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Abstract Retinal S-antigen and interphotoreceptor retinoid-
binding protein-3 play a significant role in the etiopatho-
genesis of Eales' disease. Protein 3D structures are
functionally very important and play a significant role in
progression of the disease, hence these 3D structures are
better target for further drug designing and relative studies.
We developed 3D model structure of retinol-binding
protein-3 and retinal S-antigen protein of human involved
in Eales' disease. Functional site prediction is a very
important and related step; hence, in the current course of
analysis, we predicted putative functional site residues in
the target proteins. Molecular models of these proteins of
Eales' disease as documented in this study may provide a
valuable aid for designing an inhibitor or better ligand
against Eales' disease and could play a significant role in
drug design.
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Introduction

Eales’ disease is an idiopathic, inflammatory, venoocclusive
disorder of eye, which is predominantly characterized by
recurrent vitreous hemorrhages, induced inflammation with
white haze layer around the outer coat of the veins in retina
[1]. It eventually leads to sudden appearance of black spots
in front of the eye or painless loss of vision [2]. Eales’
disease most commonly affects healthy young adult males
and is an important cause of preventable blindness in young
adults [3]. The predominant age of onset of symptoms is
20–30 years [4]. Eales’ disease is characterized by retinal
periphlebitis, peripheral retinal ischemia, and hemorrhage
[5]. Eales’ disease is distinctively characterized both by
stage of inflammation as well as stage of proliferation [6].

Retinol S-antigen and interphotoreceptor retinoid-
binding protein play a significant role in the etiopatho-
genesis of this condition. This retinal S-antigen protein has
already been purified by chromatographically from whole
retina [7]. The 48-kDa protein, a soluble protein found in
rod outer segments, is purified through its specific binding
to photo excited rhodopsin and is involved in the quenching
of light-induced guanosine 3′, 5′-monophosphate-phospho-
diesterase activity [8]. A previous study has already proved
about the significance of this protein in Eales’ disease [9].
Lymphocyte proliferative responses were tested in vitro
against native S-antigen, its uveitopathogenic peptides
(peptide M and peptide G), yeast histone H3 peptide and
uveitopathogenic fragment of Interphotoreceptor retinoid-
binding protein (IRBP; R16) to establish their role in the
pathogenesis of Eales' disease [9]. These significant
findings prove about the role of these proteins with
reference to Eales’ disease.
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As it is well known that protein 3D structures is
functionally very important and play a significant role in
progression of disease, these structures can be used as a
better target for further drug designing and relative studies
against Eales' disease [10].

Thus, on the basis of functionality of selected proteins
involved in Eales’ disease, we developed 3D model structure
of retinol-binding protein-3 and retinal S-antigen protein of
human. For structure development, we used homology
modeling approach as the protein sequences of these proteins
are available in GenBank. Further, for obtaining more refined
structure, we also determined the putative functional site for
the model proteins by using various prediction servers and
obtained structure are validated by molecular docking.

Material and Methods

Sequence retrieval

The protein sequence of retinol-binding protein-3 and
retinal S-antigen from Homo sapiens was obtained from
GenBank (Accession number: NP_002891.1 and
NP_000532.2) and furnished as query sequence for
comparative modeling.

Physicochemical characterization

Theoretical isoelectric point (pI), molecular weight, number
of positive and negatively charged residues, extinction

coefficient, instability index, aliphatic index and grand
average hydropathicity (GRAVY) were predicted using the
Expasy’s protparam server [11] (Table 1).

Comparative modeling

The protein sequence was subject for comparative homol-
ogy modeling via Swiss model to generate putative 3D
model. The Swiss model performs the sequence alignments
and searches the putative template protein for generating
the 3D model of query sequence [12–14]. The constructed
models were energy minimized by CHIMERA [15]. The
3D structures were further verified by VERYFY3D [16,
17]. RMS-Z score for bond angles of modeled protein
structures were estimated by QMEAN Server [18]. The
generated models are viewed by Chimera tool.

Functional site prediction

The Profunc and Q site finder software’s were used for
structure-based functional site prediction [19–21].

Results

Molecular Modeling

Revealing the structure of retinol-binding protein-3 and
retinal S-antigen following parameters of modeled proteins
structure by using Swiss model software were identified.

Fig. 1 Modeled 3D structure
of a retinol-binding
protein-3, b retinal S-antigen
using Swiss model

Table 1 Physicochemical parameters of retinol-binding protein-3 and retinal S-antigen

Name of
proteins

Isoelectric
point (pI)

Molecular
Weight (MW)

Negatively
charged
residues (−R)

Positively
charged
residues (+R)

Extinction
coefficient
(EC)

Instability
index (II)

Aliphatic
index (AI)

GRAVY

Retinol-binding
protein-3

4.98 135,362.60 144 85 136,640 43.45 100.31 −0.041

Retinal S-antigen 6.14 45,119.50 55 51 26,485 34.90 88.27 −0.335
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The Swiss model software generated the 3D model
structures of query proteins NP_002891.1 and
NP_000532.2 at resolution of 1.80 and 2.90Å. Based on
template protein 1J7X(A) and 1JSY(A) with sequence
identity of 53.67% and 55.20% , E value of 0.00 and
0.00e−1 (Fig.1). The Ramachandran plot analysis (by
PROCHECK) of the retinol-binding protein-3 and retinal
S-antigen model structures showed that of the residues
98.50% and 98.20% are in favored and additional allowed
regions respectively (Fig. 2). Quality assessment of the
model via ProSA revealed that the both models matched
with NMR region of the plot with a Z score of −8.92 and
−7.46 (Fig. 3). This score gives authenticity about good
quality of models generated in this study. Energy minimi-
zation was performed by Chimera which optimized the
model structure RBP from initial energy −8,307.710 kJ/mol
to final energy of −9714.836 kJ/mol and for retinal S-
antigen initial energy is −23,173.338 kJ/mol to final energy
−25,732.042 kJ/mol.

Functional site residues

Functional site prediction is a very important and related step
for such kind of work. Servers such as Profunc and Q site
finder which enumerated the putative active site residues in
the model structure are used for this analysis. These servers
analysis resulted in the following putative functional site
residues of the target protein viz: For retinol-binding protein-3
it is PRO409, GLY410, LEU415, VAL429, PHE430, SER446,
ALA448, TRP465, TYR495 and PRO527 and for retinal S-
antigen ASP37, HIS38, VAL39, ASP128, TYR129, LEU130,
PRO131, CYS132, SER133, ARG179, LYS180, GLN182,
ASN309, ALA311, THR314, ILE315, and MET360.

Discussion

Thus, on the basis of significant importance at the level of
functionality as well as their involvement in progression of

Fig 2 Ramachandran plot of
a retinol-binding protein-3,
b retinal S-antigen model
generated using Swiss model.
The Ramachandran plot
calculations on 3D structure of
retinol-binding protein-3 and
Retinal S-antigen were
computed using PROCHECK
in SAVS server

Fig 3 ProSA analysis of
modeled protein structure
of retinol-binding protein-3
and retinal S-antigen
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in Eales’ disease, we developed a 3D model structure of
retinol-binding protein-3 and retinal S-antigen protein of
human by in silico modeling approach. As it is well
accepted that Swiss model software develops more accurate
and authentic protein structure model, for the above reason,
we selected this software for our query sequence. It is
further added to the credit of our modeled structures that
they are also verified and validated by PROCHECK and
ProSA analysis softwares. These methods confirm the
accuracy of Swiss model-generated protein 3D structures.

Following the very basic assumption of protein biology,
i.e., structure to function analysis these structural informa-
tion can give us idea about the functionality of proteins.
This structural-based functional site prediction method
enumerates the putative amino acid residues from our
protein models of retinol-binding protein-3 and retinal S-
antigen. It is also illustrative that these above-mentioned
identified residues are involved in making ligand binding
site pockets.

The sequence and functional site prediction server gives
conformity about the query sequence of RBP-3 and retinal
S-antigen protein is putative. Model development and
functional site prediction of these proteins will give great
focus in understanding the role of amino acids and helps in
deciphering the involvement of these residues during
mechanism of protein ligand interaction. Molecular models
of retinol-binding protein-3 and retinal S-antigen of Eales’
disease as documented in this study may provide a valuable
aid in designing an inhibitor or better ligand molecule
against Eales’ disease and could play a significant role in
drug design. This predictive approach may become appli-
cable for novel drug developmental studies against this
idiopathic disorder as there is no proper drug for the cure of
Eales' disease.
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