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Summary

Metastasis, a major cause of death in cancer patients, involves the spread of a tumor or cancer to distant parts of
the body as primary cancer, invasion of surrounding tissue, spread through circulation, re-invasion and proliferation
in distant organs. KiSS1 is a metastasis-suppressor protein that suppresses metastases in malignant melanomas
and in some breast carcinomas, without affecting tumorigenicity and also may be mediated in part by cell cycle
arrest and induction of apoptosis in malignant cells. To understand the operational mechanism, structural model is
always important. Therefore, in present study a complete structural analysis and three- dimensional (3D) modeling
of KiSS-1 receptor, with a molecular weight of 42,586 kDa, of Homo sapiens was carried out. The 398 amino acid
sequence of the KiSS-1 receptor protein was retrieved from Uniprot KB database (Acc. no: Q969F8). Based on the
PDB Blast result and analysis the three-dimensional structure of KiSS-1R was predicted by using the SWISS
MODEL, ESyPred 3D protein comparative modeling server. The predicted model was further assessed by Rampage,
VERIFY-3D and PROCHECK graph with acceptable scores. The overall result provides evidence of good quality of
model and furnishes an adequate foundation for functional analysis of experimentally derived crystal structures
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and also helps in understanding metastasis.
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Introduction

Metastasis genes are involved in a complicated
series of events that includes the separation of single cells
from a solid tumor, venous invasion, immunologic escape
in the circulation, adhesion to endothelial cells,
extravasation from lymph-and blood vessels, proliferation
and induction of angiogenesis (Nakayama et al., 2012).
Right now, approximately 30 canonical metastasis
suppressor genes have been identified in various cancers
(Cooketal.,2011; Thiolloy et al., 2011). KiSS1 and KiSS1R
are among the putative metasis suppressor genes in
melanoma and breast cancer, encoding kisspeptins (Marot
et al., 2007; Lee et al., 1996, 1997).

KiSS1 was originally identified as a metastasis-
suppressor gene capable of inhibiting tumor progression
and may be involved in biology of pituitary tumors
(Martinez-Fuentes et al., 2011; Hata et al., 2007).
Kisspeptin is a G-protein coupled receptor ligand for
GPR54 (Messager et al., 2005; Muir et al. 2001, Kotani
et al.,, 2001; Cho et al., 2012). In recent research it has
became clear that kisspeptin-GPR54 signaling plays an

important role in initiating secretion of gonadotropin-
relasing hormone (GnRH) at puberty, the extent of which
is an area of ongoing research (Smith et al., 2006; Kotani
etal., 2001; Cho, 2010).

KiSS-1 expression is increased in human breast
cancer, particularly in patients with aggressive tumors and
with mortality. Over-expression of KiSS-1 in breast cancer
cells results in a more aggressive phenotype. Together, it
suggests that KiSS-1 plays a role beyond the initial
metastasis repression in this cancer type (Martin et al.,
2005).

Developing a 3-Dimensional structure with
reference to the sequence helps in further modification
of the structure and, hence, it might play a vital role in
increasing the efficiency of the breast cancer research.
The structure can be developed computationally, which
can be predicted and validated through Homology
Modeling. Approaches can be made for identification of
various active sites for the binding of receptors through
servers and tools, which may lead in identification of most
portable site for the protein.
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Materials and Methods
Target selection

The amino acid sequence of KiSS-1 receptor of
Homo sapiens was retrieved from the UniProtKB (Acc.
No.: Q969F8) database (http://www.uniprot.org /help/
uniprotkb).

Template selection

A BLAST, (Altschul et al., 1990) search with
default parameters was performed against the Brook
Heaven Protein Data Bank (PDB) (Berman et al., 2000)
to find suitable template for homology modeling. A set of
PDB structures i.e. 4EA3_A, 4DJH_A, 4DKL_A,
3KJ6_A, 4R4R_A were showing close similarity with the
target sequence. Basing on maximum identity with high
positives and lower gap percentage (%) (Table 1), structure
of the NOFQ OPIOID RECEPTOR IN COMPLEX
WITH A PEPTIDE Mimetic (4EA3 A) was selected as
the template since the percentage of Query coverage,
Max. Identity and Gap between the template and the target
was 74%, 37% and 7%, respectively.

Construction of homology model

SWISS MODEL Workshop, ESyPred 3D server
is used for homology or comparative modeling of protein
three-dimensional structures. The user provides an
alignment of a sequence to be modeled with known related
structures and automatically calculates a model containing
all non-hydrogen atoms. Server implements comparative
protein structure modeling by satisfaction of spatial
restraints, and can perform many additional tasks, including
de novo modeling of loops in protein structures,
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optimization of various models of protein structure with
respect to a flexibly defined objective function, multiple
alignment of protein sequences and/or structures,
clustering, searching of sequence databases, comparison
of protein structures, etc. (Sateesh et al. 2010; Schwede
et al. 2003, Arnold , 2006; Kiefer et al. 2009; Lambert et
al., 2002).

The secondary structural features of protein that
was employed in SOPMA view (Combet et al., 2000), a
new highly accurate secondary structure prediction
method, was adopted in this study. SOPMA incorporates
two feed-forward neural networks which perform an
analysis on output obtained from PSI-BLAST (position
specific Iterated BLAST) (Altschul et al., 1997).

The 3-dimensional structure prediction model was
assessed by VERIFY 3D (http://nihserver.mbi.ucla.edu/
Verity _3D/) visualization protein model (Eisenberg et al.,
1997). This was carried out adopting PyMol software
(DeLano, 2002). Structural validation of protein model was
done by Rampage (http://mordred.bioc.cam.ac.uk/
~rapper/rampage.php)  which determines stereo-
chemical aspects along with main chain and side chain
parameters with comprehensive analysis (Lovell et al.,
2003). The Ramachandran plot of KiSS1R protein shows
that various residues are falling under allowed, favored

and regions.
Results and Discussion

In this study the KiSSIR has been retrieve from
UniprotKB database and sequence was checked for
suitability for homology modeling using BLASTp analysis.

Table 1: BLASTp report of KiSS1R

PDB ID Query coverage
4EA3 A 74%
4DJH_A 70%
4DKL A 80%
3KJ6 A 85%
4R4R A 85%

E. value Gap Max. Identity
3e-40 7% 37%
5e-25 7% 40%
4e-24 10% 36%
5e-22 7% 25%
6e-22 10% 25%



Human KiSS1 receptor

The alignment score of target and template are shown below:
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Secondary and tertiary structure prediction

The secondary structures of proteins are the regularly repeating local structures stabilized by hydrogen bonds.
The most common examples are the alpha-helix and beta-sheet. SOPMA view showed to be 175 helices (43.97%), 57
strands (14.32%), 155 coils (38.94%) and 11 (2.7%) beta turn present at various positions in the KiSS1R protein
structure of Homo sapiens (Fig.1).
10 20 30 40 50 60 70
| | | | | | |
MHTVATSGPNASWGAPANASGCPGCGANASDGPVPSPRAVDAWLVPLFFAALMLLGLVGNSLVIYVICRH
heeeecccccceeecccccceccecceccccceccccccecccccccchhecchhheeeeeeeccttheeeeeeecc
KPMRTVINEFYIANLAATDVTFLLCCVPFTALLYPLPGWVLGDEFMCKEVNYIQQVSVQATCATLTAMSVDR
cccchhhheeeehhhhhhheeeeeccceccheeeeccchhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
WYVTVFPLRALHRRTPRLALAVSLSIWVGSAAVSAPVLALHRLSPGPRAYCSEAFPSRALERAFALYNLL
hheeecchhhccccceccheeeehhhhhhhhhhheccheeeeccceccecceeeeeccccchhhhhhhhhhhh
ALYLLPLLATCACYAAMLRHLGRVAVRPAPADSALQGQVLAERAGAVRAKVSRLVAAVVLLFAACWGPIQ
hhhhcchhhhhhhhhhhhhhhhhecceccecccchhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhtecech
LFLVLOALGPAGSWHPRSYAAYALKTWAHCMSYSNSALNPLLYAFLGSHFRQAFRRVCPCAPRRPRRPRR
hhhhhhhccceccccccechhhhhhhhhhhhhhhetttceccheeehhtcecchhhhhheeccccceecceccecce
PGPSDPAAPHAELLRLGSHPAPARAQKPGSSGLAARGLCVLGEDNAPL

cccccceccchhhhhhhecececceccccectteccecececececcceeehhttecce

Sequence length: 398

Protein Structural Unit No. of amino acids Percentage of Structural Unit
Alpha helix (Hh) 175 43.97
3 ten helix (Gg) 0
Pi helix(Ii) 0
Beta bridge(Bb) 0
Extended strand(Ee) 57 14.32
Beta turn (Tt) 11 2.7
Bend region (Ss) 0 0
Random Coil (Cc) 155 38.94
Ambigous states 0 0
Other states 0

Sequence length: 398
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Fig.1 Secondary Structure prediction result of KiSS1R protein

Tertiary structure

After choosing a suitable template (4EA3_A), the model was constructed for the target protein using SWISS
MODEL and ESyPred 3D (comparative Protein 3D modeling server). The predicted model was visualized under
PyMol visualization software. 3-D structure of KiSS1R is given below (Fig .2).

Fig. 2 Three- Dimensional Structure of KiSS1R

Protein model validity

The geometrical and structural consistencies of both modeled and template proteins were evaluated by different
approaches. The structural validation was carried out by PROCHECK, a well known protein structure checking
program which expounds the ® and ¥ distributions of Ramachandran plot. This analysis revealed that only three
residues (1.2%) in Ramachandran plot of KiSS1R protein fall under disallowed region. Overall, both homologies have
nearly same distribution in the steriochemically allowed main chain atoms (91.5%) (Fig. 3).

In addition, two more protein evaluation programs (Verify3D and ERRAT) were utilized to check the
stereochemistry of our model. VERIFY 3D (Fig. 4) scores the compatibility between the amino acid sequence and the
environment of the amino acid side chains in the model. It assesses the environment of the side chain based on the
solvent accessibility and the fraction of side chain covered by polar atoms. ERRAT assesses the arrangement of
different types of atoms with respect to one another in the protein model. It is a sensitive technique, which is good for
identifying incorrectly folded regions in preliminary protein models.
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Fig. 3 Protein validation study by SAVE and Rampage Server
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ERRAT plot (Fig. 5) shows that the developed structure of KiSSIR is acceptable. (Overall quality factor
81.053%).

Frogram: ERRAT2

Chaln=1
Cveral qualky facior: 81.033

5 N
el 20 200 2200
Residue # (window center)
Fig. 5 ERRAT plot of KiSSIR protein
Conclusion will give an idea of'its active site and the active site residues

which can be further analyzed by the use of software’s for

The purpose of this study is to minimize the gap preparing ligands and receptors along with cancer research.

between in silico and wet lab determination of 3D structure
of a protein by molecular modeling. The 3D structure model Acknowledgments
of KiSS 1R protein was stable and proved reliable using the
PROCHECK and VERIFY3D module. The maximum
amino acids fall under a-helix region which provide stability
to the protein. The overall results provide evidence that the
predicted 3D structure of KiSSI1R protein is acceptable
and of good quality, and predicting the structure for KiSS1R

We gratefully acknowledge the encouragement
and support of Dr. Tirupati Panigrahi, Chairman, Hi-Tech
Group of Institutions. We are thankful to faculty members
of BJB (A) College, Bhubaneswar, Konark Institute of
Science and Technology, Bhubaneswar, for their help and
encouragement in preparing the manuscript.

References

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ (1990) Basic local alignment search tool. J Mol Biol. 215:403-410.

Altschul SF, Madden TL, Schaffer AA, Zhang J, Zhang Z, Miller W, Lipman D J (1997) Gapped BLAST and PSI-BLAST: A new
generation of protein database search programs. Nucleic Acids Res, 25:3389-3402.

Arnold K, Bordoli L, Kopp J, Schwede T (2006) The SWISS-MODEL Workspace: A web-based environment for protein structure
homology modeling. Bioinformatics 22:195-201.

Berman HM, Westbrook J, Feng Z, Gilliland G, Bhat TN, Weissig H, Shindyalov IN, Bourne PE (2000) The protein data bank.
Nucleic Acids Res. 28:235-242.

Cho SG (2010) KISS1 and its G protein-coupled receptor (GPR54) in cancer progression and metastasis (e-book). Kyung Hee
University, Seoel.

Cho SG, Li D, Tan K, Siwko SK, Liu M (2012) KiSS1 and its G-protein-coupled receptor GPR54 in cancer development and
metastasis. Cancer Metastasis Rev. 31:585-591.

Combet C, Blanchet C, Geourjon C, Deléage G (2000) NPS@: Network protein sequence analysis. 77BS 25:147-150.



S.S. Swain, et al., 64

Cook LM, Hurst DR, Welch DR (2011) Metastasis suppressors and the tumor micro-environment. Semin Cancer Biol.21:113-122.
DeLano WL (2002) The PyMOL Molecular Graphics System. San Carlos, CA, USA: DeLano Scientific.

Eisenberg D, Luthy R, Bowie JU (1997) VERIFY3D: assessment of protein models with three-dimensional profiles. Methods
Enzymol. 277:396404.

Geeta Dangi KS, Mishra SN (2011) COBALT: Multiple protein sequences alignment tool in analysis of cytochrome b based protein
diversity of osteichthyes, Asian J Exp Biol Sci. 2:201-206.

Hata K, Dhar DK, Watanabe Y, Nakai H, Hoshiai H (2007) Expression of metastin and a G-protein-coupled receptor(AXOR12) in
epithelial ovarian cancer. Eur J Cancer 43:1452-1459.

Kiefer F, Arnold K, Kinzli M, Bordoli L, Schwede T (2009) The SWISS-MODEL Repository and associated resources. Nucleic
Acids Res. 37:D387-D392.

Kotani M, Detheux M, Vandenbogaerde A, Communi D, Vanderwinden J, Le Poul E, Brézillon S, Tyldesley R, Suarez-Huerta N,
Vandeput F, Blanpain C, Schiffmann S, Vassart G, Parmentier M (2001) The metastasis suppressor gene KiSS-1 encodes
kisspeptins, the natural ligands of the orphan G protein-coupled receptor GPR54. J Biol Chem. 276:34631-34636.

Lambert C, Leonard N, De Bolle X, Depiereux E. (2002) ESyPred3D: Prediction of proteins 3D structures. Bioinformatics 18:1250-
1256.

Lee JH, Welch DR (1997) Suppression of metastasis in human breast carcinoma MDA-MB-435 cells after transfection with the
metastasis suppressor gene, KiSS-1. Cancer Res. 57:2384-2387.

Lee JH, Miele ME, Hicks DJ, Phillips KK, Trent JM, Weissman BE, Welch DR (1996) “KiSS-1, a novel human malignant melanoma
metastasis-suppressor gene. J Natl Cancer Inst. 88: 1731-1737.

Lovell SC, Davis IW, Arendall WB 111, de Bakker PIW, Word JM, Prisant MG, Richardson JS, and Richardson DC (2003) Structure
validation by C alpha geometry: phi,psi and Cbeta deviation. Proteins 50:437-450.

Marot D, Bieche I, Aumas C, Esselin S, Bouquet C, Vacher V, Lazennec G, Perricaudet M, Kuttenn F, Lidereau R, de Roux N (2007)
High tumoral levels of Kiss1 and G-protein-coupled receptor 54 expression are correlated with poor prognosis of
estrogen receptor-positive breast tumors. Endocrine-Related Cancer 14:691-702.

Martin TA, Watkins G, Jiang WG (2005) KiSS-1 expression in human breast cancer. Clin Exp Metastasis 22:503-511.

Mart nez-Fuentes AJ, Molina M, Va'zquez-Martl 'nezl R, Gahete MD, Jime'nez-Reina L, Moreno-Ferna'ndezJ, Benito-Lo pez
P, Quintero A, de la Riva A, Die’guez C, Soto A, Leal-Cerro A, Resmini E, Webb SM, Zatelli MC, degli Uberti EC,
Malagon MM, Luque RM, Castan™o JP (2011) Expression of functional KiSS1 and KiSS1R system is altered in human
pituitary adenomas: evidence for apoptotic action of kisspeptin-10. Eu J Endocrinol. 164:355-362.

Messager S, Chatzidaki EE, Ma D, Hendrick AG Zahn D, Dixon J, Thresher RR, Malinge I, Lomet D, Carlton MB, Colledge WH,
Caraty A, Aparicio SA (2005) Kisspeptin directly stimulates gonadotropin-releasing hormone release via G protein-
coupled receptor 54. Proc Natl Acad Sci. USA. 102:1761-1766.

Muir AI, Chamberlain L, Elshourbagy NA, Michalovich D, Moore DJ, Calamari A, Szekeres PG, Sarau HM, Chambers JK, Murdock
P, Steplewski K, Shabon U, Miller JE,Middleton SE, Darker JG, Larminie CG, Wilson S, Bergsma DJ, Emson P, Faull
R,Philpott KL, Harrison DC (2001) AXOR12, a novel human G protein-coupled receptor, activated by the peptide KiSS-
1. J Biol Chem. 276:28969-28975.

Nakayama K, Nakayama N, Katagiri H, Miyazaki K (2012) Mechanisms of ovarian cancer metastasis: Biochemical Pathways. Int J
Mol Sci. 13:11705-11717.

Sateesh P, Appa Rao A, Sangeeta SK , Naresh Babu M, Grandhi RSDT (2010) Homology modeling and sequence analysis of
anxC3.1. Int J Eng Sci Tech. 2:1125-1130.

Schwede T, Kopp J, Guex N, Peitsch MC (2003) SWISS-MODEL: an automated protein homology-modeling server. Nucleic Acids
Res. 31:3381-3385.

Smith JT, Clifton DK, Steiner RA (2006) Regulation of the neuroendocrine reproductive axis by kisspeptin-GPR54 signaling.
Reproduction 131:623—630.

Thiolloy S, Rinker-Schaeffer CW (2011) Thinking outside the box: Using metastasis suppressors as molecular tools. Semin
Cancer Biol. 21:89-98.



