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Abstract: Metabolic, signaling and regulatory pathways form the basis of biological
processes and are important for the analysis of cellular behavior and evolution. This
paper presents an approach of aligning biochemical pathways on the basis of the structure
of involved proteins and their classification. The suitable information is retrieved from
integrated database system.

SIGNALIGN is available at: http://agbi.techfak.uni-bielefeld.de/signalign/index.jsp

Introduction

Metabolic, signalling and regulatory pathways are important for the analysis of
cellular behaviour and evolution. Every day molecular data is generated from high-
throughput techniques and experiments. Data about proteins, genes and nucleic acids and
their information are integrated to create very large scale databases, pathways and
networks. Thus in-silico approach helps to analyze and understand how proteins and
pathways function and interact with each other.

Databases like KEGG, GO, UniPROT, DIP, BIND etc., have lots of information
about proteins and pathways. But these databases give information about an individual
protein, pathway or set of proteins or pathways in particular. The question is how we can
utilize the valuable information to broaden our knowledge on them and about their
evolutionary and inter relationships. Current and significant research addresses more on
topics like prediction of pathways, network alignment and comparison of protein
interaction networks across species and also about integration of databases.
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This work presents a new approach to predict and align pathways based on
rudimentary biochemical knowledge. The key concept of our approach is to use structural
information of the proteins involved in the pathway.

Earlier works from Dandekar et al. in 1999 for pathway alignment and later tools
like PathAligner (Chen et al. 2004) and MetaPathwayHunter (Pinter et. al. 2005) detects
the conserved metabolic pathways using EC numbers. PathBlast (Kelley et. al. 2004)
searches for high-scoring alignments between pairs of protein interaction paths, for which
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proteins of the first path are paired with putative orthologs occurring in the same order in
the second path. Netalign (Liang et. al. 2006) for comparative analysis of protein
interaction networks compares a query protein interaction network with the targets
combining interaction topology and sequence similarity thereby identifying conserved
network substructures and works by Hirsh et al. compare conserved protein complexes.

In context for our tool we utilize the protein structural and domain level
classification as they are reliable compared to sequence level classification of proteins
thus providing us knowledge about the homology of pathways.

Architecture and implementation

Here we propose a web-based tool, SIGNALIGN that can align pathways using
integrated database information from SCOP (Murzin A et al. 1995), CATH (Orengo et al.
1997), EC number and UniProt (Apweiler et al.). The underlying concept of alignment
and prediction of linear pathways applies similarity measures on the basis of structural
classification of involved proteins. In our paper a pathway is defined as the set or ordered
list of interacting proteins sharing similar structural and domain features with their
counterparts. An alignment algorithm retrieves the corresponding structural information
of the proteins from the database accompanied with appropriate visualization for clarity.
Having this as the base, the difference between any two pathways can be quantified as
structural similarities or identities between closely and distantly related proteins, by
comparing the position of the protein domains in the classification hierarchy.
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Schematic representation of SIGNALIGN system architecture: The data integration layer at the base of the system
integrates suitable information from SCOP, CATH, GO and UniPROT. Based on the integrated data an application
logic layer performs the alignment algorithm and controls integration of data as well as user interactions. By dint of the
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graphical user interface scientists enter their pathways for alignment or select pathway elements from SBML files. The
resulting alignment is visualized by a colored image.

Further this information is incorporated as a factor to the alignment scoring
method along with a gap penalty, when needed. The scoring method implemented is
based on the classification and amount of information content shared between the items
arising from the same parent node.

The alignment result visualized with a relational coloring pattern based on the
chosen classification scheme is further supported with a table and options for external
information from PDB (Protein Data Bank), Gene Ontology (Ashburner et al. 2000),
QSCOP (Suhrer et al. 2007) and PROCOGNATE (Bashton et al. 2008).

In addition the tool provides a search engine that mine the related inbuilt
information of the proteins and about their classification schemes both in CATH and
SCOP along with the relevant UniProt and PDB information. An SBML converter
facility allows the import of existing SBML files directly into the system. Users can
select the relevant PDB structure of the protein (s) involved in the pathway from the list
projected.

Our approach enables structure based alignment of proteins and prediction of linear
biochemical pathways and also to know their evolutionary relationship.

Availability
SIGNALIGN is available at: http://agbi.techfak.uni-bielefeld.de/signalign/index.jsp
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