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Abstract

Acinetobacter baumannii (A. baumannii) is one of the members of ESKAPE bacteria which is considered multidrug
resistant globally. The objective of this study is to determine the protein docking of different antibiotic resistance
gene (ARGSs) in A. baumannii. In silico analysis of antibiotic resistance genes against carbapenem are the blaOXA-51,
blaOXA-23, blaOXA-58, blaOXA-24, blaOXA-143, NMD-1 and IMP-1 in A. baumannii. The doripenem, imipenem and
meropenem were docked to blaOXA-51 and blaOXA-23 using PyRx. The top docking energy was -5.5 kcal/mol by
imipenem and doripenem and meropenem showed a binding score of -5. 2 kcal/mol each and blaOXA-23 energy
was -4.3 kcal/mol by imipenem and meropenem showed a binding score of -2.3 kcal/mol, while doripenem showed
the binding score of -3.4 kcal/mol. Similarly, doripenem imipenem and meropenem were docked to blaOXA-58, IMP-
1, Rec A and blaOXA-143, with docking energy was -8.8 kcal/mol by doripenem and meropenem each while imipe-
nem showed a binding score of -4.2 kcal/mol and with IMP-1 demonstrated their binding energies. was -5.7 kcal/mol
by meropenem and doripenem showed a binding score of -5.3 kcal/mol, while imipenem showed a binding score
of -4.5 kcal/mol. And docking energy was -4.9 kcal/mol by imipenem and meropenem showed binding energy of
-3.6 kcal/mol each while doripenem showed a binding score of -3.9 kcal/mol in RecA and with blaOXA-143 docking
energy was -3.0 kcal/mol by imipenem and meropenem showed a binding score of -1.9 kcal/mol, while doripenem
showed the binding score of -2.5 kcal/mol respectively. Doripenem, imipenem, and meropenem docking findings
with blaOXA-24 confirmed their binding energies. Doripenem had the highest docking energy of -5.5 kcal/mol,
meropenem had a binding score of -4.0 kcal/mol, and imipenem had a binding score of -3.9 kcal/mol. PyRx was used
to dock the doripenem, imipenem, and meropenem to NMD-1. Docking energies for doripenem were all — 4.0 kcal/
mol, whereas meropenem had docking energy of -3.3 kcal/mol and imipenem was -1.50 kcal/mol. To the best of our
knowledge the underlying mechanism of phenotypic with genotypic resistance molecular docking regarding carbap-
enem resistance A. baumanniiis unclear. Our molecular docking finds the possible protein targeting mechanism for
carbapenem-resistant A.baumannii.

Keywords: Antimicrobial resistance (AMR), Computational analysis (CA), Drug design (DD), Kilocalories per
mole(Kcal/mol)

Introduction

According to the World Health Organization, (WHO),
A. baumannii is one of the most important nosocomial
pathogens and a great resistance model to antimicrobi-
als [1]. Antibiotic resistance causes major problems for
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drug-resistant (PDR) and extra drug-resistant (XDR).
Major health concerns are to control the elevated resist-
ance as transferred in the gene as antibiotic resistance
gene (ARGs) [3-5].

Molecular docking provides successful insights into
the structure—activity relationships, mode of activity, and
further analysis from protein-ligand interaction. Such
studies would culminate in the development of novel
drug molecules at a faster pace against infectious patho-
gens. Additionally, the physicochemical properties of the
molecule would provide vital information on the initial
phase of drug development [6-8].

Pathogen like A. baumannii has a high level of resist-
ance against available antibiotics carbapenem and
colistin which are the last line of treatment [9]. Carbap-
enemase in carbapenem-resistant A. baumannii (CRAB)
is the major mechanism of carbapenem resistance in
A. baumannii as well as other Gram-negative bacteria.
The carbapenemase enzyme-encoded genes are located
on mobile genetic elements like plasmid, transposon
and integron [10, 11]. Due to mobile genetic elements
(MGEs) many carbapenem genes are transferred from
plasmid to chromosome and also transferred from bac-
teria to bacteria by horizontal gene transfer. It has been
used to characterize and understand the mechanisms
of AMR and spread through bacterial species, which is
necessary for combating AMR bacteria [12]. We have
reported the usage of antibiotics by covid-19 patients
with co-morbidity has increased the risk of antimicrobial
resistance [13]. The computational analyses of the resist-
ant gene in A. baumannii are important to implement
the new drug for overcoming the resistance in such types
of pathogens [14].

Method

Server and tools

All lists of electronic tools were briefly elaborated in this
work as swiss prot and uniprot model.

Preparation of target proteins

The three-dimensional (3D) structure of resistant beta-
lactam oxacillinase-51, beta-lactam oxacillinase, beta-
lactam oxacillinase-58, beta lactam oxacillinase-24, beta
lactam oxacillinase-143, and New Delhi metallo-3-lacta-
mase-1) were accessed from the protein data bank (PDB)
(https://www.rcsb.org/) while IMP-1 and rec A against
carbapenem (Imipenem, Meropenem and doripenem)
were accessed from UniProtKB/Swiss-Prot database
(https://swissmodel.expasy.org/interactive) because pro-
tein structures of IMP-1 and rec A were not present in
PDB.
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Homology modelling, modelling refinement and energy
minimization

These proteins are involved in different activities such
as antibiotic-resistant gene blaOXA-51, blaOXA-23,
blaOXA-58, blaOXA-24, blaOXA-143, and NMD-1, with
target antibiotics retrieved from the protein data bank
(https://www.rcsb.org/) with sequence entries 5KZH
(https://www.rcsb.org/structure/5KZH), 4JF5 (https://
www.rcsb.org/structure/4jf5), 4OHO (https://www.rcsb.
org/structure/4oh0), 3G4P (https://www.rcsb.org/struc
ture/3gdp), 6NZ8 (https://www.rcsb.org/structure/6nz8)
603R  (https://www.rcsb.org/structure/603r)  respec-
tively and IMP-1 and rec A were retrieved from the
swiss model (https://swissmodel.expasy.org/interactive)
with sequence entries Q6ZXZ6 (https://www.uniprot.
org/uniprotkb/Q6ZXZ6) and PS50163 (https://prosite.
expasy.org/PS50163) respectively. The UCSF chimera 1.6
was used to minimise the selected protein models [15]
and saved in PDB format through PyMoL [16]. Further-
more, VADAR 1.8 online server was used to calculate
the protein architecture and their statistical percentage
of a-helices and B-sheets, turns and coli (http://redpoll.
pharmacy.ualberta.ca/vadar) and WinCoot was used to
assess the Ramachandran plot value [17].

To perform structure refinement and energy minimi-
zation of the three-dimensional modelled protein struc-
tures, the online server GalaxyRefine (http://galaxy.seokl
ab.org/refine and YASARA software (http://www.yasara.
org/) were used, respectively. GalaxyRefine employs
the CASP10 assessment to refine the query structure,
improving the structural and global quality of the three-
dimensional model. This method initially rebuilds side
chains and performs side-chain repacking and subse-
quently uses MD simulation to achieve overall structure
relaxation.

Selection and preparation of carbapenem

A comprehensive literature survey was employed and
checked all Doripenem, imipenem and meropenem tar-
get of a particular resistance protein. Doripenem, imipe-
nem and meropenem were retrieved from the PubChem
database (https://pubchem.ncbi.nlm.nih.gov/) having
accession No 73303, 104,838, 441,130 respectively and
downloaded in SDF format. The retrieved antibiotics
were designed in ACD/ChemSketch (https://www.acdla
bs.com/) and accessed in PDB format for further docking
process.

Prediction of ligand binding site of target proteins

The active sites gene blaOXA-51, bla23, blaOXA-58,
blaOXA-24, blaOXA-143, NMD-1, IMP-1 and rec A pro-
vide significant information regarding the functionality
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of mediated signalling pathways. The active binding sites
of blaOXA-51, blaOXA-23, blaOXA-58, blaOXA-24,
blaOXA-143, NMD-1, IMP-1 and rec A were predicted
by using Depth Residue (http://cospi.iiserpune.ac.in/
depth/), an online source which explores the probability
of amino acids involved in the formation of active bind-
ing sites.

Receptor grid generation and molecular docking

The selected ligands have their particular protein bind-
ing site; therefore, grid generation ian s important step
before going to perform a docking experiment. A cubic
gird box with the x-axis, y-axis and z-axis values was
fixed by entering a particular size and numbers an active
site in all eight selected proteins separately. The grid box
of blaOXA-51 with ligands was adjusted as X=10.5 A,
Y=19.1 A and Z=43.7 A, similarly for blaOXA-23 the
binding pocket dimensions were determined by keep-
ing the grid size of centre X=-20.9 A, Y=-26.3 A and
Z=9.38 A and Grid center of blaOXA-58 was designated
at dimensions X=-16.9 A, Y=-1.5 A and Z=4.15 A.
Whereas Grid box of blaOXA-24 with ligands was set as
X=882 A, Y=26.1 A and Z=25.8 A, for blaOXA-143
the binding pocket dimensions were adjusted by keep-
ing the grid size of center X=52.8 A, Y=115.9 A and
Z=225 A and NMD-1 grid centre was consigned at
dimensions X=82A,Y=-31Aand Z=1.5 respectively.
Similarly, for IMP-1 the binding pocket dimensions were
determined by keeping the grid size of center X =-7.4 A,
Y=13 A and Z=12.9 A and the Grid center of rec A
was adjusted at dimensions X=11.4 A, Y=14.1 A and
Z=3.9 A respectively. Moreover, the exhaustiveness
value was fixed for all docking complexes to obtain the
finest binding conformational pose of selected com-
pounds. After ligands and proteins preparation, dock-
ing was done by using PyRx a virtual screen tool [18].
The different docking complexes were analyzed based on
binding energy values (Kcal/mol) and interactive behav-
iour such as hydrogen and hydrophobic interactions.
The graphical representation of docking complexes was
generated using Discovery Studio and Chimera tools,
respectively.

Results and discussion

The phenotypic and genotypic evaluation of antibi-
otic resistance of A. baumannii isolated from inten-
sive care unit patients were reported [19, 20]. Herein, in
silico studies on eight resistant genes were subjected to
molecular docking against the carbapenem protein. The
tested drugs exhibited a variable degree of affinity toward
the resistance gene. Selim et al. 2022 [21] have con-
ducted in silico study on the dynamics of carbapenemase
OXA genes towards only imipenem. The actual binding
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depiction of selected compounds along with the standard
also represented good conformational behaviour within
the active region of target proteins such as blaOXA-51,
blaOXA-23, blaOXA-58, blaOXA-24, blaOXA-143,
NMD-1, IMP-1 and rec A, respectively.

Proteins structure assessment

The blaOXA-51 belongs to the hydrolase family, and
comprises four chains (A, B, C and D) and 250 amino
acids having a molecular mass of 113.28 kDa. The
VADAR 1.8 structure analysis of blaOXA-51 consists of
f 40% o-helices, 25% [B-sheets, 34% coils and 5% turns,
respectively. The Ramachandran plots and values of
blaOXA-51 indicated that 98.94% of blaOXA-51 amino
acids were present in the preferred region and 1.06% resi-
dues were in the allowed region. blaOXA-23 is another
target protein consisting of a single chain (A) having
243 amino acids with a molecular weight of 27.90 kDa.
The structural analysis revealed that blaOXA-23 is
composed of 39% a-helices, 23% [B-sheets, 36% coils
and 23% turns. The Ramachandran plots and values of
blaOXA-23 indicated that 98.33% of protein amino acids
were present in the preferred region and 1.67% of resi-
dues lie in the allowed region. blaOXa A-58 has a sin-
gle chain (A) having 280 amino acids with a molecular
weight of 98.01 kDa. TRPV4 consists of 37% a-helices,
25% B-sheets, 37% coils and 21% turns, respectively. The
Ramachandran plots and values of blaOXA-58 indicated
that 97.90% of blaOXA-58 residues were present in the
preferred region and 2.10% of residues lie in the allowed
region.

The blaOXA-24 from the hydrolase family, comprises
a single chain (A) having a length of 250 amino acids
having a molecular mass of 27.59 kDa. The VADAR
1.8 structure analysis of blaOXA-24 consists of f 39%
a-helices, 26% p-sheets, 34% coils and 5% turns, respec-
tively. The Ramachandran plots and values of blaOXA-24
indicated that 93.80% of blaOXA-24 amino acids were
present in preferred region and 4.55% residues were
in allowed region. blaOXA-143 is another target pro-
tein that consists of a single chain (A) having 258 amino
acids with molecular weight of 29.60 kDa. The structural
analysis revealed that blaOXA-143 is composed of 38%
a-helices, 25% p-sheets, 35% coils and 18% turns. The
Ramachandran plots and values of blaOXA-143 indi-
cated that 97.30% of protein amino acids were present in
preferred region and 2.70% residues were lie in allowed
region. NMD-1 has a single chain (A) having 233 amino
acids with molecular weight of 25.02 kDa. NMD-1 con-
sists of 25% o-helice, 31% [-sheets, 42% coils and 31%
turns, respectively. The Ramachandran plots and values
of NMD-1 indicated that 97.36% of NMD-1 residues
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were present in preferred region and 1.76% residues were
lie in allowed region.

IMP-1 consists of 246 amino acids. IMP-1 consists of
26% o-helices, 34% [-sheets, 38% coils and 21% turns,
respectively. The Ramachandran plots and values of
IMP-1 indicated that 94.67% of IMP-1 residues were pre-
sent in preferred region and 3.56% residues were lying
in the allowed region. Rec A is having 349 amino acids.
The structural analysis revealed that rec-A is composed
of 38% a-helices, 29% B-sheets, 31% coils and 12% turns.
The Ramachandran plots and values of blaOXA-143 indi-
cated that 94.15% of protein amino acids were present in
preferred region and 4.62% residues were lie in allowed
region (Fig. 1).

Chemistry of carbapenem
The Doripenem (C;;H,,N,OS,) (PubChem ID 73,303)
has a molecular weight of 420.5 g/mol. Doripenem is
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a broad-spectrum carbapenem antibiotic used primar-
ily for the treatment of aerobic gram-negative bacterial
infections (https://www.ncbi.nlm.nih.gov/books/n/liver
tox/Doripenem/). Imipenem (C;,H,,N50,S) (PubChem
ID 104,838), ’ is a broad-spectrum, intravenous beta-
lactam antibiotic of the carbapenem subgroup. It has a
role as an antibacterial drug. It is a beta-lactam anti-
biotic allergen and a member of carbapenems (http://
www.ebi.ac.uk/chebi/searchld.do?chebild=CHEBI:
471744). Meropenem (C,,H,;;N;0,S) (PubChem ID
441,130) is the anhydrous form of meropenem, a
broad-spectrum carbapenem with antibacterial prop-
erties, synthetic Meropenem inhibits cell wall syn-
thesis in gram-positive and gram-negative bacteria
(Fig. 2). It penetrates cell walls and binds to penicillin-
binding protein targets. Meropenem acts against aer-
obes and anaerobes (https://www.ncbi.nlm.nih.gov/
books/n/livertox/Meropenem/).
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Lys182, Ser183, Gly184, Val193, Trp195, Val208, Ala209,

The active site is the functional part of proteins as it Phe210, Ser211, Leu212, and Leu214 respectively.

catalyzes the chemical reaction. Figure 3 showed the

blaOXA-51 structure in a surface format the and prob-  Active site of blaOXA-23

ability of amino acids involved in the formation of the  The binding pocket of blaOXA-23-like comprises 12
binding pocket. The Depth Residue results showed that amino acids (Leul35, Glul46, Ser161, Try180, Lys185,
the active site of blaOXA-51 contained 11 amino acids Thr186). These binding pocket residues have good
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showed that ligands bind in similar conformation and interactions pattern

Fig. 11 The docking results of all ligands in the active binding region of target proteins. The superimposition results of all three docking complexes
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Table 1 Docking energy of blaOXA-1, blaOXA-23, blaOXA-58,
blaOXA-143, blaOXA-24, IMP-1, recA and NMD-1 against carbapenem
antibiotics

Proteins Binding Energies (Kcal/mol)
Doripenem Imipenem Meropenem

blaOXA-51 -5.2 -5.5 -5.2
blaOXA-23 -34 -43 -2.3
blaOXA-58 -49 -4.2 -49
IMP-1 -53 -4.5 -5.7
recA -38 -49 -3.6
blaOXA-143 -2.5 -3 -19
blaOXA-24 -55 -39 -44
NMD-1 -1.5 -4 -33

Table 2 The bond distance between amino acids and ligands
viewed in the docking complex of blaOXA-51
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probability values in the range from 0 to 0.4 value as
shown in Fig. 4.

Active site of blaOXA-23

The binding pocket of blaOXA-23 consists of three
amino acids (Leu212, Met214, Ser229). All the amino
acids selected for the active site have a probability
greater than O to 1 as shown in Fig. 5.

Active site of IMP-1

Figure 6 showed the IMP-1 structure in surface for-
mat and the probability of amino acids involved in the
formation of the binding pocket. The Depth Residue
results showed that the active site of IMP-1 contained
05 amino acids Lys165, Tryl67, Glyl68, His201 and
Ser202 respectively.

Active site of rec A

Ligand Amino acid Bond di Bond o . .
1ganes mine acas (;\o)n istance  Bondnature The binding pocket of rec A consists of seven amino
: acids (Glu62, Try64, Ser69, Gly70, Lys71, Thr72,
Doripenem Ala-209 213 Hydrogen Bond Gln77). All the amino acids selected for the active site
Ala-209 208 Hydrogen Bond have probability greater than 0 to 1 as shown in Fig. 7.
Asn-213 1.92 Hydrogen Bond
Asn-213 217 Hydrogen Bond
Ser-232 1.86 Hydrogen Bond . .
mi Active site of blaOXA-143
mipenem Tyr-113 2.86 Hydrogen Bond o .
Glu-143 558 Hydrogen Bond The binding pocket of blaOXA-143 consists of seven
Meropenem Ser-232 220 Hydrogen Bond amino acids (Ile135, Pro137, Vall41, Phel43, Alal44,
Phel47, and Alal148). All the amino acids selected for
L9 Ser232
< serrn \/:/\
\\ $2.20A
~ “1.864 2 o S“
174 Fﬁ/”\
Asn2]3 ai F
. Ala209
1924 ¢
Ne LA a9 AT
2134

Tyr118

Fig. 12 This figure showed binding interactions between the target protein (blaOXA-51) and three ligands
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Table 3 The distance between amino acids and ligands in the
docking complex of blaOXA-51

Ligands Amino acids Bond . Bond nature
distance (A)

Doripenem Ser-48 1.69 Hydrogen Bond
Lys-51 298 Hydrogen Bond
Lys-185 2.1 Hydrogen Bond

Imipenem Trp-188 297 Hydrogen Bond
Met-190 1.79 Hydrogen Bond

Meropenem Lys-51 141 Hydrogen Bond
Met-92 1.96 Hydrogen Bond
Ala-96 1.85 Hydrogen Bond
Asp-191 235 Hydrogen Bond

active site have probability greater than 0 to 1 as shown
in Fig. 8.

Active site of blaOXA-24

The binding pocket of blaOXA-24 consists of seven
amino acids (Glu39, Leu63, Ser64, Thr65, Tyr66,
Gly67, Leu70, Asn74). All the amino acids selected
for active site have probability greater than 0 to 0.8 as
shown in Fig. 9.
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Active site of NMD-1

The binding pocket of NMD-1 consists of seven
amino acids (Lys140, Try143, His148, Thr149, Asn152,
Thr154). All the amino acids selected for active site
have probability greater than 0 to 0.3 as shown in
Fig. 10.

Binding pockets analysis and ligands interactions

The docking results showed that all ligands were con-
fined in the active binding region of target proteins
(blaOXA-51, blaOXA-23, blaOXA-58, blaOXA-24,
blaOXA-143, NMD-1, IMP-1 and rec A). The superim-
position results of all three docking complexes showed
that ligands bind in similar conformational behavior and
have similar binding interactions pattern as shown in the
results in Fig. 11.

Binding energies

The docking results of doripenem, imipenem and mero-
penem with blaOXA-23 demonstrated their binding
energies (Table 1). The doripenem, imipenem and mero-
penem were docked to blaOXA-51 using PyRx. The top
docking energy was -5.5 kcal/mol by imipenem and
doripenem and meropenem showed a binding score of -5.
2 kcal/mol each. The top docking energy was -4.3 kcal/
mol by imipenem and meropenem showed a binding
score of -2.3 kcal/mol, while doripenem showcased a

Met190
\1el9

Sp191 L\sﬂl

Fig. 13 Target protein (blaOXA-51), three ligands, and their interactions

Lys185

")7} ! Trp188
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Table 4 The distance between amino acids and ligands in the
docking complex of blaOXA-58

Ligands Amino acids Bond . Bond nature
distance (A)

Doripenem Ala_209 3.06 Hydrogen Bond
Ala-211 2.26 Hydrogen Bond
Ser-229 2.76 Hydrogen Bond

Imipenem Ala-211 2.64 Hydrogen Bond
Ala-211 2.19 Hydrogen Bond

Meropenem Ala-209 241 Hydrogen Bond
Ser-229 3.21 Hydrogen Bond

binding score of -3.4 kcal/mol. The doripenem, imipenem
and meropenem were docked to blaOXA-58 using PyRx.
The top docking energy was -8.8 kcal/mol by doripenem
and meropenem while imipenem showed a binding score
of -4.2 kcal/mol. The docking results of doripenem, imi-
penem and meropenem with IMP-1 demonstrated their
binding energies. The top docking energy was -5.7 kcal/
mol by meropenem and doripenem showed a binding
score of -5.3 kcal/mol, while imipenem showed a binding
score of -4.5 kcal/mol (Table 1).

The doripenem, imipenem and meropenem were
docked to Rec A using PyRx. The top docking energy
was -4.9 kcal/mol by imipenem and meropenem
showed binding energy of -3.6 kcal/mol each while

Page 11 of 17

doripenem showed a binding score of -3.9 kcal/mol.
The docking results of doripenem, imipenem and mero-
penem with blaOXA-143 demonstrated their binding
energies. The top docking energy was -3.0 kcal/mol by
imipenem and meropenem showed a binding score of
-1.9 kcal/mol, while doripenem showed a binding score
of -2.5 kcal/mol.

Doripenem, imipenem, and meropenem dock-
ing findings with blaOXA-24 confirmed their binding
energies. Doripenem had the highest docking energy
of -5.5 kcal/mol, meropenem had a binding score of
-4.0 kcal/mol, and imipenem had a binding score of
-3.9 kcal/mol.

PyRx was used to dock the doripenem, imipenem, and
meropenem to NMD-1. Docking energies for doripenem
were all — 4.0 kcal/mol, whereas meropenem had a dock-
ing energy of -3.3 kcal/mol and imipenem was -1.50 kcal/
mol. Selim et al. 2022 [21] reported that the docking
energy of blaOXA-24, blaOXA-23, blaOXA-143 and
blaOXA-51 are -10.39, -13.21, -10.29 and -8.52 kcal/mol
respectively toward only imipenem.

Hydrogen bonding analysis against blaOXA-51

Hydrogen and hydrophobic interactions are used to
evaluate the bonding interactions of docking complexes.
In the doripenem blaOXA-51 docking complex, five
Hydrogen bonds have been observed at different residual
positions within the active region of the target protein,

Ala209 k (

3.06A%

Ser229

Ser229

Fig. 14 This figure shows the interactions of three ligands with the target protein (blaOXA-58)




Zahra et al. BMC Microbiology (2022) 22:290

Table 5 The distance between amino acids and ligands in the
docking complex of IMP-1

Ligands Amino acids Bond . Bond nature
distance (A)

Doripenem Gly-168 253 Hydrogen Bond
Ser-202 245 Hydrogen Bond
Glu-203 241 Hydrogen Bond

Imipenem His-201 227 Hydrogen Bond
Ser-202 287 Hydrogen Bond

Meropenem Lys-165 230 Hydrogen Bond
Ser-202 2.70 Hydrogen Bond
Ser-202 2.73 Hydrogen Bond

Ala-209, Asn-213 Ser-232. The doripenem shares the
two hydrogen bonds with Ala-209 having a distandis-
tance08A and2.13 A, two hydrogen bonds with Asn-213
2.17 A and1.92 A respectively as shown in Table 2, and
another hydrogen bond was observed between doripe-
nem and blaOXA-51 with Ser-232 having a bond distance
of 1.86 A.In imipenem- blaOXA-51 docking results, a
couple of hydrogen bonds were observed between imi-
penem and blaOXA-51 at the position of Tyr-118 and
Glu-143 having bonding distances of 2.86 A and 2.58 A
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respectively, while meropenem formed a single hydro-
gen bond at Ser-232 with the bond distance of 2.20 A
(Table 2).

The target protein is indicated with the color orchid
and grey in ribbon line format. The binding active amino
acids all around ligands are outlined in yellow as shown
in Fig. 12. Hydrogen bonds are also shown between
blaOXA-51 amino acids and ligands at different distances,
respectively. The red dotted lines indicate the hydrogen
bond indicates the binding distance in angstrom (A).

Hydrogen bonding analysis against blaOXA-23
Doripenem- blaOXA-23 docking complex shows three
hydrogen bonds in the active region of the target protein,
at Ser-48, Lys-51, and Lys-185 having a bond distance of
1.69 A, 2.98 A and 2.11 A respectively (Table 3). Merope-
nem established four hydrogen bonds at Lys-51, Met-92,
Ala-96 and Asp-191. The bond distance calculated was
141 A, 1.96 A, 1.85 A, and 2.35 A respectively. imipe-
nem- blaOXA-23 docking data shows that two hydrogen
bonds were formed between imipenem and blaOXA-23
at Met-90 and Trp-188. The bond distance between imi-
penem and Met-90 was 1.79 A while 2.97 A with trp-188.
The target protein is indicated with the color dark
khaki and light grey in ribbon line format. The binding

Ghd03

Fig. 15 Target protein (IMP-1), three ligands, and their interactions

Gly168

Glu203

'''''
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Table 6 The distance between amino acids and ligands in the
docking complex of rec A

Ligands Amino acids Bond distance (A) Bond nature
Doripenem  Glu-232 218 A Hydrogen Bond
Asn-268 2.04 Hydrogen Bond
Arg-306 295 Hydrogen Bond
Imipenem Lys-265 238 Hydrogen Bond
Asn-268 293 Hydrogen Bond
Meropenem  Asn-268 240 Hydrogen Bond
Asn-268 2.85 Hydrogen Bond
Arg-306 257 Hydrogen Bond
Glu-309 267 Hydrogen Bond

active amino acids all around ligands are outlined in
sienna color (Fig. 13). Hydrogen bonds are also shown
between blaOXA-51 amino acids and ligands at different
distances, respectively. The red dotted lines indicate the
binding distance in angstrom (A).

Docking results with blaOXA-58

The doripenem- blaOXA-58 docking complex reveals
four hydrogen bonds in the active region of the target
protein, at Ala-209, Ala-211, and Ser-229, with bond dis-
tances of 3.06 A, 2.26 A, and 2.76 A,2.38 A correspond-
ingly (Table 4). Meropenem formed two hydrogen bonds,
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one with Ala-209 and and Ser-229. It was found that
the bond distances were 2.41 A and 3.21 A. There were
two hydrogen bonds established between imipenem and
blaOXA-58 at the Ala-211 having a distance of 2.11 A.
And 2.64 A as shown in Table 4.

The colours gold and sienna in ribbon line format iden-
tify the target protein. All around ligands, cornflower
blue highlights delineate the binding active amino acids.
blaOXA-58 amino acids and ligands are demonstrated to
form hydrogen bonds at various distances. Red dots show
the binding distance in angstroms (Fig. 14).

IMP-1 binding analysis
Doripenem- IMP-1 docking complex shows three hydro-
gen bonds in the active region of the target protein,
namely Gly-168, Ser-202and Glu-203 having bond dis-
tances 2.53 A, 2.45 A, 2.41 A (Table 5). Imipenem shares
two hydrogen bonds with His-201, and Ser-202 with
bond distances of 2.27 A and 2.87 A. Meropenem estab-
lished a single hydrogen bond at Lys-165 and a couple
of hydrogen bonds at Ser-202 in the meropenem-IMP-1
docking data; the distance between meropenem and
Lys-165 was 2.30 A, compared to Ser-202 having bond
distance of 2.70 A and 2.73 A, respectively as shown in
Table 5.

The target protein is indicated with the color grey and
sky blue in ribbon line format. The binding active amino
acids all around ligands are outlined in sandy brown color

\)

§;G1u309

Fig. 16 It shows rec A, three ligands, and their interactions

Glu232
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Table 7 The distance between amino acids and ligands in the
docking complex of blaOXA-143is shown

Ligands Amino acids Bond . Bond nature
distance (A)

Doripenem Glu-140 2.15 Hydrogen Bond
Glu-140 240 Hydrogen Bond

Imipenem lle-135 234 Hydrogen Bond
Asn-268 2.85 Hydrogen Bond

Meropenem Glu-140 293 Hydrogen Bond
Glu-140 318 Hydrogen Bond
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(Fig. 15). Hydrogen bonds are also shown between IMP-1
amino acids and ligands at different distances, respec-
tively. The red dotted lines indicate the binding distance
in angstrom (A) as shown in Fig. 15.

Rec A docking results

The doripenem- rec A docking complex exhibits three
hydrogen bonds in the active region of the target protein,
at Glu-232, Asn-268, and Arg-306 with a bond distance of
2.18 A, 2.04 A and 2.95 A respectively. Imipenem bonded
with rec A at Lys-265 and Asn-268. Bond distances were
2.38 A and 2.93 A respectively (Table 6). Meropenem and

= Ilel35

Fig. 17 Target protein (blaOXA-143), three ligands, and their interactions

Table 8 The distance between amino acids and ligands in the
docking complex of blaOXA-24

Ligands Amino acids Bond . Bond nature
distance (A)

Doripenem Glu-39 2.80 Hydrogen Bond
Asn-62 241 Hydrogen Bond
Thr-65 2.20 Hydrogen Bond
Gly-67 258 Hydrogen Bond

Imipenem Asn-62 2.31 Hydrogen Bond
Thr-65 2.29 Hydrogen Bond
Asn-74 295 Hydrogen Bond

Meropenem Asn-62 2.58 Hydrogen Bond
Thr-65 240 Hydrogen Bond

rec-A formed four hydrogen bonds at Asn-268, Arg-306,
and Glu-309. A couple of bonds were formed at Asn-268
with bond distances of 2.40 A and 2.85 A. The bond dis-
tance between meropenem and Arg-306, and Glu-309 (rec
A) was 2.57 A and 2.67 A respectively as shown in Table 6.

Gold and salmon ribbons identify the target protein.
Skyblue binding amino acids surround ligands. IMP-1
amino acids and ligands have hydrogen bonding at vary-
ing distances. Red dots represent binding distance in
angstrom A Fig. 16.

The blaOXA-143 binding analysis

In the doripenem blaOXA-143 docking complex,
two hydrogen behave have been observed at differ-
ent residual positions within the active region of the
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Fig. 18 This figure shows binding interactions between the target protein (blaOXA-24) and three ligands

target protein. Couple of bonds at Glu-140 involved in
hydrogen bond having a bond distance of 2.15 A and
2.40 A (Table 7). In imipenem- blaOXA-143 docking
results, two hydrogen bonds were observed between
imipenem and blaOXA-51 at the position of Ile-135
having bonding distances of 2.34 A and 2.85 A while
meropenem formed two hydrogen bonds at Glu-140
with the bond distance of 2.93 A and 3.18 A (Table 7).

The target protein is indicated with the color dark
cyan and cyan in ribbon line format. The binding
active amino acids all around ligands are outlined in
violet red color (Fig. 17). Hydrogen bonds are also
shown between blaOXA-143 amino acids and ligands
at different distances, respectively. The red dotted
lines indicate the binding distance in angstrom (A) as
shown in Fig. 17.

Table 9 The distance between amino acids and ligands in the
docking complex of NMD-1

Ligands Amino acids Bond . Bond nature
distance (A)
Doripenem Leu-139 2.25 Hydrogen Bond
Ala-198 236 Hydrogen Bond
Imipenem Glu-129 338 Hydrogen Bond
Leu-139 3.09 Hydrogen Bond
Meropenem Asn-125 2.00 Hydrogen Bond

The blaOXA-24 binding analysis

Doripenem blaOXA-24 docking complex shows four
hydrogen bonds in the active region of the target protein,
namely Glu-39, Asn-62, Thr-65 and GI-67 having bond
distances 2.80 A, 2.41 A,2.20 A and 2.58 A respectively
as shown in Table 8. Imipenem shares three hydrogen
bonds with Asn-62, Thr-65 and Asn-74 with bond dis-
tances of 2.31 A, 2.29 A and 2.95 A. Meropenem estab-
lished a two-hydrogen bond at Asn-62 and Thr-65 in
the meropenem- BlaOXA-24 docking data; the distance
between meropenem and Asn-62 was 2.58 A, compared
to Thr-65 having bond distance of 2.40 A (Table 8).

The target protein is indicated with the color and gold
in ribbon line format. The binding active amino acids all
around ligands are outlined in brown (Fig. 18). Hydrogen
bonds are also shown between blaOXA-24 amino acids and
ligands at different distances, respectively. The red dotted
lines indicate the hydrogen bond indicates the binding dis-
tance in angstrom (A) as shown in Fig. 18.

Docking results with NMD-1

The Doripenem- NMD-1docking complex reveals two
hydrogen bonds in the active region of the target protein,
at Leu-139 and Ala-198, with bond distances of 2.25 A,
2.36 A correspondingly (Table 9). To begin with, Merope-
nem formed single hydrogen bonds with Asn-125. It was
found that the bond distances were 2.00 A. There were
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Fig. 19 The figure showed binding interactions between the target protein (NMD-1) and three ligands
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two hydrogen bonds established between the imipenem
and NMD-1 at the Glu-129 and Leu-139 regions of the
imipenem molecule. Glu-129 had a bond distance of
3.38 A, whereas Leu-139 was 3.09 A away (Table 9).

The target protein is indicated with the color khaki
and sky blue in ribbon line format. The binding active
amino acids all around ligands are outlined in yellow
color as shown in Fig. 19. Hydrogen bonds are also
shown between NMD-1 amino acids and ligands at
different distances, respectively. The red dotted lines
indicate the hydrogen bond and the binding distance in
angstrom (A) (Fig. 19).

Conclusions

Our result may give a clear spot on carbapenem molec-
ular docking data required for protein targeting the
resistant gene need more advanced design of drugs and
synthesis of new candidates to minimise the resistant cri-
sis against A. baumannii.
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