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Abstract: 

Neuroendocrine tumorsare neoplasms that arise from cells of the endocrine (hormonal) and nervous 

systems. By in-depth analysis of the chromosome 21, segment 40/105 (21q21.1), a novel human gene was 

identified, which was previously never found to have any coding region, which is the CYYR1 gene/protein of 

unknown functionality.The gene consists of four exons and spans about 107 kb, including a very large intron 

of 85.8 kb.. The most prominent feature identified in the protein family is a central, unique cysteine and 

tyrosine-rich domain, which is strongly conserved from lower vertebrates (fishes) to humans but is absent in 

bacteria and invertebrates. In our present study, we have tried to study the protein in detail using insilico 

analysis and modeled the protein, along with analyzing its interactions with putative interacting proteins. It 

was modelled using de novo pathway as there was no structure more than 34.783% identity. The modelled 

structure had overall quality to of 38% which was enhanced upto 86.047 % by using loop modeling concept 

by ModLoop software. The Interactome was predicted using Genemania which gave us average interactions 

with many genes but among them most prominent was FLT1 and CALCR1. The docking studies revealed 

that there might be interaction between FLT1 which is a kinase enzyme, while interaction with CALCR1 was 

not of prominence. The interaction thus provides us an idea that there might be some kind of interaction 

between FLT1 and CYYR1 which has an important role in activating the gene/protein leading to the disease 

that it causes. 

 

Key Words: Neuroendocrine tumor,  Ab-initio-Modeling, Docking, Interaction analysis . 

 

Introduction: 

 

Neuroendocrine tumorsare neoplasms that arise from cells of the endocrine (hormonal) 

and nervous systems (Modlin IM et al., 2008). Many are benign, while some are malignant. By in-

depth analysis of the chromosome 21, segment 40/105 (21q21.1), a novel human gene was 

identified, which was previously never found to have any coding region (Vitale L, Frabetti F et al , 
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Kulke MH, Siu LL, Tepper JE, Fisher G, Jaffe D, et al., 2011). The gene/protein derived from 

brain cells, when translated provided a 154 amino acid product which had no similarity with any 

known protein. The gene has been named cysteine and tyrosine-rich protein 1 gene (CYYR1). 

The gene consists of four exons and spans about 107 kb, including a very large intron of 

85.8 kb. Analysis of expressed sequence tags shows high CYYR1 expression in cells belonging to 

the amine precursor uptake and decarboxylation system (Su-Chen Li et al, 2012). Sequence and 

phylogenetic analysis led to identification of several genes encoding CYYR1 homologous proteins. 

The most prominent feature identified in the protein family is a central, unique cysteine and 

tyrosine-rich domain, which is strongly conserved from lower vertebrates (fishes) to humans but 

is absent in bacteria and invertebrates. These cells may have a link for the origin of 

neuroendocrine (NE) tumors (Kloppel G et al., 2004).The gene has not been studied in detail. The 

involvement ofCYYR1in neuroendocrine tumor though has not been experimentally proved, but 

various previously done studies have shown that it is somewhere involved in the disease (Donna 

Karolchik, et.al, 2014). In our present study, we have tried to study the protein in detail using 

insilico analysis and modeled the protein, along with analyzing its interactions with putative 

interacting proteins. The protein is modeled using de novo pathway as it had no structural 

similarity with any of the known proteins. Using literature survey, we got the molecular 

weight=16.6 kdal and the isoelectric point=8.28. 

 It is assumed that NE tumors can originate from normal NE cells.NE tumors are divided, 

according to the WHO(WorldHealthOrganization) classification, into well differentiated tumors or 

carcinomas, poorly differentiated carcinomas and mixed endocrine-exocrine carcinomas, 

according to their histological and cytological features(Pavel ME, Hainsworth JD, Baudin E, 

Peeters M, Horsch D, et al.,2011). 

 First, the CYYR1 mRNA coding sequence (CDS) was studied in a large series of NEtumors 

and a P111S mutation in the only neck-derived tumor was identified. Both isoforms, which 

encode two polypeptides–differing in terms of the absence or presence of one amino acid were 

found in normal and neo-plastic tissues. The protein was structured and its interaction analysis 

was performed. The other interacting partners were docked to study the interactions between the 

CYYR1 and the putatively interacting protein. No specific protein was found to interact with the 

CYYR1 protein; all proteins were known to be hypothetically predicted to interact with the 

CYYR1 protein of unknown function. 

 

Methodology: 

 

UniProt is a comprehensive, high-quality and freely accessible database of protein sequence and 

functional information, many entries being derived from genome sequencing projects (Magrane 

M. and the UniProt consortium, 2009). It contains a large amount of information about the 

biological function of proteins derived from the research literature (Design and implementation of 

the UniProt websiteBMC Bioinformatics, 10:136, 2009). The UniProt ID-Q96J86 was taken, 

which was a reviewed entry in the database with 154 amino acid residues in the protein/gene. 

 Using SignalP tool, three domains were determined: Signal Peptide domain from position 

1-29, transmembrane domain from position 62-82 and the Poly-Proline domain from position 144-

149. 

http://en.wikipedia.org/wiki/Protein_sequence
http://en.wikipedia.org/wiki/Genome_sequencing_project
http://dx.doi.org/doi:10.1186/1471-2105-10-136
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Figure-1 The amino acids from position 1-29 are a part of signal peptides. 

 

Sequence Analysis and Structure Prediction: 

  

The Pfam database is a large collection of protein families, each represented by multiple sequence 

alignments and hidden Markov models (HMMs) (M. Punta et al, 2014).Proteins aregenerally 

composed of one or more functional regions, commonly termed domains. Different combinations of 

domains give rise to the diverse range of proteins found in nature. The domain was analyzed 

using Pfam 27.0, which shows that the domain is DUF26268. 

 Jpred is a Protein Secondary Structure Prediction server and has been in operation since 

approximately 1998(Cole C, Barber JD and Barton GJ. (2008). Jpred incorporates the Jnet 

algorithm in order to make more accurate predictions. In addition to protein secondary structure 

Jpred also makes predictions on Solvent Accessibility and Coiled-coil regions (Lupas method).The 

secondary structure analysis was done. 

 
Figure-2. Secondary Structure Analysis of CYYR1 gene/protein 

 

The Protein Data Bank (PDB) is a repository for the three-dimensional structural data of large 

biological molecules, such as proteins andacids (Luthy Bowie JU, Eisenberg D.1992, 

F.C.Bernstein et al). The data, typically obtained by X-ray crystallography or NMR spectroscopy 

andsubmittedbybiologists and biochemists from around the world. The structure for Cytosine and 

tyrosine rich protein1 was not present in the PDB entry, so the structure was modeled. BLAST is 

an algorithm for comparing primary biological sequence information, such as the amino-

acid sequences of different proteins or the nucleotides of DNA sequences. A BLAST search 

http://en.wikipedia.org/wiki/Protein
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http://en.wikipedia.org/wiki/Primary_structure
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Nucleotide
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enables a researcher to compare a query sequence with a library or database of sequences, and 

identify library sequences that resemble the query sequence above a certain threshold (Altschul, 

S.F. et al, 1990). 

 Protein BLAST was done with the database selected as PDB-database, which shows the 

maximum identity as 39% and 37%, with the PDB-ID as 4BZJ_A and 2LFC_A respectively as 

shown in table 1. As the identity was less than 40% Schrodinger-PRIME rejected the homology 

modeling of the protein (Biologics Suite 2014-2: BioLuminate, version 1.5, Schrödinger, LLC, New 

York, NY, 2014.). Hence Ab-initio modeling using-Phyre2 server was done to predict its structure 

(Protein structure prediction on the web, 2009). 

 

Table-1: Protein Blast results which were used as template for structure modeling. 

Description Max-

Score 

Total 

Score 

Query 

Coverage 

E-Value Identity Accession 

Chain A, The Structure of Copii 

Coated Assembled on Membrane 

(Saccharomyces Cerevisiae) 

28.5 28.5 24% 2.8 39% 4BZJA 

Chain A, A solution NMR str. of 

Fumarate reductase flavoprotein 

subunit from lactobacillus 

plantarum   

26.9 26.9 19% 6.0 37% 2LFCA 

 

After prediction the model was optimized by energy minimization using Swiss–Pdb 

Viewer.Swiss–Pdb Viewer (Spdbv) is an application that provides a user friendly interface 

allowing analyzing several proteins at the same time. The proteins can be superimposed in order 

to deduce structural alignments and compare their active sites or any other relevant parts (Kiefer 

F et al-2009,). The energy minimization was done using the Spdbv software, until the energy 

reached a constant energy value.The structure was further optimized and modeled using, 

automated modeling of loops by Mod Loop (A. Fiser, and A. Sali, Bioinformatics, 2003).The 

predicted structure as shown in figure 3, has a big alpha helix with two small beta sheets and 

loops clearly visible. 

 
Figure-3 Representation of the modeled structure using (The PYMOL Molecular Graphics System, Version 

1.2r3pre, Schrödinger) 

 

Interaction Analysis: -Gene Mania finds other genes that are related to a set of input genes, 

using a very large set of functional association data. Association data include protein and genetic 

interactions, pathways, co-expression, co-localization and protein domain similarity. (David 

Warde-Farley, et.al, 2010). The CYYR1 gene/protein interaction analysis search was made using 

http://en.wikipedia.org/wiki/Database
mailto:andras@fiserlab.org-2003).%20The
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Gene Mania. The table 2 depicts all the interactions predicted by Gene Mania for CYYR1, which 

are diagrammatically represented in figure 4, where the interactions are connected using the flow 

diagram. 

 

Table-2 Interaction analysis of CYYR1 gene/protein 

 Networks Genes/Proteins involved  Percent 

Score 

1. Co-expression MCOLN3,GCA,BMPER,CD93,CLEC14A,EMCN,FLT1,GJA4,LDB2,CALC

RL,HSA,CLEC14A,MLOLN3,HSPA12B,C20orf160,ERG,MYCT1,APBB2,

L3MBTL3,FGD5. 

35.49% 

2. Pathway FLT1,ERG 10.41% 

3. Co-localization MCOLN3,CNPPD1,PHF10,FBX018,EMCN,FLT1,LDB2,ERG,MYCT1,CA

LCRL 

6.37% 

4. Shared Protein 

Domains 

CD93,CLECMA 1.54% 

5. Genetic Interactions MCOLN3,GCA,PHF10,FBX018,EMCN,FLT1,CD93,GCA,HSPA12B,FGD

5,ERG,MYCT1,APBB2 

1.51% 

 

 

 
Figure-4 Interaction Map of CYYR1 gene/protein, the purple line represents co-expression, green line 

represents pathway and the blue line represents co-localization. 

 

The physical interactions are not known yet for the protein , only co-localized and pathway based 

interactions are known , which are also putative. 

 

Docking Studies 

The Active Sites were Predicted and Analyzed using Dog site scorer for CYYR1 to recognize the 

cavities were another molecule should be interacting with the protein. (Center for Bioinformatics-

Universitat of Hamburg, 2003). The top six cavities as identified by the tool are specified in the 

table 3. 
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Table-3 Active Sites Prediction of CYYR1 gene/protein 

Name Volume Surface Lipo surface Depth Simple Score 

P0 2199.17 3428.85 2602.77 30.77 0.72 

P1 250.94 689.05 441.90 8.28 0.14 

P2 227.97 496.94 375.39 13.68 0.10 

P3 223.62 519.63 428.20 10.20 0.13 

P4 155.84 368.30 298.68 9.28 0.04 

P5 131.20 385.23 316.36 8.11 0.00 

 

Hex is an interactive protein docking and molecular superimposition program, written by Dave 

Ritchie (Ota, Suzuki Y. et al, 2013). Hex understands protein and DNA structures in PDB format, 

and it can also read small-molecule SDF files.  

 The maximum probability of interaction of CYYR1 was predicted to be with CALCR1 

(3AQF.PDB) and FLT1 (1FLT.PDB). The 3AQF.PDB is a Calcitonin receptor and 1FLT.PDB is a 

Tyrosine-protein kinase enzyme. The protein-protein interaction was studied using the Hex 

docking software. The CYYR1.PDB (modeled by Phyre2 server) was docked with 3AQF.PDB and 

1FLT.PDB , whose complexes were visualized in PYMOL to study the interaction.  

 

Phylogenetic Analysis 

 

MEGA is an integrated tool for conducting sequence alignment, inferring phylogenetic trees, 

estimating divergence times, mining online databases, estimating rates of molecular evolution, 

inferring ancestral sequences, and testing evolutionary hypotheses (Tamura K et al, 2013). 

MEGA is used by biologists in a large number of laboratories for reconstructing the evolutionary 

histories of species and inferring the extent and nature of the selective forces shaping the 

evolution of genes and species. 

 
Figure-5(a) Pairwise Distances 

 

(b)Bootstrap Phylogenetic Tree of CYYR1 gene/protein 

 

Tajima‟s test of neutrality (Statistical methods to test for nucleotide mutation hypothesis by DNA 

polymorphism, 1989) which compares the number of segregating sites per site with the nucleotide 

diversity was conducted on CYYR1. The analysis involved 8 amino acid sequences. All positions 

http://www.uniprot.org/uniprot/?query=author:%22Suzuki+Y.%22
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containing gaps and missing data were eliminated. There were a total of 91 positions in the final 

dataset. Evolutionary analyses were conducted in MEGA6. 

 
Figure-6:  TaximaTest of Neutrality 

 

Abbreviations: m = number of sequences, n = total number of sites, S = Number of segregating 

sites, ps = S/n, T = ps/a1, p = nucleotide diversity, and D is the Tajima test statistic. (Tamura K., 

Stecher G., Peterson D., Filipski A., and Kumar S. (2013). MEGA6: Molecular Evolutionary 

Genetics Analysis version 6.0). 

 

The CYYR1 as predicted to be interacting with the Tyrosine Kinase (FLT1), the protein was put 

through phosphorylation testing. The NetPhos tool was used to identify the probable 

phosphorylating sites. 

 
Figure-7: Predicted Phosphorylation sites 

 

As evident from the literature that there is mutation at the 111th position of CYYR1 protein in 

which Proline residue is replaced by a Serine residue. The effect of the mutation was studied on 

the structure by redesigning the structure of mutated CYYR1 protein using Phyre-2 server again. 

The predicted structure was then visualized in PYMOL as shown in the figure 11. 

 

Validation:-VADAR is a comprehensive web server for quantitative protein structure evaluation. 

It accepts Protein Data Bank (PDB) formatted files or PDB accession numbers as input and 

calculates, identifies, graphs, reports and/or evaluates a large number (>30) of key structural 

parameters both for individual residues and for the entire protein (Leigh Willard et al., 2003). 

These include excluded volume, accessible surface area, backbone and side chain dihedral angles, 

secondary structure, hydrogen bonding partners, hydrogen bond energies, steric quality, solvation 

free energy as well as local and overall fold quality. The modeled protein was evaluated on for the 

Ramachandran Plot and overall quality of the structure. 
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Figure-8: Ramachandran Plot 

 

Number of residues in favored region:  130 (85.5%) 

Number of residues in allowed region:   12 (7.9%) 

Number of residues in outlier region:   10 (6.6%) 

 
Figure-9: Statistics of the secondary structure elements present in CYYR1 as predicted by Ab initio 

method using Phyre2. 

 

Result and Discussion:  

 

CYYR1 an unknown protein/gene definitely has some or the other connection to the 

neuroendocrine tumor. Though experimentally it is not yet verified, but the computational 

analysis thus performed provides with the numerous important findings. Three domains were 

analyzed namely as Signal peptide domain (1-29), Transmembrane domain (62-82), Poly Proline 

domain (144-149).The structure was predicted using Phyre2 server, as it showed very low amount 

of homology of the order 35% only. The predicted structure had an ERRAT score of 34.783 and 

finally its loop modeling enhanced the overall quality of the structure with over all enhancing the 

quality of the structure to 86.047%. 

 
Figure-10: ERRAT plot after energy minimization and loop modeling with overall quality factor-> 86.047 

 

The structure contained one alpha helix and two beta sheet as shown in figure 3.  

http://vadar.wishartlab.com/temp/1401354814/1401354814.m0.RAMA.png
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The mutations cited in literature were replacement of Proline at 111th position by Serine. When 

the structure was designed and analyzed it was found that due to a single mutation the two 

stable beta sheets are all lost which destabilizes the structure and prevents it from attaining its 

stable conformation, which might also effect its interaction with other interacting partners. The 

comparison of the structure is visualized in figure 11, where the yellow colored beta sheets are 

lost in the single mutant form of CYYR1 protein.  

 
Figure-11: P replaced by S at 111sites in sequence position (mutational study) 

 

The entry in the UniprotKB describes 2 isoforms produced by alternative splicing. In natural 

variant, at 95th position Arginine replaced by Histidine, at 111th position Proline replaced by 

Serine. 

 The interaction of CYYR1 gene/protein was analyzed using Gene Mania, showing 

interaction with the FLT1 gene and CALCRL. The detailed study of amino acids involved in 

active site  revealed a Volume = 2199.17, Surface = 3428.85 and Simple Score = 0.72, with the 

amino acids like Proline, Argenine, Leucine , Isoleucine and Methionine were found to be 

involved in the active site. 

 

 
Figure-12: Active Sites Prediction with Active Site Predictor (B.Jayaramet al, 2011) 

 

The protein-protein interaction was studied using docking of CYYR1 with FLT1and CALCRL 

using Hex. The figure 13 and 14 represents the interaction between the hypothetically predicted 

interacting partners, as predicted from Gene Mania. The interaction when studied in detailed 
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revealed that interaction between CYYR1 and FLT1 is possible and is still stable as compared to 

that with the CALCRL. The FLT1 is a kinase enzyme which as predicted might have some 

specific interaction leading to activation of this CYYR1.  

   

  
Figure-13 (a) Hex docking results with 3AQF,              (b) Hex docking results with FLT1,  

Evalue-> -819.90     Evalue -> -910.52 

 
Figure 14: The snapshots from Pymol of CYYR1 interacting with FLT1 in A and with CALCRL in B. 

 

The figure 13 and 14  clearly shows that FLT1 has very clear interaction with the CYYR1 and it 

tries to interact with it from three sides. The stability of the complex is also good with a energy 

score of -910.52 KJ/mol. The interacting amino acids are Alanine, Proline , Lysine, Isoleucine, 

Histidine. 

 Mega-6 software was used for performing Pairwise Alignment between 8 co-related 

(phylogenetically related) sequences. TaximaTest was performed to check the mutation 

probability, which came as 0.192031. 

A B 
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The phosphorylated sites (Serine, Threonine, Tyrosine and Threshold) were analyzed using 

NetPhos, as shown in figure 7 further clarifies that there could be a possible interaction between 

FLT1 phosphorylating the CYYR1 making it active to participate in some important pathway 

involved in neuro-endocrine tumor or vice versa. The mutated The Proline was replaced by Serine 

at 111th  position, it was observed that the 2 beta sheets were replaced by the alpha helix, which 

makes it a destabilized structure which could lead to its inactivation and thus hindering the 

activity of CYYR1. 

 The Ramachandran plot also clarifies that it has more of a coiled-coiled structure having 

50% of it making it a transmembrane protein which when activated performs some or the other 

task in trans-membrane related transferring of some important molecule involved in the neuro-

endocrine tumor. The structure though is not completely stable as specified by the plot with 

around 10 amino acids which are the present in the outlier area. The structure needs more 

improvement to be studied in detail to get to a conclusion related to its involvement in some 

important pathway leading to neuro-endocrine tumor. 

 The area needs to be further studied in detail with experimentally designing the CYYR1 

structure whose interaction can be further studied in detail to come to a final conclusion leading 

to interpretation of the exact role that it plays in neuro-endocrine tumors. The finding of 

involvement of CYYR1 in this disease is new which should be pondered upon to target the specific 

molecule involved in this disease, thus providing a new insight into the understanding of the 

various cascades of steps leading to neuro-endocrine tumor. 
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