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Separation, Purification, Structure-Activity Relationship and Molecular Docking of Sesame Angiotension Converting

Enzyme Inhibitory Peptides Prepared by Subcritical Water Hydrolysis
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(1. Research Center of Agricultural Products Processing, Henan Academy of Agriculture Sciences, Zhengzhou 450002, China;
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Abstract: Angiotension converting enzyme (ACE) inhibitory peptides from high-temperature sesame meal protein
hydrolyzed by subcritical water were separated and purified by sequential nanofiltration, ultrafiltration and liquid
chromatography, and their structures were identified by liquid chromatography-mass spectrometry (LC-MS). The ACE
inhibitory activity was verified using the synthetic oligopeptides. The absorption and metabolism characteristics of the
oligopeptides were predicted, a three-dimensional quantitative structure-activity relationship (3D-QSAR) model was
established, and molecular docking analysis was carried out. The peptide fraction with molecular mass less than 3 kDa had
the strongest ACE inhibitory effect. After further purification, nine ACE inhibitory peptides were identified from peak 1.
These peptides could not interfere with the normal physiological activities of the human body. The 3D-QSAR model for
LFRAF was successfully established using the comparative molecular force field analysis (CoMFA) method. The positively
charged amino acid residues and the introduced large groups on the side chain at the C-terminus of the ACE inhibitory
peptides could improve their activity. LFRAF occupied the S2 and S1” active pockets of the ACE peptides and bund to
Zn™ to inhibit ACE activity. These results indicate that it is feasible to use subcritical water technology to degrade high-
temperature sesame meal proteins to prepare ACE inhibitory peptides.

Keywords: sesame protein; angiotension converting enzyme inhibitory peptide; isolation and purification; structure-activity
relationship; safety evaluation
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I K5k K#¥ LBF (angiotension converting
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Ik, [ENLLEE > T2 8 (comparative molecular

force field analysis, CoMFA) J7ikeE s sk =4kE &
%5 & (three dimensional quantitative structure-activity
relationship, 3D-QSAR) #57Y, VDI4E7R Ko Bl S Ak
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PR, AR FRPEREAT VRO, JERI R TR H L
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L1 MRS

i BE i 2 RRR (R (45.00+0.74) %,
JEWT (2.5440.03) % K4 (6.98+0.17) %. &K
gy (10.4540.14) %, &k (35.03+1.10) %) H
ASLIG=EHE; “HMHF R (bicinchoninic acid,
BCA) GenviewBH AR A#]; ACE. 5 JREEH R
Mk =% % (N-hippuryl-His-Leu, HHL) . 4% — Hifis
(1,2-phthalic dicarboxaldehyde, OPA) 3% [H Sigma-
Aldrich A7 ; @JEFUE0I0 (B2 THiE10 kDa)
UE005 (#% 4> 7Jfi &5 kDa) . UE003 (# ¥ 4 T
®3 kDa) . GuIERE (47 E150 Da) rh R i
PR AR IR AT ZH. ZWMOmA g, Hibk
FB N E =44k, ZEJKLFRAR. LFRAV, LFRYF.
LFRNF. LFREF. AFRAF. MFRAF. VFRAF,
NVFRGF. DVFRGF. LFRAFD. EVFRGF 45 W ik 2k
WIRHEATBR A 5 A
1.2 S5 R&

WHF-0.58 JR 38 @il A RS RA A
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BA, PL1:50 (g/mL) I ELE] A 2 BR & A oInN 7251
K, PR A JE R A5 mol/L HCIVA W 15 mol/L NaOH
EICE IR AWM pHE T £ 1.5/, H#BARMNMEF L
125 CN#60 min. J 35 7K f#E LAS 000 r/min g0
20 min, YA EiEBF R EpH 7.0, 5 000 r/min O
20 min, MU EIFW T4 CIRAF
132 IR B KR

VKRR NS S, RIAIER GRE 5 TR
150 Da) FATMEEL, #AER 713 MPa, #3400 r/min,
% 1L WOE BRI UG E AR RIS 0 % i, &b ghuE, EH
3, BEHWBEAR . AR K OEITUE010, UE00SHI
UE003 347838, 73314 N4y, Hlk>10. 5~10,
3~5. <3kDa, FHBCAVE" % & H o SRR, IF
D5 520 5 ACE P35 14 (I 1C 501
1.3.3  NGC Quest™ 10 Plustf i 23 #7121

PR P8 SR AT 1S M S SR K 2 4> K FH 0.22 pum [ JiE
T UE S5 i FERINGC Quest™ 10 Plusthil 245, %4
Shim-pack GIS Cffill %4 (20 cm X250 mm, 10 um) ;
MENMANEH0N% =R LRI, RAMBRNEH
0.1% =3 LR AK; JE7.5 mL/min; 3EAE A
I mL; 3220 nm; BEELEHL SR 0~50 min,
45%~50% A 55%~50% B.o Al FYEE 3% L0.5 min/EF I
LM, & Ok Ex MR R A, e ACEHH] i
PEFFUTSIC, 8, 72 I M dp i R e 2 7 13047 itk 5 7 o
1.3.4  JRiGOHTAF

Vv 1 A 5o PR UG 2H 23 134T T Ab B S5 R FH Ultimate 3000
BHE = OB S AGE TR, EAEES uL, W
1K H Acclaim PepMap RPLC C;g (150 um X 150 mm,
1.9 pm) , PEWFFM A FBIAHAN01%HER-2% &
EW, TEIHIBNO. 1% H R-80% 2 JE W, Wik
600 nL/min, 0~5 min, 94%~91% A. 6%~9% B;
5~20 min, 81%~86% A. 9%~14% B; 20~50 min,
86%~70% A. 14%~30% B; 50~58 min,
70%~60% A 30%~40% B; 58~60 min, 60%~5% A.
40%~95% B. X HEI: 25 -4H & T 85 T MEOrbitrap 1A%,
BHEWRE270 C, HE22KV, —RRILESH: HPE
70000, ARG FIm/z 100.0~1500.0. 2R RES R
SRR 500, DLREEE 5 2R 7 BE AR R ET
BOEQN0.250 s, I 1A]30.000 ms, He/ME S EK
1500.0, Lhm/z 100FF4633 . 5 i R 4R B0 7 F WSkl 5
(AT SRR T BT -
1.3.5  ACEHNHI kA #5522 4 v i)

X% 5E B9 AN 2R A CE 1) Bk 1 A2 533 1 %
Admet SAR2.0 Chttp://lmmd.ecust.edu.cn/admetsar2/) HE4T

T, Hoh DLAAR 7 IE R 2 10 AR R AR L
FEME, I A7 B R AE A e, DAA (A R PASOIRY 5
PG R AR R e, DABUE . BRI HEAR .
TIRTE o0 R b S A a1 ek . AR
T A
1.3.6  3D-QSARFREAIY )5 37
3D-QSAREF| FHH 2sdpif 7 Uik — K A2 A
FHALRFAE 54 5 AEYE 2 M E /R R TT1E, H
o )2 A8 B 2 CoMFAYE, CoMFA R AL i) = 4
AT LU R E M B OR 2 T 450 X S S AR
Z I A&, K13 A SEMFFIESYBYL-X 2. 1.1
ffHiprotein buildingf e N, FE K (1 H 4 45 2R A
MMFFO44£ 4, GEEALAL K FHIMMFF94 /137 1 Powell 3L
OB S (RORIZFEIRE0 000, REELIL & IEARTE
0.000 5 keal/ (mol » A) ) o RFHACEPIHE M d5 e 1 5%
FRLFRAF AR, o DAFRE N 4k CoMFA R A,
Gy BB LB T K P i /> — R E B — G| Ry o A5
BT, ERXKAERE (0 >0.5. #ZEHbR
#EE (R >0.6%1F FIEMIB A @ i sh, HA RIFN
T g At

P11 LFRAF K HAEIRE 5 1&g
Fig.1  Structural alignment of LFRAF and its derived peptides
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Triangle, t4k¥% B NRigid Receptor, 734)i% fLondon d
GFRIGBV/WSA d G, M30 AR rhif B g i 1L
ACESr TP %
1.3.8  ACEHMil i 14 1y &

%% Wang RuidanZ:" 0575, ¥415 uLFER i
1R LAZE KA D 530 pLIR . (5 mmol/L
HHL ) S A B IR 22 v WD) TR &, RS IMA30 pL
12.5 mU/mLIJACERGEW, T37 C/KHE 30 min.
45 HJE I 125 pL 1.2 mol/L NaOHE i £ 11 [ o
A IMAN30 pL52% OPAR HEEIA W, RAEWHGHE
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20 min, B#HEH0A40 pL 6 mol/L HCIVA K 2 1EATA: M
X BV DL ZE MK AR o W IR BLVA MR RE 10 £ )5 A
P CTEACI 72 TR FE, e KA ORI
340 nm, KEIVEHKA455 nm, FEEFEFES nm. FEIIACE
PR AW T

ACESIIA/%= (1= ) X100

o a AN 5 ACEHRAEAE I 1) 58 Y6 MR ISR JE 5
b FIASTEAE T ACEAFEAE I (1K) 5 Y ISR T s il
HIFIAETE T ACEANAETE R 1 58 SR SR s o7 5
ACE#RASAELE T (172 YW i
14 HEbE S i

B seie ¥ EE M w3 K, KASPSS 13.04t47 )5
ZEo b, HPP<001FRZEFWEE, P<0.05KRZE
It
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HRE50T

2.1 MK UE o B

K B U8 B 7 V5 RS 4y T & >10. 5~10,
3~5 kDafll<<3 kDalU M 73 F SEARVE W, HACEHMI]E
PERFL, RS FREMACEMEIE R E AR,
Ko+ 25 (W ACESIHE TR, JUH <3 kDalj 24y
ek, 1M R EA S MACEIIHIE TS . RS
Lin Kai"”', Fu Weiqing™" 5 [0 Fe 45 5 — . X9 TR E
WA IREEHL, WA, B3 ANACEFRMHEOLE, N
M e ACE A & VE o TR b s el A1 2 7 o = B R JEE 11
SRR 2 = K B ACE T 1%

A1 JBNESy B ERR B UKAR N AL S B A CEAR G Pk

Table 1  Ultrafiltration fractions from sesame protein hydrolysate and

their ACE inhibitory activity

X <3 kDal/r EATNGCE B R G150 &, Frfd K ik
WE2, I EREs Maikie (P1~PS) , %5 el
73 (1 O B I 1] 2 ACESM I P 8 45 R K2, tR2mT
F, WETICEH &K, RUIILACEMEE . Kt
B PRI 120 73 AT JE B P 5

#2  NGCOERLGIY B S KB A AL Sy e ACESM g Pk

oy >10kDa 5~10kDa 3~5kDa <3kDa

ACE#lE{E

a b g d
1Cy i/ (ngml) 15.72240.136"  11.391£0.168°  5.84310.098°  2.940£0.024

W ARFEREFRRZEREE (P<0.05) , F[E.
2.2 NGC Quest™10 Plusff i 22 45 4 B /K A

450+ 1

g1 150 345

35 4{0 4I.5 5I.0 5l.5 6I.0 6I.5 7I.O 7I.5 SI.O
s} 1] /min
P12  NGC Quest™10 PlusZ % 55 i fa sl
Fig.2  Chromatogram of the fraction less than 3 kD in NGC Quest
10 Plus system

™

Table2  ACE inhibitory activity of peaks separated in NGC
chromatography system
e ACEH % £
4 B
V& 2H Sy R P IR ] /min ICyft/ (pg/ml)
1 5.23~5.47 2.530£0.054°
2 5.47~5.70 3.323+0.061°
3 5.70~5.87 4.94240.074%
4 5.87~6.01 4.74440.027°
5 6.01~6.40 5.51140.035"

23 ZRACEHIHIIE R 751 % €

LA - o DR A AT I 12 gy, e T
WEE3., L% EBR9 ANk, Higs 7R
7£639.431 9~933.482 1 Da, JLACEHIHIEM:KIC, H K,
%3, HPKPLLK. LFRAFDIFACEHHE AR 855,
LFRAFMIAHR & e, HEAMBACEMHSM, H—
2T 4 TR

x®©
(=)

HEXTHEE %
-lo> [o)

o3
(=}

5 10 15 20 25 30 35 40 45 50 55 60
i 8] /min
Pl 3 ORI CAR- IR e o Ve 1401 53 11 50 o8 1 e
Fig.3  Total ion current chromatogram of peak 1 identified by liquid
chromatography-mass spectrometry

#3 % BN SENIK R ACEM] 5

Identification and activity of ACE inhibitory peptides

167 L 4 \ et
By aE mem G i)
3009 699x10° 6523696 —1§  3162340551Y
3082 L6100 T8BIZ 0 16614R0TIT
U6 12010 8675541 05 9LI3E48TY
352 93XI10° 8634290 —09 4626440127
B8 SIXI0T 73653 02 38476%1257
38 44100 7953915 129 4269513707
2950 347100 6394319 —00 7924444106
2600 247X10° 9334821 1 14296841424
2909 205X10° 767396 —09  847238+8.640°

Table 3

W nom e
Rl
LFRAF 13242 99 99 327.1915
NVERGF 13599 97 97 370.1979
PELLRKL 9633 97 97 2901921
PNPRSFF 13940 91 91 4327213
DVFRGF 15434 96 96  370.6900
EVERGF 13914 95 95 398.7082
KPLLK 12719 95 95 3207232
TFHNLFR 10516 94 94 3121683
LFRAFD 12423 98 98 3847052
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Fig.4  Secondary mass spectrum of sesame ACE inhibitory peptide LFRAF

2.4 ACEFHIIK A BHE 1 5 22 4 i)

L N TN AR i S B BN S G s == ) o / BT
PEM SR R, DB AKAE A A 2 % 1 0 U RE A A\ A4
M. AW, HEEIER AN R 0 5 A
FEVEVE 5 2 At AT WO .t EISE &, BRPELLRKL.
PNPRSFF. LPLLK, % fkagid st Mgk, Br
LPLLK ) BT 5 ik B A & M e B, 6 WA 2 % A i
MERFEHREM . Lo, FEKAE T 41 B EHP450
HIRYy, Ea LmdEtt, RWUAS T EIE
WAYES) . mEERE g R, REDVFRGE.
TFHNLFR. LFRAFDT A A B 71l 1) oV 3 4w i
FEDIPMHIVE T, HTAZERA S, Zetta. Ll
GEIRFHT, 582 BRACEFHI Ik A 2 i AR I 5 14
PGS .

TR /%
R B il 100

e g
S T TE (1 o ik
s iy 5 IR 00 o) 9

PR Ui AR

otk =20

210 €0 25 PASORfE (1 41 1k

2 it €71, 25 PAS Ot 14

CYP1A2V R 401

2 i L 2 P45 ORI

CYP2D6 W 7 Jic ) —40
2 BRI R

I 5F Fis

PN ENIBELI TS

—80
—100

P LSS FEL

& E @&Q‘b \)e\)QX’
\)QQ‘&’Q&QQ‘OA ‘%3&{32*\3

P15 ACEHWRULWRM. s34, AR A
Fig. 5 Prediction of absorption, distribution, metabolism, and
excretion of ACE inhibitory peptides

2.5  3D-QSARMIREAEAY [ 5T

PDALFRAFHFRAH AL, fiitEHABSENK, 2T CoMFA
J7# T LFRAF. LFRAR. LFRAV. LFRYF. LFRNF,
LFREF. AFRAF. MFRAF. VFRAF. NVFRGF.
DVFRGF. EVFRGF., LFRAFD 50094 15 400 Bl

(pICsy) [3D-QSARMEAL, DL 7R 55 Ik Jo [l 7 k3% Al i
HL.3) 73 A X ACEHI VG VR 52 A, PR3 SE IR ACE 1l 7%
PEM 7 FALEE . SERRIC o B 46 B AH BE (¥ pIC s fE W 4T
7R, HHpIC T CoMFATH S (1 [ AE &, pICs, FilE
g 2 A 5% 22 /N F0.7. LLACEHI#| BKLFRAF
T FCAT A SRR T A i I CoMFA RS B i T S 8 WL 5.
FSUH, R WIGE RE (O =0.514>0.5, X
KAEAI R RS (RY) =0.997>0.6, Ff H EATHALHFHM
PRUER 2£0.032 (<0.05) MR ERIFE, 3087
BEAG RPN A e v, HAER iRy 55 g Xt
PICofH HI BTRR L 73 531 J950.9%H149.1%, 33t B CoMFA i 7Y
HSLAR Y 5 I I IR 71 5 ACEZ [ (R AH AT
HEERW, HZAS MR E R,  LdRes RE
T3S (I CoMFARSE A B [ U (R T 8 0 AT RT 12k

# 4  LFRAFEF7E KA CES I 15 Pk

Table4  ACE inhibitory activity of LFRAF and its derived peptides
51 ICy/ (pmol/L) pICs Predlftfrgof /eL‘T)"r) /
LFRAF 31.6234+0.551 —1.500 —1.562 (0.062)
LFRAR 22.91540.484 —1.360 —1.352 (—0.008)
LFRAV 79.433 9+£2.265 —1.900 —1.914 (0.014)
LFRYF 10.156+0.094 —1.007 —1.025 (0.018)
LFRNF 45.90040.490 —1.663 —1.623 (—0.040)
LFREF 177.689+0.751 —2.250 —2.244 (—0.006)
AFRAF 32.0634+0.720 —1.506 —1.478 (—0.028)
MFRAF 25.4461+0.596 —1.406 —1.412 (0.006)
VFRAF 28.728+0.376 —1.458 —1.442 (—0.016)
NVFRGF 16.614+0.717 —1.220 —1.215 (—0.005)
DVFRGF 38.476+1.257 —1.585 —1.588 (0.003)
EVFRGF 42.695+1.370 —1.630 —1.627 (—0.003)
LFRAFD  847.2388.640 —2.928 —2.931 (0.003)

VE: Predicted % /R TIIME,  errorg mplC, TR (E-5 I kB < [0 AR ZE 1

45  LFRAFEAi/ESEIRIMCoMFARBIRSE i 5 5L
Statistical parameters of LFRAF and its derived peptides in
CoMFA model

Table 5

o WEER N
GHSH Tyt O K P e ww  wa
%a:plcsom

CoMFA 5 0.514 0.997 557.423  0.032 0.509  0.491

FI6 AN LLpIC 5o d5 i 1) 32 AL LFRY F AR ) CoMFA
B =SSP AR E R A B, Horp, S XS R R 1 K
BURIEARFUE R FHE mim e, 38 6 X 3R 7m ik /N S AR A7
FEAT T4 i ko S ARIZ 023 18] 0 A W] 0, E SR
PLEFERR IR (N AAFfEG X, R HAS
N KFE AR F 3 mis v . 513 AIKMFRAF [ ACE )
H3E PESR TLFRAF . Yan Wenli%5 ™ 57 [FRERE Tix—
Zhif, BN AL KBS R 1) SR Ik LA R I ACE
PTG E o FE RN EIEER IR IE (Cupp) BB I A A7 1E 3
X, RUEEMAL G NG R TiREEE, Hm
HEALAFAE O XAk, RIILE AL 51N K B I TR
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WPE . WNZEAKLFRAF G P B 2 58 T LFRAV [ 45 FLAR 47
BOAE 13X — e 35 1 EU B B ACEAD I K 1 C R 3 2 9
A (Trp) « A (Tyr) . FHAM (Phe) &
P EEEIER U SR (Pro) « FHEHEPIRH ST
X M3D-QSARAH S & 1) J5 1555 LAPhe A C K ¥ I ACE
i) = =JKIEATHEST, 0k i Gly-Glu-Phe (GEF)
Val-Glu-Phe (VEF) . Val-Arg-Phe (VRF) Ll Val-Lys-
Phe (VKF) 4 fh=fk.

EI6B N LApIC i = 1) 55 JIKLFRY F A 84 () CoMFA
BRI 31 J R L3 0 A T, R DX 3 s 38 K 2 [
1F FLe A R T AA st i P, A6 X ) SRR TE L
Ak 51N B H fif 1) 2 GV PR R E R R 1 2 TR
AAATAL, N AR X, R HAENSRAL 5] N\ fi i
i R R T SRS s . CuRE MR R A7
TEA X3, R LR LA 5N A (1 2 A e 0 32 =
ACEHIHITEPE . SRR S P I tHAE7E WE (B Xtk 7k
FAEAZAL 5] N TE B (1 2 G R T ACE 1) 3% 14 1) 4
o JUE AR AR BN E A, ARCOR By 1F HA far HY
RIEEFIVE I ZACEMHENE M T ER R, SMALERS
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