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Abstract 
A Thyroid cancer 1 (TC-1) disordered protein overexpressed in thyroid 

carcinogenesis mainly to vertebrate, and thyroid cancer associated genes do not 

have a common homology. Its rate of deaths depends upon the type of thyroid 

cancer 1. The impact of TC-1 in papillary carcinoma showed more expression 

of thyroid cancer among other tumors. The protein was involved in various 

biological processes such as wnt/β catenin signaling pathway involved in 

thyroid cancer. The TC-1 undergoes a detailed sequence analysis that provides 

the information in conserved part region among primates, birds, rodents, and 

reptiles. Additionally, different prediction tools and software were utilized for 

the prediction of thyroid cancer 1 protein. The string database was used for 

protein- protein analyses that were performed with LSM1 interacting protein 

and seek the protein interacting residues by computational approach. The 

comparative docking was performed by utilizing ZINC library compound and 

generated an efficient result by selecting the compound having least binding 

affinity for the analysis of computational drug designing. 
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Introduction 

Thyroid Cancer (TC) is the irregular growth of cells 

in thyroid glands that makes hormones to control the 

blood pressure, body temperature, heart rate, weight 

and mostly the malignancy of the endocrine system of 

head and neck. TC is classified into four different 

types. The papillary thyroid cancer (PTC), arise from 

follicular cells, which develop, and store thyroid 

hormones and 80% thyroid cancer fall in PTC. 

Follicular thyroid cancer (FTC) arises from the 

follicular cells of the thyroid. Medullary thyroid 

cancer (MTC) initiates in the thyroid cells known as C 

cells that produce the hormone calcitonin and 

anaplastic thyroid cancer (ATC) is a rare type of 

thyroid cancer that begins in the follicular cells. 

Thyroid cancer is known to be the 7th common most 

cancer among the females, meanwhile the 14th most 

common cancer in males [1, 2]. According to the 

world cancer statistics report of 2018, 0.4% death rate 

has been raised due to TC [3, 4]. There are 

environmental and genetic risk factors observed such 

as goiter in any family history, emissive radiation 

exposure and certain hereditary syndrome. The key 

cause of TC is still not known [5]. 

The transcriptional expression level and an immune 

response regulator (TC-1 or TCIM or C8orf4) are 

involved in the proliferation of TC. There is no 

homology sequences of TC-1 located at chromosome 

8 (8p11.21) [6]. Thus, several studies reveal that the 

TC has association with a related Wnt/β-catenin 

signaling pathway as β-catenin and axin play the 

curial involvement for TC mutations. The WNT-

CTNNB1 pathway enhances the CBY1 activity [7, 8]. 

The protein is used to intensify the follicular dendritic 

cell proliferation [9]. Mitogen-activated MAPK2/3 

also plays by this protein for signaling the pathway, 

regulates the transition of the cell cycle from G1 to S 

phase [10]. The promoter of cell proliferation in 

cancer as PTC or lung cancer, G1-to-S-phase 

transition and inhibitor of apoptosis [11].  

The TC-1 has 106 amino acids, which activate the 

proteosomal degradation rapidly. It stimulates the 

expression by heart shock, certain cell stresses, as well 

as pro-inflammatory cytokine [12]. Recently, 

Parkinson’s disease is executed by genome-wide 

association study (GWAS), considering an abnormal 

regulation of blood vessels in brain [13]. The TC1 is 

associated with breast cancer, gastric carcinoma and 

hypertrichosis universalis congenita. The protein 

function plays a role as constructive regulator in 
Wnt/β-catenin signaling pathway to develop the 

process and cause tumor formation through mis-

regulation. Chibby (Cby), a crystal structure of 

haptocorrin in complex with Cbi binds with β-catenin 

target TC-1 are known to engage the antagonistic 

behavior of cancer [14]. TC-1 binds to Cby which 

leads to regulate many associated cancers. The 

cellular evidence the protein mainly localized to the 

nucleoplasm, to the plasma layer as well as cytosol. 

The personalized medicine and computational drug 

designing from the last decade, have numerous 

possibilities to understand the cancer diseases that 

play an important role in medical field [15, 16]. 

Various biological problems have been demonstrated 

by applying different approaches of bioinformatics 

collaborating with structural bioinformatics 

contributing a crucial role for the cancer drug 

discoveries, and mutational analyses [17, 18]. The 

work aims to predict, evaluate and validate of the 3D 

structure of TC-1 by virtual screening and protein-

protein interactional studies [19, 20].  

 Materials and Methods 

The TC-1 protein has not contained any isoform, the 

amino acid sequence of TC-1 was retrieved from 

Uniport Knowledge Base having accession number 

Q9NR00. In the recent work, different computational 

approaches were performed including sequence 

analyses, 3D structure prediction, virtual screening 

and molecular docking analyses.  

The genome databases ENSEMBL 

(http://asia.ensembl.org/index.html) [21] and UCSC 

Genome browsers (https://genome.ucsc.edu/) [22] 

were used for the analyses TC-1 sequence location on 

a chromosome. The composition properties of amino 

acid sequence were analyses by COILS [23], 

ProtParam, and ProtScale [24]. To analyses disorder 

tendency of protein sequence is examine by PONDER 

tool [25] and alignment is generated by Clustal Omega 

[26], BLAT and PredictProtein [27]. 

The sequence of TC-1 was retrieved from Uniprot KB 

(https://www.uniprot.org/) [28] and for the 

identification of suitable template against the query 

sequence subjected to BlASTp. For the modelling 

MODELLER 9.20 [29] was employed to predict 3D 

structure by spatial restraints fulfilling. The online 

tools as  IntFOLD [30], RaptorX [31], CPHModel 

[32], EsyPred3D [33], HHpred [34], Phyre2 [35], 

Robetta [36], SWISS-MODEL [37], I-TASSER [38], 

SPARKS-X [39], M4t [40], MOD-WEB [41] and 3D-

JigSaw [42] were employed for protein structure 

prediction. For visualization of protein 3D structure, 

UCSF Chimera 1.13 [43] and Pymol [44] Software 

were used. The minimization of the predicted 
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structure was performed by UCSF Chimera 1.13. 

MolProbity [45] online server was used to evaluate the 

predicted structure. Various evaluation tools including 

Rampage [46], ProCheck [47], Anolea [48], Verify 

3D [49], and Errat [50] were utilized to determine the 

protein structure quality.  

To determine functional partners of the target protein, 

STITCH (Search Tool for InTeracting CHemical) 

[51]and STRING (Search Tool for the Retrieval of 

Interacting Genes/Protein) [52] databases were 

employed for TC-1. The crystal structure of C8orf4 

(PDB ID: 4m75) was retrieved from PDB. The online 

server Patch Dock [53] was used for the docking 

interaction and Fire Dock [54] was employed to refine 

the analyses. Gramm-X [55] online server was also 

utilized for the analyses of protein-protein docking 

studies. The hydrophobic and electrostatic 

interactions were analyzed through LigPlot [56, 57].      

The molecular docking analyses were performed by 

using Pyrx [58] by optimizing AutoDock. The blind 

docking analyses were carried out to analyze the 

interactions between the protein and ligands for the 

orientation and conformation. FDA library of was  

extracted from the zinc database [59] and virtually 

screened against the target protein and these screened 

molecules are further used for the drug designing [60, 

61].   

 Results and Discussion 

The study of structural bioinformatics is the field of 

exploring knowledge and providing research in an 

efficient way for the better understanding and 

development of different research approaches that 

helps us for the detection of disease along with the 

treatment procedures and medicines. The TC-1 

protein showed over expression in PTC as compared 

to other types of TC.  

Sequence Analyses 

The location of the gene position was determined by 

using ENSEMBLE and UCSC genome browser 

databases as chromosome 8 having position 

8p11.21contain the gene of TC-1 on the forward stand 

of open reading frame 4 which contain 1829 base pair 

nucleotides (Fig. 1).         

Fig. 1: The presence of gene TC-1 on the position of chromosome number 8 (8p11.21) upon the forward stand that 

contain 1829 bp. 

The multiple sequence alignment (MSA) was 

performed by Clustal Omega to evaluate the protein 

similarities among the family in which ‘*’ show the 

identical residues, “:” describe the similar residues 

among all three-protein family of TC-1 (Fig. 2). 

COILS, ProtParam and ProtScale tools were utilized 

to calculate the physiochemical properties as 

molecular weight of the protein was on the average 

isotope masses of amino acid and the average isotope  

 

mass of one water molecule. The extinction 

coefficient will be 10% chance of error as the 

sequence does not contain tryptophan (W). 

Theoretical pI depends on the side chain which plays 

an important role to determine the pH of the protein. 

The half-life of the protein was observed 30 hours in 

vitro. The number were negative atoms as well as 

positive charges residues along with total number of 

atoms and aliphatic index were calculated (Fig. 3). 

 

Fig. 2: Alignment retrieved from the Clustal Omega of the related protein of mouse and bovine with a human which 

shows residues with *(identical) and :(somewhat similar).     
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Fig. 3: Pie chart representation of composition amino acid (a.a) of TC-1 and calculated percentage values.

The neural network-based protein disorder was 

predicted in the region of TC-1 cancer reveal that 65 

residues were involved in disorder region and 

approximately 61 percent of the total protein. The 

PONDR tool was trained to detect the disorder 

sequence to determine the sequence mutations. TC-1 

has two chains and one have a long stretch of 52 

residues (38-89). The graph showed that the order and 

disorder composition as middle single line was 

threshold and above the line lies in the disorder region 

sequence. Therefore, TC-1 was predicted as a natively 

disordered protein (Fig. 4).  

Structure Prediction 

3D structure of TC-1 (TCIM; C8orf4) was not 

reported by NMR and X-ray crystallography 

techniques till now. To predict the 3D structure, 

comparative and threading approaches were used. The 
sequence was submitted to BLASTp against PDB to 

retrieve suitable templates. The top-ranked five 

templates having maximum identity, E-value, query 

coverage and total scores were observed for homology 

modeling. All the scrutinized templates were utilized 

to generate 3D structure of TC-1 (TCIM; C8orf4). The 

total query coverage along with similarity for the used 

template against TC-1 showed >70% from end to end 

for homology modeling analyses.  

Several models were generated by utilizing various 

tools (Robetta, Phy2, M4t, HHpred, SWISS MODEL, 

SPARKS-X, Raptor-X, PSIPRED, IntFOLD, Mod 

Web, 3D-jigsaw, I-TASSER, and MODELLER 2.0) 

as in silico approaches (threading and comparative 

modeling) to predict the structures. 

All these generated models were evaluated based on 

quality factor, favored region, allowed region and 

outliers. The graphs were generated comparatively for 

all the predicted models from the homology and 
threading approaches and the reliable structure was 

selected from the generated graphs (Fig. 5). 
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Fig. 4: Peak graph shows the disorder of residues score TC-1 protein, X-axis values are the number of residues in 

the graphs and the Y-axis elaborate about the order and disorder scores. 

 

The overall quality factor showed of TC-1 was 

93.62% accurate evaluated from the ERRAT. 

Ramachandran plot were utilized for the evaluation of 

predicted model which reveals the φ and ψ distributed 

along with the information of residues of favored 

region lie 98%, allowed region residues consist of 

99% of the total sequence and only one residue exist 

in outlier region Val 105. The minimization of the 

selected structure was applied for the improvement of 

stereochemistry and considered the model for the most 

optimal purpose. The most optimal structure was 

minimized at UCSF Chimera 1.13 on 1000 steepest 

and conjugates gradients runs after the critical 

examination at evaluation parameters (Fig. 6). 

Protein-Protein Interactions 

The TC-1 expressed in lungs, thyroid, and nuclear 

expression in several tissues, mostly in placenta. The 

crystal structure of LSM1 complex was the interacting 

partner of TC-1, was used for the interaction of 

protein- protein docking studies. The protein-protein 

docking analyses were performed and determined by 

using GrammX online server. The interacting residues 

of the complex were analyzed through UCSF Chimera 

1.13 (Fig. 7). The interacting residues of receptor 

protein and ligand protein were analyzed (Table 1) 

[62]. 

Molecular docking analyses 

The molecular docking experiments revealed different 

binding energies and complexes were generated. The 

least binding energy complex was determined by 

analyzing the least binding energy and was selected 

for further analyses. The structure accuracy was 

determined though docking which was employed by 

PyRx. The Zinc library compound ZINC00010 

showed least binding energy of -8.5 Kcal/mol (Table 

2). The 2D structure (Fig. 8) of the selected compound 

was minimized through ChemDrawUltra 8.0 [63]. The 

3D structure analyses of molecular docking were 

analyzed through Chimera 1.13 (Fig. 9).  

The specificity of functional proteins related to its 

structure is involved in cellular processes as they are 

molecule of life. Bioinformatics field in which various 

disciplines including computing, bioinformatics, 

mathematics, artificial intelligence, chemistry and 

statistical approaches were covered to facilitate 

discovery of new biological ideas [64]. Structural 

bioinformatics field has undergone many 

improvements over the last 10 years. Computational 

recourses increase in biological data and methodology 

develop the size and resolution of study as well as 

created complex question to research  
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Fig. 5: Graph of Quality Factor, Favored Region, Allowed Region and Outliers region of the TC-1 Protein structure 

prediction analysis extracted from the different modeling tools and software 
 

[65-67]. The study of protein and information related 

to protein open many questions that are related to 

health of an organism. The approaches of 

computational analyses lower the time phases and 

very useful to the researcher in the field of 

research[68-70]. By using in silico methods and 

computational approaches the protein structure of TC-

1 was predicted. 

Conclusion 

Computational bioinformatics analysis on TC-1 

protein that causes thyroid cancer in the human 

forecast the 3D structure of the protein sequence. The 

docking approaches were implemented for protein-

protein interaction as well as to seek out the ligand-
based docking analysis with the thyroid cancer 1 
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protein. These docking analyses will be utilized for 

computational drug designing and development.  
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Fig. 6: 3D-Structure image predicted from the modeling tool (Robetta) declared the optimal structure of TC-1 protein. 
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Fig. 7: Protein-protein docking structures. 

 

Table1: Residues of protein-protein docking as receptor protein and ligand protein. 
Target Protein Target Protein 

residues 

Interacting 

protein 

Interacting Protein residues 

Thyroid 
Cancer-1 

 

LYS 4, GLN 8, 
VAL 10, SER 15, 

SER 21, GLY 24, 

ARG 32, ALA 
35, ASN 38, ILE 

39, GLN   94 

LSM1 
 

 

ASP 32, LEU 33, TYR 34, LEU 35, ASP 36, GLN 37, TRY 38, ASN 39, PHE 40, THR 
41, THR 42, THR 43, ALA 44, ALA 45, ILE 46, VAL 47, SER 48, SER 49, VAL, ASP 

51, ARG 52, LYS 53, ILE 54, PHE 55, VAL 56, LEU 57, LEU 58, ARG 59, ASP 60, 

GLY 61, ARG 62, LEU 64, PHE 65, GLY 66, VAL 67, LEU 68, ARG 69, THR 70, PHE 
71, ASP 72, GLN 73, TYR74, ALA 75, ASN 76, LEU 77, LEU 78, LEU 79, GLN 80, 

ASP 81, CYS 82, VAL 83, GLU 84, ARG 85, ILE 86, TYR 87, PHE 88, SER 89, GLU 

90, GLU 91, ASN 92, LYS 93, TYR 94, ALA 95, GLU 96, GLU 97, ASP 98, ARG 99, 
GLY 100, ILE 101, PHE 102, ILE 104, ARG 105, GLY 106, GLU 107, ASN 108, VAL 

109, VAL 110, LEU 112, GLY 113, GLU 114, VAL 115, ASP 116, ILE 117, ASP 118, 

LYS 119, GLU 120, ASP 121, GLN 122, PRO 123, LEU 124, GLU 128, ARG 129, ILE 
130, PRO 131, PHE 132, LYS 133, GLU 134, ALA 135, TRP 136, LEU 137, THR 138, 

LYS 139, GLN 140, LYS 141, ASN 142, ASP 143, GLU 144, LYS 145, ARG 146, PHE 

147, LYS 148, GLU 149, GLU 150, THR 151, HIS 152, LYS 153, GLY 154, LYS 155, 
LYS 156, ALA 158, ARG 159, HIS 160, ILE 162, VAL 163, TYR 164, ASP 165, PHE 

166, HIS 167, LYS 168, SER 169, ASP 170   

 

Table 2: Top four least binding energy compounds from the molecular docking experiment.  
Name of compound Binding affinity kcal/mol RMSD/ upper binding RMSD/ lower binding 

ZINC00010 -8.5 3.37 11.229 

ZINC00130 -8.2 0 0 

ZINC00131 -8.2 0 0 

ZINC00093 -7.9 0 0 
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Figure 8: 2D-Structure of least binding affinity structure compound. 

Fig. 9: Molecular Docking analyses of least binding energy compound through virtual screening. 

 

References 

[1] Nguyen QT LE, Huang MG, Park YI, Khullar A, 

Plodkowski RA. Diagnosis and treatment of patients 

with thyroid cancer. American Health & Drug Benefits 

2015;8(1):30-40.  

[2] Randle RW, Balentine CJ, Leverson GE, Havlena JA, 

Sippel RS, Schneider DF, Pitt SC. Trends in the 

presentation, treatment, and survival of patients with 

medullary thyroid cancer over the past 30 years. 

Surgery 2017;161(1):137-146.  

[3] Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre 

LA, Jemal A. Global cancer statistics 2018: 

GLOBOCAN estimates of incidence and mortality 

worldwide for 36 cancers in 185 countries. CA Cancer 

J Clin 2018;68(6):394-424.  

[4] Elham Goodarzi AM, Hossein Feizhadad, Alireza 

Mosavi Jarrahi, Hossein Ali Adineh, Malihe 

Sohrabivafa, Zaher Khazaei. Epidemiology, incidence 

and mortality of thyroid cancer and their relationship 

with the human development index in the world: An 

ecology study in 2018. Advances in Human Biology 

2019;9(2):162-167.  

[5] Hall P, Holm LE. Radiation-associated thyroid cancer-

-facts and fiction. Acta Oncol 1998;37(4):325-30.  

[6] Elizabeth L. Chua LY, Wan Man Wu, John R. Turtle, 

Qihan Dong. Cloning of TC-1 (C8orf4), a Novel Gene 

Found to Be Overexpressed in Thyroid Cancer. 

ScienceDirect November 2000;69(3):342-247.  

[7] Sastre-Perona A, Santisteban P. Role of the wnt 

pathway in thyroid cancer. Front Endocrinol 

(Lausanne) 2012;3:31.  

[8] Jung Y, Bang S, Choi K, Kim E, Kim Y, Kim J, Park J, 

Koo H, Moon RT, Song K, Lee I. TC1 (C8orf4) 

enhances the Wnt/beta-catenin pathway by relieving 

antagonistic activity of Chibby. Cancer Res 

2006;66(2):723-8.  

[9] Lee YKJKJPSBYJJCKSI. TC1(C8orf4) is upregulated 

by IL‐1β/TNF‐α and enhances proliferation of human 

follicular dendritic cells. FEBS Letters 

2006;580(14):3519-3524.  

[10] One. Wang YD BG, Lv XY, Zheng R, Sun H, Zhang Z. 

TC1 (C8orf4) is involved in ERK1 / 2 pathway-

regulated G1- to S-phase transition. BMB Reports 31 

Oct 2008;41(10):733-738.  

[11] Lei J LW, Yang Y, Lu Q, Zhang N, Bai G. TC-1 

Overexpression Promotes Cell Proliferation in Human 



 
Biomedical Letters 2020; 6(2):127-137 

136 
 

Non-Small Cell Lung Cancer that Can Be Inhibited by 

PD173074. PLoS ONE 2014.  

[12] Juhee Parka YJ, Jungtae Kima, Ka-Young Kima, Sang-

Gun Ahn, Kyuyoung Song, Inchul Leed. TC1 (C8orf4) 

is upregulated by cellular stress and mediates heat 

shock response. ScienceDirect August 

2007;360(2):447-452.  

[13] Chung SJ AS, Biernacka JM, Anderson KJ, Lesnick 

TG. Genomic determinants of motor and cognitive 

outcomes in Parkinson's disease. Parkinsonism Related 

Disorder 2012;18(7):881-886.  

[14] Gall C, Xu H, Brickenden A, Ai X, Choy WY. The 

intrinsically disordered TC-1 interacts with Chibby via 

regions with high helical propensity. Protein Sci 

2007;16(11):2510-8.  

[15] By Sheikh Arslan Sehgal AHM, Rana Adnan Tahir, 

Asif Mir. Quick Guideline for Computational Drug 

Design. Bentham Science Publisher 2018.  

[16] Sehgal SA, Seemab AFK. In Silico Analyses, 

Bioequivalence and Disposition Kinetics of 

Allopurinol in Healthy Male Subjects. Drug Delivery 

Letters 2016;6:113-121.  

[17] Gutmanas A, Oldfield TJ, Patwardhan A, Sen S, 

Velankar S, Kleywegt GJ. The role of structural 

bioinformatics resources in the era of integrative 

structural biology. Acta Crystallogr D Biol Crystallogr 

2013;69(Pt 5):710-21.  

[18] Wu D, Rice CM, Wang X. Cancer bioinformatics: a 

new approach to systems clinical medicine. BMC 

Bioinformatics 2012;13:71.  

[19] Ayisha Amanullah SN. Structural Bioinformatics: 

Computational Software and Databases for the 

Evaluation of Protein Structure. RADS Journal of 

Biological Research and Applied Science 2018;9(2).  

[20] Novikov GV, Sivozhelezov VS, Shebanova AS, 

Shaitan KV. Classification of rhodopsin structures by 

modern methods of structural bioinformatics. 

Biochemistry (Mosc) 2012;77(5):435-43.  

[21] Cunningham F, Achuthan P, Akanni W, Allen J, 

Amode MR, Armean IM, Bennett R, Bhai J, Billis K, 

Boddu S, Cummins C, Davidson C, Dodiya KJ, Gall A, 

Giron CG, Gil L, Grego T, Haggerty L, Haskell E, 

Hourlier T, Izuogu OG, Janacek SH, Juettemann T, Kay 

M, Laird MR, Lavidas I, Liu Z, Loveland JE, Marugan 

JC, Maurel T, McMahon AC, Moore B, Morales J, 

Mudge JM, Nuhn M, Ogeh D, Parker A, Parton A, 

Patricio M, Abdul Salam AI, Schmitt BM, 

Schuilenburg H, Sheppard D, Sparrow H, Stapleton E, 

Szuba M, Taylor K, Threadgold G, Thormann A, Vullo 

A, Walts B, Winterbottom A, Zadissa A, Chakiachvili 

M, Frankish A, Hunt SE, Kostadima M, Langridge N, 

Martin FJ, Muffato M, Perry E, Ruffier M, Staines DM, 

Trevanion SJ, Aken BL, Yates AD, Zerbino DR, Flicek 

P. Ensembl 2019. Nucleic Acids Res 

2019;47(D1):D745-D751.  

[22] Haeussler M, Zweig AS, Tyner C, Speir ML, 

Rosenbloom KR, Raney BJ, Lee CM, Lee BT, Hinrichs 

AS, Gonzalez JN, Gibson D, Diekhans M, Clawson H, 

Casper J, Barber GP, Haussler D, Kuhn RM, Kent WJ. 

The UCSC Genome Browser database: 2019 update. 

Nucleic Acids Res 2019;47(D1):D853-D858.  

[23] Lupas A, Van Dyke M, Stock J. Predicting coiled coils 

from protein sequences. Science 1991;252(5009):1162-

4.  

[24] Wilkins MR, Gasteiger E, Bairoch A, Sanchez JC, 

Williams KL, Appel RD, Hochstrasser DF. Protein 

identification and analysis tools in the ExPASy server. 

Methods Mol Biol 1999;112:531-52.  

[25] Rost B, Sander C. Improved prediction of protein 

secondary structure by use of sequence profiles and 

neural networks. Proc Natl Acad Sci U S A 

1993;90(16):7558-62.  

[26] Sievers F, Higgins DG. Clustal Omega for making 

accurate alignments of many protein sequences. Protein 

Sci 2018;27(1):135-145.  

[27] Li J, Feng Y, Wang X, Li J, Liu W, Rong L, Bao J. An 

Overview of Predictors for Intrinsically Disordered 

Proteins over 2010-2014. Int J Mol Sci 

2015;16(10):23446-62.  

[28] UniProt C. The Universal Protein Resource (UniProt) 

in 2010. Nucleic Acids Res 2010;38(Database 

issue):D142-8.  

[29] Webb B, Sali A. Protein Structure Modeling with 

MODELLER. Methods Mol Biol 2017;1654:39-54.  

[30] McGuffin LJ, Atkins JD, Salehe BR, Shuid AN, Roche 

DB. IntFOLD: an integrated server for modelling 

protein structures and functions from amino acid 

sequences. Nucleic Acids Res 2015;43(W1):W169-73.  

[31] Wang S, Li W, Liu S, Xu J. RaptorX-Property: a web 

server for protein structure property prediction. Nucleic 

Acids Res 2016;44(W1):W430-5.  

[32] Nielsen M, Lundegaard C, Lund O, Petersen TN. 

CPHmodels-3.0--remote homology modeling using 

structure-guided sequence profiles. Nucleic Acids Res 

2010;38(Web Server issue):W576-81.  

[33] Lambert C, Leonard N, De Bolle X, Depiereux E. 

ESyPred3D: Prediction of proteins 3D structures. 

Bioinformatics 2002;18(9):1250-6.  

[34] Soding J, Biegert A, Lupas AN. The HHpred interactive 

server for protein homology detection and structure 

prediction. Nucleic Acids Res 2005;33(Web Server 

issue):W244-8.  

[35] Kelley LA, Mezulis S, Yates CM, Wass MN, Sternberg 

MJ. The Phyre2 web portal for protein modeling, 

prediction and analysis. Nat Protoc 2015;10(6):845-58.  

[36] Kim DE, Chivian D, Baker D. Protein structure 

prediction and analysis using the Robetta server. 

Nucleic Acids Res 2004;32(Web Server issue):W526-

31.  

[37] Waterhouse A, Bertoni M, Bienert S, Studer G, 

Tauriello G, Gumienny R, Heer FT, de Beer TAP, 

Rempfer C, Bordoli L, Lepore R, Schwede T. SWISS-

MODEL: homology modelling of protein structures and 

complexes. Nucleic Acids Res 2018;46(W1):W296-

W303.  

[38] Yang J, Yan R, Roy A, Xu D, Poisson J, Zhang Y. The 

I-TASSER Suite: protein structure and function 

prediction. Nat Methods 2015;12(1):7-8.  

[39] Yang Y. SPARKS-X: Protein fold recognition. 

Laboratory of Structural Bioinformatics Jan 15, 2020.  

[40] Fernandez-Fuentes N, Madrid-Aliste CJ, Rai BK, 

Fajardo JE, Fiser A. M4T: a comparative protein 



 
Biomedical Letters 2020; 6(2):127-137 

137 
 

structure modeling server. Nucleic Acids Res 

2007;35(Web Server issue):W363-8.  

[41] Pieper U, Webb BM, Dong GQ, Schneidman-Duhovny 

D, Fan H, Kim SJ, Khuri N, Spill YG, Weinkam P, 

Hammel M, Tainer JA, Nilges M, Sali A. ModBase, a 

database of annotated comparative protein structure 

models and associated resources. Nucleic Acids Res 

2014;42(Database issue):D336-46.  

[42] Bates PA, Kelley LA, MacCallum RM, Sternberg MJ. 

Enhancement of protein modeling by human 

intervention in applying the automatic programs 3D-

JIGSAW and 3D-PSSM. Proteins 2001;Suppl 5:39-46.  

[43] Pettersen EF, Goddard TD, Huang CC, Couch GS, 

Greenblatt DM, Meng EC, Ferrin TE. UCSF Chimera-

-a visualization system for exploratory research and 

analysis. J Comput Chem 2004;25(13):1605-12.  

[44] Alexander N, Woetzel N, Meiler J. bcl::Cluster : A 

method for clustering biological molecules coupled 

with visualization in the Pymol Molecular Graphics 

System. IEEE Int Conf Comput Adv Bio Med Sci 

2011;2011:13-18.  

[45] Chen VB, Arendall WB, 3rd, Headd JJ, Keedy DA, 

Immormino RM, Kapral GJ, Murray LW, Richardson 

JS, Richardson DC. MolProbity: all-atom structure 

validation for macromolecular crystallography. Acta 

Crystallogr D Biol Crystallogr 2010;66(Pt 1):12-21.  

[46] Lovell SC, Davis IW, Arendall WB, 3rd, de Bakker PI, 

Word JM, Prisant MG, Richardson JS, Richardson DC. 

Structure validation by Calpha geometry: phi,psi and 

Cbeta deviation. Proteins 2003;50(3):437-50.  

[47] Laskowski RA, Rullmannn JA, MacArthur MW, 

Kaptein R, Thornton JM. AQUA and PROCHECK-

NMR: programs for checking the quality of protein 

structures solved by NMR. J Biomol NMR 

1996;8(4):477-86.  

[48] Melo F, Devos D, Depiereux E, Feytmans E. ANOLEA: 

a www server to assess protein structures. Proc Int Conf 

Intell Syst Mol Biol 1997;5:187-90.  

[49] Eisenberg D, Luthy R, Bowie JU. VERIFY3D: 

assessment of protein models with three-dimensional 

profiles. Methods Enzymol 1997;277:396-404.  

[50] Colovos C, Yeates TO. Verification of protein 

structures: patterns of nonbonded atomic interactions. 

Protein Sci 1993;2(9):1511-9.  

[51] Szklarczyk D, Santos A, von Mering C, Jensen LJ, Bork 

P, Kuhn M. STITCH 5: augmenting protein-chemical 

interaction networks with tissue and affinity data. 

Nucleic Acids Res 2016;44(D1):D380-4.  

[52] Szklarczyk D, Morris JH, Cook H, Kuhn M, Wyder S, 

Simonovic M, Santos A, Doncheva NT, Roth A, Bork 

P, Jensen LJ, von Mering C. The STRING database in 

2017: quality-controlled protein-protein association 

networks, made broadly accessible. Nucleic Acids Res 

2017;45(D1):D362-D368.  

[53] Schneidman-Duhovny D, Inbar Y, Nussinov R, 

Wolfson HJ. PatchDock and SymmDock: servers for 

rigid and symmetric docking. Nucleic Acids Res 

2005;33(Web Server issue):W363-7.  

[54] Mashiach E, Schneidman-Duhovny D, Andrusier N, 

Nussinov R, Wolfson HJ. FireDock: a web server for 

fast interaction refinement in molecular docking. 

Nucleic Acids Res 2008;36(Web Server issue):W229-

32.  

[55] Tovchigrechko A, Vakser IA. GRAMM-X public web 

server for protein-protein docking. Nucleic Acids Res 

2006;34(Web Server issue):W310-4.  

[56] Laskowski RA, Swindells MB. LigPlot+: multiple 

ligand-protein interaction diagrams for drug discovery. 

J Chem Inf Model 2011;51(10):2778-86.  

[57] Ritchie DW. Recent progress and future directions in 

protein-protein docking. Curr Protein Pept Sci 

2008;9(1):1-15.  

[58] Dallakyan S, Olson AJ. Small-molecule library 

screening by docking with PyRx. Methods Mol Biol 

2015;1263:243-50.  

[59] Sterling T, Irwin JJ. ZINC 15--Ligand Discovery for 

Everyone. J Chem Inf Model 2015;55(11):2324-37.  

[60] Tahir RA, Hassan F, Kareem A, Iftikhar U, Sehgal SA. 

Ligand-Based Pharmacophore Modeling and Virtual 

Screening to Discover Novel CYP1A1 Inhibitors. Curr 

Top Med Chem 2019;19(30):2782-2794.  

[61] Tahir RA, Sehgal SA. Pharmacoinformatics and 

Molecular Docking Studies Reveal Potential Novel 

Compounds Against Schizophrenia by Target SYN II. 

Comb Chem High Throughput Screen 2018;21(3):175-

181.  

[62] Kaczor AA, Bartuzi D, Stepniewski TM, Matosiuk D, 

Selent J. Protein-Protein Docking in Drug Design and 

Discovery. Methods Mol Biol 2018;1762:285-305.  

[63] Cousins KR. Computer review of ChemDraw Ultra 8. J 

Am Chem Soc 2011;133(21):8388.  

[64] Wishart DS. Bioinformatics in drug development and 

assessment. Drug Metab Rev 2005;37(2):279-310.  

[65] Kalyaanamoorthy S, Chen YP. Structure-based drug 

design to augment hit discovery. Drug Discov Today 

2011;16(17-18):831-9.  

[66] Wang TW, Mian-Bin; Zhang, Ri-Hao; Chen, Zheng-

Jie; Hua, Chen; Lin, Jian-Ping; Yang, Li-Rong. 

Advances in Computational Structure-Based Drug 

Design and Application in Drug Discovery. Ingenta 

Connect 2016;16(16):901-916.  

[67] Sehgal SA. Pharmacoinformatics and molecular 

docking studies reveal potential novel Proline 

Dehydrogenase (PRODH) compounds for 

Schizophrenia inhibition. Medicinal Chemistry 

Research 2017;26:314-326.  

[68] Tahir RA, Wu H, Rizwan MA, Jafar TH, Saleem S, 

Sehgal SA. Immunoinformatics and molecular docking 

studies reveal potential epitope-based peptide vaccine 

against DENV-NS3 protein. J Theor Biol 

2018;459:162-170.  

[69] Tahir RA, Wu H, Javed N, Khalique A, Khan SAF, Mir 

A, Ahmed MS, Barreto GE, Qing H, Ashraf GM, 

Sehgal SA. Pharmacoinformatics and molecular 

docking reveal potential drug candidates against 

Schizophrenia to target TAAR6. J Cell Physiol 

2019;234(8):13263-13276.  

[70] Sehgal SA. Pharmacoinformatics, Adaptive Evolution, 

and Elucidation of Six Novel Compounds for 

Schizophrenia Treatment by Targeting DAOA (G72) 

Isoforms. Biomed Res Int 2017;2017:5925714.  


