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Abstract

Introduction

CMPP Database (Central Metabolic Pathway Promoter Database)
consists of manually annotated regulatory sequences/motif of genes
controlling Metabolic Pathways (http://cmpp.biodbs.info) such as
Glycolysis’ and Krebs’ cycle. The CMPP software package written
in Microsoft Visual Basics & MS Access was also developed for
searching & updating the CMPP database. This database was
further used to study the relationship between 10 transcription
factors involved in the non-coding upstream region of CMP genes.
There is an existence of common motifs between the genes
encoding enzymes involved in glycolysis and Krebs cycle revealing
an evolutionary relation between the genes of the two pathways.
However, some of the common motif such as TATA uncommon
motifs as NKX and AP2 making up the structural feature of the noncoding genes are absent from few genes.

The non-coding upstream sequences including promoter are the
important elements for controlling gene expression in both
Eukaryotes and Prokaryotes. The information for control of
initiation for the synthesis of RNA by the RNA polymerase lies in
the promoter region that extends between 200-2000 nucleotides
upstream of the Transcription Start Site (TSS) of a gene. The
transcription factors (TFs) interact with sequence specific elements
or motifs, which are 5-12 nucleotides in length. The motifs appear to
be arranged in specific configuration that confers on each gene an
individualized spatial or temporal transcription program (Wray et al.
2003). The non-coding upstream regions are not well-conserved but
it is assumed that genes exhibiting similar expression patterns share
similar configuration of TF in their promoter (Blanco et al. 2006).
The TFBS associated to the same TF are known to tolerate sequence
substitution without losing functionality, thus promoter regions of
genes with similar expression pattern may not show sequence
similarity even though they may be regulated by similar
configuration of TFs. Although te recent progress in this regard, due
to the techniques based on Phylogenetic finger printing (Wasserman
and Sandelin 2004) has been made, the lack of nucleotide sequence
conservation between functionally related promoter regions may
partially explain the limited success of currently available
computational methods for promoter characterization (Fickett and
Hatzigeorgiou 1997; Tompa et al. 2005). In the approach described
here, we developed a database of TF & TFBS of genes encoding
enzymes of CMP such as Glycolysis and TCA. This is followed by
the identification of the relationship between these TFs of both the
pathways.
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Method
The promoter sequences for each gene encoding enzymes of
Glycolysis and TCA (CMP) were retrieved from EMBL database.
The gene coding for individual enzyme were used as input and the
search was refined by using ‘promoter’ as key word. They were
further used as an input to extract TFBS of 10 important TFs via
TRANSFAC (Transcription Factor search tool) The database was
further exploited to study and interpret the relationship existing
between the 10 important transcription factors and genes coding for
enzymes involved in both the Central Metabolic Pathways.
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Fig 1.
Sequential display
(A to E) of one of the four
sections for viewing the
details.
Fig 2. The interface of the CMPP Database
showing the information covered in the entire
database.

Results
The developed CMPP Software contains the enzyme types , their
sources, sequences, the TFs and the corresponding motif sequence
on which TFs bind. The dataset could be browsed and extracted
through “Enzymes” section or corresponding motifs associated with
each (Fig 1 and Fig 2). The software contains information of 16
different sources involved in glycolysis and 8 different sources
involved in Krebs cycle. Theoretical information about enzymes
was also reserved inside the software.

Fig 4. Description of Kreb cycle, source, motifs and their sequence

Discussion

Fig 3. Description of glycolysis, source, motifs and their sequence

The dataset was made available online (http://cmpp.biodbs.info)
which has a flexibility to run on various operating systems. The
online version could be browsed through either “Enzymes” or
“Motifs” present in Glycolysis’ or Krebs’ pathway as shown in the
figure (Fig 3 & Fig 4). Updating the online CMPP database could be
done by e-mailing to the webmaster (info@biodbs.info).

In the present paper a comprehensive analysis of TFs involved in
Central metabolic pathway genes has been carried out to draw
relationship between the genes in order to trace their origin. The
details of the genes encoding enzymes of both glycolysis and TCA
and their reactions are depicted in the database. A bioinformatics
approach to study the upstream regulatory sequence of Glycolysis
and Gluconeogenesis using software tools are reported (Van Helden
et al. 2000; Tompa et al. 2005). Under micro array analysis global
expression of Krebs’ cycle genes were studied and related to various
TF sequences present upstream of Aconitase , Isocitrate
-Ketoglutarate Dehydrogenase, Succinate
Dehydrogenase ,
Dehydrogenase, Fumarase , Malate Dehydrogenase and Citrate
Synthase (Mark T et.al. 2003). Amongst the Transcription factor
binding sites for TF screened, motif for HSF was found to be
present universally as a common TF in all the enzymes of both the
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pathways which reveals the highly conserved nature of HSF or an
important TF required for transcription of the CMP genes. The
upstream sequence of Pyruvate Kinase & Endolase enzymes of
Glycolysis does not have any motif studied except HSF which
reveal the evolutionary relationship between these genes, an
assumption that they share common ancestry. The upstream
sequence of Pyruvate Kinase, Mutase, & Endolase of Glycolysis
shows similarity in the types of motifs in more than 50% of the
sequences studied.
The non-coding sequences of genes encoding enzymes such as
Aldolase of Glycolysis & Alpha-Ketoglutarate Dehydrogenase and
Deoxygenase and Succinate Dehydrogenase of TCA were shown to
have all the motifs listed revealing the common origin of these
enzymes. The TFs such as AP2 & NKX are founded to be the
uncommon motifs or the rare motifs for CMP genes. One of the
important motifs, TATA was seen to be absent from the genes such
as Pyruvate Kinase, Mutase of Glycolysis, Citrate Synthase &
Succinate Dehydrogenase of TCA. It is known that TATA may not
be always a RNA polymerase binding site in some of the eukaryotic
genes (Itay Tiros 2007; Fickett and Hatzigeorgiou 1997). As shown,
there was a variation in the sequences making TFBS for almost all
the upstream sequences of the genes encoding enzymes of both the
pathway. This further proves the non-conserved nature of the motifs
present in the upstream region of genes on which a transcription
factor binds.
The present database is been used to derive the Transcription factors
present upstream of the start site of a gene. The distances between
the genes coding for the enzymes of glycolysis and TCA were
calculated dependent on presence or absence of motifs (Meera et al.
2009) and TF maps were generated.
This information present in the database could be further used as
template to study related metabolic pathways such as lipid or
nucleotide or amino acids or carbohydrate, an essential approach for
understanding the science underlying the disease development and
progression. At present KEGG metabolic pathway is the database
which comprises of the information related to the genes coding for
enzyme involved in various pathways. The details of TFBs present
upstream of the gene are not available in KEGG. The development
of this database is intended towards an approach for revealing the
importance of upstream non-coding regions of genes in deriving
phylogenetic relation. This could also be useful in studying the
mutations in these TFs which could lead to diseases.
Further, it could provide a pave to enhance metabolic engineering
research. We shall continue to include more scientific information in
the database to make it topic specific and application oriented
database.
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