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Abstract
Huntington’s disease is a neurodegenerative disorder which is characterised by loss of striatal neurons and a decline in motor activity. It is marked by progressive increased levels of Huntingtin protein, which is caused by mutations in Huntingtin gene (Htt) which encodes it. Thus, in our study we aimed to establish the structure of Huntingtin protein using Homology modelling in SWISS-MODEL and Phyre2 and performing its respective docking with three target drug molecules as ligands, namely Benzamide, Pridopidine and Tetrabenazine, the structures of which are retrieved from PubChem database using Autodock Vina. The respective protein-ligand interactions were visualised in PyMol and LigPlot respectively. Amongst the three, pridopidine was found to be the potential drug candidate with the lowest binding energy and thus assumed to be the best candidate in targeting Huntingtin protein and more effective in treating Huntington’s disease. The potency of this drug is further yet to be established using clinical trials in wet lab experimental methods.
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Introduction 
Huntington’s disease (HD) is an inherited disorder that causes brain cells to slowly lose their function and gradually die. In other words, it causes nerve cells to gradually decay with time. It is a type of neurodegenerative disorder which affects those areas of the brain responsible for causing controlling voluntary movements which are intentional and other areas as well [1-3]. People suffering from HD develop certain symptoms such as dance-like movements (chorea) and abnormal body postures such as problems with behaviour, emotions, thinking and personalities.
HD is primarily caused due to a cytosine-guanine-adenine) CAG repeat expansion in the huntingtin gene which codes for a protein called Huntingtin protein (HTT) [4, 5]. The involvement of glutamine and poly-q tracts in the mHTT (mutant HTT gene) that contributes to this disease is important to note, as those inherited in Huntington’s completely alter the structure and functionality of the protein [5,6]. This protein is required mainly for human development and the normal brain function. In case of HD, which is an autosomal dominant neurodegenerative disorder, a long expansion of CAG codon repeat in Huntingtin gene leads in an abnormally long glutamine tract within the N-terminus of the Huntingtin protein, since CAG codes for glutamine [6-8]. Mutated HTT is the main cause of HD and has long been explored for its involvement in long-term memory storage.
HD has been linked to many dysfunctional pathways, most of them which has been caused mainly due to abnormal HTT interactions with other cell proteins characterised previously by Yeast-2-Hybrid (Y2H) and tandem mass purification techniques followed by mass spectrometric procedures [9,10]. The identification and structural characterisation of this protein thus helped to determine its interacting partners and hence explore the pathogenesis of this disease at proteomic level. The mechanism underlying HD lead to the development of rational measures towards developing drugs which started in 1993 with the cloning of HD gene [11-13]. Although patients have long been treated with drugs which can work on ameliorating the symptoms of HD, none so far has been so effective so as to modify the progress or onset or its ultimate fatality. In our study, we thus used computational docking approaches to study the interactions of three target drugs namely Pridopidine, Benzamide and Tetrabenazine with Huntingtin protein which has been characterised by its structure. Pridopidine is responsible for amelioration of Endoplasmic Reticulum (ER) stress induced by HTT, in HD by modulation of the Sigma-1 receptor [14-16].  Benzamide, on the other hand, is known to block dopamine D2 receptors and thus reduces chorea, associated with HD. It mainly interacts with the N-terminal of Huntingtin protein and helps in reducing protein aggregation and even toxic peptide formation. It plays a role in the disruption of the translation of the mutated Huntingtin protein. It is most closely related to the Huntingtin protein in its functioning among the ones in this study. Other benzamide derivatives have shown success with reducing aggregation of the Huntingtin protein, moving more towards the protection of neurons and glial cells in the brain and other areas [17-20].  Tetrabenazine is another drug used to treat chorea caused by Huntingtin. It mainly functions in the central nervous system (CNS) and prevents the absorption of certain chemicals such as dopamine and serotonin [21, 22]. Though each of these drug molecules hold specific roles against the disorder, yet we explore the binding affinities of each one to see which one can be considered a potential or ideal drug candidate.  In our study, though we use some computational approaches to determine specific drug-protein interactions but the validation of such studies is yet to be performed in drug screening procedures which involve a series of clinical trials for each drug to be approved by FDA before getting approval in the industry. More approaches in drug designing are being implemented for potential screening of ideal drug candidates in upcoming future research.




Material and Methods
I. Sequence and Local Alignment of Huntingtin Protein

The FASTA sequence of the Huntingtin protein was obtained from the UniProt Database. The local alignment of Huntingtin protein was primarily studied using NCBI BLAST (Protein BLAST: search protein databases using a protein query) and observed for its maximum identity, it’s E-value, its phylogenetic relationship with any related organisms [23].

II. Structural Analysis and Physicochemical Characterisation

The secondary structure prediction tools namely GOR4 (Prediction of the Secondary Structure by GOR (ocha.ac.jp), and SOPMA (NPS@: SOPMA secondary structure prediction (ibcp.fr) were used to predict the 2D structure of Huntingtin protein [24,25].
The physiochemical analysis of Huntingtin was performed using Expasy Protparam (ExPASy - ProtParam tool) [26]. ProtParam allows the computation of certain parameters such as calculation of molecular weight, theoretical isoelectric point, amino acid composition, atomic composition, estimated half-life, and hydropathicity index, among others.

III. Determination of 3-dimensional structure of the Huntingtin protein

The prediction of the 3D (3-dimensional structure) of Huntingtin protein was done by SWISS-MODEL (SWISS-MODEL (expasy.org)) and the structure with a greater Q-mean Z score and maximum sequence identity with the target sequence was selected as the model. Furthermore, the 3-D structure was visualized in RasMol (RasMol and OpenRasMol) [27] and UCSF Chimera and finally validated by its corresponding ERRAT score, Ramachandran plot using SAVES [28, 29].

IV. Retrieval of Drugs from PubChem Database

We used three different drugs as ligands for studying their respective interactions with Huntingtin protein i.e. benzamide, pridopidine, and tetrabenazine. The structures of the three drugs are retrieved from PubChem and are checked for their respective physical and chemical properties from ADMET Lab 2.0 [30, 31]. Then their respective binding sites were observed using LigPlot [32].






V. Protein-Ligand Docking using Autodock Vina and visualization of results

After the preparation of the target protein Huntingtin and its respective ligands, docking of the respective inhibitor drugs with the desired protein was performed using Autodock Vina and UCSF Chimera [33, 34]. The dockings performed were done on the basis of the selection of the potential drug targets which had a greater efficiency of interacting with Huntingtin protein.
The output files obtained were ranked as per their binding energies from the highest to the lowest energy per molecule.

The obtained docked molecules were visualized for their interactive sites, distances, and conformational changes that occurred in the Huntingtin protein and the ligand molecules, by UCSF Chimera and LigPlot.


Results and Discussion

I. Sequence and Local Alignment of Huntingtin Protein

The FASTA sequence of Huntingtin protein, which is composed of 3142 amino acids, has been retrieved from UniProt and was used to determine the local alignment from NCBI BLAST. The aligned sequence of Huntingtin obtained was determined to be the best match owing to its maximum score which was found to be 6453 (Table 1) with maximum identity and query cover of 100% and zero E-value thereby describing it as the best-fitted sequence.

Table 1. Analysis of maximum identities of NCBI BLAST
	Name of Protein
	Max. Score
	Query Cover
	E- value 
	% Identity

	Huntingtin
	6453
	100%
	0.0
	100.00



We also retrieved the phylogenetic tree from NCBI BLAST; the root of the tree denotes the common ancestor while Huntingtin forms a clade with its respective isoforms X1 thereby describing their close evolutionary relationship. On the other hand, Huntingtin from Carlito syrichta forms a clade with primates and thus signifies their close evolutionary relationship (Fig 1).
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Fig 1. Phylogenetic tree depicting the close relationship of Huntingtin with other organisms.


The evolutionary relationship of Huntingtin shows its conservation across primates, placentals, and mammals [35-37]. Its association with a protein named HAP40, encoded by a single–exon gene in amniotes and a multiple-exon gene in other organisms may provide valuable information concerning the evolutionary relationships between the species at the genetic level, which thus signifies its conservation across vertebrates.


II. Structural Analysis and Physicochemical Characterisation

The Huntingtin protein was analyzed by the arrangement of sequences of alpha-helices, β-pleated sheets, and coils, in its secondary structure analyses by GOR 4 and SOPMA respectively (Table 2). The presence of alpha helix was found to be predominant, as compared to the others which thus determined its stable structure and mechanical strength and its ability to fold in a proper conformation. Recent studies performed on huntingtin protein described the presence of alpha-helices, and polyproline helix as predominant structures using X-ray crystallography which therefore justified our findings [38, 39]. Htt protein was found to possess a pathogenic poly-Q expansion which increased random coils, as we can see from Table 2, which is termed responsible for promoting aggregation and facilitation of abnormal interactions with proteins of other cells. 






    Table 2. Secondary structure analyses of Huntingtin Protein
	Name of Protein
	           GOR 4
	            SOPMA

	
Huntingtin
	Alpha helix (%)
	Extended Strand (%)
	Random Coil (%)
	Alpha helix (%)
	Extended Strand (%)
	Random Coil (%)

	
	41.66
	14.16
	44.18
	58.91
	2.20
	38.89





The Huntingtin protein had an instability index of 56.17 thereby indicating it to be an unstable protein, with a GRAVY score of less than about -0.066 which is less than 1 (Table 3).  It may lead to establish the fact that this protein is a misfolded protein having long cytosine-adenine-guanine (CAG) repeats of more than 36 which leads to the formation of an abnormal, unstable protein in Huntington’s disease [40,41]. A greater instability index would thus lead to infer that mutations in Huntingtin would lead to the dysregulation of neuronal and glial functions of the mammalian system. 



Table 3.  Physicochemical parameters of Huntingtin protein

	Name of protein
	Molecular weight
	Theoretical pI
	Extinction coefficient
	Instability Index
	Aliphatic Index
	Grand Average of Hydropathicity

	Huntingtin
	347603.03
	5.83
	0.785
	56.17
	99.30
	-0.066





III. Determination of  3- dimensional structure of Huntingtin protein

The three-dimensional structure of Huntingtin protein was established by homology modeling using a template (PDB ID: 6x9o) using SWISS-MODEL and Phyre2.  According to the predicted tertiary structure by both SWISS-MODEL and Phyre2, 2425 residues (77% of the sequence) have been modeled with 100% confidence, along with 77% identity, by the highest scoring template and visualized in RasMol and UCSF Chimera (Fig 2). The three-dimensional structure had been obtained from cryo-EM studies. The predicted model has been validated further from the ERRAT score, Z-score, and the Ramachandran plot (Fig 3). The ERRAT score was found to be 92.4205 which could thus lead to the development that our model obtained is of a good quality model, while the Z-score was found to be <1 which is suggestive of a good quality model, which is agreement with previous studies describing the tertiary structure, describing it as possessing many alpha-helices and it remaining in a complex with HTT-associated protein 40 (HAP40) which is verified from our result [41, 42]. The validation of the model has been observed from the Ramachandran plot which shows nearly 86.5% allowed regions and 0.7% disallowed regions (Table 4) which is also indicative of the fact that our predicted model is fine and of a superior quality.  
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Fig 2.  The tertiary structure of Huntingtin (from SWISS-MODEL) is viewed in A. UCSF Chimera B. RasMol C. Phyre2 server and visualised in RasMol
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Fig 3. A. Qmean Z-score of Huntingtin protein B. Ramachandran Plot


Table 4. ERRAT scores and Ramachandran Plot values obtained from SAVES
	Name of Protein
	ERRAT Score
	Ramachandran Plot

	
Huntingtin
	
92.4205
	Core (%)
	Allowed (%)
	Disallowed (%)

	
	
	86.5
	1.3
	0.7




IV. Retrieval of Drugs from PubChem Database

The three-drug molecules i.e. Benzamide, Pridopidine, and Tetrabenazine are used as ligands and retrieved from PubChem (Fig 4) and checked for their respective physicochemical properties from ADMET Lab 3.0 (Table 5). An analysis of the ADMET profiles (absorption, distribution, metabolism, excretion, and toxicity) of each drug describes each one with potential rates of absorption  (TPSA) as molecules with TPSA (20-100 Å) have better absorption capacities. Their distribution coefficients (logD) range nearly between 1-2, both in aqueous and lipophilic environments, which state their moderate distribution rates. The intestinal permeabilities (Caco2) are also the same, thus describing their moderate metabolism and permeability rates (0.1-0.5), a comparatively high permeability across the intestine (MDCK) for pridopidine, low rates of potential to cross the blood-brain barrier (excretion rate) and relatively low toxicity rates (carcinogenicity) for each. Therefore these drugs are suitable to be explored further for our study.
Pridopidine is highly selective and has been termed a potent sigma-1 receptor (S1R) agonist with a safety profile that has been established beforehand. It is a common drug used and has been designated as a novel agent in the dopidine class which is believed to have ‘state-dependent’ effects at certain dopamine receptors thereby showing promising treatment in voluntary movement disorders. Benzamide, on the other hand, was shown to have a hand in the treatment of chorea, a movement disorder associated with tardive dyskinesia and other behavioral disorders, while Tetrabenazine has by far been the most-approved FDA drug for the treatment of chorea in Huntington’s disease [21, 43]. Thus, we take these three drugs for our study because no previous study had used Benzamide or any drug in computational approaches and we aim to establish the potency of each drug as to which one is a suitable candidate amongst the three for targeting Huntingtin protein.

Table 5.  ADMET profiles for each drug molecule retrieved from ADMET lab 3.0
	Name of Drug
	Molecular weight
	TPSA 
	LogD
	Caco-2
	MDCK
	BBB
	Carcinogenicity

	Pridopidine
	281.14
	37.38
	2.101
	0.116
	0.736
	0.2027
	0.9942

	Benzamide
	121.05
	43.09
	1.159
	0.3717
	0.057
	0.113
	0.531

	Tetrabenazine
	317.2
	38.77
	2.39
	0.906
	0.047
	0.997
	0.575
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Fig 4. Respective drug molecule structures retrieved from PubChem Database  A. Pridopidine B. Benzamide C. Tetrabenazine






V. Protein-Ligand Docking using Autodock Vina and visualization of results

The docking of the Huntingtin protein with three drug molecules, benzamide, pridopidine, and Tetrabenazine was performed and analyzed. The respective protein-ligand interactions were visualized in PyMol along and in LigPlot. The binding energies for each drug were calculated post-docking operations; Pridopidine showed the lowest binding energy of 6.3 kcal/mol among the three drugs that were taken, thereby showing a greater binding affinity and more potency as a promising drug candidate (Table 6). The number of interacting residues was higher i.e. two whereas the other ones showed interaction with one particular residue for each. Thus, it may be in accordance with previous studies that pridopidine holds a vital role in the treatment of Huntington’s disease in the reduction of motor impairments associated with the disease [44, 45]. Though it is yet to be established further by the FDA in clinical trials, our first assumption might lead to establishing the fact that pridopidine is a potent drug candidate and holds a greater chance in the industry if targeted in the particular disease. 
         
Table 6.  Binding energy for each drug and Interacting residues of Huntingtin protein with each drug molecule 
	Name of drug
	Interacting residues of protein
	Bond lengths (Å)
	Binding Energy (ΔG)
	Binding affinity

	Benzamide
	Arg 708
	2.79, 3.08
	-5.3
	Less affinity

	Pridopidine
	Ser 2593, His 2594
	3.17,3.05
	-6.2
	Highest affinity

	Tetrabenazine
	Ser 881
	2.96
	-5.1
	High affinity



The residues taking part in interaction with Benzamide is Arg 708, while Ser 593 and His 2594 are responsible for interaction with pridopidine and Ser 2233 takes part in the interaction in case of reaction with Tetrabenazine (Table 6, Fig 5). This may be due to the fact that these residues are primarily responsible for facilitating protein interactions with other metal ions owing to the respective guanidinium group of arginine and the imidazole group of histidine, which are efficient interacting molecules [45, 46]. 
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Fig 5. Interaction of Huntingtin with the three targeted drugs, highlighting the residues taking part in interaction A. Pridopidine B. Benzamide C. Tetrabenazine








Conclusion 
Three target drugs are taken for studying interactions with the protein Huntingtin which plays a vital role in Huntington’s disease. Amongst the three drugs, Pridopidine was found to possess the lowest binding energy amongst all the three drugs and thus the highest binding affinity which thus signifies it to be a possible ideal drug candidate and thus hold a significant role in the amelioration of HD. Though it is just a probable hypothetical assumption, further validation is required in clinical trials for these drug molecules for necessary approval in the drug industry. Computational approaches on drug screening will hold a vital role in upcoming modern research. 
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