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Analysis of genes encoding degrading enzyme of novel 2,4-dichlorophenoxyacetic
acid-dissimilating bacteria and their application to biosensing
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Having been produced by chemical synthesis since around the 1940’s, 2,
4-dichrolophenoxyacetic acid (2, 4-D) has been used as herbicide across the world. It




has also been studied as a model compound for microbial degradation of
environmental pollutants, since it undergoes environmental degradation by microbes
and its structure is similar to that of highly toxic compounds such as dioxin. In the
present thesis, novel 2, 4-D degrading bacteria have been isolated and characterized
to examine the behavior of 2, 4-D degrading bacteria in soil. Then, cloning and
analyzing enzyme genes responsible for 2, 4-D degradation has been achieved. In
addition, a biosensing system based on 2, 4-D degrading bacteria has been developed
with the aim of development of rapid measurement technology.

In Chapter 1, characteristics of 2, 4-D degrading bacteria ever reported as well as
application of biosensor are described in relation to the background and purpose of
the present study.

In Chapter 2, isolation and characterization of 2, 4-D degrading bacteria are
described. Soil sample was collected from a variety of environments in Northern
Kyushu. Adding a proper amount of soil sample into a medium containing 2, 4-D as
the sole carbon source, enrichment culture was carried out. As the result, 11 kinds of
2, 4-D degrading bacteria were isolated, and they could be classified into 4 kinds of
Ralstonia bacteria, a kind of Variovorax bacterium, 5 kinds of Sphingomonas bacteria
and a kind of Bradyrhizobium.

In Chapter 3, cloning and analysis of enzyme gene involved in 2, 4-D degradation
by degrading bacteria are described. From among degrading bacteria isolated in
Chapter 2, Sphingomonas sp. 58-1 strain having characteristics different from other
bacteria was employed as a conspicuous degrading bacteria. DNA fragment of
approximately 5 Kbp which was supposed to contain a part of cadA gene could be
cloned by southern hybridization method. The DNA fragment was found to contain
set of genes encoding three kinds of proteins (ORF1, 2, and 3). In an attempt of
expression by Escherichia coli DH5a strain, converting activity of 2, 4-D to 2,
4-dichlolophenol (2, 4-DCP) was observed. Further, by carrying out sub-cloning, it has
been confirmed that ORF2 and 3 are essential for converting activity of 2, 4-D. ORF2
and 3 have been concluded to be cadA and B of the strain judging from sequence
homology and the result of enzymatic function analysis.

In Chapter 4, development of 2, 4-D biosensor system based on 2, 4-D degrading
bacteria is described. A novel biosensor system has been constructed with
tyrosinase-modified electrode and a fixed bed reactor filled with carrier particles on
which Ralstonia sp. 57-1 strains with highest growth rate and degradation activity
among isolated bacteria were immobilized. The sensor system has proven its ability
to evaluate amount of 2, 4-D by detecting the intermediate during 2, 4-D degradation,
1.e. 2, 4-DCP or 3, 5-dichlorocatechol or both of them using tyrosinase electrode.

In Chapter 5, main results of the study are summarized.
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