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Abstract

This study is focus on Homology modelling of few Leguminosae family species which are found in Gujarat state,
INDIA. There are three subfamilies of Leguminosae family which are Fabaceae (Papilionaceae), Caesalpiniaceae and
Mimosaceae. Multiple sequence alignment carried out of few species’ rbcL protein sequences in each subfamily and
conserved amino acid considered for homology modelling. Evolutionarily related proteins have similar sequences and
naturally occurring homologous proteins have similar protein structure. It has been shown that three-dimensional protein
structure is evolutionarily more conserved than would be expected on the basis of sequence conservation alone; we
found that there are few amino acids which are common with same base pairs in each sub-family even though they are
from different genus. There is no Protein structure available of conserved amino acids in PDB database of our study so
we did homology modelling of three rbcL protein sequences (one from each sub family) which are found conserved in
Multiple sequence alignment and structure validation with Ramachandran Plot was carried out and CASTp server was
used to find out active sites in predicted protein structure and finally function of each predicted protein reported after this

homology modeling of few conserved rbcL amino acid sequences in Leguminosae family.
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Introduction

Leguminosae family

Leguminosae family contains species of Plants, Herbs, Shrubs, and
Trees. Legumes are used as crops, forages and green manures; they also
synthesize a wide range of natural products such as flavours, drugs,
poisons and dyes. Legumes are able to convert atmospheric nitrogen
into nitrogenous compounds useful to plants [1] This is achieved by the
presence of root nodules containing bacteria of the genus Rhizobium.
These bacteria have a symbiotic relationship with Legumes, fixing free
nitrogen for the plants; in return legumes supply the bacteria with a
source of fixed carbon produced by photosynthesis. This enables many
legumes to survive and compete effectively in nitrogen poor conditions
[2,3]. Leguminosae family is further classified into three subfamilies; 1.
Fabaceae (Papilionaceae), Caesalpiniaceae and 3. Mimosaceae.

rbcL gene

The most common gene used for plant phylogenetic analyses is the
plastid-encoded rbcL gene. This single copy gene is approximately 1430
base pairs in length and is free from length mutations except at the far
3’ end. It has fairly conservative rate of evolution. The function of the
rbcL gene is to code for the large subunit of ribulose 1, 5 bisphosphate
carboxylase/oxygenase (RUBISCO or RuBP Case) [4].

Protein structure

Recent genome sequencing projects have provided massive
amount of data, however, many of these genomes are still not fully
annotated and consist of genes/proteins with unknown function and
structure. This is due to several limitations, such as the cost and time
required for experimental approaches [5]. An alternative to laboratory
based methods is a bioinformatics approach that utilizes algorithms
and databases to estimate protein function. As these algorithms and
databases are based on experimental results, they can be an effective
means to perform functional and structural annotation of hypothetical
proteins. Structures are more evolutionary conserved than sequence;
therefore, analysis of three-dimensional (3D) structures holds great

potential. Our present study describes the three 3D models of rbcL
protein sequences which found conserved in multiple sequence
alignment and further three protein structure predicted through
homology modelling. In addition sequence and structural analysis and
functional annotation were also done [6].

Methodology

In current research, we have considered around 266 species which
arefound in Gujaratstate of India [7,8]. Further we searched each species
in NCBI database and finally found around 149 species’ information
like DNA, Protein and other useful information of leguminosae family
[9]. We have only considered rbcL protein sequences for analysis. For
calculating physio-chemical properties, Prot Param was used; Various
parameters computed by ProtParam included the molecular weight,
theoretical pL, amino acid composition, atomic composition, extinction
coeflicient, estimated half-life, instability index, aliphatic index, and
grand average of hydropathicity (GRAVY) [7] Secondary structure was
also predicted (helix, sheets, and coils) by using PSI Pred [8].

Homology modelling

Homology modelling approach was used to determine the 3D
structure of three rbcL conserved protein sequences. BLASTP by
Altschul etal. [9] search with default parameters were performed against
the Brookhaven Protein Data Bank (PDB) to find suitable templates
for homology modelling. For Fabaceae (Papilionaceae) 1RLD; for
Caesalpiniaceae 1IWDD and for Mimosaceae 1E]J7 were considered as
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the best templates for Homology modelling. Later SPDBV was used for
homology model construction.

Protein structure validation

SPDBYV generated three structures, which were further validated by
using Structural Analysis and Verification Server (SAVS) [10-12] and
each three structure were validated in Ramachandran Plot.

Active site prediction

The PDB file constructed was then used for finding the cavities
in the protein and for this Computed Atlas of Surface Topography of
proteins (CASTp) server was used. CASTp provides an online resource
for locating, delineating and measuring concave surface regions on
three-dimensional structures of proteins.

The pipeline for the followed methodology is as represented in
Chart 1.

Conserved Protein
sequences

Conserved Protein Selected Protein sequences
sequences considered for considered for analysis and
Prot Param and PSI performed  blastp ~ against
Pred Analysis. |::> PDB database.

considered
from multiple sequence
alignment of rbeL protein
sequences.

g

Template selected based
on various parameters
and Protein  Modelling
done in spdbv software.

Best  protein  model
selected based on
Ramachandran Plot
results and active site
predicted by CASTp

server.

Results and Conclusion.

Chart 1: Pipeline for modelling and characterization of the unknown protein.

Results and Discussion

The present study focused on sequence and structural analysis of
rbcL protein sequences which are found conserved in Leguminosae
Family’s subfamilies; for Fabaceae subfamily 38%, for Caesalpiniaceae
60% and for Mimosaceae 54% species were found which had conserved
sequences as shown in Table 1. Prot Param was further used to analyze
different physiochemical properties from the amino acid sequence
which are listed in Table 2.

Results of Prot Param tools shows that protein of Fabaceae
subfamily is unstable but stable protein was found in rest of subfamily.
While estimated half-life result of Mimosaceae was found very less
compare to other two sub-family as shown in Table 2.

Secondary structure analysis was performed using PSI Pred and the
three rbcL protein were predicted to contain several helices, coil along
with beta sheets as shown in Figures la-1c.

Homology modeling and protein structure validation

Homology or comparative modelling is one of the most common
structure prediction methods in structural genomics and proteomics.
Numerous online servers and tools have become available for
homology or comparative modelling of proteins in past years [13].
Despite minimal modifications, one initial step that is common in all
modelling tools and servers is to find the best matching template by

Sub family rbcL protein sequences
Fabaceae ASKWSPELAAACEVWK
Caesalpiniaceae SVGFKAGVKDYK
Mimosaceae RGGLDFTKDDENVNSQPFMR

Table 1: Information of conserved rbcL protein sequences considered for Homology
modelling.

Page 2 of 5
Physio-Chemical Fabaceae Caesalpiniaceae Mimosaceae
Property
Molecular weight 1776.0 Daltons 1298.5 Daltons 2326.5 Daltons
Theoretical pl 6.18 9.52 4.68
Molecular Formula | C,,H,,,N,0,.S, CeoHasN,50,; CgeH,5,N500,,S,
Instability index 75.16 -12.83 32.77
Aliphatic index 67.50 56.67 34.00
4.4 hours 1.9 hours 1 hours (mammalian
(mammalian (mammalian reticulocytes,

reticulocytes, in vitro). | reticulocytes, in vitro).
>20 hours (yeast, | >20 hours (yeast,

in vitro).

Estimated half-life 2 min (yeast, in

in vivo). in vivo). vivo).
>10 hours >10 hours 2 min (Escherichia
(Escherichia coli, | (Escherichia coli, coli, in vivo).
in vivo). in vivo).
Grand average -0.131 -0.425 -1.290
of hydropathicity
(GRAVY)
Classification of Unstable Stable Stable
Protein

Table 2: Result of Physio-chemical Properties as calculated by Prot Param tool.
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Figure 1a: PSIPred result of Fabaceace subfamily.

Conf: JmBanzz=nmnlf
Pred :

Pred : CCCEECCEEECC
AA: SVGFKAGVKDYK
I

10

Legend :

s
L/ =helix Conf': ]:J]ll[ = confidence of prediction

=strand Pred: predicted secondary structure

= coil AA: target sequence

Figure 1b: PSIPred result of Caesalpiniaceae subfamily.
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Figure 1c: PSIPred result of Mimosaceae subfamily.
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performing a sequence homology search with BLASTP [14]. Templates
are experimentally determined 3D structures of proteins that share
sequence similarity with the query sequence. The template sequence
and the protein sequence whose structure is to be determined are
aligned using multiple sequence alignment algorithms [15]. A well-
defined alignment is very important for the prediction of a reliable 3D
structure. BLASTP search was performed for each protein sequence
against the PDB to identify templates for homology modelling. Then
the query sequence and template ID were given as input for homology
modelling using SPDBV. It generated three predicted protein Models
which are shown in Figures 2a-2c. From the models retrieved, the
selected model along with Ramachandran plot is shown in Figures
3a-3c respectively [16-24]. The final model was selected by checking

Figure 2b: Protein model of Caesalpiniaceae subfamily.

Figure 2c: Protein model of Mimosaceae subfamily.

Subfamily Core region Allowed Disallowed Bad Contacts
(in %) region (in %) | region (in %)

Fabaceace 100.0 0.0 0.0 0.0

Caesalpiniaceae 100.0 0.0 0.0 0.0

Mimosaceae 80.0 20.0 0.0 0.0

Table 3: Information of Ramachandran Plot.
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Figure 3a: Ramachandran Plot of Fabaceace subfamily.
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Figure 3b: Ramachandran Plot of Caesalpiniaceae subfamily.
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Figure 3c: Ramachandran Plot of Mimosaceae subfamily.
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various parameters and these are shown in Table 3. These parameters
included percentage of amino acids in core, allowed and disallowed
regions along with no of bad contacts.

Active site prediction

Active site signifies the functional region of the protein. During the
active site prediction with the help of CASTp, it was observed that few
pockets were predicted in Caesalpiniaceae and Mimosaceae subfamily
protein structure but no pocket found in Fabaceace subfamily protein
structure. Some of the predicted pockets are as shown in Figures 4a-4c.

Conclusion

We have used homology modelling approach to propose the

Figure 4a: Result of CASTp server of Caesalpiniaceae subfamily.

Figure 4b: Result of CASTp server of Mimosaceae subfamily.

Figure 4c: Result of CASTp server of Fabaceace subfamily.

3D structure and possible functions for the conserved rbcL protein
sequences which are found in Leguminosae Family. The function
of protein can be understood better by its structure and structure of
rbel protein is already known so the function of these fragments of
conserved sequences are confirmed by taking following templates;
for Fabaceae (Papilionaceae) subfamily, 1RLD; for Caesalpiniaceae
subfamily, IWDD and for Mimosaceae subfamily, 1EJ7 for Homology
modelling. Later SPDBV was used for homology model construction.
With the help of above findings we found that each conserved protein
involved in important function like in Caesalpiniaceae subfamily
predicted protein structure has site which is heterodimer interface
[polypeptide binding] and disulfide bond found within that particular
structure. In Mimosaceae subfamily, predicted protein structure has
few sites which are heterodimer interface [polypeptide binding], active
catalytic residue site and metal binding site [ion binding] and no active
site found in Fabaceae subfamily predicted protein structure. So, these
particular predicted protein structures has many important feature
as described above and found common in selected species of study in
each subfamily of Leguminosae family and these protein sequences
can be used for classification of Leguminosae Family species as protein
sequences are found conserved in each subfamily. So, if your protein
sequence has one of the conserved protein sequences as described
in this study then it might be fall within that particular subfamily of
Leguminosae Family.
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