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Abstract

Post genomic era poses challenges to both computational scientists and 
basic biologists equally to assign functions to many proteins for which only the 
sequence information is available. Predicting protein functions by computational 
means is an active area of research for many scientists. Understanding functions 
of unknown proteins will have a huge impact on pharmaceutical industries for 
drug design and development. Computational methods are also useful for basic 
biologists particularly in understanding evolutionary aspect of proteins. Some 
proteins present in lower organisms with fewer or simpler functions are also 
found in higher organisms with more complex functions. Now, the fundamental 
question arises how such complexity in protein structure and function is brought 
in and adapted by higher organisms. The key appears to lie in computational 
methods for comparative analysis. Therefore, the use of existing as well 
as development of new computational tools will be an approach in the right 
direction to understanding evolution and development of proteins.
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pyrophosphate phosphatase (DIPP) [6,7]. These two proteins belong 
to histidine super family and Nudix hydrolase family respectively 
[8,9]. Both of these proteins involve in dephosphorylating higher 
inositol phosphates (InsP8, InsP7, InsP6) to lower InsPs (InsP5, InsP4, 
InsP3) [10-13]. Inositol phosphates (InsPs) are ubiquitously present 
in nature. They are biologically important cellular signaling molecules 
that participate in calcium mobilization, vesicular trafficking, 
chromatin remodeling, cell proliferation and differentiation, 
apoptosis and more recently implicated in diabetes [14-19]. Altered 
levels of these molecules have also been linked to some diseases or 
physiologically altered cellular state. Computational studies showed 
that these two proteins were present in organisms ranging from 
bacteria to humans [20]; DIPP was also found in viruses [21]. The 
presence of these proteins in higher organisms can be viewed as 
the end result of natural selection in evolutionary process for some 
adaptable functions. 

Use of bioinformatics tools not only predicts phylogeny but also 
provides information on variations in protein structure and their 
function. The variations found in related species may point to a link for 
their evolutionary development from lower to higher species. Several 
tools are available to determine such changes and conservation of 
motifs in a protein sequence. A Motif is a short amino acid sequence 
that is conserved and constitutes a signature for a particular function. 
Analysis of these motifs for any amino acid sequence variation would 
reflect a variation in its function. These motifs can further be analyzed 
for any amino acid variations between species. Any variation in 
motif sequence or an addition of a new motif for a new function in 
higher organisms relative to lower organisms would be a reflection of 
complexity in its function.

Understanding protein function at molecular level has great 
implications in biomedical and pharmaceutical industry [1-3]. 
There is a tremendous research currently being done in recognizing 
functions of uncategorized proteins. Hefty amounts of uncategorized 
protein sequence data are now available in numerous databases. 
To analyze these data, a variety of computational algorithms are 
available. Some algorithms are still being improved while others are 
in the process of development for predicting functions of proteins 
from their sequences [4,5]. Obviously, the predicted functions will 
need to be confirmed by biochemical analysis to define protein 
function precisely and validate computational results.

Computational tools have traditionally been used to construct 
phylogenetic trees based on sequence similarity to predict 
evolutionary relatedness between species. Such analyses have pointed 
out that there is a constant ongoing evolutionary process and 
adaptability of changes due to genetic mutations. These mutations 
originate by way of insertion, deletion or rearrangement in nucleotide 
bases of which some may reflect changes in amino acids and thus 3D 
native structures. Variation in a native protein structure between 
related species might be related to an evolutionary change due to 
mutation. These changes can be carried along in higher species as a 
result of natural selection, if the changes are favorable and adaptable. 
Can computational tools be used to address the basic questions, for 
example, whether a protein in lower organisms has any homology 
with the protein in higher organisms? How does a protein change 
over time in evolutionary context from lower species to higher ones?

We have studied two such proteins namely multiple inositol 
phosphate phosphatase (Minpp1) and diphosphoinositol 
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In order to carry out such evolutionary studies, a comparative 
analysis of the amino acid sequences is first achieved by blasting 
the protein of interest against available protein data banks. BLAST 
search results not only reveal similarities shared but also provide the 
conserved regions in the protein sequences. However, these search 
results are not considered highly significant statistically, as these 
include putative as well as uncharacterized synthetic sequences 
[22].To obtain sequences that are highly significant and conserved, 
multiple sequence alignment (MSA) is carried out using selected 
sequences. This is an alignment process that compares many 
sequences and successively considers all possible pair wise alignments. 
MSA compares the closely related species and any variations, 
insertions or deletions of amino acids that might have occurred 
due to evolution. A number of alignment tools based on different 
computational algorithms are available to perform such sequence 
analysis. In our studies, MEGA 6, a user-friendly tool, was used [23]. 
The phylogenetic tree is then constructed from the aligned sequences. 
The tree is a reflection of an evolutionary relationship between the 
species. The organisms with dissimilar protein sequences appear far 
from each other and vice versa. The branches/clades represent the 
time line of diversification [24]. Additionally, computational tools 
can be useful to find any isoforms of a protein within a species. In our 
study (unpublished), four isoforms of human Minpp1 were noted in 
UniProt protein database analyzed by MEGA 6.

Analysis of secondary and tertiary structures of proteins is crucial 
for detailed understanding of the function of a protein. Secondary 
and tertiary structural models of proteins can be constructed by 
different modelling methods e.g. Homology Modeling, Ab initio 
Prediction, Sequence-Structure Threading or Docking. A number of 
meta-servers utilizing these methods are available online. We used 
I-TASSER meta-server for our analysis [25]. Further details in any 
variation in protein structure are analyzed by closely comparing the 
amino acid sequences in the conserved motifs following MSA. The 
basic motif for inositol phosphate phosphatase that we followed was 
present in all species in our study, even though slight variations in 
amino acids were noticed within the motif. Some motifs (e.g. PH 
domain motif and ER retention motif) are more conserved or only 
found in higher organisms and not in lower organisms. Such studies 
reveal that primitive motifs and their functions present in lower 
organisms are adapted during evolution and evolve to complex or 
new functions in higher organisms. Additionally, computational 
tools such as COACH (I-TASSER meta-server) could be used to 
screen putative ligand-motif interactions [5,26,27] and possibly be 
confirmed by biological experimentation. Such studies will provide 
an in-depth understanding about the function of a protein of interest 
or any uncategorized protein.
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