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ABSTRACT

Motor neuron disease (MND) has become the most widespread neurodegenerative disease,
like ALS, AD, and PD, affecting millions of human beings worldwide. Among these, ALS disease plays
amajor role in MND. The metal oxides have an essential role in neurodegenerative diseases. Cerium
oxide nanoparticles have received a lot of attention in recent years as a potential future remedy for
treating a variety of problems due to their redox activity, free radical scavenging capabilities, biofilm
suppression, and other features. We are using molecular docking experiments to better understand
the interaction of transition metal oxides (CeO,) with mutated and Non-mutated SOD1 proteins.
Through the use of molecular docking studies, the structural relationship between amino acids,
binding energy, and ligand efficiency was investigated. Auto-dock analysis also reveals that the
CeO, nanoparticle has significant binding energy. In this work, we synthesize a C1erium oxide/GO
composite and examine its impact on mutant and non-mutant SOD1 proteins, as well as antioxidant
assays (SOD3), anti-microbial activity, and CV analysis.

Keywords: Cerium oxide/GO nanocomposite, Superoxide dismutase (SOD1),
Molecular docking, CV.

INTRODUCTION

Nanoparticle development has branched
out into a wide spectrum of clinical uses in the last
few decades. Nanoparticles have been intended
to overcome the limits of free treatments and to
transportation biological barriers that are varied
among different patients and disorders. Precision

treatments, which use individualized interventions
to improve therapeutic efficacy, have also helped
to overcome patient heterogeneity. However, the
research of nanoparticles remains focused on
improving delivery systems with a one-size-fits-all
approach. Nanoparticles can be manufactured and
changed technologically to carry components for
medical imaging, cancer treatment, or medication
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release. Because of the conjugate's versatility,
nanomaterials have been widely employed in
diagnostics and therapy. The effects of nanoparticles
on cells are yet unknown, in addition to the newly
developed uses of nanomaterial in biological systems.
Numerous studies on the effects of nanomaterial’s on
biological systems show the need for a completely
novel area of study specialized in Nano toxicity'. CeO,
nanoparticles have the potential to be developed
as a treatment for oxidative stress diseases.
Furthermore, in accordance with the conditions,
Cerium may change oxidation states (Ce®*" or Ce*)
and bind oxygen reversibly. Cerium oxide have
been studied in biological systems because to their
properties and have determined antioxidant effects in
numerous disease models. Nanoceria has significant
antibacterial action against both Gram-positive and
Gram-negative bacteria via the production of reactive
oxygen species (ROS)2 The antioxidant activity of
cerium oxide nanoparticles is reversible. It has a
wide range of possible uses in pharmacology. This
neutralizing function is similar to that of metabolic
enzymes such as superoxide dismutase (SOD) and
catalase, which are ROS scavengers. As a result,
cerium oxide nanoparticles can protect cells from
oxidative damage in the environment®. Nano ceria
demonstrates both catalysis and SOD-mimetic
action*”. Cerium nanoparticles having bactericidal
action might be employed in the production of medical
and food processing equipment, among other sectors.
The biological activity of highly reactive cerium oxide
nanoparticles against Gram(+) and Gram(-) bacteria
is good.2 The development of artificial intelligence and
machine learning (Al and ML) has made it possible to
find lead compounds by using computerized database
searches that target specific proteins®. Additionally,
the early stages of medication development research
concentrate on a particular disease's root cause.
Modern pharmacological advancements have made
it possible to better understand the cellular and
molecular causes of illnesses'®. Because of this, the
majority of pharmaceutical companies and academic
research projects start by choosing an appropriate
target inside the body, then thoroughly examining
the signaling pathways and developing a drug to
interactions with proteins'. Investigating the target's
structural and functional characteristics as well as
how it interacts with compounds that have therapeutic
properties'?, predicting the binding of microscopic
drug-like substances to target proteins was the main
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objective of molecular docking'®. Protein malfunction
is acommon cause of disease, and medications work
by either blocking or activating the target proteins™.
Traditional methods for generating drug development
leads frequently entail testing a large number of
intriguing compounds against a known disease target
protein and hoping to detect a binding association'®.
In a way similar to investigational high-throughput
screening, docking may be used to digitally screen
new compounds, and it can also be utilized to offer
atomistic-level information to support structure-based
drug development'®.

MATERIALS AND METHODS

Materials

Graphite powder, nitrate soda (NaNO,),
concentrated sulfuric acid (conc. H,SO,), potassium
permanganate (KMnQ,), hydrogen peroxide (H,0,),
Ammonium hydroxide(NH,OH), cerous nitrate
hexahydrate Ce(NO,),6H,0, hydrazine (N,H,) were
bought from Proxor, India.

Preparation of GO

The GO was set up using the modified
Hummers method. 10 g of powdered graphite and 5
g of NaNO, were added slowly while stirring to a 240
mL solution of ice-cold H,SO, in water. 32 g of KMnO,
were added to this solution within two hours. 250 cc
of pure water was carefully added to the reactants,
and then the reactants were heated to below 40°C
and stirred for 90 minutes. The reaction mixture
temperature was monitored and held at 90 degrees
Celsius for 60 minutes. 800 mL of distilled water
and 23 mL of a 25% aqueous solution of H,0O, were
combined to complete the reaction. The resulting
solution was repeatedly washed with distilled water
until the filtrate's pH reached neutral. The resulting
solution was subjected to 20 min of sonication and
70°C oven drying'7-1°.

Synthesis of the Ce0,/GO nanocomposite

In 30 mL of distilled H,O, one millimol
(0.4342 g) of Ce(NO,),.6H,0 was dissolved, and
2 ml of 32% NH,OH (aqueous) was dropped into
the solution using sonication. The entire procedure
took 66 minutes. Then add 60 mL of 0.5 mg NaOH
aqueous. 1 g of GO suspension was added and
heated to 90 degrees Celsius. After adding 3
mL of N_H,, the solution was refluxed for 1 hour.

2w
The product was continually washed with ethanol
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and deionized water to create the cerium oxide-
graphene oxide nanocomposite before being dried
at 60°C for 24 hours?0-21,

Characterizations

The X-ray Diffractometer from PANalytical
was able to record X-ray Diffraction patterns between
2 =10° and 80°. HRTEM using a JEOL JEM 2100,
FTIR, and biological examinations were carried out
by Acme ProGen Biotech (India) Private Limited, a
NABL-accredited company. Docking studies were
done with an authorized tool called MGL Tools, which
has the software AUTODOCK (version 1.5.7) and
AUTODOCK VINA (v1.2.x).

RESULTS AND DISCUSSION

XRD analysis

Fig. 1. Shows XRD pattern of CeO,-GO

The XRD analysis of CeO,-graphene
oxide nanocomposites The sample has XRD peaks
at 28.59, 33.14, 47.44, 56.3, 58.95, and 69.4, as
shown in the figure. The six peaks correspond to the
cubic fluorite CeO, (JCPDS 34-0394) crystal planes
(111), (200), (220), (311), (222), and (400). The
findings show that the nanocomposite is made up
of CeO, and graphene oxide, with no additional
chemicals synthesized throughout the process?2.

TEM analysis

Fig. 2. illustrate HRTEM pattern of Ce0,-GO
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The Morphological analysis of GO@CeO,
composites is provided by the HRTEM investigation,
which also establishes the size and shape of CeO,
nanoparticles. A high number of CeO, nanoparticles
are regularly dispersed on the surface of the
transparent GO sheet in Fig. 2c, which also shows
distinct profiles for the GO sheet. The structures on
graphene oxide foils or sheets, which provided the
active centers for CeO, deposition, may be used
to explain it. CeO, nanoparticles had a diameter of
around 10—-20 nm, as seen in Figure 2e.

EDX

Fig. 3. illustrate EDX pattern of Ce0,-GO

Moreover, the CeO,/GO nanocomposite
was found using EDX. The emission of substantial
oxygen and cerium peaks, as well as a considerable
carbon peak, are used to support the synthesis of
CeO, nanostructures and GO.

FTIR Spectrum

Fig. 4. illustrate FTIR pattern of CeO,-GO

The vibrational stretching for OH group
at 3050-3650 cm™, C=0 at 1700-1800 cm™,
COO- at 1600-1750 cm', sp2-hybridised Carbon
(in-plane stretching) at 1450-1600 cm™" are visible
in the layer GO FTIR spectrum shown in Fig. 4. at
room temperature. sp?-hybridized Carbon is found
between 1500 and 1670 cm™'. The existence of ceria
in the solid was confirmed by the appearance of a
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broad band in all spectra between 400 and 630 cm™,
which may be recognized to the Ce-O's stretching
mode of tension and corresponds to the active F1U
mode in the IR for the fluorite structure?-.

Docking studies
Proteins selection and preparation for docking
studies
Structure of Human Cu, Zn Superoxide Dismutase
The target protein was SOD1 precursor
protein for ALS disease (PDB ID: 1PUO). The Protein
Data Bank of the Research Collaboratory for Structural
Bioinformatics (RCSB) (http://www.rcsb.org/pdb) was
used to determine its structure. Its 3D structure has
a resolution of 5 A, chains of A,B,C,D,E, Sequence
Length 153, homo sapiens, non-mutated protein®.

Fig.5. illustrate image of Structure of Human non-mutant
protein SOD1 (a) Cu, Zn Superoxide Dismutase,

(b) chain A and (c) amino acids only
Structure of Human Superoxide Dismutase
(Ad4v Mutant) in C2 Space Group

The target protein was SOD1 precursor
protein for ALS disease (PDB ID:6SPA). The Protein
Data Bank of the Research Collaboratory for Structural
Bioinformatics (RCSB) (http://www.rcsb.org/pdb) was
used to determine its structure. Its 3D structure has
a resolution of 5 A, chains of A,B,C,D,E, Sequence
Length 153, homo sapiens, mutant protein?.

Fig.6. illustrate image of Structure of Human mutated
protein SOD1 (a) Cu,Zn Superoxide Dismutase,
(b) chain A and (c) amino acids only

1290

Non-Mutant SOD1 Protein-Ligand interaction

Fig.7. illustrate (a) image of interaction between protein
and ligand and (b) binding sites of ligand in protein

Mutant SOD1 Protein-Ligand interaction

Fig.8. illustrate (a) image of interaction between protein
and ligand and (b) binding sites of ligand in protein

Docking tools

The Protein Data Bank database (PDB)
with IDs 1PUO and 6SPA was used to download the
protein structure. CeO2's small molecule structure
was found in the PubChem database. Studies on
interactions were carried out independently for
the protein structure and the four small molecules.
Docking investigations were carried out using the
software Autodock (version 1.5.7) and Autodock
Vina (v1.2.x) from MGL Tools, an authorized tool.
Please reference AutoDock Vina in your work by
using the following citation information. AutoDock
Vina: Enhancing the Efficiency and Reliability of
Docking with an Unique Scoring Function, Rapid
Optimization, and Multithreading," by O. Trott and
A. J. Olson, Journal of Computational Chemistry,
31 (2010), 455-461. For further details, visit http://
vina.scripps.edu. The search space volume is more
than 27000 Angstrom3; warning (see FAQ). It was
done to read the input, set up the scoring function,
examine the binding site, search using a random
seed of 915023360, and refine the findings?.

Autodock Vina
The protein structure was downloaded
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and viewed with the visualization software PYMOL
for the structural formation, number of chains, and
missing atoms. Protein was stored in PDB format
for the further preparation process. Small molecules
are downloaded in SDF format from PubChem
and changed into PDB format with the help of
PYMOL for future use. Before docking, we have
to prepare the protein and ligand and save them
in.pdbgt format. To do that, we need an auto-dock
tool. In protein preparation, we remove water from
the protein, add hydrogen, add charges, and save
in.pdbgt format. Same way, prepare ligands with
additions for torsions and save in.pdbqt format.
Now grid formation, for blind docking all residues, is
covered in a grid box, and the parameters are saved
in.txt format for the configuration file. Before starting
the docking process, we need a configuration file
that contains an axis range and centre for the
grid and is saved in.txt format®. Auto dock Vina
runs docking in a command prompt, opens the
command prompt input path details, and runs
docking; the result will be in output.pdbqt format.
Results analyzed in the auto-dock and interactions
were studied. After docking, we will get log.txt and
output.pdbqt, which contain all the processes and
parameters of our docking process?.
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Protein-ligand-Interaction Parameters

Fig.9. illustrate 1PUO with CeO, interaction parameters

Fig.10. illustrate 6SPA with CeO, interaction parameters

Docking results
Table 1 represents docking results in detalil

Table 1: illustrate docking results

Metal oxide Protein ID Chain Residues Hydrogen bonding Interaction Amino acidinteractions Docking score
CeO, Mutated 6SPA A 153 02 THR116,ASP52 -2.6
Non Mutated 1PUO A 153 03 ASN139,THR137ALA140,GLY141 -2.8

Protein with Cerium Oxide Confirmation Information

1. The interaction between the ligand CeO, and
protein 6SPA exhibits B.E.=-2.6 kcal/mol, and
it creates two hydrogen bonds with amino acid
residues including ASP52 and THR116.

2. The interaction between the ligand CeO, and
protein 1PUO exhibits B.E.=-2.8 kcal/mol, and
it creates three hydrogen bonds with amino
acid residues including ASN139, THR137,
ALA140, and GLY141.

3. To determine the mutant 6SPA chain A residues
ASP52, and THR116 metal binding site for
CeOQ, as well as the binding energy (-2.6 kcal/
mol). It was shown that CeO, forms hydrogen
bonds with charged and polarized residues
like ASP52 and THR116 through interaction.
CeO, nanoparticle stability and nucleation
formation are facilitated by a variety of contact
forces, including the generation of hydrogen

bonds between CeO, and polar residues and
the electrostatic force of attraction between
CeO, and charged residues in the binding
sites of mutant 6SPA protein. CeQ, interactions
between non-mutant 1PUO chain A residues
and GLY141, ASN139, ALA140, and THR137
result in interactions with the binding energy
(-2.8 kcal/mol). CeO, was shown to interact
with both polar and charged residues such
ASP139, GLY141and THR137.

4. Of all potential types-van der Waals,
hydrophobic, solvation, torsional, and
electrostatic-the electrostatic potential
contributes the greatest to the overall binding
energy. Similar interactions occur when the
tiny molecule cerium oxide interacts with
proteins and closely bonds to the amino acids
aspartic acid, threonine, asparagine, alanine,
and glycine.
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Antioxidant Assay SOD (SOD3)

Fig.11(a). image shows the inhibition % of SOD3 Assay
and (b) STD SOD3 Assay

Preparation of Standard SOD solution

As we followed the procedure of Method
for Clinical Assay of SuperoxideDismutas, Yi Sun
et al., to measure SOD activity, Activity assays are
capable of measuring SOD activity®. In the Method
for Clinical Assay of Superoxide Dismutas technique,
nitroblue tetrazolium (NBT) reduction is employed as
an indication of O?-production and xanthine-xanthine
oxidase (XO) as the source of O*. Since SOD and
NBT compete for O%, the percentage inhibition of
NBT reduction serves as a gauge of the level of SOD
in the environment. To eliminate the H,O, that SOD
produces, catalase is added. Units per milligramme
of protein are used to measure the specific activity of
enzymes. Itis crucial to add the reagents into the test
solution in the correct sequence. The initial protein
concentration of the sample should be between
10 and 100 g. There is a linear relationship between
sample concentration and inhibition percentage®'.

Determination of antibacterial activity by well-
diffusion method
Inoculums Preparation

At minimum 3 to 5 well-isolated colonies of
the similar morphological form are chosen from an
agar plate culture. By lightly touching the top of every
colony with a loop and transferring the development
into a tube with 3 to 4 cc of a appropriate broth
medium, such as enriched soy broth. 2. The broth
culture is incubated at 35°C for approximately 3
to 6 h, or until the turbidity of the 0.5 McFarland
standard is reached or exceeded. Note: DMS
serves as the negative control while the antibiotic
tetracycline serves as the positive control. Both
Gram(-) (E. coli) and Gram(+) (S. aureus) bacteria
were resistant to the synthetic cerium oxide @GO
nanocomposite's antibacterial effects. According to
our findings, compared to Gram-negative bacteria
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(E. coli), nanocomposite were more effective against
Gram-positive bacteria (S. aureus). In this situation,
cerium oxide@GO nanocomposite demonstrated
the appropriate degree of bactericidal activity®22¢.

Fig.12(a). Image shows the inhibition % of both S. aureus
and E. coli bacteria

Cyclic voltammogram analysis

Fig. 13. image shows the Cyclic voltammogram of CeO,/GO

nano composite at different scan rate

In cyclic voltammogram, The current Vs.
potential characterizations of the synthesized Cerium
oxide/GO Nano composite were measured. The
reference electrode was stranded Ag/AgCl, the counter
electrode was Pt. wire, and the working electrode was
GCE. For all measurements, an aqueous solution of
1 M Na,So, served as the electrolyte®.

CONCLUSION

The structural characteristics of the CeO,/
GO nanocomposite, which had nanoparticle sizes
ranging from 10 to 20 nm, were well generated in
an environmentally benign manner. The sample
concentration and inhibition percentage in the
antioxidant test (SOD@3) are correlated linearly. Higher
inhibition percentages increase with higher sample
concentrations. Cerium oxide @ GO nanocomposite
showed a satisfactory level of bactericidal activity.
According to our conclusions, as related to Gram(-)
bacteria (E. coli), nanocomposite was most efficient
against Gram(+) bacteria (S. aureus). Docking
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studies were done for the SOD1 proteins with
mutated 6SPA and non-mutated 1PUOQ proteins with
Cerium Oxide/GO. Docking results show there was
a strong non-bonding interaction between CeO, with
both mutant and non-mutant proteins. GO acts as a
better platform for delivering the CeO, nanoparticles
to the cell membrane. It does not affect that Protein
environment. Docking results also reveal that GO
has no docking score with the SOD1 protein; based
on the results, GO solely serves as a carrier for
metal oxide. With mutant and non-mutant SOD1
proteins, cerium oxide had docking scores of -2.6
and -2.8, respectively. Cerium oxide, a tiny molecule,
interacts with proteins and has intimate nonbonding
interactions with the amino acids threonine, aspartic
acid, asparagine, alanine, and glycine. According to
auto-dock investigations, CeO, nanoparticles have a
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high docking score. CeO, nanoparticles bind to the
active sites of the SOD1 protein based on binding
energy values. SOD1 protein aggregates less,
more harmful superoxide anions are converted to
less harmful oxygen molecules, and peroxide is
produced. To prevent cell damage, this procedure
lowers oxidative stress in the cell.
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