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We compared the transcriptome, proteome, and nucleotide sequences between the parent strain E coli
W3110 and the L-threonine-overproducing mutant E. coli TF5015. DNA macroarrays were used to measure
mRNA levels for the all genes of E. coli and two-dimensional gel electrophoresis was employed to compare
protein levels. It was observed that only 54 in 4290 genes (1.3%) exhibited differential expression profiles.
Typically, genes such as aced, aceB, icdA, gltA, ginA, leu operon, proA, thrA, thrC, and yigJ, which are
involved in glyoxylate shunt, TCA cycle, and amino acids biosynthesis (L-glutamine, L-leucine, proline, and
L-threonine), were significantly up-regulated, while the genes dad4.X, hdeA, hdeB, ompF, oppA, oppB, oppF,
YiD, and many ribosomal protein genes were down-regulated in TF5015 compared to W3110. The
differential expression such as up-regulation of thr operon and expression of yigJ would result in an
accumulation of L-threonine in TF5015. Furthermore, two significant mutations, thr4345 and ilv497, which
are essential for overproduction of L-threonine, were identified in TF5015 through the sequence analysis. In
particular, expression of the mutated thr4BC (pATF92) in W3110 gave rise to a significant incremental
effect on L-threonine production. Up-regulation of aceBA and down-regulation of b1795, hdeAB, oppA, and
YfiD seem to be linked with a low accumulation of acetate in TF5015. Such comprehensive analyses provide
information to understand the regulatory mechanism of L-threonine production and the physiological
consequences in the mutant stain.

Introduction

In recent years, the completion of the genome project on numerous organisms has accelerated the
development of very powerful tools for functional genomics such as DNA arrays (1) and two-dimensional
gel electrophoresis (2-DGE) (2). Comparative analysis of the gene expression profiles has provided extensive
biological information on a genome scale; response to stress/environmental change, dissection of regulatory
circuitry, drug target characterization/identification, cellular response to bacterial infection, and others on
many organisms including Escherichia coli, Bacillus subtilis, Saccharomyces cerevisiae, and human cells (1,
3,4). As well as transcription levels, proteome analysis is important in the understanding of global regulatory
processes in living organisms (2, 5), since the gene expression profiles do not often directly relate to protein
expression levels (6). In this sense, functional genomic techniques along with genomic information are
believed to enable us to unravel the global regulatory processes or complex metabolic networks in living
organisms (7), consequently offering a comprehensive blueprint of the physiology of the bacterium (4, 8).

Amino acids have been the prominent target-metabolites from microorganisms in bio-industry due to large
commercial demands for flavor enhancers, animal feed, sweeteners, and therapeutic agents. Of them,
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L-threonine, one of the essential amino acids, is widely used as feed- and food-additives, and various
industrial strains that more efficiently produce L-threonine have been successfully developed by traditional
approaches including deregulation of enzymes, elimination of competitive pathways, and amplification of
genes (9, 10). In a previous work, we developed a L-threonine-producing £. coli TF5015 by recursive
mutations (11). This strain requires both L-methionine and L-isoleucine for growth and shows resistance
against various chemical analogues. It was suggested that the mechanism of L-threonine production of
TF5015 was probably resulted from releasing the feedback regulation and blocking the carbon flow into
undesirable byproducts. Regulation mechanism involved in L-threonine biosynthesis in E. coli has been
relatively well characterized (12). However, to understand the overall regulatory mechanism and the
physiological events in response to the accumulation of L-threonine in TF5015, detailed information
including the cellular regulations, entire metabolic fluxes, and dynamic responses of the complex metabolic
networks is crucial.

In this work, as an approach to get some insights into the global regulatory mechanism for L-threonine
biosynthesis, we carried out the comparative analyses of transcriptome, proteome, and nucleotide sequences
between the prototrophic E. coli W3110 and the L-threonine-producing E. coli TF5015. Expression patterns
of the genes and proteins were investigated for both strains using DNA macroarrays containing virtually
every gene of E. coli and 2-dimensional gel electrophoresis. The profiles were analyzed in terms of the
accumulation of L-threonine and physiological consequences in the mutant strain.
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