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ABSTRACT 

Objective: The objective of the study was to analyse the target-ligand interactions between nuclear factor-κB (NF-κB) and chelated Zinc compounds 
and to explore the anticancer drug potential of these ligands by a bio computational approach. 

Methods: Bioinformatics databases and tools were applied for the study. Three dimensional structure of the target NF-κB was retrieved from 
Protein Data Bank (PDB). The optimized structures of two chelated Zinc compounds, Zinc acetate and Zinc orotate were taken for docking studies 
with the target using docking tool AutoDock 4.2. Drug properties of the ligands were further assessed by Molinspiration server. 

Results: Docking results as predicted by AutoDock and as visualized by PyMol viewer were effective for both the ligands. Comparatively, Zinc 
orotate showed minimum energy and more interactions with the target. Both the ligands satisfied the Lipinski’s rule of five with zero violations. 

Conclusion: The findings emphasized the promising role of chelated Zinc compounds as potent drug candidates in anti-cancer drug design against NF-κB. 
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INTRODUCTION 

Nuclear factor-κB (NF-κB) is an important protein regulating gene 
expressions involved in various cellular processes. It has a major 
role in cell proliferation, growth of tumors, metastasis, and 
angiogenesis contributing significantly to cancer initiation and 
progression [1-4]. It is a family of five transcription factors which 
are NF-κB1/p105, NF-κB2/p100, RelA/p65, RelB, and c-Rel [5]. It 
exists in an inactive form in the cytoplasm bound to inhibitory 
subunit IκB. It's active form p50/p65 can migrate to the nucleus, 
bind to DNA, and induce gene expressions. Interleukins (IL), 
inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), 
Tumor Necrosis Factor (TNF) and adhesion factors are some of the 
target genes expressed [6, 7]. Tumor regression with NF-κB 
suppression observed in earlier studies indicates the promising role 
of NF-κB as a therapeutic target in anticancer studies [8-10]. 

Zinc is a fundamental trace mineral, essential for the proper 
functioning of the body through its structural, catalytic, and regulatory 
roles [11-13]. Its level in the body influences immune mechanisms and 
seems to affect reactive oxygen species (ROS) generation, granulocyte 
recruitment, phagocytosis, and chemotaxis [14, 15]. It stabilizes zinc 
finger structures and plays a vital role in DNA replication, 
transcription, translation, repair mechanisms, and also in proliferation, 
maturation, and apoptosis of cells [16]. Cancer studies have related the 
disease promotion to decreased levels of Zinc [17-25]. The multiple 
functions performed by this element have enabled its possible role 
against tumor initiation and progression. But the exact mechanism 
behind it remains unknown [26]. The findings of earlier studies 
indicate the advantages of Chelated Zinc over Zinc salts in several 
aspects. Chelated Zinc with the metal complexed with organic ligands 
has more bioavailability and is easily absorbed. They also possess 
potential biological properties that can be applied for therapeutic 
purposes [27]. Zinc chelators such as TPEN (N,N,N0,N0-tetrakis-(2-
pyridylmethyl) ethylenediamine) have been found to prevent 
induction of NF-kB signaling pathway [28]. The application of chelated 
Zinc in inhibiting the migration of MDA-MB-231 breast cancer cells has 
also been identified [29]. 

Studies so far have indicated NF-κB inhibitory potential and 
anticancer activity of a few of the chelated Zinc compounds [28, 29]. 

Reports on the anticancer potential of Zinc acetate and Zinc orotate 
based on their interaction analysis with NF-κB through an in silico 
approach are not available yet. The present study applies 
Bioinformatics databases and tools to reveal the significance of 
interactions between NF-κB and chelated Zinc compounds such as 
Zinc acetate and Zinc orotate, and the drug properties of these 
ligands in target-based anticancer drug design. 

MATERIALS AND METHODS 

Target preparation 

The PDB database was used to retrieve the crystal structure of the 
target protein human NF-κB. Auto Dock Tool was used for 
optimization in adding Hydrogen atoms and assigning electronic 
charges to the protein atoms based on Kollman united atoms force 
field [30]. The PDB ID of the target protein human NF-κB was 1SVC. 

Ligand preparation 

Two chelated Zinc compounds namely Zinc acetate and Zinc orotate 
with the Zinc metal chelated to organic ligands were chosen as the 
ligands for docking with the target NF-κB. The structures of these 
compounds were downloaded as SDF MOL Files from the PubChem 
database. The files were further converted and saved as PDB format 
using the Open Babel Molecular Converter program. The PubChem 
IDs of Zinc acetate and Zinc orotate were found to be 11192 and 
108934 respectively. 

Molecular docking and visualization 

Docking analysis was carried out using an automated docking tool, 
AutoDock 4.2 to predict the binding affinity between NF-κB and the 
chelated Zinc compounds [30]. Lamarckian Genetic Algorithm (LGA) 
was made use to study the docked conformations. 

The docking suite works on the technique that performs 
conformation search by simulated annealing and energy evaluation 
by the grid-based method. The auxiliary program AutoGrid 
calculates grid maps for every atom type of the ligand with the grid 
size measuring 126x126x126 Å. The molecules of the ligand move 
freely within the grid box taking up six spatial degrees of freedom. A 
semi-empirical free energy force field evaluates initially the 
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intramolecular energy in the unbound state and finally the 
intermolecular energy of the bound state of the ligand and the 
target. For each docking experiment, 10 different runs are set that 
stop upon reaching a maximum of 250000 energy evaluations. The 
results with positional root-mean-square deviation (RMSD)>1.0 Å 
are clustered to obtain the most favourable free energy of binding. 
The resulting pose is finally used for alignment with the structure of 
the target with the least binding energy [31].  

The docked poses of the target-ligand interactions were visualized 
using PyMol viewer. PyMol viewer is open-source software, released 
under the Python License and created by DeLano. High-quality 3D 
images of the docked conformations can be produced by this tool 
[32]. Hydrogen bonding and non-bonded energies during the 
docking were visualized. Binding affinities, molecular dynamics, and 
energy simulations in docking assessments enabled the evaluation of 
relative stabilities. 

Pharmacokinetic analysis of ligands 

Certain molecular properties of compounds can be treated as their 
drug properties and are used to study their pharmacokinetics. These 
properties such as molecular weight, number of hydrogen bond 

donors, number of hydrogen bond acceptors, number of rotatable 
bonds, partition coefficient between n-octanol and water (logP), and 
topological polar surface area (TPSA) of the Zinc ligands were 
analyzed using Molinspiration server [33]. Lipinski has described 
these properties are essential to determine the pharmacokinetics of 
the drug in the body [34]. 

RESULTS AND DISCUSSION 

Structure retrieval of the target 

The crystal structure of the target protein human NF-κB was 
retrieved from PDB with ID 1SVC as shown in fig. 1. This PDB had 2.6 
Å resolution, comprised major domains of the protein and had 
maximum coverage of the target sequence length of 365 amino 
acids. Hence, this PDB ID was chosen for study. The bound DNA from 
the structure was removed. Water molecules were also removed and 
Hydrogen atoms were merged with the protein successfully. 

Structure retrieval of the ligands 

The compatible format of the ligands Zinc acetate and Zinc orotate 
was obtained and the retrieved structures of the ligands were as 
represented in fig. 2 and fig. 3. 

 

 

Fig. 1: PDB Structure of NF-κB 
 

 

Fig. 2: Zinc acetate structure 

 

 

Fig. 3: Zinc orotate structure 
 

Docking results 

LGA determined the interactions between NF-κB and the chelated 
Zinc compounds as 10 conformers. Based on the minimal solvent 
accessibility and lowest energy, the best-docked conformer was 
selected. Two major steps were involved in the docking analysis. In 

the first step, the exact orientation of the conformers in the best 
active site was predicted. The second step determined the strength 
of the target-ligand interactions by scoring [35]. The conformations 
of the docked poses were obtained by AutoDock with Target-Ligand 
interactions as in fig.4 (A) and (B). The energy and Hydrogen bond 
details of Zinc acetate and Zinc orotate docked individually to NF-κB 
in the final conformations were presented in table 1. The PyMol 
viewer visualization images of the interactions were illustrated in 
fig. 5 (A) and (B). The atoms involved in the interactions of the 
ligands with the target along with their bond length as visualized by 
the PyMol viewer were tabulated in table 2 and table 3. The results 
indicated that Zinc orotate showed more interactions than Zinc 
acetate with the target. 9 Zinc orotate-target interactions and 4 Zinc 
acetate-target interactions were observed by PyMol viewer. 
AutoDock predicted 4 H-bonds between Zinc orotate-target and 3 H-
bonds between Zinc acetate-target. The docking score was 
expressed in terms of binding energy. The binding energy of the Zinc 
orotate-target complex (-8.77 kcal mol-1) seemed to be lesser than 
that of the Zinc acetate-target complex (-5.54 kcal mol-1) indicating 
greater stability of the former than the latter. The stability of the 
confirmation was based on the minimum docking value and the 
maximum number of interactions and it seemed to be more for Zinc 
orotate [36]. This specified that Zinc orotate was a more potent 
inhibitor of NF-κB. On the whole, both the chelated Zinc compounds 
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showed significant docking results with less binding energies and 
more number of H-bond interactions. PyMol viewer indicated that 
Zinc in both the ligands interacted with the Arginine57 residue of 
the target. This highlighted the significance of Zinc in contributing 
towards the drug properties of these compounds as effective 
inhibitors of NF-κB. 

Drug properties and pharmacokinetics of ligands 

It is essential to study the physicochemical and pharmacokinetic 
properties of drug compounds to avoid their adverse reactions [37]. In 
the present study, the results of Molinspiration evaluated the drug 
likeliness of the selected Zinc chelate compounds as presented in table 
4. The results seemed to be very promising for both the compounds, 

satisfying Lipinski’s rule of five with zero violations. These molecular 
descriptors were found to be widely accepted as the major attributing 
factors of drug likeliness in drug discovery and development [38]. Zinc 
orotate possessed a greater number of H-bond donors and acceptors 
compared to Zinc acetate. This might have accounted for the greater 
number of H-bond interactions of Zinc orotate with the target. TPSA of 
both the compounds was found to be less than 140 Å2.  

Their 

 

rotatable bonds were also less than 10. Compounds following 
these criteria were proven to be associated with good absorption and 
bioavailability [39]. LogP values of these compounds less than 5 
obeying Lipinski’s rule indicated that these compounds had good 
aqueous solubility and less risk of plasma protein binding and tissue 
accumulation. 

   

Fig. 4: Target-Ligand interactions predicted by AutoDock (A) NF-κB and  Zinc acetate (B) NF-κB and  Zinc orotate. The target protein NF-κB is 
represented as lines. The interacting Zinc compound is in stick model. Interacting atoms are highlighted. Interactions are denoted by green 

dotted lines 
 

 

 

Fig. 5: Docked poses by PyMol viewer. (A) Interactions between NF-κB and Zinc acetate (B) Interactions between NF-κB and Zinc orotate. 
The target protein NF-κB is represented as ribbon model in pink. The interacting Zinc compound is in blue as a stick model. The 

interactions are in dotted green lines 
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Table 1: Docking details as predicted by AutoDock (A) Interactions between NF-κB and Zinc acetate (B) Interactions between NF-κB and 
Zinc orotate 

Docking results Zinc acetate Zinc orotate 
Binding Energy -5.54 -8.77 
Ligand efficiency -0.62 -0.38 
Inhibition constant 87.64 370.91 
Hydrogen bonds 3 4 

 

Table 2: Docking details of zinc acetate by PyMol viewer 

NF-κB Zinc acetate Distance (Angstrom unit) 
Residue Atom 
ILE142 N O 3.2 
ARG57 O Zn 2.8 
ARG57 N O 3.3 
ARG59 NE O 3.4 

 

Table 3: Docking details of zinc orotate by PyMol viewer 

NF-κB Zinc orotate Distance (Angstrom unit) 
Residue Atom 
ARG59 NE O 3.5 
ARG59 NH O 2 2.9 
ARG57 N OXT 2.8 
ARG57 O Zn 3.1 
GLY68 O H 1.9 
GLY68 O O 3.0 
PRO65 O O 2.6 
PRO65 O H 2.2 
GLY64 O O 2.7 

 

Table 4: Drug-likeliness of zinc acetate and zinc orotate 

Property name Zinc acetate Zinc orotate 
Molecular Weight (g mol-1 183.5 ) 155.09 
Hydrogen Bond Donor Count 0 2 
Hydrogen Bond Acceptor Count 4 6 
Rotatable Bond Count 0 1 
miLogP -2.78 -3.94 
TPSA 40.13 105.85 
n-violations  0 0 

 

Scientific evidence further substantiated the anticancer role of the 
zinc compounds targeting NF-κB. Earlier studies have related zinc 
finger-containing proteins to inhibition of NF-κB activation [7]. Zinc 
could modulate the activity of NF-κB through reversible inhibition of 
cyclic nucleotide phosphodiesterase (PDE) [40]. An increase in the 
expression of peroxisome proliferator-activated receptor (PPAR) by 
Zinc also accounted for the inhibition of NF-κB activation. The 
increased PPAR further down-regulated inflammatory reactions and 
molecules involved [41]. Zinc possessed significant antioxidant 
potential and prevented the generation of toxic free radicals [42, 43]. 
It also seemed to be capable of eliminating cancer-causing mutant 
forms which ensured its anticancer potential [44]. Chelated Zinc 
compounds were found to inhibit the migration of cancer cells which 
was absent in the case of chelated copper and iron [29]. 

CONCLUSION 

This study reveals the interactions of chelated Zinc compounds such as 
Zinc acetate and Zinc orotate with NF-κB, a potent cancer target. 
Computational assessments employed, present a potential platform for 
the novel selection of effective ligands that may find application in 
chemotherapy. The significant interactions of chelated Zinc compounds 
with NF-κB and their favourable drug properties may emphasize the 
promising therapeutic value of these compounds to combat cancer. 
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