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ABSTRACT
Summary: We present the development of a Comprehen-
sive database of 12 076 invariant Peptide Signatures (CoPS)
derived from 52 bacterial genomes with a minimum occur-
rence in at least seven organisms. These peptides were
observed in functionally similar proteins and are distributed
over nearly 1250 different functional proteins. The database
provides function, structure and occurrence in biochemical
pathways of the proteins containing these signature peptides.
It houses additional information on the signature peptides,
such as identical match in other motif/pattern (e.g. PROSITE,
BLOCKS, PRINTS and Pfam) databases and the database
of interacting proteins, human proteome and mutation effect
on these signature peptides. There is a wide applicability of
this database in the identification of critical functional residues
in proteins. The database also facilitates the identification of
folding nucleus/structural determinants in proteins and func-
tional assignment to yet unknown proteins. We demonstrate
functional assignment to 2605 hypothetical proteins in bac-
terial genomes and 112 unknown proteins in human using this
database.
Availability: The database can be freely accessed through
the following URL: http://203.195.151.46/copsv2/index.html or
http://203.90.127.70/copsv2/index.html
Contact: ddash@igib.res.in
Supplementary information: http://203.195.151.46/copsv2/
aboutcops.html and http://203.90.127.70/copsv2/aboutcops.
html

INTRODUCTION
Whole genome sequencing projects have made available
immense sequence data at a pace that far supersedes their rate
of annotation. As a result, out of approximately 0.35 million
protein sequences, which are available for all the completely
sequenced prokaryotic genomes, nearly 40% proteins could
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not be assigned any putative function (Fraser et al., 2000).
Predicting the function of these hypothetical proteins is essen-
tial for understanding the overall biology of a system (Bork
et al., 1998) and is one of the major contemporary challenges
(Troyanskaya et al., 2003). Although several tools/algorithms
that contribute towards the putative functional assignments
of the proteins are available, yet there exist a large number
of unannotated proteins. This could possibly be due to their
lower degrees of sequence similarity with the proteins avail-
able in the public domain. Consequently, there is still a need
for the development of novel algorithms for predicting pro-
tein function to meet the high demand of annotating these
enormously large number of unannotated protein sequences
(Kretschmann et al., 2001).

We have used a novel peptide library based approach for
the identification of ‘functional signatures’. This approach is
independent of alignment methods, which does not require
any a priori classification of protein functional families and
hence is applicable in case of proteins with weak degrees
of overall sequence similarity. Our initial focus has been to
suggest potential functions, for subsequent analysis, of large
number of hypothetical proteins in prokaryotic genomes based
on the novel signatures present in Comprehensive Peptide Sig-
natures (CoPS) database. It also helps in the identification of
critical residues that when mutated result in reduced/complete
loss of activity of the protein. The database facilitates the
screening for sites highly prone to confer drug resistance in
microbes. For example, in the case of 30S ribosomal protein
S12 in Mycobacterium tuberculosis, we observe that muta-
tion of K to R in the peptide ‘RGGRVKDLPGVRY’ leads to
streptomycin resistance (Finken et al., 1993).

SYSTEMS AND METHODS
As shown in Figure 1, we have used PLHost (Brahmachari
and Dash, 2001) (Peptide Library based Homology Search
Tool, http://www.igib.res.in/host/PLHost.htm) to identify
12 076 peptides varying in length from 8 to 88 amino acids
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Fig. 1. Process flow diagram for designing of CoPS Database.
$ denotes search done using Motif search tool.

occurring invariantly across any 7 genomes in a pool of 52
bacteria (organism list available at CoPS homepage). Most
of the peptides were found to occur in proteins of the same
function. However, every peptide that occurs in functionally
diverse proteins has been assigned with the most probable
function (based on the most frequent protein among all the
proteins in which it occurs). All these invariant peptides have
been searched in various databases, e.g. KEGG (Kanehisa
et al., 2004, http://www.genome.ad.jp/kegg/kegg2.html),
Protein Mutant Database1 (PMD) (Kawabata et al.,
1999, http://pmd.ddbj.ad.jp), Brookhaven’s protein crys-
tal structure database2 (PDB) (Bourne et al., 2004,
http://www.rcsb.org/pdb), Database of Interacting Proteins2

(DIP) (Salwinski et al., 2004, http://dip.doe-mbi.ucla.edu/),
and other motif/pattern databases [PROSITE (Hulo et al.,
2004), BLOCKS (Henikoff et al., 2000), PRINTS (Attwood
et al., 2003) and Pfam (Bateman et al., 2004) searched using
‘Motif’ search tool (http://motif.genome.ad.jp)]. Human
Proteome2 downloaded from NCBI (www.ncbi.nlm.nih.gov),
was searched for at least an octa-peptide of the invariant pep-
tide. The program for downloading above-mentioned data
and the subsequent loading of these data into MS Access
RDBMS have been developed in Java and PERL. CoPS

1The search is made for at least an octa-peptide of the invariant peptide.
2The search is made for proteins containing at least an octa-peptide of the
invariant peptide.

database can be queried using the graphic interface that has
been designed in ASP and HTML. The database can be freely
accessed from http://203.195.151.46/copsv2/index.html or
http://203.90.127.70/copsv2/index.html.

CoPS FEATURES
There are three search options available in CoPS database:
(i) functionality search, (ii) functionality search with advanced
options and (iii) protein search. The Functionality search
option provides the interface for a large number of queries,
e.g. search of peptide/pattern, function, genome(s), pathway,
mutation, search based on PDB code and search in other data-
bases. The Advanced search option provides some additional
queries, e.g. search based on amino acid composition, ‘GI no’
of the protein, etc.

The Protein search option can be used to search all the pep-
tides (until an octa-peptide) that match with a given query
protein. On submitting a query in any of these query pages,
an intermediate result page is displayed, listing all the match-
ing peptides in the database. Links are provided for each of
these peptides to the ‘CoPS card’ that detail information on
mutation, pathway, crystal structure, other databases, amino
acid compositions, etc.

Each invariant peptide housed in CoPS is found to occur in
proteins with similar function. However, 13% of the peptides
are found across functionally diverse proteins, where they
could possibly represent a common functional domain shared
by these proteins (such peptides are marked with an asterisk
symbol in CoPS).

IMPLEMENTATION AND SCOPE
The principal advantage of the CoPS database is the presence
of a large number of functional signatures, which provides an
opportunity to annotate a large number of yet unknown pro-
teins in various genomes. Moreover, most of these sequences
are not identically reported in other pattern/motif databases.
Using these signatures, functional assignment has already
been carried out for 2605 hypothetical proteins in various bac-
terial genomes, which have no function defined in GenBank
(Benson et al., 2004) and Swissprot/UniProt (Apweiler et al.,
2004; Boeckmann et al., 2003) database. In addition, we
have assigned putative functions to 112 proteins in human,
which are labeled as ‘hypothetical’ in GenBank and Swissprot
protein sequence database. We have also observed multiple
invariant peptides in many bacterial as well as human hypo-
thetical proteins. The presence of more than one invariant
peptide in a protein of unknown function leads to a higher
level of confidence for function assignment to that protein.
In addition, location of one or more invariant peptides in
human proteins refers to the probable critical regions that are
of bacterial origin. It is worth noting that these conserved
peptides do not necessarily ensure the overall similarity at the
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protein level. The database is widely applicable for the iden-
tification of critical functional residues in proteins, folding
nucleus/structural determinants of the proteins and annotation
of hypothetical proteins using novel motifs in CoPS database
(see Supplementary information).
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