Clustering and Evolutional Analysis of E. coli Proteins
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1 Introduction

As a model organism, Escherichia coli has been playing significant roles in the establishment of a
number of basic concepts in molecular biology. In addition, determination of the whole genome
sequence of E. coli is undoubtedly awaited for further insight into various biological phenomena. In
E. coli the DNA sequences of the 0 - 40 minutes[1]and 69 - 100 min region[2] had been determined
and at present the region between 40 to 69 minutes is under proceeding both by F. Blattner*s group
and the Japan E.coli sequencing group. At present a contiguous sequence of E. coli, covering almost
90predict ORFs and cluster all ORFs on the basis of amino acid sequence similarities and analyze
evolution of E. coli genes.

2 Methods

We used two main methods to predict coding regions. To assign ORFs, we first selected potential
ORFs which were composed of more than 50 consecutive seance codons. All of these ORFs were
translated into amino acid sequences in three frames in both strands and then subjected to similarity
analysis against the SWISS-PROT and PIR protein databases by the BLASTP program[3]. The
second method is a combination of the GeneMark program[4] and N-terminal prediction described by
following steps;



1. Search ATG, GTG or TTG as a candidate of an initiation codon from 5’-terminal.
2. Calculate efficiency of ribosome binding by the scoring matrix[5].

3. If the score is not less than a certain threshold, go to 5.

4. Go to 1, while the ORF is not shorter than 50 amino acids length.

5. if the ORF overlaps with neighbor ones, and if the shorter one is longer than 2/3 of the longer
one, or the half of the shorter one overlaps with the longer one, the shorter one is discarded.

All ORF's of E. coli were clustered by the FASTA[6] program in order to find out domain structures and
then we intend to elucidate internal structural and functional units of genes as traces of ancestral small
genes by multiple alignment analysis. Furthermore, to infer physiological functions and biochemical
properties of newly identified ORF's, we have a plan of experimental approaches (e.g. gene disruption
experiment etc.) based on computational approaches as described above.

3 Progress

The determination of the complete genome sequence of E.coli is now in progress, and this will be
finished until the end of 1996. All genes coded on E.coli chromosome are predicted, classified by
the similarity and analyzed by the theory of evolution. Through these approaches, our objectives
are the identification of the common ancestral genes and of the structural and the functional units of
genes. As described in method, the ORFs are predicted by the combination of the GeneMark program
and SD based ORF prediction method developed by ourselves. All ORF's predicted are subjected to
similarity analysis in all combination by FASTA2.0. The ORFs are divided into groups by the single
linkage method at the similarity score of 100 of FASTA2.0. In each ORF groups, they are divided
into subgroups at the higher score of FASTA. The ORFs in the subgroup are aligned and identified
the common conserved regions. Through these steps, the units which construct genes are predicted.
Further more, the correspondence between those units and the 3D structures will be identified. The
results from our approaches as described above from the latest sequence data of E.coli will be shown
and discussed.
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