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ABSTRACT

Laccases are a versatile enzyme with immense potential in various biotechnological
applications. In this study, the protein structure prediction of laccase from Geobacillus
uzenensis, a bacteria known for its robust enzymatic activity is focused. The protein
structural elucidation of this laccase is crucial to understand its substrate binding and
overall functionality. Protein structure can be determined by computational prediction,
which is commonly known as homology modelling. The three-dimensional (3D) model
was built based on the available crystal structures of related laccase enzymes and
aligned with the primary sequence of the target protein. The resulting model exhibited
a high degree of structural similarity and conservation of key catalytic residues,
supporting its reliability for further analyses. Firstly, the suitable template was identified
with 85.61% of sequence identity determined by sequence alignment. Then, MODELLER
program was used to predict the model using the method of satisfaction of spatial
restraints. The model was then analyzed for its quality by computational analysis tools
such as Ramachandran's Plot. Finally, the binding site of the protein was identified using

Keywords: the GRaSP computational tool. These findings provide significant insight on
Laccase; homology modelling; protein comprehensive analysis of the laccase from G. uzenensis, by providing a structural
structure prediction framework to unravel its functional properties and substrate specificity.

1. Introduction

Laccase, a versatile enzyme can be found in fungi, plants, bacteria, and insects. They are classed
as benzenediol oxygen reductases (EC 1.10.3.2). Unlike the other oxidases there is no toxic chemical such
as hydrogen peroxide involved in laccase enzymatic reaction [1]. Due to their low substrate specificity, they
are regarded versatile enzymes capable of oxidizing a vast number of phenolic and non-phenolic
compounds [1, 2]. The enzyme is regarded environmentally friendly since it requires molecular oxygen as
a co-substrate for catalysis and produces only water as a by-product [1, 2]. One of the functions of laccase
is in removing environmental pollutants through a process called bioremediation due to its structural
and functional properties [3-5]. A significant increase in demand for commercial laccases is predicted
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in the upcoming years as laccase has been examined and employed as a green catalytic agent in
production lines [4]. Laccase from different sources might have different function and characteristic.
In this research, laccase from the bacteria named Geobacillus uzenensis was chosen as the subject of
study. Analyzing the protein's tertiary structure of laccase helps identify its function. A protein’s
biological function is dictated by the arrangement of the atoms in the 3D structure. Having a protein
structure provides a greater level of understanding of how a protein works, which can allow us to
create hypotheses about how to affect it, control it, or modify it.

As of now, there was still no exact study on the three- dimensional (3D) tertiary protein structure
of laccase from G. uzenensis. In other words, the 3D tertiary structure of this protein is still unsolved
either experimentally or computationally.

Homology modeling is an effective method when experimental techniques like Nuclear Magnetic
Resonance and X-ray crystallography are laborious and cost prohibitive. Homology modeling is a
reliable technique for predicting protein structures based on known sequences [6, 7]. Therefore,
homology modelling was chosen to carry out this research which is to develop the 3D tertiary
structure of laccase from G. uzenensis. Binding site is one of the important sites in a protein structure.
The location of the binding site that might be important in the enzyme’s function will then be
identified using pocket detection algorithms. There are three objectives in this research that will be
focused on such as development of 3D tertiary structure of G. uzenensis, evaluating the quality of
the developed 3D model and identifying the binding sites in the developed model by using several
computational tools.

2. Methodology

The amino acid sequence of the laccase from G. uzenensis, known as the protein target, was
retrieved from the database of National Centre for Biotechnology Information (NCBI). Protein
structure prediction is one of the crucial steps that was carried out in this research. It consists of four
key steps which are template identification and selection, sequence alighment, model building, and
model evaluation as shown in Figure 1.

Template identification and
selection using Blast

4

Sequence alignment using
Clustal Omega

.4

Model Building using
MODELLER program

4

Model Evaluation using
PROCHECK

Fig. 1. Flowchart of key steps in homology modelling
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The first step in the process was to upload the amino acid sequence of laccase from G. uzenensis
into the BLAST program [8]. The Clustal Omega program was employed for sequence alignment [9].
The MODELLER program was used to generate protein models using the method of satisfaction of
spatial restraints [10]. Either distances or optimization techniques were used to satisfy the spatial
constraints. MODELLER requires 3 input files which were the sequence alignment file between the
target and template, crystal structure of template protein in PDB format and a script file. To acquire
more precise results one hundred models were obtained from the MODELLER where each model
contains a different energy value.

The 3D structure of the model with the lowest energy will then be created using BIOVIA Discovery
Studio Visualizer software where the PDB of the lowest energy value model was used as an input file.
PROCHECK program was used to evaluate the quality of developed model [11]. The PDB file of G.
uzenensis was uploaded to the PROCHECK to obtain the Ramachandran plot, from which the
comparison could be carried out between the generated model with its original structure. The binding
sites of the developed tertiary model were predicted using the program GRaSP (Graph- based Searching
of Protein) [12]. GRaSP is a computational method specifically designed for predicting ligand binding
sites in protein structures. It utilizes a graph-based approach to analyse the protein structure and
identify potential binding pockets or sites.

3. Results

The suitable template for protein G. uzenesis was selected from the result of BLAST program
which was hydrolase enzyme from Geobacillus stearothermophilus (PDB ID: 6TOY) with sequence
identity of 85.61% compared to that of the sequence of G. uzenensis. Figure 2 shows the sequence
alignment between these two proteins.

target -MPDIFQQMARGHLRCEASPFAGAIAGHTTKQGGESKGPFASLNMGLHYGDDRTAVWN 59
template GMPDIFQQEARGHLRCGAPPFAGAVAGLT TKHGGESKGPFASLNMGLHVGDDRTDVVNNR 60
target RR AFPLDDWVCCEQVHGAVIRKVTKSDRGSGAHDFAAAIRGADGLYTDEAGVLLA 119
template RR AFPLERWVCCEQVHGADIQKVTKSDRGNGAQDFATAYPGVDGLYTDEAGVLLA 120
target 179
template 180
target GPCCYTVDDRVINGLRSILPAGSPLPVRETSPGQYALDLKEANRLQLIAAGVPDRHIYVS 239
template GPCCYTVDDRVVDSLRPTLPPESPLPYRETSPGQYALDLKEANRLQLLAAGVPNSHIYVS 249
target ERCTSCEETLFFSHRRORGTTGRMLAFIGRREG- - 272

template ERCTSCEEALFFSHRRDRGTTGRMLAFIGRREEWT 275

Fig. 2. The sequence alignment of target and template

The three-dimensional tertiary structure was built using MODELLER applying the methods of
satisfying the spatial restraints. A total of 100 models were generated in which the model with the
lowest energy (1428.533 kcal/mol) was selected for further analysis as it has high stability and no
bumping effect [13, 14]. The energy value refers to the measure of free energy within the generated
model structure. High energy value means that it has higher free energy which cause a bumping
effect that happens between molecules in the model and consequently lowered the stability of a
model. So, it was more preferable to choose a model with lower energy value for further analysis as
it has high stability and no bumping effect.
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The 3D tertiary structure of the selected model was generated using the BIOVIA Discovery Studio
Visualizer as shown in Figure 3. Since the structure of the template protein is known, it is assumed
that the spatial arrangement of the target protein's residues resembles that of the aligned residues
in the template. As a result, the target protein receives the spatial restrictions from the template
during the sequence alighnment [15, 16]. The general folding pattern and the spatial arrangement of
its secondary structure elements which are the alpha-helices, beta-sheets, and coil can be found in
Figure 2. It is the structure that determines the protein's unique shape and function [17].

\ Beta-Strand |

Fig. 3. 3D tertiary structure of G. uzenensis

The quality of the developed model must be taken into consideration. Evaluation of the
developed model was performed using PROCHECK program. This program focuses on the backbone
dihedral angles of the structure ¢ (phi angle) against Y (psi angle) of selected as shown in Figure 4.
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Fig. 4. Ramachandran plot of developed tertiary structure of G. uzenensis
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Around 93.8 % (252 residues) of the amino acid residues are located in the most favorable core
region, which is the red region, 5.8 % (17 residues) are located in the allowed region which is the
yellow region. 0.4 % (2 residues) are located in generously allowed region, and 0.2% (1 residues) are
located in disallowed region which is the white region. Mostly, the amino acid residues were found
in the core regions of Ramachandran Plot which confirms that the final structure is highly reliable in
terms of stereochemistry of the amino acids. This result was notable because of the large percentage
of residues in the preferred location (>90%) [18]. Thus, the Ramachandran Plot for the model confirms
that the tertiary structure of the target protein, G. uzenensis, is high in quality.

Figure 5 shows the 3D tertiary structure of laccase with its binding site identified in green and
red color of surface presentation. The binding site plays a crucial role in understanding protein
function and designing targeted therapies. The binding site refers to the region on a protein's surface
where it interacts with other molecules, such as ligands, substrates, or other proteins. Predicting the
binding site in protein structures can serve several purposes such as understanding protein structure,
drug discovery and design, protein-protein interaction, and others.

Binding site 2 (GLY127
-VAL128)

Fig. 5. G. uzenensis binding sites in tertiary structure

The binding site analysis in GRaSP predicted that residues Tyrosine (TYR) 171, Alanine (ALA) 172,
and Alanine (ALA) 173 and Glycine (GLY) 127 and Valine (VAL) 128 were found to be involved in the
binding site of G. uzenensis as shown in Figure 5. Since only a few residues actually participate in
binding the ligand, the other residues usually act as a framework to provide correct
conformation and orientation [19]. Thus, the predicted binding site analysis has supplied useful
information about probable binding sites within the protein of interest. The binding site prediction
approach used yielded encouraging results in identifying locations likely to interact with ligands or
other compounds [20, 21].

4. Conclusions

As a conclusion, the protein structure prediction by using computational methods is a reliable
technique that can be conducted in a short time of operation and the result is as reliable as the
experimental methods. Moreover, the cost of operation is not as costly as the experimental method
which needs to use several equipment to get the result. Thus, homology modelling is the best method
to predict the protein structure as the alternative of experimental method. The 3D Tertiary structure
of laccase from G. uzenensis was successfully predicted using this method. As a recommendation,
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the utilisation of hybrid modelling such as ab initio modelling, molecular dynamic simulations, or
machine learning algorithms can be considered for future studies. Integrating several approaches can
improve model reliability and precision while providing a more comprehensive understanding of
protein structure and its function.
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