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Abstract

Background: Many natural peptide compounds have inhibitory effects on the angiotensin converting enzyme (ACE), effective in the
treatment of cardiovascular disease and reducing mortality in patients with Covid-19.

Aim of the study: This study aims to use one of these peptides as a template to achieve a new enzyme inhibitor with the help of
bioinformatics servers.

Materials and Methods: A new inhibitory compound for the ACE enzyme was introduced by modeling a series of peptide compounds
with the help of the ZINC15 server. Then, toxicity prediction of the compound was investigated by SWISS-ADME. Molecular docking with
ACE were evaluated using MVD and Auto Dock-Vina and their interactions were mapped using Discovery Studio and Ligplot.

Results: This introduced compound has proper binding energy and due to appropriate interactions with amino acids of the enzyme active
site, non-toxicity in the nervous system, cardiovascular, liver, and skin sensitivity and following Lipinski's rules probably acts as an
Effective inhibitory enzyme ligand.

Conclusions: This new compound could be used as a new and safer option with low side effects and appropriate efficacy for controlling
blood pressure in the treatment of patients with cardiovascular diseases, as well as decreasing mortality in patients with Covid-19 with
hypertension.
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Introduction

Biologically active peptides are compounds with different arrangements of natural amino acids that have different biological
functions with multifunctional properties including antioxidant activities, immune activators, hormone modulators,
antibacterials, anti-thrombosis, anti-viral and anti-hypertensive(1). In addition, these peptides are potential candidates for the
production of functional peptide drugs and functional food additives due to their high food safety and bioavailability (2). The
World Health Organization estimates that cardiovascular disease kills more than 17.5 million people a year. One of the
important characteristics of cardiovascular diseases is high blood pressure, the control of which is the main goal for the
prevention and treatment of cardiovascular diseases (3). New findings show that a significant number of patients with severe
infection or death from Covid-19 have high blood pressure or cardiovascular diseases, which is often treated with ACE
inhibitors(4-5). Antihypertensive drugs such as captopril and enalapril are restricted due to side effects such as cough, skin
rash, and headache(6). Therefore, due to the importance of cardiovascular problems, some new and safer options such as
active food-derived peptides are needed. Recently, significant progress has been made in identifying and screening food
components that have a positive effect on cardiovascular health(7), and angiotensin-converting enzyme (ACE) inhibitory
peptides derived from a variety of dietary sources, including animal and plant proteins such as soy, wheat, and corn (8), have
been shown to have high antihypertensive activity (' 9). Previously, the hypotensive activity of peptides was determined in
vitro by measuring the inhibitory activity of ACE, a dipeptidyl carboxypeptidase located on cell membranes that can disrupt
the balance between the two hormonal systems regulating blood pressure and fluid balance and make a lot of damage (10-8).
ACE is a glycoprotein responsible for high blood pressure, which is a zinc-dependent metalloprotease enzyme (zinc).
Angiotensin | converting enzyme plays an important role in regulating blood pressure by catalyzing the conversion of
inactivated angiotensin | to angiotensin Il, a potential vasoconstrictor, and inactivating bradykinin, a potential vasodilator.
Therefore, the best mechanism for decreasing blood pressure is the effect of ACE inhibitors (11). In addition, food-induced
antihypertensive peptides do not cause any toxicity or side effects in patients with hypertension (12). Isolation and
purification of antihypertensive peptides from dietary proteins provides a new pathway for the production of natural
antihypertensive drugs, based on which new drugs can be designed. According to statistics from the Biopep site, 359 peptides
with ACE inhibitory activity have been identified so far. On the other hand, the type of amino acids at the C and N terminals
have a very important effect on ACE inhibitors. Hydrophobic amino acids, especially those with aliphatic side chains such as
Lys and Val, are characteristic of the N-peptide terminal, and cyclic or aromatic amino acids such as Tyr, Pro, and Trp at the
C-terminal are termed ACE inhibitors. Many dietary protein-derived peptides contain proline at their C-terminals. This rule
applies mainly to short peptides. The presence of proline at the C-terminus of the peptide, together with the presence of
aliphatic amino acids with branched side chains at the N-terminus, affects ACE inhibitory activity. Observations on the effect
of physicochemical properties of C and N-terminal amino acids on peptide bioactivity were consistent with previous research
(13-14) and studies have reported that highly active peptides should consist of a large hydrophobic aromatic amino acid with
a polar functional group at the C terminal, which led to the identification of some structural features for ACE inhibitory
tripeptides (14). In the case of tripeptides, the first residue is usually aromatic, the second residue is a positively charged
amino acid, and the third amino acid (C terminal) is hydrophobic (13). The present study aims to design a new inhibitor for
ACE enzyme based on isoleucine-glutamine-proline tripeptide and their physicochemical and pharmacological properties are
investigated using bioinformatics software.

Material and method
Preparation of ACE enzyme files and ligand design

First, the PDB structure (three-dimensional structure) of ACE enzyme combination with access code (1086) was obtained
from the RCSB database. Then, a tripeptide consisting of amino acids with aromatic and positively charged and hydrophobic
groups, designed with Pymol software, was inserted into the ZINC15 database and used as a leader template to desigh new
inhibitory ligands to inhibit the desired ACE enzyme (Fig. 1).

ADME prediction (absorption, distribution, metabolism and excretion)

Pharmacodynamic analysis of a proposed molecule that can be used as a drug is important. SWISS-ADME is a website
(https://www.swissadme.ch) that allows the user to draw the relevant drug ligand or molecule, or by including SMILES data,
parameters such as lipophilicity (iLOGP, XLOGP3, SLOGP, MLOGP, SL , LogPO0 / w), water solubility LogS (ESOL, Ali,
SILICOS-IT), drug similarity rules (Lipinski, Ghose Veber, Egan and Muegge) and medicinal chemistry (PAINS, Brenk,
Leadlikeness, Synthetic accessibility) Put analysis (16). SMILES ligand data prepared are available via PubChem (17-18).

Toxicity prediction
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Toxicological prediction of small molecules due to prediction the tolerance of those molecules before consumption in human
models is essencial. pkCSM is an online database in which the information of the studied compound is analyzed by plotting
the composition of the compound or by entering the SMILES formula into it. This website can provide details of toxicological
effects in the areas of AMES toxicity, maximum human tolerance dose, hERG-I inhibitor, hERG-II inhibitor, LD50, LOAEL,
hepatotoxicity, skin toxicity, T. pyriformis toxicity and Minnow toxicity. In this study, SMILES related to inhibitory ligand
were analyzed using a website (19).

Docking process

The PBD file of the ACE inhibitor protein ligands was designed and the ACE receptor entered the MOLEGRO VIRTUAL
DOCKER (MVD) software as well as the CB-DOCK server. Before the docking process, the necessary preparations were
made to correct the protein errors. For this purpose, first, in the molecular preparation stage, a state is selected in which the
bonds, the orientation of the hydrogen bonds, the charges as well as the flexible bonds are identified in the ligand, and then
the errors of its residues are identified, eliminated and optimized. Next, we need to find the holes in the protein structure and
determine which parts of the protein are most likely to interact between the ligand and the protein. After performing these
preparations and selecting the ligands, the SCORING mode is set to MolDock scoring (GRID) mode and the connection
location is selected based on the holes. Then, select the algorithm based on Mol Dock SE, by choosing the number of runs, the
docking process begins. From the designed ligands, the ligand with the highest negative energy in both docking software was
selected and used to investigate the interaction with the ACE receptor. In addition, the amino acids involved in this interaction
were identified and images of these interactions were obtained using Discovery Studio software.

Result

Results of ACE enzyme files and ligand design

At this stage, based on a tripeptide designed for the ACE protein that was selected as the template (Fig. 1), a virtual search
was performed in the ZINC15 database to find new ligands. Then, the SDF or MOL2 file of the obtained inhibitory ligands
was prepared based on this pattern (Fig. 1) from this database (15).
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Fig. 1. Inhibitory ligand selected from several ligands based on the tripeptide proteins.

Results of drug similarity prediction

At this stage, with the help of Molsoft server and from the Molecular Properties and Drug-likeness section, the
pharmacological similarity of the inhibitory ligand compound was investigated, and it was found that this compound is in the
range of compounds with medicinal properties (Fig. 2).

Drug-likeness model score: -0.29

Drugs
—— Non—-drugs

— Your

-6.00 -4 .00 -2.00 0.00 2.00 4 .00 6.00

Fig. 2. Diagram related to the drug similarity of the designed ligand (the red line indicates that the ligand is
in the range of drug compounds)
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Toxicity prediction results

The results of the predicted toxicity in the PKCSM server showed that the examined ligand was free of AMES toxicity;
Because the maximum tolerated dose of this compound in humans is about (075 mg/kg/day), it also does not inhibit hERG-I
and hERG-II. Although some drugs are usually found to have some hepatotoxicity, bioinformatics studies have shown that the
compound is non-hepatotoxic and does not cause skin allergies. During the study process, the molecular and genetic toxicity
of the inhibitory ligand was determined using Lazar Toxicity Prediction software. The results of the prediction showed that
the ligand composition lacked mutagenic and carcinogenic properties. Evaluation of hepatic, renal, neurological and
cardiovascular toxicity was performed through way2drug server that the inhibitory ligand composition was free of
cardiovascular toxicity and neurotoxicity. The combination of the inhibitory ligand with 9 rotatable bonds and 6 acceptor
groups and 5 hydrogen donor groups has favorable conditions based on Lipinski multiple criteria for drugs and follows
Lipinski's rules.

ADME Prediction Results (Absorption, Distribution, Metabolism and Excretion)

After checking the prediction of inhibitory ligand composition by ADME using Pkcsm and SWISSADME databases, the
following results were obtained (Table 1). The physiological characteristics of this compound are 25 heavy atoms, 6 hydrogen
bond recipients, 5 hydrogen bond donors. The values related to the lipophilicity of the molecule are equal to (-0.86) PO/W. Its
calculated solubility in water was 2.095, based on which is categorized in highly soluble compounds. Predicted
pharmacokinetic data indicate gastrointestinal (GI) absorption. Studies have also demonstrated that this inhibitory compound
is not inhibited by cytochromes CYP1A2, CYP2C19, CYP2C9, CYP2D6 and CYP3A4. This combination fully follows
Lipinski's rules and also has an achievable score of 0.55 based on drug rating rules such as Ghose, Veber, Egan, Muegge. The
compound in question has a molecular weight of 35/228 (less than 500) (Table 1) and has the total polar surface area (TPSA)

Table 1. In silico docking results of the ligands and ACE enzyme

i indi binding hydrogen
g e bmd(ll\r;lgvg])ergy ensrdy '\/Iv?lleeimrj:tar LogP | Log$S bt%‘érﬁgﬁ';, bond Rotatable bond
properties (Auto dock vinna) g acceptor
Ligand -88.883 -7 358.22 406 | -0.64 5 6 g
of 3.89.

Receptor stability
The stability of ACE enzyme was evaluated by 1UPred2 server and the diagram related to this evaluation showed that the
protein has good stability, especially in the regions of inhibitory ligand binding (Fig. 3).
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Fig. 3. Receptor stability evaluation by IUPred2 software

Docking results

To perform the docking process, the main ligand of the ACE protein was removed. Then, the ligand designed with the protein
was docked with MVD software, and data on binding energy changes, ligand interactions including hydrogen bonds, and ester
interactions obtained by MVD and Discovery Studio software were displayed. The docking process was also performed with
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the CB-DOCK server, which is based on Autodac Vienna software. The results of these studies indicated that the studied
derivatives can inhibit or change the function of the enzyme by binding to a part of the ACE protein. The binding energy
results of the inhibitory ligand with ACE of host cells by (-88-883 KJ/mol) MVD and (-7 KJ/mol) CB-DOCK indicate high
binding power between inhibitory ligand obtained with ACE protein (Table 2). The results of molecular docking also
displayed that the non-polar parts of the designed inhibitory ligand composition mainly had hydrogen interaction with parts of
the ACE protein containing the amino acids His353, His513 and Tyr523. Moreover, ester interactions have been established
with the amino acids Ser355, Ala354, Phe512, His513, His383, Tyr523, His353, Ala354, and electrostatic interactions with
the amino acids Glu411, Asp415, His383 (Fig. 4).
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Figure. 4. Interaction of inhibitory ligand with ACE receptor by various bioinformatics software
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Discussion and conclusion

The results of this study showed that the designed compound in this study could probably play a role in improving the
symptoms of cardiovascular disease by reducing the normal structural function of this enzyme or inhibiting it, as well as
reducing mortality in patients with Covid-19.

Standard processes for finding active compounds against a biological target are possible by testing thousands or millions of
small molecules (ligands) (20). Although these methods are very useful, they require a lot of laboratory materials and also
take much time. Because of this, molecular bonding simulation is now a computer program that can replace the old methods
mentioned. Computer methods that dock small molecules into the structure of a protein target molecule and rate the degree to
which the ligand pairs with the known active site have been nominated to introduce and optimize selected compounds (21).
With these series of computer programs, the correct ligand and receptor conformer is determined. In recent years, many
inhibitory compounds have been obtained from plant and animal sources that have played a role in the process of preventing
many diseases with minimal side effects (22-23). In the present study, using information from various articles and the role of
the presence of specific amino acids in the composition of inhibitory peptides to inhibit the ACE enzyme, selected several key
amino acids to design an inhibitory tripeptide as a leader combination for virtual search in databases such as ZINC15 and
others. By designing the desired tripeptide through Pimol software, a virtual search was performed to find new ligands, and
through this, some ligands were obtained for the docking process with the ACE enzyme. Since the ACE enzyme converts a
dipeptide from the carboxylic terminal of angiotensin I to angiotensin Il, which is a major factor in the induction of blood
pressure (24), the carboxy terminal amino acids of inhibitory peptides play a key role in this (25-26). The presence of
aromatic amino acids at the carboxylic end of inhibitory peptides play an important role in their inhibitory process (27). Also,
according to other studies, the presence of some branched aliphatic amino acids at the amino-terminal of these peptides
contributes to their inhibitory process (28). Based on this evidence, it can be argued that the type and position of amino acids
in the structure of inhibitory peptides can play a key role in designing an ideal inhibitory peptide. For this purpose, by
selecting three amino acids from this category of amino acids, we designed an inhibitory tripeptide. After obtaining a more
favorable ligand from docking results, we studied its biochemical and biophysical properties with the help of various
softwares and this compound has no liver toxicity as well as skin allergies. The results of predicting the risk of genetic and
cytotoxicity of the designed compound using Lazar Toxicity Prediction software showed that the ligan lacks mutagenic and
carcinogenic properties. Renal, neurological and cardiovascular toxicity was also assessed through the way2drug server,
which has no inhibitory ligand combination without cardiovascular and neurotoxicity.

Predictability of drug uptake and similarity based on molecular weight (M.W) and number of donor atoms (HBD) and
acceptor (HBA) of hydrogen bond are examined (29). According to this rule, compounds with HBD of less than 5, HBA of
less than 10, and a molecular mass of less than 500 have quasi-pharmacological properties (Table 1), and Verdonk reported in
2003 that the number of rotational bonds (RF) of pharmaceutical compounds should be less than 3 (30). This inhibitory ligand
compound with 9 rotatable bonds, 6 acceptor groups, 5 hydrogen donor groups and a molecular weight of 358.22, has
favorable conditions based on Lipinski's multiple criteria for drugs and follows Lipinski's rules. Hydrophobicity of
compounds based on Logp is shown to be the coefficient of fractionation of octanol into water, which according to Lipinski's
rules should be less than 5 (31). The amount of Logs of compounds with high solubility is higher than zero and the amount of
less than -10 indicates the insolubility of the substance and the range of Logs of about 95% of drugs is between 6- to 0.5 (31-
33). Its solubility in water has been calculated in ESOL (-0.37) and Ali (-0.30) and SILICOS-IT (-0.26) states that this
categorizes into soluble compounds (16).

In this study, it was shown that none of the cytochromes CYP1A2, CYP2C19, CYP2C9, CYP2D6 and CYP3A4 have the
ability to inhibit the designed ligand. The results of molecular docking showed that between the non-polar parts of the
designed inhibitory ligand composition, mainly with parts of the ACE protein consisting of amino acids, His513 Tyr523,
His353, hydrogen interaction took place. They also make ester interactions with the amino acids Ser355, Ala354, Phe512,
His513, His383, Tyr523, His353, Ala354, and electrostatic interactions with the amino acids Glu411, Asp415, His383 (34,
21). Based on the results of energy level and docking score obtained by MVD (binding energy -88.883) and cb-dock server
(vina score equal to -7) obtained from the present study, it can be concluded that the inhibitory ligand composition interacts
with Important amino acids located at the active site of ACE protein that is effective in the pathogenesis of cardiovascular
disease and also, it has been reported that ACE inhibitors are associated with a reduced risk of mortality in Covid-19 patients,
suggesting that ACE may be involved in increasing mortality in Covid-19 patients (35).

Taken together, due to the importance of high mortality because of cardiovascular disease and Covid-19 patients with
hypertension, as well as the limitation of the use of some ACE enzyme inhibitors such as enalapril and captopril due to side
effects, the use of active food-derived peptide compounds that have an inhibitory effect on the ACE enzyme, can be used as a
new and safer option to control blood pressure and reduce mortality from cardiovascular disease as well as Covid-19. For this
purpose, by modeling an ACE-affecting peptide and with the help of bioinformatics software and servers, a new inhibitory
compound for the ACE enzyme was designed that has the ability to create optimal inhibitory interactions with the desired
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enzyme. The results of bioinformatics studies also indicated that the composition of the ligand is free of hepatotoxic,
neurological, cardiovascular and skin allergies and has no mutagenic or carcinogenic properties. Further studies in vitro or in
vivo should be performed to evaluate the efficacy and certainty of these compounds.
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