 ARNT2 Protein associated in Cancer:   
 Homology Modelling, Validation, Virtual   
 screening & Molecular Docking
         Manan Bhargavi1*     
               1*Department of Chemistry, St. Francis College for Women, Begumpet, Hyderabad.

           Telangana, India, 500016
           thakurbhargavi@sfc.ac.in          
          CH. Divyasree2,
              2*Department of Chemistry, St. Francis College for Women, Begumpet, Hyderabad.

           Telangana, India, 500016
          

ABSTRACT
Transcription factor ARNT2 forms a complex with hypoxia inducible factor-1 subunit α or β (HIF-1). The ARNT2-HIF complex responsible for the cell proliferation, and survival, contributing to tumor growth and progression.  The 3D model of ARNT2 protein was built with homology modelling and validated for virtual screening. The resulted ligand molecules further used for molecular docking studies and Prime MM-GBSA energy calculations. Docking score and free energy value of Prime MM-GBSA depicting the complex formed between ligand and ARNT2 protein is stable, less energetic and the ligand molecules were docked are promising drug candidates for the suppression of cancer.  

Keywords- Cancer; Query protein (ARNT2); BLAST; Template protein (5NJ2); Modelling; Model validation and Verification Virtual screening, molecular docking; Prime MM-GBSA. 
I. INTRODUCTION
Cancer is a prominent cause of death and a significant barrier to extending life expectancy in every country on the planet [1]. Aryl hydrocarbon receptor nuclear translocator 2 (ARNT2) belongs to the family of transcription factors known as the basic helix-loop-helix period-ARNT-single-minded protein (bHLH/PAS) [2]. The function of ARNT2 (Aryl Hydrocarbon Receptor Nuclear Translocator 2) in the genesis and progression of cancer is becoming more well acknowledged, especially in cases of glioblastoma and oral squamous cell carcinoma (OSCC). This transcription factor has a role in a number of cellular functions, such as cancer and hypoxia responses [3].
[bookmark: _Hlk174805853]ARNT2, a transcription factor, forms a heterodimer with HIF-1α or HIF-2α during hypoxic conditions. The ARNT2-HIF complex then attaches to target genes' hypoxia response elements (HREs), initiating transcription. Upregulation of HIF target genes enhance angiogenesis, cell proliferation, and survival, which contribute to tumor growth and progression [2] [4]. ARNT2 can potentially form a heterodimer with NPAS4, a transcription factor. The NPAS4-ARNT2 complex preferentially binds to promoter areas and modulates gene expression in response to excitatory postsynaptic potentials. This relationship could contribute to the brain regulation of tumor angiogenesis [5]. Target genes are directly transcribed by ARNT2 when it forms heterodimers with other bHLH/PAS members in response to various physiological and environmental cues [6]. For instance, researchers hypothesised that ARNT2 might be p53's direct target, allowing for tumour angiogenesis [7]. Hypoxia-inducible factor-1-controlled metabolism allows ARNT2 to influence breast cancer growth [8, 9]. However, there was some inconsistency in earlier research on the function of ARNT2 in various cancers: In glioblastoma, ARNT2 was regarded as a key tumorigenic factor, and PM2 dramatically enhanced it.5's link to lung cancer [10, 11].
The presence of ARNT2 was strongly connected with reduced tumoral diameters and the 5-year survival rate following breast cancer diagnosis, and ARNT2 mRNA expression levels are positively correlated with breast cancer prognosis. After resection 20, a high intra tumoral ARNT2 level was strongly associated with extended overall survival and a reduced risk of tumour recurrence in hepatocellular carcinoma. These prospective findings suggest that ARNT2 may play a role in the initiation, progression, and prognosis of oral squamous cell carcinoma (OSCC), despite the fact that many of the activities of ARNT2 remain unclear [12].
ARNT2 is a complex transcription factor that promotes cancer growth through interactions with HIFs and NPAS4. ARNT2 is a viable target for cancer research and therapy since it regulates hypoxia response pathways and angiogenesis, as well as having predictive significance in cancer. 

II. MATERIALS AND METHODS
Homology modelling is one of the computational structure prediction approaches used to identify protein 3D structure from its amino acid sequence. It is regarded as the most accurate of the computational structure prediction approaches. It comprises of several uncomplicated and simple stages. For homology modelling, there are numerous tools and services available. There is no single modelling programme or server that is superior to others in every way. Because the usefulness of the model is dependent on the quality of the generated protein 3D structure, optimising the quality of homology modelling is critical. Homology modelling has a wide range of uses in the drug discovery process [13]. Homology modelling is a multistep procedure that includes sequence retrieval, alignment, model development, and model validation.
SEQUENCE RETRIEVAL
Aryl Hydrocarbon Receptor Nuclear Translocator 2 (ARNT2) protein 3D structure has not been described in protein Data Bank either by X-ray crystallography, NMR, or electron spectroscopy. ARNT2 (query protein) fasta sequence retrieved from Uniport KB database with accession number Q86TN1 and it comprises of 217 amino acids. 
TEMPLATE SELECTION
The most widely used template selection server is BLAST (Basic Local Alignment Search Tool) . A BLAST search against the database for the best local alignments with the query returns a list of known protein structures that match the sequence [14]. The template is chosen using BLAST against the FASTA sequence of the query protein, which was obtained from the UniProtKB database (UniProt ID: ARNT2_HUMAN). Query Coverage, Percentage Identity, and e value are a few parameters for Template protein selection, and the template protein chosen is PDB ID: 5NJ8 based on the above parameters. Following the download of the template protein from the PDB database, the desired template protein chain 5NJ8_B is retrieved using the SWISS PDB Viewer.
SEQUENCE ALIGNMENT
A specific amino acid sequence chain that is comparable to the query residue by insertions and deletions allows for improved sequence alignment and the generation of a better protein model [15].

CLUSTAL X2
	This programme is designed to do numerous alignments, and based on the results, the alignment process can be improved. Clustal X2 constructs the alignment using a method known as pairwise progressive sequence alignment. This programme generates aln, dnd, and pir files among others. The pir file is critical to run MODELLER to build models for proteins. 
HOMOLOGY MODELING
	Creating a 3D model of the target protein using homology modeling is crucial for understanding its biochemistry, structural characteristics, and molecular interactions for docking studies and lead discovery. Homology modeling is a method for constructing 3D model structures based on empirically solved structures of known templates. Because the experimental structure of the ARNT2 protein is not reported in PDB (Protein Data Bank), the 3D model of the ARNT2 protein was built using the homology modeling technique and MODELLER software, which uses MOLPDF (Molecular probability density function) as the scoring function. [17].  Before model built ClustalW server was used to align the sequence of 5NJ8 with ARNT2 protein, producing atomic coordinates of similarity and identity that are then imported into MODELLER 9.13 to create the 3D model of the ARNT2 protein.

MODEL VALIDATION
	Each step in the homology modelling process is dependent on the previous one. As a result, errors may be introduced and propagated by unintentionally, necessitating model validation and protein assessment.  SAVES v6.0 and ProSA web (Protein Structure Analysis) Model Validation and Verification is an expansion of the standard ProSA programme used for the refining and validation of experimental protein structures, as well as structure prediction and modelling. The model validation and verification were carried out using the Validation of ARNT2, and the overall quality score of the model is determined by the ProSA Web server. MODELLER 9.13 generated a model that was visualised with PyMOL and saved as a picture. A programme called PROCHECK uploaded the created model to the SAVES server.
	PROCHECK is used to investigate the stereochemistry stability of a predicted molecule as well as to evaluate the protein's quality. This is accomplished through the use of a Ramachandran plot generated by a web server, which describes the feature of Psi (ψ) and Phi (φ) angle of orientation. The overall quality factor of the protein was established by ERROT plot which distinguishes correctly and wrongly calculated protein structure areas based on distinctive atomic interactions [18][19].
VIRTUAL SCREENING
Virtual screening (VS) is a computational method for searching libraries of small molecules to find the structures that have the highest probability of binding to a target for a drug, usually an enzyme or protein receptor [20]. Virtual screening is automatically analysing massive libraries of compounds using computer programs to reduce the enormous chemical space down to a manageable number that can be produced, acquired, and tested [21].
PROTEIN PREPARATION
Structure-based drug design requires a well-defined, optimal starting structure in order to successfully identify potential lead compounds through docking data. To prepare the protein for docking and virtual screening experiments, the protein structure was produced. The OPLS_2005 force field was utilized in the Maestro Schrodinger suite's protein preparation wizard (Impref module) to create the ARNT2 protein structure [22]. The process of preparing proteins includes the addition of hydrogen atoms, bond order assignment, hydrogen bond optimization, and formal charge assignment [23].
LIGAND PREAPARATION
The MS Spectrum library provided the small compounds that were used in the virtual screening and docking investigations that target the ARNT2 receptor. Two thousand MS Spectrum ligand molecules in SDF file format were chosen in total for the structure-based virtual screening. Using the Schrodinger suite's LigPrep module, the ligands from the MS Spectrum ligand database were ready for the docking studies. The ionization/tautomeric states of ligands were generated using the LigPrep module and computed in units of kcal/mol, a directly compatible metric to assess the Glide score utilized for the docking. With an applied force field, ligprep produces the low energy orientations of ligand molecules, including the formation of tautomers and ionization states of potential conformers appropriate to a pH of 7 ± 2 [24].
ACTIVESITE PREDICTION
Structure-based medication design involves identifying binding sites and docking chemical compounds to block the therapeutic target's biological role in the disease. The target structure's binding site has been found by literature investigations, SCF Bio, and manual correlation analysis [25].
MANUAL CORRELATION 
	CLUSTAL Ω is a novel multiple sequence alignment programme that generates alignments between three or more sequences using seeded guide trees and HMM profile-profile algorithms. It generates various sequence alignments of divergent sequences that are biologically meaningful [16]. To carry out Multiple Sequence Alignment, Query and Template protein’s fasta sequences must be submitted. To identify the active site residues of ARNT2 protein, the active site residues of template 5NJ8 were manually correlated with those of the target protein using the Clustal Ω server.
VIRTUAL SCREENING AND MOLECULAR DOCKING
Molecular docking is a key tool in virtual screening, which may be used to rank molecules from a chemical structure dataset and find possible drug candidates against biological targets. Using the GLIDE module, the MS Spectrum-fragments library of 4245 output minimized small molecule conformers from ligand preparation were subjected to virtual screening at the receptor site of the TRIB3 protein. The virtual screening workflow in the Maestro Schrodinger suite used HTVS (High Throughput Virtual Screening), SP (Standard Precession), and XP (Extra Precession) docking modes, in which the ligand molecules are filtered in each stage with low energy conformation to produce good scoring final hits. The XP visualizer program was used to evaluate the molecular interactions of the final hits [26].
BINDING FREE ENERGY CALCULATIONS FROM PRIME MM/GBSA
Prime MM-GBSA provides accurate free energy predictions for proteins and ligands. Prime MM-GBSA produces descriptors for receptors and ligands using a pose viewer file (pv.maegz). Prime MM-GBSA takes into account both the receptor and conformer following docking in Glide. The equation for calculating the protein binding energy (ΔG bind) with ligand is as follows. 
ΔGbind = G complex – (G protein + G ligand), where G complex, G protein, and G ligand are the optimal free energies for the protein-ligand complex, free protein, and free ligand, respectively [27].
PREDICTION OF ADME PROPERTIES
The main cause of the majority of medications failing at the clinical stage is their poor Absorption, Distribution, Metabolism, and Excretion (ADME) qualities, which have an impact on the time and cost of the drug discovery process. Adhering to the acceptable physicochemical and pharmacokinetic qualities (ADME) should make a medication more drug-like. Reducing the failure rate in successful drug development is achieved by evaluating the ADME features of discovered leads [28]. The QikProp [29] panel in the Schrodinger suite was used to analyze the pharmacokinetic characteristics and determine the druggability of lead compounds based on the final hits from the XP docking tests that demonstrated specific binding with the ARNT2 protein. 

 










                                                  III RESULTS AND DISCUSSION
SEQUENCE RETRIEVAL OF ARNT2
The first step was to discover the human ARNT2 (Accession number Q86TN1) protein FASTA sequence from UniProtKB having 217 amino acid residues.
[image: ]
Figure 1: Fasta sequence of ARNT2
TEMPLATE SELECTION AND SEQUENCE ALIGNMENT
The template selection was carried out by using BLAST [28] based on query coverage, sequence similarities and statistical e value. The selected template protein 5NJ8 has 74% query coverage, statistical e value 8e-97 and percentage of identity 83.23 with query protein ARNT2 protein.
[image: ] 
Figure 2: Query protein ARNT2 from SWISS PDB Viewer
CLUSTALX2
            [image: ]

Figure 3: Sequence alignment of Query and Template Protein from Clustal X     
MOLECULAR MODELLING
Molecular modelling is a programme that generates protein models from an alignment sequence. Among the models generated by MODELLER9.3, the model 14 with the least energy is selected and viewed, and other essential information about the stable structure is obtained in the subsequent modelling processes, which are energy minimization, validation, and verification.
MODEL VALIDATION AND VERIFICATION
SERVER SAVES6.0, PROCHECK validates and checks the quality of the prepared protein structure by analysing residue-by-residue geometry and overall structure geometry, as well as verifying the parameters of the Ramachandran plot, and the plot analysis revealed that 90.3% (168) of the residues were in the most preferred region, 7.5% (14) in the additional allowed region, and 1.6% (3) in the generally allowed region, for a total of 217 residues.
      [image: ]                                                             
	
	No. of residues               
	Percentage


	Most favoured regions [A, B, L]                                    
	168
	90.3%


	Additional allowed regions    [a, b, 1, p]
	14
	7.5%

	Generously allowed regions   [~a, ~b, ~1,~p]
	3
	1.6%

	Disallowed regions                    [XX]
	1
	0.5%

	Non- glycine and non- proline residues
	186
	100.0%

	End –residues (excl Gly and Pro)
	2
	

	Glycine residues
	15
	

	Proline residues                                                                         
	14
	

	Total no. of residues
	217
	



Figure 4: Stereochemical analysis and of ARNT2 protein by Ramachandran contour plot using PROCHECK server
ERRAT PLOT
[image: ]	Analyses the statistics of non-bonded interactions between distinct atom types and depicts the value of the error function vs location of a 9-residue sliding window, as computed by comparing statistics from highly refined structures. 43.558 overall quality factor
  
Figure 5: ERRAT of SAVES server given 43.58 overall quality factor of ARNT2 protein
3.4.3 VERIFY 3D PLOT:
Based on the energetic and empirical approaches, VERIFY-3D generates an averaged 3D-1D score for every residue in order to assess the quality of the homologous protein structure. Protein structures with a score of >0.2 and more than 80% residues are regarded as good quality.
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[image: ]Figure 6: Verify 3D plot from SAVES 6.0 server
[image: ] 
Figure 7: A ProSA energy plot evaluation of the local model quality of the ARNT2 protein with regard to amino acid sequence
B. The negative z-score (-5.86) represents the overall good quality model of the ARNT2 protein when compared to amino acids of similar length deposited in the PDB
ProSA VALIDATION OF STRUCTURE
Plot A depicts the quality of a local model by showing energy as a function of amino acid sequence position. The light line depicts the energy analysis of the minimum (10) number of amino acids, while the dark line depicts the energy analysis of the highest (40) number of amino acids. The positive zone contains the greatest quantity of amino acids. The verified protein's amino acid residues all lie within the negative area, which indicates a more stable model of ARNT2.
ACTIVE SITE PREDICTION
Identifying binding sites in target structures is crucial for structure-based drug design. The target receptor's binding cavity is often a concave pocket that contains hydrogen bond donors and acceptors . Structure-based medication design involves identifying binding sites and docking chemical compounds to block the therapeutic target's participation in the disease. The binding location of the target structure was determined by literature studies, and manual correlation.
SEQUENCE ALIGNMENT    
[image: ]

Figure 8: CLUSTAL OMEGA server generated multiple sequence alignment of ARNT2 and 5NJ8 sequences. Identical and comparable amino acids are denoted by (*) and (:), respectively, whereas nearly identical amino acids are denoted by (.).

VIRTUAL SCREENING AND MOLECULAR DOCKING
Virtual screening was performed using the MS Spectrum database and 4525 ligand molecules acquired from ligprep of 2000 ligand molecules. These ligands were subsequently subjected to flexible docking in HTVS mode, resulting in 465 ligand molecules with the best docked position. 50% of the 465 ligand molecules obtained by the HTVS mode resulted in 93 high-accuracy SP docking ligands. 50% of the 93 ligand molecules found via SP docking were then employed for XP docking, yielding 19 compounds. The generated chemical substances with a lower glide score value represent the best docked pose for potential lead compounds.
[image: ]                  [image: ]
Molecule 1: 1502217	                                                                 Molecule 2: 200010
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                                                     Molecule 3: 1500331
Figure 9: Binding interactions of prioritised ligand molecules with ARNT2 protein- 2D representation
Prime MM/GBSA was used to estimate binding affiliations for docked complexes. The Qikprop tool was used to predict ADME properties of docked molecules. The docked complexes were ranked based on glide score, glide energy, binding free energies, and bioavailability (Table 1).
	S. No
	Glide score
	Glide energy
	Prime MMGBSA
	Donar HB
	Accept HB
	Qplog
Po/W
	%HOB
	RO3
	RO5

	1502217
	-9.38
	-48.95
	-34.48
	4
	5
	1.568
	73.06%
	0
	0

	0200010
	-8.95
	-48.91
	-71.74
	5
	4.5
	0.626
	62.29%
	1
	0

	1500331
	-8.00
	-32.93
	-24.70
	3
	3.0
	-0.503
	65.05%
	0
	0


The permitted ranges are as follows: Donor HB: (0.0-6.0); Accept HB: (2.0-20.0); QPlogPo/w: (-2.0-6.5); Rule of three; %Human oral absorption: <25% low, >80% high; Rule of five.
IV CONCLUSION
A plan for cancer detection and treatment is an essential component of any overall cancer control strategy. Its primary purpose is to cure cancer patients or significantly extend their lives, ensuring a high quality of life. A diagnostic and treatment plan must never be made in isolation in order to be effective. It must be linked to an early detection programme so that cases are identified at an early stage, when treatment is more effective and the chances of cure are higher. Many computational methods are employed in drug development, one of which is homology modelling, which is a homologue to the desired target sequence that can be used as a template protein to prepare the structure of the desired target.
The current work used Modeller to create a 3D structure of the target, and validated using online SAVES sever. In this paper, the model was validated using ProSA, Ramachandran plot, and ERRAT. The validation and assessment findings of the 3D model of protein ARNT2 reveal that the created model is stable and has the most residues in the preferred region. Virtual screening, molecular docking and Prime MMGBSA studies of ligand database with ARNT2 protein was performed and the generated chemical substances with a lower glide score value, least binding energy represent the best docked pose for potential lead compounds.
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