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1 Introduction

Estimation of protein-production levels, along with peptide-motif search, gives valuable infor-

mation for prediction of gene function. Choice among synonymous codons in both prokaryotic

and eukaryotic genes is clearly non-random and the codon-usage pattern is undoubtedly im-

portant characteristic for determining protein-production levels of genes.

In the present work, we have constructed measures which re
ect diversity of E.coli genes in

codon usage by means of a combined method of relative representation for codon usages of genes

and principal component analysis(PCA). Then, the factors of the widest scales constructed

could be connected with protein-production levels. Protein production levels were estimated

for 1500 CDSs proposed by the E.coli genome projects of Japan and USA.

2 Method

Taking the number of synonymous codons for each amino acid into consideration, a codon-usage

pattern of the ith gene was represented by a 61-dimensional vector consisting of xij(m) (Eq.(1) ).
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xij(m) = fij(m)=[

M(m)X

j=1

fij(m)=M(m)] (1)

where fij(m) denotes frequencies of jth codon in the mth amino acid, and M(m) denotes the

number of synonymous codons in the mth amino acid.

In order to assess diversity of genes in the 61-dimensional space representing codon-frequencies,

PCA was applied to a reference data set consisting of 610 E.coli K12 genes extracted from DDBJ

(Release 18). To standerdize the scale of the principal components, Z 0

k, each of them for the

reference data set was normalized by Eq.(2).

Zk = (Z 0

k � Av[Z 0

k])=SD[Z 0

k] (2)

Here, Av[Z 0

k] and SD[Z 0

k] are average and standard deviation of Z 0

k for the reference data,

respectively. Z-parameters, Zk, were correlated to the protein-production level by a regression

analysis.

3 Results and Discussion

The �rst three components (Z 0

1, Z
0

2, and Z 0

3) are signi�cant axes according to the Kaiser's

rule[1]. Of the 61 variables, twenty-�ve contribute positively to Z 0

1. It should be stressed that

most of them correspond to the optimal codons assigned by Ikmura[2] [3] based on experimental

data of E.coli tRNA contents. Correlations between Zk and protein-production levels were ex-

amined using E.coli protein contents in cells determined under four di�erent growth conditions

by Neidhardt and his colleagues[4]. A representative correlation is expressed by Eq.(3).

log(Rich) = 2:44 + 0:55Z1(r = 0:74; n = 31) (3)

where log(Rich) represents common logarithm of the amount of proteins (molecules) per genome

grown in cells in rich medium. The protein-production levels for the 1500 CDSs were estimated

by Eq.(3). Among them, CDSs with the highest protein-production levels are as follows; tufA,

tufB, mopA, rpsI , rplW , rplL, rpmB, rplD, fusA rpoC and atpD whose production levels

estimated are larger than 6.0x103 molecules per genome. We could also detect CDSs in CDS-

undiscovered regions for E.coli DNA sequences by application of the present methodology.
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