHIFIZIANEAESE

HATXTF ACE I e Bl L
AR, BrlEAH: 22 R R 5 R A= it R IR BRI E
SR BT R N T AE #5056, (H T AU
AT AR P 22 IR a4 2 A AR 52 i) T 22 BRI AR
EME, SFECE IR Z BRIA PN ACE S AN
FHB g E N AT PR SR IR SS 25 1 i i ) £
LA [F A, AU RS B FRERT . PR RS E BRI T
Z WIS RGTTF A, FHELZ T EAA R/ N
SRR (R . = O B A S g LA™ B5 R T AL
AP AR E IR . ACE B[RRI = BEAHLLAY
PRI PELE A IR C-25 AR N-254 18, H i A4=9)
WA AR, C-g5 Aa 3 HLAT B4 () i AR I8 19 4
FAY, BT ACE i A E HEROR 5 C-
SEARIE AT DU 2 B R P A AT T ZEOCHK, H. C ¥k Tyr
i Cys NIARESHS, TN A SCHRXT Ry & i 2
iR 5% B ACE FN il 5 257 Mg L0 2™, (H AP IS AR X
B, ZEFERIA R, BEASSCh TREBCE 32 9%
P64, AR RS iy sR ER Al , fF B NovoPro .
H, B RN IAEE, et C-aiaiaie S B
KRR B — K, X HARSME HE ATV, I8
JHSr F XT3 4R B 45 -5 50 o5, 1 WIAE IPLE .
ACE #1500 aT A SR AR 4T i BHE =2 45 -
1| HNSAE
1.1 MREEE

M4 S5k Z7ALRF(ACE)  26[H Sigma-Aldrich
5] N-[3-(2-BR I 5E) P& Ik 1-L-28 P 220 ik H 20k
HZM(FAPGG) | {TEIK(ZE)E 80%) A=T/EYT
IR BAA BRA F]; 4-F2 L HIRE LR (HEPES )

BRI AN E] o

SpectraMAX M2 ZIfER#FMY  3€[E Molecular
Devices 2\ 1); SPX-60BSH A fb B 3546 Li#r i
BEy7 Al i A PR s XW-80A JiRIRIR &G #% 15
[T HAAR DL R il 3 A FR 2 B LeDock 43X 28144

I RURF TR AUWI20D  H ARSI N F
ERHMGI L AR TEE Greiner 22H] .
1.2 WX
1.2.1  C ¥ & B MR A —IRFCAE RIS 7E Novo-
pro Z{ % JZE ( https://www.novoprolabs.com/tools/con-

vert-peptide-to-smiles-string ) ' 1 75 3] fIr 5 = %5 A

P 22 R 119 = JIK&5 44 SMILES J3 %1, MOE # {4:0'1 %
JH Amber10: EHT J33%#47 50 ¥ 1232 b fnge =k
1bIF458)] mol2 #%=30q4:, e 400 Fire

1.2.2 4y FXiE  Ead PBD #dEE"Y 3RELA ACE-
A 52 5 W) ) — HESS A K (PBD ID:1086) o

e EERICALE Y, /KT FZRE T, #EH PDB2PQR
AN N VMD BN S s i Fit A, AR g
BRINEUEA @A S AT 4SS50, LA C aiihy
Ji% SR 1) = KR 43T #R4%t, B LeDock #4407 42
IR 48205 ACE Z ARSI T4 T %82, RYE
ZE G RESE IR E Y ACE #HI A SR .

1.2.3 AEYNEHERUKE AR KA PeptideRanker
TEERZR G T 53 R e P53 a 10 — AR v A=
¥ 1% 4 (http://bioware.ucd.ie/~compass/biowareweb/
Server_pages/peptideranker.php), ¥4 KT 0.5 | %
A AEYEY:, H Innovagen 25 (http:/www.inno-
vagen.com/proteomics-tools) [/¥) “Peptide property cal-
culator” T E A HT R A 15 — IRAY 7K

1.2.4 ADMET P #l  FJH admetSAR!™' Fii
WA= 0% HE R T 0.5 HKES LAY —Ikih ADMET
( http://lmmd.ecust.edu.cn/admetsarl/predict/) 4 57 ,

FEALFE AMAZIE % (human intestinalaabsorption,
HIA) . IfiLJIXi 5 [ %7 (blood-brain barrierpenetration,
BBB) flZrE O IR BEE . e s 2 B8 RA-A49)

TEPE . KEEEFT ADMET M5 3G IR S e £ BdE
/& BIOPEP-UWM #1 AHTPDB (http://crdd.osdd.net/
raghava/ahtpdb/) H' L8 SR 1Y ACE FI 1 AR #EA47 X
Lb, B AR TR 09T PRI T e 225 .

1.2.5 ACE #ifilBki& 0L SR FMOC [EAEA B
Pl K RWY . FRY. YRY Fl RFY. Frig |k
AR 80%, L I ER AL

1.2.6 JIKiY ACE #i#ivE AN FFHZ DRI X
W 5E ACE il iG P . LA FAPGG Y2 ACE K%,
T ERA N FAEAIRAE 340 nm T RINERSGE, B4
VEDTEEANGEIATEE R VR, PO S i (80 mmol/L
HEPES 300 mmol/L NaCl) J{-##5 pH % 8.3, il
Immol/L i) FAPGG 1 NIEH, #A AR 1.

1 ACE M= mm ez

Table 1 Determination of ACE inhibition rate
Ewill X HRZ (uL) P2 (uL)
ACE(0.1 U/mL) 40 40
FAPGG(1 mmol/L) 50 50
RN 40 0
ACEHIHI3] 0 40

US4 40 53 J5 ST BIFE 340 nm R A8 — K
WeSAHE, 37 °C EIRIEFRAE T SN 30 min J5llsE — Ik
W SYGAEL, FEOGT BB ZH 52 R /i s WG AE 25 (HIE S A,
T 228100 B, WK ACE il Q(%)=
100(A—B)/A=100, M & A~ [F) ¥ 5 2H 53 Ik ) ACE 11
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H=, B PAT M 6 IR
1.3 BEALE
LR HE S5 2, ] FH Microsoft Excel #ll
Pymol ZEIEAEFIVEEIIFH Spss Statistics FA4-TTM
=HK IC,, 1H-
2 FBREZ
2.1 CimBEERER =X RLE R R EYE TN
HRHE LeDock 43F X145 5 RELE R, BB K
T-9.5 I =IK, ZEIEEAT FARYE ACE-#9&5 R &
PR LS G RCR IR BT 43/ N T-0.294 19 =K, &%
ZASF T 77 5 ACE #B 85 G507 =Bk,
PeptideRanker I 55 #% AT 00 2 75 A A= 0%
P, HP e g S 1 BB T sedaa AR
PR, HOTE WP B AR R S 0.5, R, A
AT IRIG I Y 77 A= AR —2 7R 28 4, 4%
T 49 HEAALYTEMIEREN = Ak, FIFH Innovagen
AT KR e, e AR5 12 oK B — K
LR IR 2.
2.2 =Rk ADMET 4 &EHN
admetSAR J&FF IR AT 132, Jf H. 52 05 58T 14 £ 48
JE, B TARYETE M ARAY SMILES 4 T 2z ik A%
WA EE A S B SR AH ST, T —
KBS ADMET $#VERTAE A %4 ACE 1 il JPR i 2k

PR AR YE . AU = R Ui B 72 5 4E (BBB )
Bt (HIA) | Caco-2 il 2975k, Wi
Hresg BT 3T 71 . — KA ADMET 494
PTG ZE SR anZE 3,

MR WAL AT I 2 5 ) 11 IR R FH B ) B ER 2R R 3R
TEUFIIVRIT 25, ANMUEEAR BBB. HIA Fll Caco-2 ifi
BPERIIESE, T B2 5 Fh CYP450 A4
ZY, BBB JE LR AX IR 28 N IR I A,
#4), XT3 AN 2H 29 18 R 434 Jot B AT s 4R R ]
T, DAL 358 ) = JUR A2 LS B 271 LRk 5 iy i35
PEAREA R R HEMHIVERHPY . HIA frasds —IKAE
RPN RRCR PR R, 252838, JHorp = Ik RWY .,
FRY. YRY. RFY. PRY ##ric & BBB+, HIA+, 3£
B A = R I - 235 254 v B B sl AEh
1% I Bz A & B BRI, Caco-2 4B ISR 5
Y WITER RN AR RIS OC R E R, HB B ik
i, B DB LAF P, CYP450 2259 G
o = VE AR, 5 H A, 25 G ss 52
Xt AR AN B P, B3R HRP = K9 Caco-
2 BB R, I HARYE CYP450 FyTisa (& HEm =y
TCHE, MEAMIAKGIN 1 SR B AU . e m e
T A = Ik 5 %X ¥iE 2 BIOPEP( http://crdd.osdd.net/
raghava/ahtpdb/) U7 & B0 04 36 P 904 76 L, A

T2 KIFHTIr . FLAREE B RER KA TG4

Table 2 Peptide sequence score, ligand binding efficiency and biological activity score

NGl A H fiE (kcal/mol) [[RESy &S A YIE RS
RRY -12.3 -0.353 0.54
RWY -12.2 —-0.322 0.92
FRY -11.0 -0.313 0.94
RMY -10.8 —0.338 0.74
CRY -10.8 —-0.362 0.79
YRY -10.7 —0.296 0.58
RFY -10.3 —-0.296 0.94
PRY —-10.1 -0.325 0.76
RLY —-10.1 —-0.316 0.55
GRY -10.0 -0.357 0.73
MRY —-10.0 -0.314 0.77
RCY -9.7 -0.323 0.75
%3 J¥F] ADMET 45 i
Table 3 Prediction of the properties of peptide sequence ADMET
ADMETH: %
JiNE2]l - .
BBB HIA Caco-23 151 bk S HUEY
RRY + - + - - -
RWY + + + - - -
FRY + + + - - -
RMY - + + - - -
CRY - - + - - -
YRY + + + - - -
RFY + + + - - -
PRY + + + - - -
RLY - + + - - -
GRY - - + - - -
MRY - + + - - -
RCY - - + - - -
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1 ACE 5 RWY 4 FXHAEHIE
Diagram of molecular docking between ACE and RWY

Fig.1
TE: a: PR b: 3D ORI R U 151 2 ~I5] 4 T

K PRY #ifltiiid 2 ACE il 1Cs, {H>M 2.5 pmol/L,
F s U Fp = R Sk B ik &R B ACE #I il ik . £
FMOC [E A& Ak RWY . FRY . YRY . RFY ]
Z J) BE i b A AG I ACE 11 i) %, FRY. RWY .
RFY . YRY I ICs, {H535124 113.10. 228.67. 101.00
1 272.61 umol/L.

23 SFXIEUE

—IBT F , ARPEXT 53 BN S E DY 2 19 S IR AS
JE A ARG ME— SRR, A2 [ A
ST A AE EAE LS, A<SCHRI A Pymol A4} i
e B PUA = kS ACE 2 [a] AR B AR FH 45 R b4 7
T 5T,

W 1a g5 R, =K RWY 43515 Glul62

CYX-352

Wsum

CYX-370 F
GLU-384
ASP-377

(2.84A/2.91A). CYX352(2.61A). CYX370(2.90A) .
Asp377(3.58A) . HSD353(3.28A) . Glu384(2.59A)
xX—FRA ACE W& IR yRFZ MIE L T 7 RS
ANER S, b5 Glule2 JERL T 2 £ESHE
g, HIHCRE P E B RSE S, CYX N =Y
iy Cys, HSD “& His B —FEZR . RWY 5 Glu384
SEE B R, SRR, 45 A iRl

A 2a fran, =k FRY 5 HSD353(2.82A)
Glu384(3.51A/3.02A/3.29A) . HSD387(2.66A) . Glu
411(3.74A/3.12A) . Glu162(3.12A) . Glu376(2.60A).
Asp415(3.22A/2.81 A ) 45 33K o o5 FL iR 5% F5 2 W] T2 Al
FEEIAREIR 11 58, o Glu384 Tl Asp4l5 FREt
S HESE SR A S
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GLU-384

%D%M

LU-411|

GLU-162

HSD-383

ASP-415 ;

GLU-376

12 ACE 5 FRY - FXHEAEH
Fig.2 Diagram of molecular docking between ACE and FRY

A 3a 45, =k YRY 5 HSD353(2.63A/
2.93A) . Asp377(2.95A) . Glul62(2.95A) . Glu3g4
(3.45A) . Asp453(2.97A) . HSD513(2.94A) %5 46
SRR ILZ T L 7 454,

WE 4a &5 R R, K RFY 5 & 5 iR 5% 3L
Glul62(2.64A/3.13A).Cys3702.62A/2.89A). Asp377
(3.10A) . Ala356(2.69A) Z [A]JE Bl 6 S &4, It 5
His387(3.79A)JE R pi-pi HAuEHE

B K EWIIEFR, ACE 7776 = A& 4%, |
S, S, Al S/, HALERIR KL Ala354. Glu384 FN Tyr523
TEAET S, I14¥, GIn281 . His353, Lys511. His513 #ll
Tyr520 /FAET S, [14%, Glul62 fF7ET S, 114820728,
A ACE BTSN Zn(TDZEFEN ACE BTG TP
WEBIEEA, W rET.L Zn(1D) 5 His383 . His387

1 Glud11 AHE P, B ACE #RELE L 2 A9AH
HAEF 1 CAnysAsEae 1) A s B 14 A0 BAEFH 7 Can
Sk BKAVE R AR E D) e, S
IR AR ERR ACE -5 EZAEM 1P, RWY
I ACE MR R 7R FE Glul62. HSD353, Glu384 =2
I 4 45205, B RWY 5 S/ 148 S, IM4%F
S, H4SHHAEAEH, FRY S2R5% 2L HSD383 .
HSD387. Glu411. Glu384 F1 Glul62 Z [A]JE i 8 4%
SR, LRI FRY i Zn(IDH0s S, AT S, 1H14%
M ACE &M, YRY W 5385 HSD353, HSD513.
Glul62 il Glu3gs4 [a]fy gt 5 s &5, 5 S,. S;"fI S,
CASFAEAR E AR, RFY 5583 Glul62 JERK 2 465
B, 5 His387 JE W pi-pi H: g 8, W 56 B RFY FI
S\ Al S, HASIELEA BAE . 2 4 3 THnilAk,
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HSD-353 B HSD-513
GEI-IIL6-2-\

ASP-377\§ <

GLU-384 °
K3 ACE 5 YRY - FxiEfEHE
Fig.3 Diagram of molecular docking between ACE and YRY

F 4 WEEA IEIKS ACE HASh &R SR AR BAEH
Table 4 Lisinopril, inhibitory peptides interact with amino acid residues in the ACE pocket

ASP-453

remENy ACEZFER TR B ) RWY FRY YRY RFY
His383

His387

Glu4l1

Ala354

Tyr523

Glu384

Gln281

His353 -

S, Lys511
His513

Tyr520

S/ Glul62 - + +

TE: “+"FR 5 ACEM AEEMIRIEATFEAN EAE A, " 20 5 B AL BT H A E A

|
I+ + +
|

I+ o+ o+ +
|

+ o+
[
[ !
[ N
[

+
+

A ) T A rh S SRR AL 2 [A] O AH B AR, 5 S HASTE IR 2 KAV REY 3R B H e L4441
Gt ) g DU BRI S IRAR S S T ARAH EAE I, HoE— ACE i34, il S, A4Sl Ge7E ACE fi il i 4
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&l 4 ACE 5 RFY 2 FXH/E K

ASP-377 ?‘
CYS-370 r

d162

(ALA-356

Fig.4 Diagram of molecular docking between ACE and RFY

R EE AR, X5 TN IS A R AL
BRI BT KA ACE #1101 16 T A K2 BH = 245 4 it
W Al (1IC5,=1.2 pmol/L)PY (HAH L TR 2 & & 3
M9 ACE I 4 %8 Ik, 40 TVF(1C4,=3390 pmol/L) B2,
VKK (IC5,=1045 pmol/L )™ sk Hi fr4m il k75 25
RIS
3 4

FAAYE B2 TFB, L C Ui g2 iR sk 3
ACE il =B oe X 42, 647 il ik, X0t
BEAE IR TEVE | KBS TE R A Y R A T2
PeAbds 247 7E ACE $ii n] BE M A K RWY | FRY |
YRY . RFY . ZAA &b 52 565 56 1k PO 25 #5248 B 4F 19
ACE #iilENE, IC 5, 1H53518 228.67. 113,10, 272.61
101.00 umol/L, 53 *F %45 5 g /R ACE 7 1k 11 4%
S,/ FE R 5L I Glul62 5 RWY., FRY. YRY

K REY #4712 2 BEAE ] J1, REY 5 Glul62 f77E
2 ZREEEE D), IX AT B2 RFY SR B AR 5 i 1
IS PER BN o BRI PR 2 s v A A Eax
2 = R I ARX AR Y ACE $PH) & 4, 2R iF
FEAE B ACE I IRSEAH L 2R i T8y
BRI B 22 42 PRI AT SR O . ASSCAY T 18
7 e ARG EFERT | RRL . B H AR, oA
RCPEWATE] T HIESE, RO T S T AR, M52
BN Py = i R | P 2 N o U SR O s [ 8
S 3Lk
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