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Isolation, Structural Identification and in Vitro Activity Evaluation of Angiotensin-Converting Enzyme

Inhibitory Peptides from Moringa oleifera Seeds
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Abstract: In this study, angiotensin-converting enzyme (ACE) inhibitory peptides from an enzymatic hydrolysate of
Moringa oleifera seeds were separated by sequential ultrafiltration and ion exchange chromatography. The peptide sequences
were identified by high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) and potential
ACE inhibitory peptides were selected by bioinformatics and molecular docking; their secondary structure was analyzed by
Fourier transform infrared (FTIR) spectroscopy and their in vitro activity was evaluated by enzymatic inhibition kinetics and
the methyl thiazolyl tetrazolium (MTT) method. The results showed that peptide fraction F-b had a good antihypertensive
effect. A total of 11 peptide sequences were identified. Peptide QGPRPQ was identified as a potential ACE inhibitory peptide
with a half-maximum inhibitory concentration (ICs,) (1.15 £+ 0.3) mmol/L. Molecular docking showed that QGPRPQ could
better bind to ACE through hydrogen bond and hydrophobic interaction. Secondary structure analysis showed that QGPRPQ
was composed of 22.8% a-helix, 33.3% f-fold and 43.9% f-turn. The mode of inhibition of QGPRPQ was mixed type, and it
had no toxic effect on HepG2 cells at a concentration lower than 0.01 mg/mL. This study can provide an important theoretical
basis for the development and utilization of hypotensive peptides derived from M. oleifera seed protein.

Keywords: Moringa oleifera seeds; angiotensin-converting enzyme inhibitory peptide; high performance liquid
chromatography-tandem mass spectrometry; molecular docking; secondary structure; enzymatic inhibition kinetics
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Fig.1  ACE inhibitory rates (A) and IC;, values (B) of peptides

derived from M. oleifera seeds
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Table 2  Selected physicochemical properties of peptides with ACE
inhibitory peptide F-b shown in Fig. 2

WIS g, S M e HE B
EAHWF 68829 5 68930 3284 KWEME  EHE 6000
DVFAL 68829 5 68930 3284 KWMEE  EH 8000
AGGAPLQ 61232 7 61333 2279 KEME  EE 5114
HHPGP 54325 5 54426 3152 KEEME EH O 4000
PPKKKFRTGV 115670 10 57936 5820 K&tk EH 4000
WYLAH 68833 5 68934 2839 KWME  EHE 60.00
PLPPPLQ 76044 7 76145 2361 KEMEE E#H 8571
DPNNFT 70629 6 70730 2444 KM EEHE 0 333
QGLFQPL 80143 7 80244 4334 kiEttE BRS04
QGPRPQ 68135 6 68236 2825 KM EFH 0 3333

AGSSVFLLIGV  1061.61 11 531.81 4220 Jkisth%E  EHF  63.64

QJafelR Pl

100
N
=
H 50
= b
‘ ‘ pre(1+]
0 “\ Ledpbad TR 1
t T T T T 1
100 200 300 400 500 600 700
mlz
100 - PP JKKK [FRT [G [V
g
il
50
= b-H.0
2 4
0 M hh\ 0y h\ —
100 200 300 400 500 600 700 800 900
mlz
100 CFRFR
g
% 504 o325
= sho Ty
_E ‘ ‘ ‘ 664.044 3
NI 11

100 200 300 400 500 600 700 800
mlz

B3 JkQGPRPQ, PPKKKFRTGYV, DPNNFT -4 )i i Kl
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NERLEi g

Molecular docking analysis of peptides PPKKFRTGYV,

DPNNFT and QGPRPQ with 108A protein

et

Table 3

T
BRARE T

Asp218, ValsI8, Aspl2l,

I

Vals18, Tyr213, Glu225.

Ser516, Pro519. Phe§70,

PPKKKFRTGV —236.175 8 Lys!18, Vall19, Asn66, Glul23, Leul22, Met223, 294
Asp358, Val399 Trp220, Prod07, Thi92, Glud03,
Tyr62, Trp39, Argd02, Tyr360
e Tyr360, Ala3S6. Asn70, Glul43,  Trp$9, Tyr62, Ala63. Trp35T,
DPNNFT 37T Leul39, Ser316, Asn66 Phe§12, ValSI8, Arg522 3%
His387. Tyr3%4. Asp3ss. Glu38d Ser35s. Phe39l,
QGPREQ 17635 10 Val399, Argd02, Glud03, Ala356, His410, Lys!18, 3%

Ty60, Ty,
Oludll, His3®3

Glul23, Trps9, Met223, ValsI8.,
His353, PheS12, HisS13, Ala354
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Fig. 6 HPLC (A) and primary mass spectrum (B) of peptide QGPRPQ
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Fig.7 Infrared spectra of amide I band of peptide
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Fig. 8 Lineweaver-Burk plot for ACE inhibition by peptide QGPRPQ

#4  JKQGPRPQA N H B V., MK, fH

Table4 V,, and K,, values of peptide QGPRPQ at different concentrations
IR EE/ (mmol/L) 0 3 9
V.ol (mmol/ (L * min) ) 7.52 547 429
K,/ (mmol/L) 10.60 7.51 5.19

2.7 KQGPRPQXHepG2 i 1 H

FFIMTT 0 52 Ik QGPRPQ X Hep G2 4 fi [ 75 1
TEH, ZRaE9F~. B MKQGPRPQJ &4 &% 1) 1Y
I, HepG24H M 14775 R R T R R EikE
£ F0.01 mg/mLI, HepG24H il /7% % JLF-N100%; 1M
2 I QGPRPQJH &k 1A £)0.05 mg/mL LA L1}, 277
H R BT 0%, FIHIKQGPRPQ LA T ## T HepG2
HM R IGE . 25 TR, BKQGPRPQYE it &K LK T
0.01 mg/mLA}, XtHepG241fi a1 -
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