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ABSTRACT

Reconstruction of genome-seale metabolic pathway is an essential task to understand cellular
processes in Escherichia coli K-12 species, ECO-MP, an E. coli metabolic pathway database is
developed for the investigation of biosynthetic pathways of metabolic network, ECO-MP database
is created by BLASTing protein sequences of K. coli against KEGG database and the sequences are
categorized as known pathways, unknown and constructed pathways. Further, ECO-MP directs
the gene or proteins to KEGG pathway in which they invelved or otherwise it is linked to generate
subnetworks using chemical reactions obtained from KEGG by network expansion method. Totally
2,660 known and 1,730 unknown proteins have heen annotated to facilitate metabolic pathway
reconstruction in K. coli. The subnetworks obtained from KECO-MP can be employed to fill the
metabolic holes or to create an alternative pathway by means of network expansion method and
it can be accessed at http://ecomp . bicinfo.au-kbe.org.in/.
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INTRODUCTION

Ischerichia coli, a gram negative, genetically engineerable organism can be used as a model
organism and being industrially important model organism, understanding metabolic process of
K. coli is inevitable. Deep comprehensions of metabelic pathway provide the chemistry behind the
production of industrial products. The incomplete annotation provides lack in complete perception
on information of molecular level interactions which on further analysis can be used to develop
drugs by disrupting the reaction networks and also for determining the novel drug targets by
analyzing the pathway (Yeh et al., 2004). Moreover, to improve the productivity of industrial
products like hydrogen and others from K. coli, the detailed understanding of metabolic process
invelved 1n the production is erucial. Henece, forth, metabolic pathway reconstruction has to be
carried out to predict the overall metabolic composition for K. coli and those reconstructed pathways
can be integrated with functional genomiecs data. Metabolic pathway reconstruction also provides
information about the reactions which has no corresponding enzymes enzymes (Keseler ef al.,
2005). There are many pathway databases such as Cyclone, MedicCye and PathCase
(Le Fevre ef al., 2007; Urbanczyk-Wochniak and Sumner, 2007; Elliott ef al., 2008) that has been
developed for different organism te integrate functional genomics and metabolic pathway
information to obtain more systems biology view of results. The databases such as GenProtEC
{(Serres et al., 2004) and EcoGene (Rudd, 2000) have already been developed with well annotated
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gene functions. Although, several databases have gene and metabaolic pathway information, the
pathway, metabolite and enzyme data of complete gene sets are unrevealed (Chou et al., 2009).
ECO-MP, a reconstructed metaholic pathway database that can assist the purpose of gaining more
knowledge on cellular processes of E. eoli by providing a comprehensive reaction and network data
on unknown genes or hypothetical and conserved hypothetical proteins of K. colit. The protein
functions of unknown genes such as hypothetical and conserved hypothetical proteins must be
predicted as they might play a significant role in cellular physiclogy of microorganisms.
Hypothetical proteins are proteins of unknown function with no homeology or experimental evidence
and conserved hypothetical proteins are unknown proteins with phylogenetic distribution and
homology (Rajadurai ef al., 2011). It encompasses cellular information and biclegical pathways that
characterize the roles of genomic entities in various cellular mechanisms of %. coli. KCO-MP
database 1s constructed by exploiting the records from KEGG (Kanehisa ef af., 2008) which serves
as a repository of pathways of around 2770 organisms with 192 eukaryotes and 2578 prokaryotes.
Subnetworks are flow of one or more reactions in which the end product of a subnetwork is a
reactant of another subnetwork. The pathways are sequence of chemical reactions and those series
of chemical reactions are interlinked together for a continucus flow of biochemical process
{(Schlitt and Brazma, 2007). This flow of process is controlled by certain enzymes or reactants such
as metabolite, chemicals which are involved in the accomplishment of inhibiting or reversing the
reaction flow. The reactions can be of type single substrate; single product, single substrate;
multi-products, multi-substrate; multi-products and multi-substrate; single-product. By altering the
amount of reactants in the pathway, formation of certain products can be inhibited or augmented.
To shed light on entire biological roles in E. eoli, the metabolic pathway should be reconstructed
with complete information. The metabolic reconstruction using network expansion method involves
collecting the stoichiometry information for both known and unknown genes. The steichiometry
information for the genes is collected from KEGG database. Kach ORF were searched against
KEGG database and enzyme commission numbers were obtained. ORFs which have complete EC
No. information are used for subnetwork construction. Graphviz use hierarchical methods were two
or more reactions are interconnected using edges generating subnetworks. In this, based on the
given reactions and reversibility networks are created by linking the product of one reaction which
acts as reactant of another reaction. When there are gaps the network stops reaching dead end.
This database 1s designed to furnish reconstructed pathways from the inference of the bicchemical
reactions by association of linear reaction and non-linear reaction sets in K. cclt to form a
subnetwork (Schuster et al., 2002). Since, the reconstructed network is by joining the reactions
together, this approach is known as Bottom-up approach (Natalie et af., 2008).

MATERIALS AND METHODS

ECO-MP, an E. coli pathway database was designed to offer knowledge on reconstructed
pathway by combining two or more chemical compounds by analyzing its activity relationship with
each other and also known pathways in KEGG. Metabolic pathway can be considered as a graph,
with each nodes being the metabolite, chemicals and enzymes involved in biochemical reactions.
The reconstruction is made by network expansion method (Handorf and Ebenhoh, 2007), in which
the expansion is made for reactions with product of a reaction being substrate of ancther reaction.
Thus the interdependencies of the reactions are used to reconstruct pathways for K. coli by
generating single-step pathways which on further analysis can be used to fill metabolic holes
or expansion with seed metabolites to create a complete metabolic pathway. Reconstruction of
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metabolic networks from biochemical reactions removes blockades in knowledge of manipulating
K. coli biochemical pathway to enhance industrial produets produced by the bacteria. The protein
sequences of K. coli has been retrieved from EcoCye (Karp et al., 2002) and blasted against KEGG
protein database. The KEGG blast results are categorized based on availability of KEGG-pathway
and KEGG-reaction. A set of chemical compounds are listed from the ceollection of whole reactions.
Each reactive compounds and products are analyzed carefully to find out if the chemical compounds
occurred in more than one time as product or substrate. In such repetitive process, the particular
reactions are linked to form subnetwork that can be further used to fill holes in known pathway
in KEGG or to generate sub-pathway.

ECO-MP database is created to facilitate user to reconstruct metabolic pathway by various ways
in K. coli by utilizing knowledge of subnetworks, alternative pathways and known pathways
information represented in it (Fig. 1), KCO-MP database driven source is made using MySql and
PHP and it 1s available publicly. The schema includes three category namely known, unknoewn and
constructed pathways. The pathway table comprises of aceession number, sequence, KEGG gene
information link, KEGG pathway link and function. The unknown pathway table comprises of
accession number, predicted function of sequence which is not having pathway information and
only links to KEGG gene information. The constructed table has aceession number of sequence
which is having both reaction and pathway information and are link to KEGG and corresponding
reactions. The database can be queried with sequence function or accession number provided
in-house ranging from ecmp 0-428%9, The database also can be queried with input sequence in the
form of fasta format, ecmp number and functions. For each query refresh button should be used
so that options can be chosen easily. The Query-result outputs function, pathway link, if available
in KEGG or link to subnetwork constructed internally. In case, if there is no pathway available for
a user queried entity, then they are linked to gene information page of KEGG. The FAQ page
provides support to the user about the database.

RESULTS AND DISCUSSION

An accurate understanding of primary metabelism such as central carbon metabelism, energy
metaboelism, secondary metabolism and signaling pathways of &, coli can be achieved by accessing
ECO-MP. It emphasizes the scope of a set of biochemical products which are produced by E. coli in
its biochemical networks and it can be queried to determine, if a particular protein i1s found in
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Fig. 1: Work flow diagram of KCO-MP
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known pathways of KEGG, or to subnetworks constructed in house. The intact results of ECO-MP
database shows that some of the protein sequences have specific functions from KEGG database
and for others no hits were found. For some sequences, only biochemical reactions are available in
KEGG database. Many other protein sequences are membrane and trans-membrane proteins
which do not have any pathway data or biochemical reactions in the KEGG database. Totally
2,660 known and 1,730 unknown proteins have been searched against KEGG pathways to
facilitate metabolic pathway reconstruction in . coli and as a result, around 217 protein sequences
were linked to subnetworks and 1,504 sequences to known pathways by network expansion
method. The homepage of KCO-MP (Fig. 2) has options for accessing the database by sequence,
function or accession number in which the accession numbers are also categorized into pathway,
unknown pathway and constructed pathway categories are displayed as a tabular format. By a
single click on aceession number, the user can get further information about the sequence.,

Known pathways: The pathways are categorized into known pathways on blasting against
KEGG database, if it produced hit function in #. coli and the pathway link is available. The
information from KEGG are gathered and tabularized and further clicking the KEGG accession
links it takes the user to KEGG pathway.

Subnetworks: When there 1s homology against KEGG database and pathway information is not,
available then the chemical reactions are used to construct subnetwork by means of network
expansion method Handorf and Kbenhoh (2007) and the subnetwork graph i1s drawn using
Graphviz software (Zhao, 2008). This subnetwork information from ECO-MP can be used to
reconstruct pathway or in filling metabolic holes. It 1s confirmed that data retrieved from ECO-MP
can be used to identify minimal number of reactions that is to be added for further reconstruction
work in &. coli. In the subnetwork shown in Fig. 3, 2-3-diaminopropancate 1s available as a
reactant and produce pyruvate as an immediate product and are not linked to any of the known

About Us Team FAQ

e

A metabolic pathway is a series of biochemical reactions occurring within a cell. In each pathway, a principal
chemical is modified by biochemical reactions. Enzymes catalyze these reactions, and often require dietary
minerals, vitamins and other cofactors in order to function properly. Because of the many chemicals that may be
involved, pathways can be quite elaborate. In addition, many pathways can exist within a cell. This collection
of pathways is called the metabolic network. Pathways are important to the maintenance of homeostasis within an
organism. This database is made exclusively for E.coli with informations of all genes and their reactions
involved. The pathways are classified as already available or Kknown pathways(KEGG), newly constructed one step
pathway and pathways to be discovered or unknown pathways or no pathways.
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Fig. 2: Snapshot of homepage of ECO-MFP. Searches can be done by accession number, function,
sequence or by directly clicking the link of ECO-MP accession number
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( 4-hydoxy-2-oxo-heptanediote ) ( 2,4-dihydroxyhept-2-endiate )
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( Stocutienae )
N
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( Succinate semialdehyde >

( 2,3-diaminopropanoate ) ( 2-dehydro-3-deoxyl-L-rhamnonate )

Fig. 3. 2-3-diaminopropanoate linked with pyruvate by network expansion method for hydrogen
production
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( Predicted aldolase )

( Sphingosine 1-phosphate )
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( Shingosine ) ( Orthophosphate )

Fig. 4. 1-(1-alkenyl-sn-glycero-3-phosphoethanolamine linked to sphingolipid metabolism by
network expansion method

pathway in KEGG and this knowledge can be applied in filling metabolic holes. Similarly in
sphingolipid metabeolism, 1-{1-alkenyl)-sn-glycero-3-phospheethanclamine (Fig. 4) is not specified
in the formation of sphingoesine which forms a primary part of sphingelipids, with an unsaturated
hydrocarbon chain and has potential role in various cellular process. These subnetworks created
are the prime step for analyzing the complex bhiochemical network and however, wet-lab
examination has to be performed for further evaluation of those compounds which may not have
pathway information in KEGG, sinee they act as an active participant in chemical reaction.

CONCLUSION

The ECO-MP database 1s a valuable resource for metabolic pathways and subnetworks which
caters research community to analyze the in-depth knowledge of biclogical processes of E. ¢oli. The
subnetworks generated in ECO-MP are able to give ideas on creating alternative pathways and
filling holes which can help in finding alternate metabolic pathways involved in important
biochemical process. The user can interact with KCO-MP through a web interface with flexible
searching capabilities by querying gene name or ecmp id and a resulting output with supported
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links to pathways and generated subnetwork information. This idea can be extended in altering
metabolic pathways to enhance the production of industrial products. The cumulated information
of subnetworks and metabolic pathways available in the ECO-MP can be applied in drug discovery
process on attaining the knowledge of the disease related pathways. The future release of the
database will also include more subnetworks, alternate pathways and comparative analysis of
pathways in all K. coli strains.
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