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Abstract: Objective: Lately, various scientists have been paying a lot of consideration to the design of operational
antimicrobial agents due to the rise of multiple drug-resistant strains. Therefore, this work is aimed at discovering
the biochemical behavior of the analyzed polypeptides in relation to glutamine amidotransferase GatD (pdb id:
5n9m) for gram positive bacteria and beta-lactamase class A (pdb id: 5fqq) for gram negative bacteria. Additionally,
this study aims to identify the specific atoms involved in the observed biochemical interactions between the stud-
ied complexes using computational methods. Methods: In this work, five polypeptides were studied using insilico
approach via Spartan 14 software, molecular operating environment, ADMETSar, and Gromacs. Results: The de-
scriptors obtained revealed the activities of the studied compounds, the molecular interaction between the studied
ligands as well as glutamine amidotransferase GatD (pdb id: 5n9m) and beta-lactamase class A (pdb id: 5fqq) which
thereby exposed compound 1 and 5 to be the compounds with greatest ability to inhibit the studied targets among
other studied compounds. Conclusion: Our discoveries may open door for the design of collection of proficient
polypeptide-based drug-like compounds as potential anti-microbial agents.
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ties of microbial infections and this has drawn
the attention of many researchers to discover-
ing and designing efficient drug-like agents [5,
6]. More so, continuous and overuse of antibiot-
ics has led to resistance of various existing anti-

Introduction

Recently, developments of efficient antimicro-
bial agents are getting huge consideration from
several researchers and this could be due to

occurrence of multiple drug resistant [1, 2].
Gram-negative bacterial has been considered
to be dangerous bacteria and some gram-posi-
tive bacteria has also been observed to be
ranked as highest among disease causing
agents. Enterococcus faecium and Staphy-
lococcus aureus are prominent gram-positive
bacteria which displayed resistance to vanco-
mycin and methicillin respectively [3, 4]. More
recently, via series of advanced approaches
various scientists are now aware of the activi-

biotic agents and this has resulted into develop-
ment of more efficient drug like agents to
combat bacteria globally [6]. Since the discov-
ery of antimicrobial peptides, their mechanisms
of action have been the subject of various
researches and this has made them to be
regarded as special compounds. It’s crucial to
know the mechanism of action of these antimi-
crobial peptides in order to advance their devel-
opment as therapeutic agents. Originally, it was
believed that antimicrobial peptides only tar-
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Figure 1. 3-dimensional structure of studied (A) glutamine amidotransferase

GatD (B) beta-lactamase class A.

geted the membrane, but there is now growing
evidence suggesting that they have additional
modes of action. The mode of action (MOA) can
be categorized into two main classes: direct
killing and immune modulation. Additionally,
the direct killing mechanism of action can be
further classified into membrane targeting and
non-membrane targeting [7-9]. Thus, our labo-
ratory has been involved in the design of effi-
cient polypeptide derivatives in attacking multi-
drug-resistant strains.

In medicinal world, both synthetic and natural
peptides have drawn the attention of various
scientists due to their efficient therapeutic
importance [10]. According to Siegel et al.,
2020, peptide derivatives with healing capabil-
ity have been reported to have anti-cancer,
anti-fungi and antimicrobial properties [11].
Blanco-Miguez et al., 2016 and Wang et al.,
2022 [12, 13] reported that peptides possess
high level of affinity as well as specificity during
binding process towards target which thereby
activate particular intracellular effects.

Thus, this work is aimed at identifying the bio-
chemical activity of the studied polypeptides
towards glutamine amidotransferase GatD
(pdb id: 5n9m) [14] for gram positive bacteria
and beta-lactamase class A (pdb id: 5fqq) [15]
for gram negative bacteria as well as revealing
the atoms involved in the biochemical interac-
tions observed between the studied complexes
using insilico approach.

Methodology
Induced fit molecular docking

The biochemical activities of eight derivatives
of polypeptide were modeled to 2-dimensional
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format using Chemdraw soft-
ware [16]. The modeled com-
pounds were subjected to
molecular operating environ-
ment software (MOE) [17, 18]
for optimization via quickprep
tool and the optimized com-
pounds were saved in .moe
format. Also, glutamine ami-
dotransferase GatD and beta-
lactamase class A were re-
trieved from protein data bank
and they were treated and
optimized using quickprep to-
ol embedded in molecular op-
erating environment software (Figure 1). Also,
the binding sites were located and the appropri-
ate site was selected for docking study and the
treated receptor were saved in .moe format
before docking calculation using induced fit
docking method (Tables 1 and 2).

Molecular dynamic simulation study

This study was executed via Gromacs software
[19] using Charmm force field so as to achieve
more understandings into the dynamics of bio-
logical complex systems [20]. This study has
been observed to give precise results and it
has capacity to reveal complicated information
about any studied systems that are not easily
achievable via experimental approaches; thus,
this study was used to investigate the inter-
actions between glutamine amidotransferase
GatD (pdb id: 5n9m) for gram positive bacteria
and beta-lactamase class A (pdb id: 5fqq) for
gram-negative bacteria with compounds 1 and
6. In this work, the studied simulation used
TIP3P water for charge maintenance before
merging the studied ligands as well as the stud-
ied targets. The solvation of the simulated sys-
tem was achieved in a created container with
the introduction of appropriate ions (Na* and
Cl") so as to get the simulated system neutral-
ized [21]. NVT was initiated at 300 K so as to
make the simulated system to be stable i.e. to
make the volume, temperature and particle
features to be steady. In order to maintain the
system’s pressure and temperature, the sys-
tem was subjected to another simulation for
few minutes. Furthermore, the system was sub-
jected to additional simulation for 100 ns so as
to generate the actual binding energy and to
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Table 1. Predicted binding site for glutamine amidotransferase GatD

Site Size PLB Hyd Side Residues

1 179 413 47 97 1:(MET1 HIS2 GLU3 LEU4 THR5 ASN38 THR49 PHE50 ASP51 GLU52 CYS53 ASP54 PRO79 GLU8B2 ALA83
ASP86 MET88 ARG210 LYS211 ILE213); 2:(ARG128 GLY131 ASP132 GLY145 PHE146 PHE165 PRO191
ILE192 LYS195 ALA228 VAL231 LEU232 ARG235 ALA236 ARG238)

2 131 319 34 74  1(THR5 TYR7 ASP12 LYS13 VAL40 GLU41 ILE42 ASN43 GLU44 THR45 GLU46 GLYA7 ILE48 THR49 PHE50
ASP51 GLU52 CYS53); 2:(SER11 ASP12 LYS13 LEU14 ASN15 LEU16 TYR17 ILE20 GLY60 GLY61 SER62
GLUBS ASN148 HIS189 GLY190 PRO191)

3 65 182 18 42 1:(LEU16 TYR17 GLYBO GLY61 SER62 ASP63 GLN66 CYS94 GLY95 GLN98 PHE99 TYR104 PRO107
SER124 LYS125 THR126 ARG128 ASN148 HIS149 GLY150 GLY151 TYR187)

4 59 097 18 40  2:(THR5 THR49 PHE50 ASP51 GLU52 CYS53 ASP54 PRO79 GLUS2 ALA83 ASP86 MET88 PRO89 LYS206
ALA207 ARG210 Lys211)

5 83 0.94 18 42 1:(GLU46 GLY47 THR49); 2:(LEU16 TYR17 GLY60 GLY61 SER62 ASP63 ARG64 GLN66 CYS94 GLY95 GLNO98
PHE99 TYR104 PRO107 SER124 LYS125 THR126 ARG128 ASN148 HIS149 GLY150 GLY151 TYR187)

6 28 037 5 19 2:(GLU136 SER137 ASP138 THR139 PHE140 GLY158 THR159 LEU160 GLY161 HIS162 LYS175 HIS179)

7 37 0.27 14 31 2:(ARG29 ARG33 THR139 PHE140 TYR197 GLU198 ASP201 TYR202 GLU205 PHE215 LYS218 GLU219
ILE220 ASN222)

8 17 016 11 16 2:(MET1 HIS2 ARG33 ASN34 ILE35 ILE213 PRO214 PHE215 GLU216)

9 42 -0.15 11 19 1:(THR5 ARG27 VAL37 ASN38 VAL39 VAL40 GLU41); 2:(ASN15 SER18 GLY21 GLY190 PRO191)

10 25 -0.18 10 18 1:(MET1 HIS2 ARG27 ALA30 LYS31 ASN34 ILE35 LYS36 VAL37)

11 53 -0.21 19 37 1:(MET1 HIS2 GLU3 LYS36 ASN38); 2:(GLY21 ILE24 ALA25 GLN28 PRO191 PRO194 LYS195 ALA224
GLU225 GLN227 ALA228)

12 35 -0.22 16 28 1:(ARG33 THR139 PHE140 TYR197 GLU198 ASP201 TYR202 GLU205 PHE215 LYS218 GLU219)

13 22 -0.23 11 14 1:(VAL163 THR164 PHE165 GLY166 LYS174 LYS241 SER242)

14 6 024 9 14 1:(ILE105 THR106 PRO107 GLU123 SER124 LYS125 ARG152)

15 14 -0.27 11 18 1:(MET1 HIS2 ARG33 ASN34 ILE35 ILE213 PRO214 PHE215 GLU216)

16 24 -0.28 14 26 1:(GLU205 LYS206 CYS208 GLU209 ILE213 PRO214 PHE215 GLU216 LYS218)

17 7 029 8 20 2:(THR153 TYR154 HIS155 ASP156 THR159 ASN169 ASN170 ASP173 LYS175)

18 11 -0.30 11 22 1:(GLY141 THR142 TYR197 GLU198 ILE226 LYS229 GLN230 ILE233)

19 6 -0.30 15 1:(THR130 GLY131 ASP132 PHE165 GLN239 LYS240 LYS241 SER242)

20 23 -0.30 7 10 1:(VAL40); 2:(ASN15 LEU16 TYR17 SER18 HIS189 GLY190)

21 19 -0.31 14 1:(GLU136 SER137 ASP138 THR139 PHE140 THR159 LEU160 GLY161 HIS162 HIS179)

22 20 -0.33 8 19 1:(THR153 TYR154 HIS155 ASP156 PHE157 THR159 ASN169 ASN170 ASP173 LYS175)

23 12 -0.34 10 13 2:(ARG27 ALA30 LYS31 ILE35 LYS36 VAL37)

24 10 -0.34 12 19 2:(GLU205 CYS208 GLU209 ILE213 PRO214 PHE215 GLU216 LYS218)

25 13 -0.36 11 22 2:(GLY141 THR142 TYR197 GLU198 ILE226 LYS229 GLN230 ILE233)

26 11 041 8 18 2:(ALA25 GLN28 ARG29 PR0194 LYS195 ASN196 TYR197 THR200 GLU225)

27 20 042 8 20 1:(ALA25 GLN28 ARG29 PR0O194 LYS195 TYR197 THR200 GLU225)

28 11 -0.45 16 20 1:(ILE58 GLN66 ALAG9 THR70 LEU73 GLY95 GLY96 PHE99 LEU100 LEU115)

29 14 -0.45 11 18 2:(MET10 LYS13 ASN43 GLUB5 LEUGS ALAGY GLU72)

30 20 -0.45 10 18 1:(HIS2 GLY212 ILE213 PRO214); 2:(VAL231 ASP234 ARG235 ARG238)

31 6 -0.58 2 9 2:(HIS155 ASP156 PHE157 THR159 ASP173 LYS175)

32 6 -0.60 6 13 1:(GLY87 LYS181 ASN182 TYR202 LYS206)

33 7 -0.61 10 13 1:(GLY145 PHE146 ILE192 ALA228 VAL231 LEU232 ARG235)

34 7 -0.61 2 1:(THR45 GLU46 GLYAT7 ILE4A8 THR49 LYS75 ILE76)

3B 7 061 2 2:(GLU82 GLUS5 ASP86)

36 9 -0.63 8 11 1:(GLN28 LYS31 LYS32)

37 10 -0.68 5 14 1:(GLN28 ARG29 LYS32 ILE220 ASP221 ASN222 GLU225)

38 4 -0.68 4 5 2:(ARG64 ALAG7 LEUBS)

calculate other parameters such as RMSD, using Chemdraw and the structures were sub-
RMSF etc. jected to Spartan 14 [22] so as to convert it to

Density functional theory method

3-dimensional structure prior to optimization
using 6-31G™" as the basis set. The completion
of the optimization resulted to series of calcu-

The 2-dimensional structure of the selected lated descriptors such as highest occupied
compounds (compound 1 and 6) were modeled molecular orbital energy, lowest unoccupied
129 Int J Biochem Mol Biol 2024;15(5):127-140
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Table 2. Predicted binding site for beta-lactamase class A

Site Size PLB Hyd Side Residues

1 56 2.07 8 37 1:(CYS69 SER70 LYS73 TYR105 SER130 ASN132 GLU166 ASN170 THR216 ARG220 LYS234
THR235 GLY236 THR237 GLY238)

2 32 162 17 27 1:(VAL48 LEU49 ASP50 THR53 ARG55 ARG56 PHES7 ALA289 PHE290 HIS292 HIS293
HIS296)

3 35 0.60 15 32  1:(PRO107 VAL108 LYS111 HIS112 MET117 GLU121 GLU124 ALA125 THR128 TYR129)

4 22 050 14 19  1:(ILE212 ARG222 LEU225 PR0226 ALA227 TRP229 ARG230 VAL231)

5 19 -045 7 16 1:(ARG43 ARG65 PHE66 PRO67 ALA172 ALA173 PRO174 GLY175 ASP176 THR180 THR266
GLU267)

6 16 -0.55 13 21  1:(GLU100 ASP101 VAL103 THR133 ASN136 LEU137 GLU140 TRP165 GLU166)

7 11 -0.56 6 7 1:(GLY224 LEU225 PR0O226 ARG284 VAL287 ALA288)

8 13 -0.68 8 12 1:(LYS219 ALA223 ASP273 ASP276 ALA277 ALA280)

9 11 -0.79 5 10  1:(LEU102 VAL103 ASP104 TYR105 SER106 GLU110)

10 20 -0.82 11 17 1:(ALA79 ALA82 ARG83 GLN86 LEU142 ALA147 LEU148 PHE151)

11 11  -0.95 11 14  1:(GLN32 GLU35 LEU36 ARG39 GLU281 LEU285)

Table 3. Binding affinity (kcal/mol) of studied polypeptides (1-8)
and one reference drug

isoleucyl)-4,5-dihydrothiazole-
5-carboxamido)-4-methylpen-

Binding Affinity (kcal/mol)

tanamido)-5-oxopentanoic

Glutamine amidotransferase

Beta-lactamase class A acid (6).

GatD (keal/mol) (keal/mol) Analysis of pharmacokinetic

1 -10.0191574 -9.49024963 properties

2 -9.79909039 -9.81384277

3 -9.93531418 -9.43296623 The desire to design potential
4 -9.45012474 9.1457777 antimicrobial agents has led
5 -9.57165146 -9.60503101 us to explore the physicochem-
6 -9.32006931 -10.0892706 ical features of the selected
7 -9.33810997 -9.88565922 compounds and the use of
8 -0.82527733 -0.93792915 online tool has been explored.
Ciprofloxacin 6.38399506 5.67510557 The selected compounds (1, 6

molecular orbital energy, energy gap, log p, hyd-
rogen bond donor and hydrogen bond accep-
tor etc. The names of the studied selected co-
mpounds were (4S)-5-(((2S,3S)-1-(((3S,6S,9S,
12S,15S,18S,21S)-9-((1H-imidazol-4-yl)methyl)-
3-(2-amino-2-oxoethyl)-18-(3-aminopropyl)-12-
benzyl-15-((S)-sec-butyl)-6-(4-methylbenzyl)-
2,5,8,11,14,17,20-heptaoxo-1,4,7,10,13,16,
19-heptaazacyclopentacosan-21-yl)amino)-
3-methyl-1-oxopentan-2-yl)amino)-4-((2S)-2-(2-
(L-isoleucyl)-4,5-dihydrothiazole-5-carboxa-
mido)-4-methylpentanamido)-5-oxopentanoic
acid (1), and (4S)-5-(((2S,3S)-1-(((3S,6S,9S,12S,
15S,188S,21S)-9-((1H-imidazol-4-yl)methyl)-3-
(2-amino-2-oxoethyl)-18-(3-aminopropyl)-12-
benzyl-15-((S)-sec-butyl)-6-(4-methoxybenzyl)-
2,5,8,11,14,17,20-heptaoxo-1,4,7,10,13,16,
19-heptaazacyclopentacosan-21-yl)amino)-
3-methyl-1-oxopentan-2-yl)Jamino)-4-((2S)-2-(2-(L-

130

and reference compound) we-
re loaded in to SwissADMET
server (www.swissadme.ch) [23] to convert
them to SMILES format and predict physico-
chemical properties of the ligands. Also, the
generated SMILES formats were used in
AdmetSAR tool (http://Immd.ecust.edu.cn/
admetsar2/) to appraise the efficiency of the
ligands and detect probable toxic effects [24].
The results obtained were in segments which
analyzed the absorption, distribution, metabo-
lism, excretion and toxicity aspect of the stud-
ied compounds.

Results and discussion
Predicted scoring for the studied complexes
In this study, eight polypeptide-based com-

pounds and ciprofloxacin as referenced com-
pound were docked against glutamine amido-

Int J Biochem Mol Biol 2024;15(5):127-140
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transferase GatD (pdb id: 5n9m) for gram
positive bacteria and beta-lactamase class A
(pdb id: 5fqq) for gram-negative bacteria. The
results obtained were presented in Table 3 and
the visual representations of the interaction
between the studied complexes were displayed
in Tables 4 and 5.

Predicted root mean square deviation

Figures 2 and 3 showed predicted root mean
square deviation for compound 1-5n9m and
compound 6-5fqq complexes.

Predicted root mean square fluctuation

This study exposed the suppleness of amino
acid residue during binding with atoms in stud-
ied compounds through simulation period. This
revealed the softness of the studied amino
acids in the studied receptors (Figures 4 and
5).

Calculated binding energy

The calculated binding energy for compound 1,
6 and ref against Glutamine amidotransferase
GatD and beta-lactamase class A were report-
ed in Tables 6 and 7.

Analysis of calculated descriptors

The level of reactivity of any molecular com-
pounds could be explained via the obtained
calculated descriptors as shown in Tables 8
and 9.

Analysis of pharmacokinetic features

The selected compounds (1 and 6) and refer-
enced compound were subjected to pharmaco-
Kinetic study (Table 10). The factors considered
were Blood-Brain Barrier, Human Intestinal
Absorption, Caco-2 Permeability, P-glycoprotein
Substrate, P-glycoprotein Inhibitor, Renal Org-
anic Cation Transporter for absorption; Sub-
cellular localization for distribution; CYP450
2C9 Substrate, CYP450 2D6 Substrate, CYP-
450 3A4 Substrate, CYP450 1A2 Inhibitor,
CYP450 2C9 Inhibitor, CYP450 2D6 Inhibitor,
CYPA450 2C19 Inhibitor, CYP450 3A4 Inhibitor,
and CYP Inhibitory Promiscuity for metabo-
lism; and Human Ether-a-go-go-Related Gene
Inhi-bition, AMES Toxicity, Carcinogens, Fish
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Toxicity, Tetrahymena Pyriformis Toxicity, Honey
Bee Toxicity, Biodegradation, Acute Oral To-
xicity, and Carcinogenicity (Three-class) for to-
xicity.

Discussion

The steadiness of gram-positive bacteria and
their ability to resist antibiotics rely on the com-
plex structure of the cell wall, in which amidat-
ed peptidoglycan is crucial and gram-negative
bacteria commonly harbor the beta-lactamase,
which accounts for about 20% of the plasmid-
mediated resistance to ampicillin in this type of
bacteria; therefore, inhibition of these enzymes
was considered crucial.

As showed in Table 3, the calculated scoring
revealed the highest binding affinities for every
studied compound (1-8) with glutamine amido-
transferase GatD and beta-lactamase class A.
Remarkably, compound 1 and 6 showed high-
est binding affinity for glutamine amidotrans-
ferase GatD and beta-lactamase class A with
-10.0191574 kcal/mol and -10.0892706 kcal/
mol respectively. The assessment of all the
binding affinities presented for the studied
compounds against the two targets showed
that the reference compound showed stron-
gest affinity for Glutamine amidotransferase
GatD than the studied compounds (1-8) while
the calculated binding affinity for compound 6
against beta-lactamase class A also proved to
be stronger than the reference compound. The
calculated binding obtained in this study were
-10.0191574 kcal/mol, -9.79909039 kcal/mol,
-9.93531418 kcal/mol, -9.45012474 kcal/mol,
-9.57165146 kcal/mol, -9.32006931 kcal/
mol, -9.33810997 kcal/mol, and -9.82527733
kcal/mol for studied ligand-Glutamine amido-
transferase GatD complex while -9.49024963
kcal/mol,-9.81384277 kcal/mol,-9.43296623
kcal/mol, -9.1457777 kcal/mol, -9.60503101
kcal/mol,-10.0892706 kcal/mol,-9.88565922
kcal/mol, and -9.93792915 kcal/mol for stud-
ied ligand-beta-lactamase class A complex. In
summary, compound 2-7 showed weaker bind-
ing affinity against Glutamine amidotransfer-
ase GatD compared to compound 1 and they all
have stronger affinity than the reference drug
against Glutamine amidotransferase GatD.
Also, compound 1-5, 7 and 8 exhibited weaker
binding affinity against beta-lactamase class A

Int J Biochem Mol Biol 2024;15(5):127-140
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Table 4. Ligand-receptor interacting residues of Glutamine amidotransferase GatD and polypeptide-
based compound (1-8)

Ligand Distance Bond Type Residue 2D Diagram
1 2.95 H-donor GLU172 S
3.02 H-donor asP173 0 < N
3.11 H-donor THR139
2.97 H-donor ASP138
2.95 lonic GLU172
3.02 lonic ASP173
2 3.04 H-donor THR130
3.20 H-acceptor ARG235
3.09 H-acceptor LYS240
3.19 H-acceptor ARG128
3.00 H-acceptor LYS240
2.93 H-acceptor ARG238
2.82 H-acceptor ARG238
3.45 lonic GLU147
2.93 lonic ARG238
3.67 lonic ARG238
3.61 lonic ARG238
2.82 lonic ARG238
3 3.05 H-donor MET1
3.29 H-donor GLU52
3.41 H-acceptor LYS211
3.29 lonic GLU52
4.59 pi-H ILE42
4.40 pi-H ASN43
3.85 pi-H GLU44
4 3.21 H-donor ASP201
3.04 H-donor GLU205
3.01 H-donor GLN230
2.90 H-acceptor ASN222
3.21 lonic ASP201
3.04 lonic GLU205
132 Int J Biochem Mol Biol 2024;15(5):127-140
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5 3.30 H-donor GLU136 ®
3.00 H-donor GLj72 &
3.03 H-donor ASP138
2.50 H-acceptor THR159
3.27 H-acceptor LYS175
6 3.78 H-donor ASN15
3.52 H-donor LEU16
2.94 H-acceptor SER18
7 3.14 H-donor ARG128
3.14 H-donor ASP171 ® ‘
3.36 H-acceptor ~ ARG235 . & L@ e . ‘
3.15 H-acceptor ASN127
8 3.38 H-donor SER11
®
133 Int J Biochem Mol Biol 2024;15(5):127-140
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Table 5. Ligand-receptor interacting residues of beta-lactamase class A and polypeptide-based com-

pound (1-8)
Ligand Distance Bond Type Residue 2D Diagram
1 2.65 H-donor ASP228 €D
2.91 H-acceptor TRP229
3.18 H-acceptor ALA227
3.28 H-acceptor ARG284
3.59 lonic ASP228
2.65 lonic ASP228
2 3.25 H-donor GLU140
3.06 H-donor ASP101
3.08 H-donor ASP101
3.34 H-donor ASP101
2.93 H-acceptor ARG93
3 3.18 H-donor LEU195
3.26 H-donor ASP197
3.12 H-donor ASP197
2.76 H-acceptor ARG191
3.26 lonic ASP197
4.72 pi-H VAL198
4 3.05 H-donor ASN158
3.19 H-donor ASP63
3.01 H-donor ASP63
3.50 H-donor ASP63
3.31 H-acceptor ARG65
134 Int J Biochem Mol Biol 2024;15(5):127-140
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5 2.56 H-donor ASP228
3.19 H-acceptor LYS219
3.34 H-acceptor TRP229
6 3.41 H-acceptor ARG222
3.05 H-acceptor ARG39
3.45 H-acceptor ARG284
7 3.49 H-donor VAL198
3.13 H-donor SER154
2.95 H-donor GLY143
3.91 pi-H TRP165
8 2.88 H-donor ALA223
2.84 H-acceptor ARG284
3.07 H-acceptor LYS219
135 Int J Biochem Mol Biol 2024;15(5):127-140
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Compound 1
Reference

T T 1

0 20 40 60 80 100
Time (ns)

Figure 2. Predicted RMSD of compound 1-5n9m
(black) and reference compound-5n9m (red) com-
plexes.

Compound 6
Reference

0-0 T T T T T 1
0 20 40 60 80 100

Time (ns)

Figure 3. Predicted RMSD of compound 6-5fqq
(black) and reference compound-5fqq (red) com-
plexes.

Compound 1
8 1 Reference
7 .
6 .
25
%4
E J
3 -
2 .
14
0 -
T T T T 1
0 50 100 150 200 250

Residue

Figure 4. Predicted RMSF of compound 1-5n9m
(black) and reference compound-5n9m (red) com-
plexes.
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7 Compound 6
Reference
6 -
5 ~
<4
[
;
z3
24
14
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0 50 100 150 200 250

Residue number

Figure 5. Predicted RMSF of compound 6-5fqq
(black) and reference compound-5fqq (red) com-
plexes.

Table 6. Calculated free energies for com-
pound 1-5n9m and ref-5n9m

AG,, AG_, AG
Compound 1 -645.2468 624.2081 -21.0386

Reference -290.7530 258.3767 -32.3763

bind

Table 7. Calculated free energies for com-
pound 6-5fqq and ref-5fqq

DELTAG,, DELTAG,, MMGBSA

Compound 6 -325.4859 287.8545 -37.6314
Reference -208.1475 191.7084 -16.4391

Table 8. Calculated descriptors for the stud-
ied compounds

HOMO (eV) LUMO (eV) Energy Gap (eV)
1 -3.52 -2.35 1.17
6 -3.38 -2.26 1.12

compared to compound 6; however, they all
exhibited stronger affinity than the reference
compound against beta-lactamase class A.

More so, the inhibiting activity of the studied
compounds could be attributed to differences
in their chemical structures and the visual rep-
resentations of the docked complexes against
the studied targets were presented in Tables 4
and 5. Therefore, the induced fit method used
in this work suggests that compound 1 and 6
hold promising potential as gram-positive and
gram-negative inhibitors respectively.

Int J Biochem Mol Biol 2024;15(5):127-140
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Table 9. Predicted HOMO-LUMO overlay

HOMO

Figures 2 and 3 exposed the backbone atoms
which were linked to the original configuration
of the receptors under study in developing com-
plexes with compounds 1, 6 as we as the refer-
enced compound during the 100 ns MD simula-
tion. This work was executed so as to examine
the extent of nonconformity from the prelimi-
nary configuration after binding as well as the
stability of the simulated complexes. In this
work, the structure of compound 1-5n9m was
observed to be fairly stable when compared to
the structure of the referenced compound-
5n9m complex. Also, the configuration of com-
pound 6-5fqq was stable than the structure
predicted for the reference-5fqq complex.

Figure 4 showed a fair resemblance in the pat-
tern at which the studied amino acid fluctuates
while the resemblance observed in Figure 5 in
the pattern at which the studied amino acid
fluctuates was better. Also, the disparity detect-
ed between the compound 6-5fqq was not as
much as compound 1-5n9m and this showed
that the pattern revealed in Figure 5 explained
that compound 6-5fqq demonstrated a slight
degree of nonconformity which signifies that
compound 6 has greater level of affinity towards
5fqq.

In this work, the energy calculated was AGgaS,
AGsolv and AGbmd. As shown in Table 6, it was
observed that compound 1 showed a weak ten-
dency to inhibit Glutamine amidotransferase
GatD compared to the rate at which the refer-
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ence compound revealed the ability to inhibit
Glutamine amidotransferase GatD while com-
pound 6 has better tendency to inhibit beta-
lactamase class A than the reference com-
pound. The calculated binding energy were
-645.2468 kcal/mol (AGgaS), 624.2081 kcal/
mol (AG_, ) and -21.0386 kcal/mol (AG,, ,) for
compound 1-5n9m and -290.7530 kcal/mol
(AGgas), 258.3767 kcal/mol  (AG,,) and
-32.3763 kcal/mol (AG,, ) for ref-5n9m. Also,
the calculated binding energy for compound
6-b5fqq was -325.4859 kcal/mol, 287.8545
kcal/mol, -37.6314 kcal/mol and -208.1475
kcal/mol, 191.7084 kcal/mol, -16.4391 kcal/
mol are for ref-5fqq.

In addition, compounds with highest donating
and receiving power of electrons are expected
to display high potential of reacting strongly
with the neighboring compounds; thus, com-
pound 6 and 1 exhibited the highest power to
react strongly compared to other studied com-
pounds. The order of calculated HOMO energy
value is 6 > 1 and the order of calculated LUMO
energy is 1 > 6 (Figures 6 and 7). Also, the
report showed in Table 8 revealed that com-
pound 1 and 6 has high level of reactivity. It
was reported that enhanced level of reactivity
of any compound could also be attributed to
the lower energy gap, thus, the derivative
attachedto the parent compound was observed
to be responsible for lower energy gap which
thereby is expected to enhance its reactivity.
The calculated HOMO, LUMO and energy gap
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Table 10A. ADMET predicted profile - classification

M | Compound 1 Compound 6 Reference compound
ode Result Probability Result Probability Result Probability
Absorption
Blood-Brain Barrier BBB- 0.9965 BBB- 0.9969 BBB- 0.9655
Human Intestinal Absorption HIA- 0.6906 HIA- 0.8546 HIA+ 0.9795
Caco-2 Permeability Caco2- 0.7747 Caco2- 0.7642 Caco2- 0.8956
P-glycoprotein Substrate Substrate 0.7903 Substrate 0.8255 Substrate 0.7862
P-glycoprotein Inhibitor Non-inhibitor 0.7823 Non-inhibitor 0.8135 Non-inhibitor 0.8852
Non-inhibitor 0.8285 Non-inhibitor 0.8323 Non-inhibitor 0.8981
Renal Organic Cation Transporter Non-inhibitor 0.8471 Non-inhibitor 0.8179 Non-inhibitor 0.7288
Distribution
Subcellular localization Mitochondria 0.4534 Mitochondria 0.4704 Lysosome 0.4667
Metabolism
CYP450 2C9 Substrate Non-substrate 0.7194 Non-substrate 0.7194 Non-substrate 0.8481
CYP450 2D6 Substrate Non-substrate 0.7732 Non-substrate 0.7732 Non-substrate 0.9116
CYP450 3A4 Substrate Substrate 0.5367 Substrate 0.5367 Non-substrate 0.7633
CYP450 1A2 Inhibitor Non-inhibitor 0.9080 Non-inhibitor 0.9080 Non-inhibitor 0.7735
CYP450 2C9 Inhibitor Non-inhibitor 0.8437 Non-inhibitor 0.8437 Non-inhibitor 0.9070
CYP450 2D6 Inhibitor Non-inhibitor 0.8990 Non-inhibitor 0.8990 Non-inhibitor 0.9231
CYP450 2C19 Inhibitor Non-inhibitor 0.8211 Non-inhibitor 0.8211 Non-inhibitor 0.9025
CYP450 3A4 Inhibitor Non-inhibitor 0.7173 Non-inhibitor 0.7173 Non-inhibitor 0.8309
CYP Inhibitory Promiscuity Low CYP Inhibitory Promiscuity 0.7755 Low CYP Inhibitory Promiscuity 0.7755 Low CYP Inhibitory Promiscuity 0.6150
Human Ether-a-go-go-Related Gene Inhibition Weak inhibitor 0.9919 Weak inhibitor 0.9877 Weak inhibitor 0.8366
Inhibitor 0.6066 Inhibitor 0.7399 Non-inhibitor 0.6855
AMES Toxicity Non AMES toxic 0.7019 Non AMES toxic 0.6685 AMES toxic 0.8851
Carcinogens Non-carcinogens 0.8836 Non-carcinogens 0.8957 Non-carcinogens 0.8431
Fish Toxicity High FHMT 0.9788 High FHMT 0.9876 High FHMT 0.9937
Tetrahymena Pyriformis Toxicity High TPT 0.9759 High TPT 0.9783 High TPT 0.8218
Honey Bee Toxicity Low HBT 0.7735 Low HBT 0.7262 Low HBT 0.8889
Biodegradation Not ready biodegradable 0.9846 Not ready biodegradable 0.9866 Not ready biodegradable 1.0000
Acute Oral Toxicity 1] 0.5733 1] 0.5658 1] 0.7731
Carcinogenicity (Three-class) Non-required 0.5858 Non-required 0.5883 Non-required 0.6119
Table 10B. ADMET predicted profile — regression
Model Value Unit Value Unit Value Unit
Absorption
Aqueous solubility -3.3465 LogS -3.3985 LogS -3.4638 LogS
Caco-2 Permeability -0.2896 LogPapp, cm/s -0.3107 LogPapp, cm/s 0.8090 LogPapp, cm/s
Toxicity
Rat Acute Toxicity 2.8866 LD50, mol/kg 2.8763 LD50, mol/kg 2.1882 LD50, mol/kg
Fish Toxicity 1.5476 pLC50, mg/L 1.4360 pLC50, mg/L 1.3310 pLC50, mg/L
Tetrahymena Pyriformis Toxicity 0.4463 plGC50, ug/L 0.5148 plGC50, ug/L 0.5304 pIGC50, ug/L
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Figure 6. Orbital energy profile for compound 1.
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Figure 7. Orbital energy profile for compound 6.

were -3.52 eV, -2.35 eV and 1.17 for compound
1; -3.42 eV, -2.40 eV, 1.02 eV for compound 5
and -4.08 eV, -2.82 eV and 1.26 €V for refer-
ence compound (Table 9).

The value obtained for the selected compounds
were within the same range with the reference
compound and this signifies that the selected
studied compounds have ability to act as drug
and it showed that it is fair for oral absorption
(Table 10).

Conclusion

Investigating the bioactivities of the polypep-
tides and assessing the inhibiting potential of
these compounds against glutamine amido-
transferase GatD (pdb id: 5n9m) and beta-lac-
tamase class A (pdb id: 5fqq) was the focus of
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this study. The calculated
binding affinity of the individu-
al complexes revealed that
compound 1 and 6 demon-
strated the highest potential
for inhibiting both glutamine
amidotransferase GatD and
beta-lactamase class A com-
pared to the other compounds
studied. Molecular dynamic
simulation studies confirmed
the inhibiting activities of the
selected compounds. The op-
timization of compounds 1
and 6 resulted in various
descriptors, shedding light on
their nature and reactivity lev-
els.Furthermore, notable cor-
respondences were observed
between the pharmacokinetic
properties of compounds 1
and 6 and reference compo-
und.
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