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1 Introduction.

A protein’s function is encoded within putatively functional signatures or motifs that represent residues involved in
both functional conservation and functional divergence within a set of homologous proteins at various levels of
hierarchy that is, super-families, families and sub-families. The crotonases represent a diverse set of proteins
sharing a common structural scaffold at a super-family level and a common catalytic strategy by catalyzing
reactions that usually involve a thioester enolate anion intermediate stabilized by hydrogen bonding with two
peptidic NH groups in an oxyanion hole. The crotonase sub-classes diversify to catalyse different overall
reactions. Here we describe a pipeline approach that uses only sequence information to find ‘putative’ functional
motifs and residues of functional significance in a sequence level sub-family of proteins, which together make up
diverse super-family of proteins. This approach addresses key issues like defining sequence level super-families,
defining meaningful sub-groups within super-families, characterizing putative functional fingerprints and residues.
Tree based approaches solely based on sequence similarity do not work in such super-families due to the diversity
amongst its sequences. Here we describe the application of this approach in case of crotonases. Homologues of
seven known crotonases in Escherichia coli k12 genome have diversified to catalyse ten different catalytic
reactions in other archaeal and bacterial genomes in addition to the seven reactions known to be catalysed by the
crotonases belonging to the Escherichia coli k12 genome.

Super-family Homologous group of proteins having a common ancestor.

Supra-family Homologous group of proteins whose members catalyze different overall reactions and their
reactions share no common mechanistic strategy but active site residues might be conserved.

Family Each super-family is made of one or more domain families. Here definition of a domain
corresponds to that of structural domains.

Sub- Smaller group of sequences within a super-family, which share a function specific to this group.

family/Sub-

Group

Sequence Are regular expressions that can be represented as prosite like patterns.

pattern/Motifs

Specificity Motifs or sequence patterns which are specific to a sub-family that usually contain residues

motifs/Phylo- involved in the functional specificity of the sub-family. These patterns are found in a multiple

motifs alignment of a sub-family and specificity is inferred by searching this pattern against an NRDB
[6]

Paralogous Groups of sequences within a genome thought to have a common evolutionary origin or

groups/gene ancestor. These genes have arisen by duplication of an ancestral gene.

families

Multi-Modular | Are proteins, which exists as fused gene in one or more genomes while occurring as two or

proteins/Comp | more homologous genes remaining separate in other genomes. Modules/component proteins can

osite Proteins be identified by automation of the Riley approach [1].

Module/Comp | These are complete functional proteins, which exist as two or more components of a fused gene

onent Proteins | in another genome.
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2 Methods

Paralogous groups were constructed for 52 bacterial and archaeal genomes using the paralogous groups classified
for the Escherichia coli k12 genome [3]. These groups were generated after the proteins were broken down into
modules of component proteins [1,4], which represent the function of a gene product. One of the paralogous groups
were the crotonases, which catalyze diverse reactions while sharing a common catalytic scaffold. The crotonases
were then classified into 17 distinct sub-families using an iterated Principal component approach [Casari G et al]
and density of points clustering approach [5]. The clusters/sub-families correspond with each other. We then mine
specificity motifs for each sub-family both manually and Tieresias [Rigoutsos I et al]. Mutual information scores
for columns of a multiple sequence alignment of a group of proteins divided into specificity groups can be used to
identify individual residues, which are specific to each of the groups [Mirny et al]. Every column in the multiple
alignment was assigned mutual information scores. Residues scoring highly on mutual information within the
specificity motifs are likely to be the residues involved in functional specificity of each-sub-groups. Sub-groups
found within the crotonases belong to the same class and catalyse the same reaction. We validate our sub-families
using experimental data and structures available for some of the predicted sub-families. Here we also propose a
new approach for an hierarchical functional classification system which uses only sequence information which
would move from a super-family level (where all proteins are homologous) to a sub-family level which are
functional. This would be a complementary system to the existing domain classification systems like ADDA [2].

Generic Enoyl CoA hydratase Methylmalonyl CoA decarboxylase
[ILV]-x(3)- -x(7)-V-[GA]-x-[IVL]-x- -N-| - R-x(2)-[IV]-[IVL]-x(8)-F-x(2)-G-x-D-[ILV]
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