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This study determined the inhibitory activity of oligopeptides against
angiotensin-converting enzyme (ACE) and pancreatic lipase through in vitro
tests, molecular docking, and enzyme inhibition. The results showed that the
ICs0 of GLLGY, HWP, and VYGF for ACE inhibition was 1 mg/mL, and the ICsq of
HWP for pancreatic lipase was 3.95 mg/mL. Molecular docking revealed that
the binding energies between GLLGY, HWP, and VYGF and ACE were -9.0,
-84, and -9.2 kcal/mol, respectively. The binding free energy between HWP
and pancreatic lipase was —7.3 kcal/mol. GLLGY, HWP, and VYGF inhibited ACE
compentitively. HWP inhibited pancreatic lipase through non-competition.
in vitro simulated gastrointestinal digestion, the three oligopeptides still had
inhibitory activity and low toxicity. The results revealed that the peptides
GLLGY, HWP, and VYGF may be suitable candidates for further research on
ACE inhibition, and HWP may be a suitable candidate for studying pancreatic
lipase inhibition.

ACE, bioactive oligopeptides, inhibitory kinetic, molecular docking, pancreatic lipase

Introduction

Obesity has recently shown an epidemic trend globally (1). Obesity is also considered
the driving force for the development of chronic diseases, such as hypertension, coronary
heart disease, and diabetes (2, 3). Therefore, obesity is closely related to lipase activity
in humans, and the human body degrades and digests fat taken from food through
pancreatic lipase. Then fat was reabsorbed and synthesized in the intestine to lead to fat
accumulation (4). The pancreatic lipase inhibitor can effectively inhibit pancreatic lipase
activity, impede excessive fat accumulation, and play a role in controlling and treating
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obesity (5, 6). Orlistat is a drug considered clinically beneficial
in treating overweight, but it is associated with side effects such
as gastrointestinal (GI) flatulence and arrhythmia (4, 7).

Hypertension is regulated by various mechanisms, one of
which is related to the activity of the angiotensin-converting
enzyme (ACE) (8). ACE plays a vital role in regulating blood
pressure balance by acting on the renin angiotensin-aldosterone
system and kallikrein-kinin system (9, 10). ACE inhibitors are
widely used in hypertension treatment. However, commonly
used ACE inhibitors, such as captopril, enalapril, and benazepril,
can cause side effects including renal function damage, phlegm-
free dry cough, hyperkalemia, and renal function injury. Safer
ACE inhibitors with no side effects are urgently required (8,
11, 12).

At present, most synthetic drugs used in clinics for the
prevention and treatment of chronic diseases exhibit side
effects, which also urges researchers to focus on natural
substances or food for therapeutic uses (13-15). Natural
substances and food have many active substances, especially
bioactive peptides, which have various human metabolism
and physiological regulation functions, easy digestion and
absorption, and promote immunity, reduce blood pressure and
blood lipid (16, 17). Joyce Irene Boye et al. reported that the ICs
of red lentil protease hydrolysate for ACE was 111 & 1 pwmol/L
(18). Priti Mudgil et al. found that peptide Leu-Pro exhibits
pancreatic lipase inhibitory activity against bovine and camel
casein hydrolysates (19). Uriel urbizo Reyes et al. showed that
canary seed peptides inhibit ACE and pancreatic lipase. Among
them, the peptides LHPQ, QTPHQ, KPVPR, and ELHPQ are
noncompetitive inhibitors of ACE. The peptides VPPR, LADR,
LSPR, and TVGPR are noncompetitive inhibitors of pancreatic
lipase (16). These studies have shown that bioactive peptides can
inhibit ACE and pancreatic lipase and can be used to prepare
functional foods and nutritional drugs.

In this study, Bacillus subtilis MK15 was used to ferment rice
bran to extract bioactive peptides and synthesize several better
oligopeptides through molecular docking. in vitro inhibition
experiments, molecular docking, and enzyme inhibition kinetics
revealed that these oligopeptides can inhibit ACE and pancreatic
lipase. Finally, in vitro simulated GI digestion and toxicity
studies (in silico) were conducted to explore whether these
oligopeptides can be used in health products.

Materials and methods
Materials

The polypeptide was synthesized by Hangzhou Dangang
Biotechnology Co., Ltd (Hangzhou, China). Human ACE, N-
[3-(2-furanyl) acryloyl]-1-phenylalanyl glycyl glycine (FAPGG),
p-nitrophenyl butyrate (pNPB), and pancreatic lipase were
purchased from Sigma Co., St. Louis, Missouri, United States.
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Obtaining bioactive peptides

The peptides used in the study were obtained from
Bacillus subtilis MK15-fermented rice bran (20). Bioactive
from broth. Ultrafiltration
was performed, and DEAE Sepharose Fast Flow ion

peptides  were  extracted
column and Sephadex G-25 column were wused for
purification. The peptides identified through LC-MS/MS
were FPE HWP, QSFF, MKNLPKYRQIVHFIKEKIGNG,
ALGHIKEAISEGYKVVVVVSAMGR, GLLGY, SHEVK, FSGE
VYGE QFAKYILFVKDITSKIEEKRG, IANLTEPTDFRIEL
RIKRDRG, GLIGY, QSFLQRYYFLFRILP, LESGF, and PSR.
The peptide segments were scored with hydrophobicity,
and their inhibitory activities against ACE and pancreatic
lipase were measured.

Determination of
angiotensin-converting enzyme
inhibitory activity of peptides

According to the experimental method of Yu Fu et al. (8),
with slight changes, 50 WL ACE (0.1 U/mL, prepared from
borate buffer with pH 8.3 and 80 mM), 50 pL FAPGG (1 mM),
and 100 pnL borate buffer (80 mM, pH 8.3) were added to a
96-well plate. Then, 100 wL borate buffer was replaced with
1 mg/mL sample, which are three groups of parallel samples, and
the initial absorbance values a; and b; were measured at 340 nm.
Then, the plate was placed at 37°C and reacted for 30 min.
The absorbance values a; and b, were measured at 340 nm
(Multiskan GO, Thermo Scientific, Waltham, MA, USA). The
absorbance value was incorporated into the following formula to
calculate the inhibition rate of polypeptide against ACE activity:

ACE inhibition rate (%) = (AA%B) x 100 (1)
Where a; and by are initial absorbance values of the blank and
sample groups, respectively. a; and b, are absorbance values
of the blank and sample groups after the reaction, respectively.
A= a1—ap; B= bl—bz.

Determination of pancreatic lipase
inhibitory activity of peptides

According to the method of Magdalena mendoza-s 4 nchez
(1). In the blank group, 100 pL of 0.1 M sodium phosphate
buffer (pH 7.2), 50 L pNPB (5 mM), and 50 pwL pancreatic
lipase (0.2 U/mL) were added to a 96-well plate. In the blank
control group, 150 pL sodium phosphate buffer and 50 pwL
pNPB were added to the 96-well plate. In the sample group,
50 pL sodium phosphate buffer, 50 pL pNPB, 50 wL sample
(I mg/mL), and 50 pL pancreatic lipase were added to the
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96-well plate. For the sample blank group, 100 pL sodium
phosphate buffer, 50 wL pNPB, and 50 L sample were added
to the 96-well plate. At 37°C, the absorbance values A, B, C,
and D were measured at 405 nm after 30 min of reaction. The
absorbance values were incorporated into the following formula
to calculate the inhibition rate of polypeptide against pancreatic

C-D
1-—— ) x 100
(-55)
(2)
Where A, B, C, and D are absorbance values of the blank, blank
control, sample, and sample blank groups, respectively.

lipase activity:

Pancreatic lipase inhibition rate (%)

Molecular docking

Autodock Vina 1.1.2 docking software was used for
molecular docking. From the protein database!, the crystal
structures of human ACE (PDB ID:1086; resolution 2.00 A)
and porcine pancreatic lipase (PDB ID:1ETH; resolution 2.80
A) were retrieved in PDB format. Subsequently, co-crystalline
ligands and water molecules were removed from the protein
structures using PyMOL version 2.5.0.

When the polypeptide was docked with ACE, the docking
site was the same as that reported by Dong (21). The grid size
(xyz point) was set to 126, 126, and 126, and the specified size
(x,y, and z) of the grid center was 43.82, 38.31, and 46.65. Other
parameters were set to default values. When the polypeptide
was docked with porcine pancreatic lipase, the docking site of
Akpovwehwee A. Anigbor et al. (4). The grid size (xyz point)
was set to 126, 126, and 126, and the specified size (x, y, and z) of
the grid center was 64.00, 29.16, and 125.43. Other parameters
were set to default values. After docking, the best objects were
elected and analyzed using PyMOL 2.5.0.

1 https://www.rcsb.org/

10.3389/fnut.2022.1010005

Inhibitory kinetic analysis

The inhibition kinetics of oligopeptides GLLGY, HWP, and
VYGF on ACE and pancreatic lipase were tested to determine
their efficiencies. For the ACE inhibition test, the concentration
of the samples GLLGY, HWP, and VYGF was 1 mg/mL, and
the concentrations of the substrate FAPGG were 0.2, 0.4, 0.6,
0.8, and 1 mM. For the pancreatic lipase inhibition test, the
sample HWP concentration was 1 mg/mL and the substrate
PNPB concentrations were 1, 2, 3, and 5 mM. The initial
velocity data were used to construct the Lineweaver-Burke
plots to determine the enzyme Km (Michaelis constant), Vmax
(maximum velocity), and Ki (inhibitory binding constant)
(8, 22).

In vitro simulated gastrointestinal
digestion

Simulated GI digestion through an in vitro pepsin-
pancreatin hydrolysis method was carried out (23). The
oligopeptides GLLGY, HWP, and VYGF were re-dissolved (3%
w/v in distilled water) and adjusted to pH 2.0 with 1 M
HCL. Then, pepsin (4% weight as received/weight of protein
in the powder) was added. The mixture was incubated at
37°C for 2 h. The pH was then adjusted to 5.3 with 0.9 M
NaHCO3 solution and further to pH 7.5 with 1 M NaOH.
Pancreatin was added (4% weight as received/weight of protein
in the powder), and the mixture was further incubated at
37°C for 2 h. To terminate the digestion, the test tubes
were kept in boiling water for 10 min. The gastric digests
(GDs) and gastric-intestinal digests (GIDs) were obtained
through centrifugation (8000 x g, 10 min, 4°C), and then,
the supernatants were collected, lyophilized, sealed in plastic
bags, and stored at 4°C until further analysis. The ACE and
pancreatic lipase inhibitory activities of GDS and GID were
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FIGURE 1

(A) The ACE inhibitory activity of peptides. The pancreatic lipase inhibitory activities of (B) peptides and (C) HWP. The small letters represent the

significant difference p < 0.05.
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measured at a concentration of 1 mg/mL, and the results
were expressed as activity (%) relative to that without any
treatment (control group, 100%). All determinations were
made in triplicate.

Toxicity studies (in silico)

The evaluation of pharmacologically active substances
during the new drug development is an indispensable
parameter. The in vitro evaluation of ADMET (absorption,
distribution, metabolism, excretion, and toxicity) provides data
for the identification of new molecules (24). ADMET parameters
were calculated using the free web interface pkCSM? for
predicting the toxicities of the oligopeptides GLLGY, HWP, and
VYGE (25).

Statistical analysis

Three parallel tests were conducted in all experiments. Data
are presented as mean &+ SD. SPSS version 17.0 for Windows was
used for statistical analysis. P < 0.05 was set as the threshold for
statistical significance.

Results
Inhibitory activity in vitro

ACE inhibitory activity in vitro

Nine peptides were selected for the ACE inhibitory activity
assay. As shown in Figure 1A, at 1 mg/mL, the ACE inhibitory
activities of GLLGY, VYGE and HWP were considerably higher
than those of other peptides. The ICs5yp of GLLGY, VYGE, and
HWP for ACE was 1 mg/mL.

Pancreatic lipase inhibitory activity in vitro

As shown in Figure 1B, at 1 mg/mL, HWP exhibited the
highest inhibitory activity against pancreatic lipase (inhibition
rate: 20%), followed by PSR. A slight difference was observed
in the inhibitory activities of VYGF and PSR against pancreatic
lipase, and the inhibition rate of FSGF was 13%. The pancreatic
lipase inhibition rate of the remaining peptides was <10%. Next,
HWP was subjected to a gradient test of concentration and
inhibitory activity. A linear relationship was observed between
the lipase inhibitory activity of HWP and HWP concentration.
With an increase in the concentration, the inhibitory activity
also increased, and the ICsy of HWP for pancreatic lipase was
3.95 mg/mL (Figure 1C).

2 http://structure.bioc.cam.ac.uk/pkcsm
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Molecular docking

Molecular docking of angiotensin-converting
enzyme

The GLLGY characteristics are as follows: isoelectric point,
6.2; average hydrophilicity, —1.1; hydrophilic residue, 0%; net
charge, 0.0 at pH = 7.0. The HWP characteristics are as
follows: isoelectric point, 7.8; average hydrophilicity, -1.3;
hydrophilic residue, 0%; net charge, 0.1 at pH = 7.0. The VYGF
characteristics are as follows: isoelectric point, 6.2; average
hydrophilicity, -1.5; hydrophilic residue, 0%; net charge, 0.0 at
pH = 7.0%. Figure 2a depicts the three-dimensional structure
of human ACE (PDB ID:1086). The structural diagrams of
GLLGY, HWP, and VYGF are presented in Figures 2c,d,e,
respectively. GLLGY was bound to 9 ACE residues to form
hydrogen bonds: Thr282, 2.2 A; Ser284, 2.2 A; His353, 2.3 A;
Glu376, 2.2 A; Glu4l1, 2.5 A; Gly414, 2.7 A; Asp415, 2.1 A and
2.2 A;and His513, 2.2 A (Figure 2f, hydrogen bond distance not
marked). HWP was bound to 11 ACE residues to form hydrogen
bonds: Ala356, 1.9 A, 2.1 A, and 3.4 A; Asp358, 2.6 A; His383,
2.6 A; Glu384, 2.4 A; His387, 2.4 A; Glu403, 2.6 A; Glu4l1, 3.3
A and 3.4 A; and Tyr523, 1.8 A (Figure 2g, hydrogen bond
distance not marked). VYGF was bound to 6 ACE residues to
form hydrogen bonds: Thr166, 2.0 A; Asn277,2.5 A; GIn281, 2.7
A; Thr282, 2.1 A; His353, 2.4 A; and Tyr523, 2.3 A (Figure 2h,
hydrogen bond distance not marked). The binding free energies
of GLLGY, HWP, and VYGF were -9.0, -8.4, and -9.2 kcal/mol,
respectively.

Molecular docking of pancreatic lipase

Figure 2b depicts the three-dimensional structure of
PDB ID:1ETH. Molecular docking was used to simulate the
interaction between HWP and porcine pancreatic lipase. The
binding free energy of HWP was -7.3 kcal/mol. HWP was
bound to the bottom of the pocket and had hydrogen bond
interactions with 9 residues of pancreatic lipase: Asn329, 2.3
A; Thr330, 3.5 A; Arg338, 2.5A; Arg340, 2.5 A; Tyr370, 2.8 A;
Asp388, 1.9 A, 2.5 A, and 3.5 A; and Asp390, 2.6 A (Figure 2i,
hydrogen bond distance not marked).

Enzyme inhibition kinetics

Kinetics of angiotensin-converting enzyme
inhibition

Enzyme kinetic studies showed that GLLGY, HWP, and
VYGF were competitive inhibitors of ACE (Figures 3A,B,C).
Vmax remained unchanged and Km increased. The calculated
inhibitory binding constants (Ki) of GLLGY, HWP, and VYGF
were 1.573, 1.340, and 0.933 mM, respectively. Ki is an

3 https://pepcalc.com/
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FIGURE 2

Binding of oligopeptides to human ACE and porcine pancreatic lipase. Three-dimensional structures of (a) human ACE and (b) porcine
pancreatic lipase. Structural diagrams of (c) GLLGY peptide, (d) HWP peptide, and (e) VYGF peptide. A visual interaction diagram of (f) GLLGY,
(g) HWP, and (h) VYGF with ACE. (i) A visual interaction diagram of HWP with pancreatic lipase. The yellow dotted lines indicate hydrogen bonds.

indicator that defines the binding (affinity) ability of inhibitors digestion was 52.570%, and after GI digestion was reduced to
to enzymes to form enzyme-inhibitor complexes, and a lower 51.271%. The inhibition rate of HWP against ACE without
Ki value indicates a higher affinity. GLLGY, HWP, and VYGF GI digestion was 57.020%, after gastric digestion was 54.391%,
compete with the substrate for the ACE active center and and after GI digestion was reduced to 53.631%. The inhibition
form a reversible enzyme-inhibitor complex with ACE, thereby rate of VYGF against ACE without GI digestion was 54.757%,
preventing the substrate from binding to the enzyme (16). after gastric digestion was 50.922%, and after GI digestion was
reduced to 49.064%. After in vitro simulation of GI digestion,
Kinetics of pancreatic lipase inhibition GLLGY, HWP, and VYGF decreased the ACE activity slightly.
Enzyme kinetic studies revealed that HWP was a non- The inhibitory effect of GDS and GIDS on ACE did not change
competitive inhibitor of pancreatic lipase (Figure 3D). Vmax significantly, and the oligopeptides GLLGY, HWP, and VYGF
decreased and Km remained unchanged. The calculated continued to inhibit ACE after GI digestion.

inhibitory binding constant (Ki) of HWP was 2.583 mM. pNPB
and HWP bind at different sites of pancreatic lipase, which
reduces the pancreatic lipase activity (26). Effect of simulated Gl digestion on pancreatic
lipase activity
As shown in Figure 3F, the inhibition rate of HWP against

Oligopeptides simulated pancreatic lipase without GI digestion was 21.451%, after gastric

gastrointestinal digestive activity digestion was 19.887%, and after GI digestion was reduced

to 18.353%. After in vitro GI simulation, HWP decreased the

Effect of simulated gastrointestinal digestion pancreatic lipase activity lightly. The inhibitory effect of GDS

on angiotensin-converting enzyme activity and GIDS on pancreatic lipase did not change significantly, and

As shown in Figure 3E, the inhibition rate of GLLGY the oligopeptide GLLGY continued to inhibit pancreatic lipase
against ACE without GI digestion was 55.800%, after gastric after GI digestion.
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FIGURE 3

Lineweaver—Burk plots of ACE-catalyzed reactions in the presence of (A) GLLGY, (B) HWP, and (C) VYGF. Lineweaver—Burk plots of pancreatic
lipase-catalyzed reactions in the presence of (D) HWP. Each dot represents a mean of three independent experiments conducted in triplicates.
Effect of simulated Gl digestion on (E) ACE activity and (F) pancreatic lipase activity. The small letters represent the significant difference

p < 0.05.

TABLE 1 Toxicity studies (in-silico) of oligopeptides GLLGY, HWP, and VYGF.

Descriptors GLLGY predicted value  HWP predicted value =~ VYGEF predicted value Unit

AMES toxicity No No No Categorical (Yes/No)
Max. tolerated dose (human) 0.662 0.138 0.552 Numeric (log mg/kg/day)
hERG I inhibitor No No No Categorical (Yes/No)
hERG II inhibitor No No No Categorical (Yes/No)
Oral Rat Acute Toxicity 2.308 1.969 2.612 Numeric (mol/kg)
(LD50)

Oral Rat Chronic Toxicity 3.726 2.451 3.776 Numeric (log mg/kg_bw/day)
(LOAEL)

Hepatotoxicity Yes Yes Yes Categorical (Yes/No)
Skin Sensitisation No No No Categorical (Yes/No)
T. Pyriformis toxicity 0.285 0.285 0.285 Numeric (log ug/L)
Minnow toxicity 5.934 4 5.464 Numeric (log mM)

Toxicity studies (in silico) of
oligopeptides

On the pkCSM website, AMES toxicity shows that the
three oligopeptides do not cause cancer and are not hERG
I/IT inhibitors. The maximum tolerated dose of < 0.477
log (mg/kg/day) is considered low and that of >0.477 log
(mg/kg/day) is considered high. The dose of HWP was
considered low, whereas that of GLLGY and VYGF was
considered high. Tetrahymena pyriformis is a protozoan
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bacterium whose toxicity is often used as a toxic endpoint. The
T. pyriformis toxicity value of > -0.5 log pg/L is considered
toxic. The toxicity of the oligopeptides GLLGY, HWP, and
VYGF was > -0.5 log jug/L. The lethal concentration (LC50)
value represents the concentration of a molecule necessary to
cause the death of 50% of the fathead minnows. LC50 values of
<0.5 mM (log LC50 <-0.3) represent high acute toxicity. The
LC50 values of GLLGY, HWP, and VYGF were >0.5 mM. The
three oligopeptides were regarded as of low toxicity because the
toxicity was likely associated with the disrupted function of the
liver. These oligopeptides did not cause skin sensitization. Thus,
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these three oligopeptides were concluded to be of low toxicity
(Table 1).

Discussion

According to the report of Dong Wei et al. (21), the ACE
(PDB ID: 1086) active site is mainly composed of three active
pockets and Zn?*, which contain Ala354, Glu384, Tyr523,
GIn281, His353, Lys511, His513, Tyr520, and Glul62 residues.
GLLGY, HWP, and VYGF are docked with ACE. GLLGY
formed 9 hydrogen bonds with the ACE residues Thr282,
Ser284, His353, Glu376, Glu4l11, Gly414, Asp415, and His513
to produce 9 hydrogen bonds (Figure 2f). HWP formed 11
hydrogen bonds with the ACE residues Ala356, Asp358, Glu384,
His383, His387, Glu403, Glu411, and Tyr523 (Figure 2g). VYGF
formed 6 hydrogen bonds with the ACE residues Thrl66,
Asn277, Thr282, GIn281, His353, and Tyr523 (Figure 2h).

Dong Wei et al. found that the peptide PR inhibited ACE
activity in a competitive manner and formed 6 hydrogen bonds
with the ACE residues Asp415, Glu383, Glu384, Lys511, Tyr520,
and GIn281 (21). Mingyang Li et al. reported that RGLSK
formed 10 hydrogen bonds with the ACE residues Ala354,
Glu384, Tyr523, Glu376, Asp415, His383, and Glu4ll (27).
Compared with the docking of these peptides with ACE, it can
be found that they bind to S1 (Ala354, Glu384, and Tyr523)
and S2 (Ala354, Tyr523, and His353) active pockets and inactive
sites like these peptides. WG binds to the ACE residues Argl57,
Thr7, and Glul7 and does not bind to the ACE active sites;
therefore, it has a low inhibitory effect on ACE (8). In docking,
hydrogen bonds play a critical role in stabilizing complex
ligands and receptors. Hydrogen bonds formed enhance the
interaction between the polypeptide and ACE, thus leading to
strong ACE inhibition (28). According to the enzyme inhibition
kinetics experiment, GLLGY, HWP and VYGF were competitive
inhibitors (Figures 3A,B,C) that competed with the substrate
and combined with the enzyme active site to inhibit ACE
activity, as observed through molecular docking (Figure 2).
GLLGY, HWP, and VYGF each contain two hydrophobic amino
acids, and the strong inhibition by the polypeptide may be
related to the presence of these hydrophobic amino acids (29).

The main active sites of pancreatic lipase (PDB ID: 1ETH)
are Serl53, Aspl77, His264, Phe78, Ile79, His152, Phe216,
Trp253, and Arg257 (19). Sha Li et al. found that apigenin
interacted with the active center residues of pancreatic lipase
and competitively inhibited its activity, with an ICsy value of
0.45 4+ 0.03 mM (22). HWP interacted with the pancreatic lipase
residues Asn329, Thr330, Arg338, Arg340, Tyr370, Asp388,
and Asp390 to form 9 hydrogen bonds (Figure 2i); however,
these residues are not the active sites of pancreatic lipase.
According to the enzyme inhibition kinetics test, HWP is a non-
competitive inhibitor (Figure 3D), which may be the reason for
its low inhibition rate. The IC5y value of HWP was 8.988 mM
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(Figure 1C), which is far lower than the ICsy of apigenin.
However, HWP has two hydrophobic amino acids tryptophan
and proline, and non-polar residues play a crucial role in
establishing the interaction with lipophilic enzymes. Thus, this
may also be the reason for HWP’s high rate of pancreatic lipase
inhibition (8).

The inhibitory activities of oligopeptides GLLGY, HWP,
and VYGF after simulated GI digestion in vitro were not
considerably lower than those before digestion. Tausif Ahmed
(30) described the structural characteristics of bioactive peptides
and their stability in simulated GI digestion. Their research
showed that peptides resistant to in vitro GI digestion have
a shorter chain length, smaller molecular weight (23), lower
hydrophobicity, and higher positive net charge at pH 7.0. The
average chain length and molecular weight of peptides resistant
to in vitro GI digestion were 4.5 & 2.0 amino acid residues and
547.78 % 233.17 g/mol, respectively, and their net charges were
slightly positive. Peptides with a lower molecular weight may
possess fewer protease recognition and cleavage sites (30). The
oligopeptide GLLGY contains 5 amino acids, with a molecular
weight of 522.292 g/mol and net charge of 0.0 at pH = 7.0. The
oligopeptide HWP contains 3 amino acids, with a molecular
weight of 439.209 g/mol and net charge of 0.1 at pH = 7.0. The
oligopeptide VYGF contains 4 amino acids, with a molecular
weight of 485.241 g/mol and net charge of 0.0 at pH = 7.0, which
is similar to that of the reported stable peptide. This may be the
reason the oligopeptides GLLGY, HWP, and VYGF continued to
exhibit strong inhibitory activity in the simulated GI digestion
in vitro (Figures 3E,F). The three oligopeptides were predicted
to be low toxicity by the pkCSM website (Table 1).

Obesity is accompanied by chronic diseases such as
hypertension, hyperglycemia and coronary heart disease, which
affect human health (3). In the metabolism of dietary fat,
pancreatic lipase plays a major role to promote fat absorption
of small intestine, which leads to fat accumulates and obesity.
Therefore, it is an important recognized target for controlling
obesity (31). ACE converts the inactive protein angiotensin I
into an effective vasoconstrictor angiotensin II, which leads to
an increase in blood pressure (12). Myocardial infarction and
stroke that are significantly relative with higher blood pressure
are top mortality in the world (32). Hence, the inhibitors of
ACE and pancreatic lipase are very important to protect human
health and has been widely concerned by researchers.

Study showed that oligopeptides could inhibit pancreatic
lipase and ACE in vitro, and they had the same effect in vivo.
Luis Jorge coronado-c 4 Ceres et.al studied the inhibitory effect
of cocoa protein (CP) hydrolysate (CPH) on pancreatic lipase,
and found that cocoa peptides EEQR, GGER QTGVQ and
VSTDVNIE had inhibitory effect on pancreatic lipase. The
ICso of CP hydrolysate was 1.38 mg/mL. In vivo experiments,
compared with the high-fat diet group, the high-fat diet and
CP group significantly reduced the apparent absorption rate
of fat (33). Li Peng et.al. researched on the inhibitory effect

frontiersin.org


https://doi.org/10.3389/fnut.2022.1010005
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Hu et al.

of pistachio hydrolysate on ACE and found that the ICs of
oligopeptide ACKEP on ACE was 126 WM. Four hours after oral
administration in mice, the pepsin-trypsin hydrolysate (Pe-Tr-
H) can reduce systolic blood pressure (SBP) by about 22 mmHg
and diastolic blood pressure (DBP) by about 16 mmHg in vivo
(34). Our oligopeptides had the ability to inhibit ACE and
pancreatic lipase in vitro, furthermore, they had anti digestion
ability. It is preliminarily inferred that they might have an
inhibitory effect in vivo and promote human health. The
oligopeptides extracted from fermented rice bran are worthy to
be investigated the effect in vivo and application in further.

Conclusion

The biological activity of better peptide components was
determined in vitro. The 1Csy of GLLGY, HWP, and VYGF
for ACE inhibition was 1 mg/mL and that of HWP for
pancreatic lipase was 3.95 mg/mL. Molecular docking results
showed that 9, 11, and 6 hydrogen bonds were present
between GLLGY, HWP, and VYGF and ACE, respectively. Nine
hydrogen bonds were present between HWP and pancreatic
lipase. GLLGY, HWP, and VYGF competitively inhibited ACE,
and HWP non-competitively inhibited pancreatic lipase. The
oligopeptides GLLGY, HWP, and VYGF continued to exhibit
strong inhibitory activity during simulated GI digestive activity.
Three oligopeptides are low toxicity. The oligopeptides extracted
from fermented rice bran have great prospective application for
protect human health.

Data availability statement

The original contributions presented in this study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding authors.

References

1. Mendoza-Sanchez M, Pérez-Ramirez IF, Wall-Medrano A, Martinez-Gonzalez
A, Gallegos-Corona MA, Reynoso-Camacho R. Chemically induced common
bean (Phaseolus vulgaris L.) sprouts ameliorate dyslipidemia by lipid intestinal
absorption inhibition. J Funct Foods. (2019) 52:54-62. doi: 10.1016/j.jff.2018.1
0.032

2. McDougall GJ, Kulkarni NN, Stewart D. Berry polyphenols inhibit pancreatic
lipase activity in vitro. Food Chem. (2009) 115:193-9. doi: 10.1016/j.foodchem.2008.
11.093

3.LiR, Xue Z, Jia Y, Wang Y, Li S, Zhou J, et al. Polysaccharides from mulberry
(Morus alba L.) leaf prevents obesity by inhibiting pancreatic lipase in high-fat
diet induced mice. Int ] Biol Macromol. (2021) 192:452-60. doi: 10.1016/j.ijbiomac.
2021.10.010

4. Anigboro AA, Avwioroko O], Akeghware O, Tonukari NJ. Anti-obesity,
antioxidant and in silico evaluation of Justicia carnea bioactive compounds as

Frontiers in Nutrition

08

10.3389/fnut.2022.1010005

Author contributions

JH: conceptualization and  writing—original  draft
preparation. HW: data curation and resources. NW:
visualization and investigation. TW: supervision. XT:

methodology. JL: software and validation. ML: writing—
review and editing. SW: funding acquisition and project
administration. All authors contributed to the article and
approved the submitted version.

Funding

This study was supported by the National Natural
Science Foundation of China (Grant no. 32172154); 521
Program Grant no. LYG06521202107; The Priority Academic
Program Development of Jiangsu Higher Education Institutions
(PAPD), and The Research & Practice Innovation Program of
Jiangsu (SJCX20_1321).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

potential inhibitors of an enzyme linked with obesity: insights from kinetics, semi-
empirical quantum mechanics and molecular docking analysis. Biophys Chem.
(2021) 274:106607. doi: 10.1016/j.bpc.2021.106607

5. Gonzélez-Noriega JA, Valenzuela-Melendres M, Hernandez-Mendoza A,
Astiazardn-Garcia H, Mazorra-Manzano MA, Pefia-Ramos EA. Hydrolysates and
peptide fractions from pork and chicken skin collagen as pancreatic lipase
inhibitors. Food Chem. (2022) 13:100247. doi: 10.1016/j.fochx.2022.100247

6. Birari RB, Bhutani KK. Pancreatic lipase inhibitors from natural sources:
unexplored potential. Drug Discov Today. (2007) 12:879-89. doi: 10.1016/j.drudis.
2007.07.024

7. Liu T-T, Liu X-T, Chen Q-X, Shi Y. Lipase inhibitors for obesity: a review.
Biomed Pharmacother. (2020) 128:110314. doi: 10.1016/j.biopha.2020.110314

8. Fu Y, Alashi AM, Young JF, Therkildsen M, Aluko RE. Enzyme inhibition
kinetics and molecular interactions of patatin peptides with angiotensin

frontiersin.org


https://doi.org/10.3389/fnut.2022.1010005
https://doi.org/10.1016/j.jff.2018.10.032
https://doi.org/10.1016/j.jff.2018.10.032
https://doi.org/10.1016/j.foodchem.2008.11.093
https://doi.org/10.1016/j.foodchem.2008.11.093
https://doi.org/10.1016/j.ijbiomac.2021.10.010
https://doi.org/10.1016/j.ijbiomac.2021.10.010
https://doi.org/10.1016/j.bpc.2021.106607
https://doi.org/10.1016/j.fochx.2022.100247
https://doi.org/10.1016/j.drudis.2007.07.024
https://doi.org/10.1016/j.drudis.2007.07.024
https://doi.org/10.1016/j.biopha.2020.110314
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Hu et al.

I-converting enzyme and renin. Int ] Biol Macromol. (2017) 101:207-13. doi: 10.
1016/j.ijbiomac.2017.03.054

9.Lu Y, Wu Y, Hou X, Lu Y, Meng H, Pei S, et al. Separation and identification
of ace inhibitory peptides from lizard fish proteins hydrolysates by metal affinity-
immobilized magnetic liposome. Protein Express Purif. (2022) 191:106027. doi:
10.1016/j.pep.2021.106027

10. Sahingil D, Gokce Y, Celikbicak O, Hayaloglu AA. Ace-Inhibitory activities
of peptide fractions (<3 kda) and identification of peptide sequence by maldi-tof-
ms in model cheeses incorporating different Lactobacillus species. ] Food Composit
Anal. (2022) 110:104579. doi: 10.1016/j.jfca.2022.104579

11.Cao M, Li W, Li H, Zhang J, Liu Y, Liu X. Antioxidant and ace
inhibitory activities of peptides prepared from adzuki bean by semi-solid enzymatic
hydrolysis. Food Biosci. (2022) 47:101620. doi: 10.1016/j.bi0.2022.101620

12. Chakraborty R, Roy S. Angiotensin-converting enzyme inhibitors from
plants: a review of their diversity, modes of action, prospects, and concerns in
the management of diabetes-centric complications. J Integr Med. (2021) 19:478-92.
doi: 10.1016/j.joim.2021.09.006

13. M V, Wang K. Dietary natural products as a potential inhibitor towards
advanced glycation end products and hyperglycemic complications: a phytotherapy
approaches. Biomed Pharmacother. (2021) 144:112336. doi: 10.1016/j.biopha.2021.
112336

14. Ning C, Jiao Y, Wang J, Li W, Zhou J, Lee Y-C, et al. Recent advances in
the managements of type 2 diabetes mellitus and natural hypoglycemic substances.
Food Sci Hum Wellness. (2022) 11:1121-33. doi: 10.1016/j.fshw.2022.04.004

15. Chan Y, Ng SW, Tan JZX, Gupta G, Negi P, Thangavelu L, et al.
Natural products in the management of obesity: fundamental mechanisms and
pharmacotherapy. South Afr J Bot. (2021) 143:176-97. doi: 10.1016/j.sajb.2021.0
7.026

16. Urbizo-Reyes U, Liceaga AM, Reddivari L, Kim K-H, Anderson JM. Enzyme
kinetics, molecular docking, and in silico characterization of canary seed (Phalaris
canariensis L.) peptides with ace and pancreatic lipase inhibitory activity. J Funct
Foods. (2022) 88:104892. doi: 10.1016/j.jff.2021.104892

17. Zhang Y, He S, Rui X, Simpson BK. Interactions of C. frondosa-derived
inhibitory peptides against angiotensin I-converting enzyme (Ace), A-amylase
and lipase. Food Chem. (2022) 367:130695. doi: 10.1016/j.foodchem.2021.13
0695

18. Boye JI, Roufik S, Pesta N, Barbana C. Angiotensin I-converting enzyme
inhibitory properties and Sds-page of red lentil protein hydrolysates. LWT Food
Sci Technol. (2010) 43:987-91. doi: 10.1016/j.lwt.2010.01.014

19. Mudgil P, Baba WN, Kamal H, FitzGerald R], Hassan HM, Ayoub MA,
et al. A comparative investigation into novel cholesterol esterase and pancreatic
lipase inhibitory peptides from cow and camel casein hydrolysates generated upon
enzymatic hydrolysis and in-vitro digestion. Food Chem. (2022) 367:130661. doi:
10.1016/j.foodchem.2021.130661

20. Lai XDT, Hu J, Chen D, Lyu M, Wang S. Optimization of inhibition of a-
glucosidase by rice bran fermentation products. Sci Technol Food Indust. (2021)
42:128-34. doi: 10.13386/j.issn1002-0306.2020040183

21. Wei D, Fan W-1, Xu Y. Identification of water-soluble peptides in distilled
spent grain and its angiotensin converting enzyme (Ace) inhibitory activity based

Frontiers in Nutrition

09

10.3389/fnut.2022.1010005

on Uple-Q-Tof-Ms and proteomics analysis. Food Chem. (2021) 353:129521. doi:
10.1016/j.foodchem.2021.129521

22.Li S, Hu X, Pan J, Gong D, Zhang G. Mechanistic insights into the inhibition
of pancreatic lipase by apigenin: inhibitory interaction, conformational change and
molecular docking studies. ] Mol Lig. (2021) 335:116505. doi: 10.1016/j.molliq.
2021.116505

23. You L, Zhao M, Regenstein JM, Ren J. Changes in the antioxidant activity
of loach (Misgurnus anguillicaudatus) protein hydrolysates during a simulated
gastrointestinal digestion. Food Chem. (2010) 120:810-6. doi: 10.1016/j.foodchem.
2009.11.018

24. Singh AK, Rana HK, Singh V, Chand Yadav T, Varadwaj P, Pandey AK.
Evaluation of antidiabetic activity of dietary phenolic compound chlorogenic acid
in streptozotocin induced diabetic rats: molecular docking, molecular dynamics,
in silico toxicity, in vitro and in vivo studies. Comput Biol Med. (2021) 134:104462.
doi: 10.1016/j.compbiomed.2021.104462

25. Pires DE, Blundell TL, Ascher DB. PKCSM: predicting small-molecule
pharmacokinetic and toxicity properties using graph-based signatures. J Med
Chem. (2015) 58:4066-72. doi: 10.1021/acs.jmedchem.5b00104

26. Du X, Bai M, Huang Y, Jiang Z, Chen E, Ni H, et al. Inhibitory effect of
astaxanthin on pancreatic lipase with inhibition kinetics integrating molecular
docking simulation. ] Funct Foods. (2018) 48:551-7. doi: 10.1016/.j{f.2018.07.045

27.Li M, Fan W, Xu Y. Identification of angiotensin converting enzyme (Ace)
inhibitory and antioxidant peptides derived from pixian broad bean paste. LWT
Food Sci Technol. (2021) 151:112221. doi: 10.1016/j.1wt.2021.112221

28. Ren Y, Liang K, Jin Y, Zhang M, Chen Y, Wu H, et al. Identification and
characterization of two novel A-glucosidase inhibitory oligopeptides from hemp
(Cannabis sativa L.) seed protein. ] Funct Foods. (2016) 26:439-50. doi: 10.1016/j.
jff.2016.07.024

29. Betancur-Ancona D, Davila-Ortiz G, Chel-Guerrero LA, Torruco-Uco JG.
Ace-I inhibitory activity from Phaseolus lunatus and Phaseolus vulgaris peptide
fractions obtained by ultrafiltration. ] Med Food. (2015) 18:1247-54. doi: 10.1089/
jmf.2015.0007

30. Ahmed T, Sun X, Udenigwe CC. Role of structural properties of bioactive
peptides in their stability during simulated gastrointestinal digestion: a systematic
review. Trends Food Sci Technol. (2022) 120:265-73. doi: 10.1016/j.tifs.2022.01.008

31. Kumar A, Chauhan S. Pancreatic lipase inhibitors: the road voyaged and
successes. Life Sci. (2021) 271:119115. doi: 10.1016/j.1fs.2021.119115

32. Shah ASV, Lee KK, Pérez JAR, Campbell D, Astengo F, Logue J, et al. Clinical
burden, risk factor impact and outcomes following myocardial infarction and
stroke: a 25-year individual patient level linkage study. Lancet Reg Health Eur.
(2021) 7:100141. doi: 10.1016/j.Janepe.2021.100141

33. Coronado-Ciceres L], Rabadan-Chavez G, Mojica L, Hernandez-Ledesma B,
Quevedo-Corona L, Lugo Cervantes E. Cocoa (Theobroma cacao L.) seed proteins’
anti-obesity potential through lipase inhibition using in silico, in vitro and in vivo
models. Foods. (2020) 9:1359. doi: 10.3390/foods9101359

34. Li P, Jia J, Fang M, Zhang L, Guo M, Xie J, et al. In vitro and in vivo ace
inhibitory of pistachio hydrolysates and in silico mechanism of identified peptide
binding with ace. Process Biochem. (2014) 49:898-904. doi: 10.1016/j.procbio.2014.
02.00

frontiersin.org


https://doi.org/10.3389/fnut.2022.1010005
https://doi.org/10.1016/j.ijbiomac.2017.03.054
https://doi.org/10.1016/j.ijbiomac.2017.03.054
https://doi.org/10.1016/j.pep.2021.106027
https://doi.org/10.1016/j.pep.2021.106027
https://doi.org/10.1016/j.jfca.2022.104579
https://doi.org/10.1016/j.fbio.2022.101620
https://doi.org/10.1016/j.joim.2021.09.006
https://doi.org/10.1016/j.biopha.2021.112336
https://doi.org/10.1016/j.biopha.2021.112336
https://doi.org/10.1016/j.fshw.2022.04.004
https://doi.org/10.1016/j.sajb.2021.07.026
https://doi.org/10.1016/j.sajb.2021.07.026
https://doi.org/10.1016/j.jff.2021.104892
https://doi.org/10.1016/j.foodchem.2021.130695
https://doi.org/10.1016/j.foodchem.2021.130695
https://doi.org/10.1016/j.lwt.2010.01.014
https://doi.org/10.1016/j.foodchem.2021.130661
https://doi.org/10.1016/j.foodchem.2021.130661
https://doi.org/10.13386/j.issn1002-0306.2020040183
https://doi.org/10.1016/j.foodchem.2021.129521
https://doi.org/10.1016/j.foodchem.2021.129521
https://doi.org/10.1016/j.molliq.2021.116505
https://doi.org/10.1016/j.molliq.2021.116505
https://doi.org/10.1016/j.foodchem.2009.11.018
https://doi.org/10.1016/j.foodchem.2009.11.018
https://doi.org/10.1016/j.compbiomed.2021.104462
https://doi.org/10.1021/acs.jmedchem.5b00104
https://doi.org/10.1016/j.jff.2018.07.045
https://doi.org/10.1016/j.lwt.2021.112221
https://doi.org/10.1016/j.jff.2016.07.024
https://doi.org/10.1016/j.jff.2016.07.024
https://doi.org/10.1089/jmf.2015.0007
https://doi.org/10.1089/jmf.2015.0007
https://doi.org/10.1016/j.tifs.2022.01.008
https://doi.org/10.1016/j.lfs.2021.119115
https://doi.org/10.1016/j.lanepe.2021.100141
https://doi.org/10.3390/foods9101359
https://doi.org/10.1016/j.procbio.2014.02.00
https://doi.org/10.1016/j.procbio.2014.02.00
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

	Novel angiotensin-converting enzyme and pancreatic lipase oligopeptide inhibitors from fermented rice bran
	Introduction
	Materials and methods
	Materials
	Obtaining bioactive peptides
	Determination of angiotensin-converting enzyme inhibitory activity of peptides
	Determination of pancreatic lipase inhibitory activity of peptides
	Molecular docking
	Inhibitory kinetic analysis
	In vitro simulated gastrointestinal digestion
	Toxicity studies (in silico)
	Statistical analysis

	Results
	Inhibitory activity in vitro
	ACE inhibitory activity in vitro
	Pancreatic lipase inhibitory activity in vitro

	Molecular docking
	Molecular docking of angiotensin-converting enzyme
	Molecular docking of pancreatic lipase

	Enzyme inhibition kinetics
	Kinetics of angiotensin-converting enzyme inhibition
	Kinetics of pancreatic lipase inhibition

	Oligopeptides simulated gastrointestinal digestive activity
	Effect of simulated gastrointestinal digestion on angiotensin-converting enzyme activity
	Effect of simulated GI digestion on pancreatic lipase activity

	Toxicity studies (in silico) of oligopeptides

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


