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Abstract: Nalidixic acid (NA) is a quinolone drug used to treat urinary tract infections. It inhibits
bacterial gyrase-DNA complex formation, an essential step for DNA supercoiling during bacterial
replication. Due to the medical application of this drug, it would be interesting to get insight into its
binding mechanism with human serum albumin (HSA), the primary carrier protein in blood circulation.
Two reports of NA binding to HSA were published using molecular docking approaches. The first
report revealed that the preferred binding site of NA was Site Il of serum albumins, while the recent
finding predicted Site | of bovine serum albumin (BSA) as the preferred site. Given the high sequence
homology between these albumins, it is presumed that the binding preference of this drug should be the
same in these proteins. To re-investigate this phenomenon, the interaction of NA with HSA was
conducted using AutoDockTool 4.0. The molecular docking results revealed that NA binding
preference was at Site I, involving Lys 199 in HSA, due to the formation of more significant contacts.
Hence, it is concluded that any variable or parameters in the software should be wisely standardized to
minimize the controversial results using different programs.

Keywords: AutoDock 4.0; human serum albumin; drug-protein binding; molecular docking; nalidixic
acid.
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1. Introduction

Human serum albumin (HSA) is a primary carrier protein in blood plasma for various
exogenous and endogenous ligands. It consists of domains I, 11, and 11, divided into two sub-
domains, A and B. Subdomains I1A and I11A possess the well-known ligand binding sites, viz.
Sudlow’s Site | and Site Il, respectively. These sites have a high affinity to bind various
molecules [1-12]. Interaction mechanisms of various ligands, including drugs to HSA using
molecular docking programs such as AutoDock and Vina, have been reported [2—-12]. These
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tools are used to predict the interaction mechanism by establishing virtual models of drug-
protein interactions at the atomic level based on conformations and calculation of binding free
energies for respective domains of HSA [2-12]. This information can be used to validate the
findings from in-vitro studies while reducing the cost and minimizing the time for the drug
discovery process [13].

Nalidixic acid (NA) possesses antibacterial properties for urinary tract treatment. It acts
as a gyrase inhibitor by cleaving the bacterial gyrase-DNA complex responsible for bacterial
DNA supercoiling during bacterial replication [14]. Its primary and secondary binding sites
were proposed to lie in subdomains 1A and 1A of albumins, respectively, based on results
from the Consistent Valence Force Field (CVFF force field) of the software Insightll [15].
Contrary to it, a recent report predicted the preferred binding site of NA as Site 1 of bovine
serum albumin (BSA) using AutoDock 4.0 [16]. Since BSA has a high (76%) sequence
homology with HSA, it is assumed that the NA binding site of these aloumins should be the
same. Herein, we have conducted the molecular docking of NA-HSA interaction using the
AutoDock 4.0 program to solve the controversy between these two reports.

2. Materials and Methods

2.1. Molecular docking simulation.

The chemical structure of NA was constructed using ACD/ChemSketch, followed by
the compound energy minimization using MMFF94 force field via Avogadro [17,18]. The
three-dimensional (3D) structure of HSA (PDB ID: 1BMO) was obtained from the Protein Data
Bank (PDB) with a resolution of 2.5 A [19]. The preparation of 3D structures of HSA and NA
was conducted using AutoDockTools4 [20] by adding non-polar hydrogens and Kollman
charges and computing the Gasteiger charges accordingly. The grid coordinates for each of the
HSA binding sites were specified according to their respective sites, namely, subdomain 1A
and subdomain 1A [1], to conduct an independent molecular docking simulation. The
coordinates (x = 35.36, y = 32.41, and z = 36.46) were selected for the binding site on
subdomain 1A (Site 1), while for subdomain I11A (Site Il), the coordinates were centred at X =
14.42, y = 23.55, and z = 23.31 with the box dimension 70 x 70 x 70 points and 0.375 A
spacing. The molecular docking of NA to HSA was performed using AutoDock4 [20] utilizing
the Lamarckian genetic algorithm search engine with the search runs set to 100 and population
size of 150. Other docking parameters include 0.8 as the operator weights of crossover, 0.02 as
the rate of mutation, 150 as the population size and 27,000 as the maximum number of
generations. Upon completion, the analysis was conducted to identify the binding energy as
well as the interactions involved via AutoDockTools4, LigPlot+ and UCSF Chimera [20-22].

3. Results and Discussion

3.1. Molecular docking simulation analysis.

Interactions formed between NA and HSA, together with the generated binding energy,
dictate the stability of the formed complex. Initial assessment of the docking results was
conducted by clustering them based on 2.0 A of root-mean-squared deviation (RMSD). The
cluster analysis (Figure 1) showed that at Site I, there were three multimember conformational
clusters formed, whereas there were six clusters formed at Site Il. The highest populated
cluster, along with its mean binding energy at Sites I and I1, were 81 (-33.72 kJ mol™*) and 51
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(-21.25 kJ mol™), respectively. Further inspection showed that the lowest binding energy of
the formed complex at Site | was —34.10 kJ mol™?, while the lowest binding energy at Site I
was —22.59 kJ mol™?. The formed interactions were evaluated based on the lowest predicted
binding energy of NA at HSA binding sites.
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Figure 1. Molecular docking cluster analysis of NA at HSA binding sites (Site | and Site I1). A total of 100 runs
were conducted on each of the independent docking sites.

As visualized in Figure 2 and detailed in Table 1, three hydrogen bonds were formed
between NA and the individual residues of HSA, which were Lys-199, His-242 and Arg-257
at Site I, whereas only one hydrogen bond involving Lys-413 was formed at Site Il. The
involvement of Lys-199 of HSA in NA-HSA interaction was in line with a recently published
report [23]. The higher number of formed hydrogen bonds at Site | would likely contribute to
the generated binding energy and hence, the stability of NA on HSA. Moreover, the orientation
of NA docked on the HSA Site | was lined by several amino acid residues such as Tyr-150,
Phe-223, Leu-238, Leu-260, lle-264, 1le-290, and Ala-291 (Figure 3), that formed hydrophobic
interactions. Meanwhile, only Val-493 contributed to the hydrophobic interactions at Site I,
whereas Ser-489 and Glu-492 contributed to polar interactions. These analyses indicated that
the preferred binding site for NA on HSA was on Site I, where the hydrogen bonds and
hydrophobic interactions mainly contributed to the stable complex formation.

R

predicted lowest binding energy. The domains of HSA are colored accordingly (Domain I; orange, Domain II:
blue, and Domain Il green). The zoomed-in image shows the formed hydrogen bonds (green lines) between the
HSA residues (rendered in the yellow stick) and NA.
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Table 1. The formed hydrogen bonds interaction between NA and the respective binding sites (Site | and Site 1)
on HSA, as obtained from the lowest binding energy conformation.

HSA binding site HSA residue and atom NA atom Distance (A)
Site | Lys-199:HZ3 O 1.85
. His-242:HE2 (0] 2.15
(subdomain 11A) 19
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Figure 3. The formed hydrophobic and polar interactions between NA and HSA amino acid residues at Site |
(A) and Site 1l (B) generated using LigPlot+.

4. Conclusions

Interaction of NA with HSA involved both hydrophobic interactions and hydrogen
bonds. Besides, the preferred binding site for NA was identified in subdomain I1A, which was
Sudlow's Site | of HSA involving one Lys residue. This result was in line with a recent report
suggesting the involvement of lysine residues in NA-HSA interaction [23]. Therefore, these
results offer valuable information about the pharmacokinetics of NA in human circulation.
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