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ABSTRACT

Background: Hepatocellular carcinoma (HCC) is a major cause of cancer-related morbidity and
mortality worldwide. Transcriptional regulators play a key role in the development and progression
of HCC by modulating critical pathways involved in cell cycle regulation, apoptosis, and metastasis.
Understanding the structure and function of these regulatory proteins is essential for identifying
potential therapeutic targets and developing novel treatments.

Objective: The aim of this study was to perform sequence and structural analysis of a hypothetical
transcriptional regulator protein in HCC using homology modeling techniques. By constructing a
reliable three-dimensional model of the protein, we sought to better understand its structural
properties, potential interactions, and its role in liver cancer progression.

Materials: Homology modeling was conducted using Modeller 9.10. The sequence of the target
protein was aligned with a suitable template identified through a BLAST search against the Protein
Data Bank (PDB). The template with the highest sequence identity and best alignment was selected
for model construction. Structural reliability was assessed using RMSD (Root Mean Square
Deviation) and Ramachandran plot analysis to evaluate the quality and accuracy of the generated
model.

Conclusion: The homology model of the transcriptional regulator in HCC revealed important
structural insights that can contribute to understanding its role in liver cancer pathogenesis. The
modeling approach showed that the protein’s structural integrity was satisfactory, with accurate phi
and psi dihedral angles. Despite its potential, homology modeling has limitations, particularly when
template quality is suboptimal. Validation through experimental data is necessary to confirm the
model’s relevance for drug design and functional studies in HCC.
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INTRODUCTION

Liver cancer, or hepatocellular carcinoma (HCC), is a major global health issue, often arising from
chronic liver diseases such as cirrhosis or hepatitis.! The liver is a vital organ involved in numerous
physiological functions, including detoxification, synthesis of plasma proteins, bile production, and
metabolism of nutrients.? Within the cellular landscape of the liver, transcriptional regulators—
proteins that control the expression of specific genes—play a crucial role in maintaining normal
liver function and homeostasis.® Dysregulation of these transcriptional regulators can lead to
abnormal cell proliferation, survival, and metabolism, contributing to the pathogenesis of liver
cancer.*

Transcriptional regulation is essential for liver function, as it governs key processes such as cell
cycle progression, apoptosis, and metabolic pathways.® In liver cancer, altered expression or
mutations in transcriptional regulators like the nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-xB), c-Myc, or p53, which play pivotal roles in these cellular functions, have
been widely documented.®Aberrant activation of these regulators often leads to uncontrolled liver
cell growth and malignant transformation. Understanding how these transcriptional factors interact
with their target genes in the liver can provide valuable insights into the mechanisms underlying
tumorigenesis. In liver cancer (HCC), transcriptional regulators play a crucial role in tumor growth
and metastasis by altering gene expression.” Key regulators like p53, c-Myc, and NF-kB are often
disrupted in HCC. p53, a tumor suppressor, is commonly mutated, impairing cell cycle control,
apoptosis, and DNA repair, allowing malignant growth. c-Myc, often overexpressed in liver cancer,
drives uncontrolled cell proliferation by regulating genes related to growth and metabolism.® NF-
kB, involved in inflammation, promotes tumor progression by activating inflammatory cytokines
and survival genes. These transcription factors are central to liver cancer pathology, influencing cell
survival, invasion, and resistance to therapy.®

Homology modeling is a computational technique that predicts protein structures based on similar
known structures, making it a valuable tool in cancer research, including liver cancer.'® It helps
study the structure and function of transcriptional regulators involved in tumorigenesis, allowing
researchers to understand how mutations in proteins like p53 and c-Myc contribute to cancer.!! By
constructing 3D models, homology modeling can identify binding sites for potential therapeutic
agents, guiding drug design. This approach aids in developing therapies that target dysregulated
transcription factors, offering new avenues for liver cancer treatment.*?

One of the significant applications of homology modeling in liver cancer research is in drug design.
By accurately modeling the 3D structures of transcriptional regulators, researchers can identify
potential drug-binding sites and design small molecules or biologics that selectively target these
sites. This approach can be particularly useful for targeting “undruggable” transcription factors that
are difficult to inhibit using traditional methods.

For instance, using homology modeling to study the structure of NF-kB or its subunits can lead to
the identification of inhibitors that block their DNA-binding ability, thereby preventing the
transcription of pro-inflammatory and pro-survival genes in HCC. Additionally, homology models
can be used to screen large databases of chemical compounds to find those that might bind to key
transcriptional regulators and modulate their activity, potentially offering new therapeutic options
for liver cancer patients.

Drug design efforts based on homology modeling can also include the optimization of existing
compounds. For example, certain inhibitors of c-Myc have shown promise in preclinical studies,
and homology models can guide the refinement of these molecules to improve their specificity,
stability, and bioavailability.
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MATERIAL AND METHODS

This study was conducted in a controlled environment, specifically within a computer lab, using a
quasi-experimental design. Since the aim is not to generalize the results to a larger population, a
sample size is not required. The Comprehensive Microbial Resource (CMR) proved to be an
effective platform for obtaining the complete genome sequence of Staphylococcus aureus.
Approximately 3000 proteins were identified in the bacterium, including 456 hypothetical proteins
with unknown functions. These proteins were systematically organized and documented in a Word
file.

The three-dimensional structures of these proteins were generated through homology modeling,
with the choice of template being a critical step. Templates were retrieved using the Basic Local
Alignment Search Tool (BLAST) to search the Protein Data Bank (PDB). Model building was
carried out using Modeller 9.10, which aligned the target proteins with the template structures and
produced models. A total of 10 models were constructed using DS Viewer software. The accuracy
and stability of these models were assessed using ProSA and Procheck, which provided insights into
their overall quality and stereochemical integrity.

RESULTS

To model the transcriptional regulator, we utilized the crystal structure of an arsenate reductase-
related protein from Brucella melitensis (PDB ID: 2KOK) as the template. The selection of
appropriate templates was carried out through a BLAST search against the Protein Data Bank
(PDB). The criteria for choosing a template included factors such as the E-value, query coverage,
and sequence identity. The sequence alignment between the target and template revealed a 41%
similarity, as illustrated in Figure 1, and the alignment was performed using BLAST, as shown in
Figure 2.
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Figure 1: Blast results using the crystal structure coordinates of an arsenate reductase-related
protein from Brucella melitensis (PDB ID: 2KOK) as a template.

Query 2
ITVYGIKNCDTVKKALKWLADHNIEHKLHDYRVDGLDLNFLTQAETQFGWDVLVNKRSTT
61

+T+YGIKNCDT+KKA WL DH I++ HDY++GLD L+ W+ L+N+TT
Sbhjct 7
VTIYGIKNCDTMKKARIWLEDHGIDYTFHDYKKEGLDAETLDRFLKTVPWEQLLNRAGTT
66

Query 62 WRNLDEQVKNSLDKTTALSVLAENPTLIKRPIILQDEKALIGFNEKEYQAVF 113
+R L EV++++D +A ++ P+++KRP++ +D K ++GF +Y+AF
Shjct 67
FRKLPEDVRSNVDAASARELMLAQPSMVKRPVLERDGKLMVGFKPAQYEAYF 118
Figure 2: Sequence alignment of transcriptional regulator protein with Brucella melitensis
arsenate reductase (ArsC) having (PDB id; 2KOK).

Ten models were generated using Modeller software (version 9.10). Among these, the best model
was chosen for further analysis, as depicted in Figure 3.
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Figure 3: Homology model of transcriptional regulator protein of staphylococcus aureus.
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Figure-4: S"te'ré(")'(:hér'h'i"(féluénalysis of transcriptional regulator protein of staphylococcus
aureus using PROCHECK.

DISCUSSION

Hepatocellular carcinoma (HCC) is a leading cause of cancer-related deaths worldwide, and
transcriptional regulators play a crucial role in its pathogenesis by influencing gene expression that
drives tumorigenesis.*® The present study focused on the sequence and structural analysis of a
hypothetical protein transcriptional regulator in Hepatocellular carcinoma cells. Our findings
indicate that homology models are generally considered acceptable when the sequence identity to
the target structure exceeds 40%, with the most reliable results obtained when this identity surpasses
90%. To perform this analysis, we utilized the Basic Local Alignment Search Tool (BLAST) to
identify suitable templates. Accurate alignment of the protein sequence with a well-characterized
template is essential for ensuring that the predicted three-dimensional structure is consistent and
reliable.

Three-dimensional protein structures are invaluable for understanding how proteins interact with
other molecules and stabilize in their functional forms.!* These models provide insights into the
potential mechanisms driving cancer progression, such as cell cycle regulation, apoptosis, and
metastasis. For homology modeling, the template ID and query sequence were submitted to the
(PS)? server for homology modeling, using Modeller 16.1°> However, in our study, we used Modeller
9.10, which provided more precise and consistent results for constructing the 3D structure of the
transcriptional regulator associated with HCC.

To assess the structural accuracy of our predicted model, we employed the Root Mean Square
Deviation (RMSD) method. This is a standard technique used to measure the deviation between the
predicted structure and known reference structures, which helps to evaluate the model’s reliability.
Additionally, we focused on the Ramachandran plot to assess the quality of the 3D model. The
analysis revealed that the phi and psi backbone dihedral angles of the transcriptional regulator
protein model were reasonably accurate, suggesting that the model was well-constructed.
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CONCLUSION

Homology modeling of transcriptional regulators plays a crucial role in understanding the molecular
mechanisms of liver cancer and holds significant promise in drug discovery. By elucidating the
structures of key regulatory proteins involved in hepatocellular carcinoma, researchers can gain
insights into how mutations or dysregulation of these proteins drive tumorigenesis. Furthermore,
homology models can serve as valuable tools in the development of targeted therapies that
specifically inhibit these proteins, offering new avenues for the treatment of liver cancer. As
computational techniques continue to evolve, homology modeling will undoubtedly contribute to
the development of more effective and personalized therapies for HCC.
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