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Abstract

Sequence analysis of part of a large plasmid carried by Australian environmental isolate of
Listeria monocytogenes strain DRDCS8 has lead to identification of an islet of genes that
encode proteins similar to copper binding and transport genes found in other Gram positive
bacteria. Comparative sequence analysis showed that there are at least four genes
(pCT0017, pCTO0018, pCT0019 and ctpA) on this islet predicted to be involved in copper
homeostasis. One of these, ctpA4, is predicted to encode a P-type ATPase with a function
analogous to CopA, a copper transporting gene in Enterococcus hirae. ORF pCT0017 is
likely to be a CopY-like regulatory protein which could control the expression of ctpA.
ORF pCT0019 is predicted to be a Cu*" binding protein. In addition, two genes located
downstream of the ctpA4 are predicted to encode a two component regulatory system
region. The predicted function of ORF pCTO0018 is not clear. A related chromosomal gene
(cutR) is predicted to also encode a copper transporting P-type ATPase.

To investigate the role of the protein encoded by pCT0018, the growth behavior of
L. monocytogenes strain DRDCS, other strains carrying mutations within pCTO0018,
pCT0019, cutR and ctpA, as well as strains cured of the large plasmid, were grown under
conditions of copper stress and starvation. The growth data showed that with the exception
of strain DRDCS8 and other strains carrying ctp4, most were unable to grow at higher
copper concentration (> 15 mM CuSO,) and suggested that the copper homeostasis genes
located on the large plasmid are associated with tolerance to high levels of copper. Strain
DSE955PL, which carries a cutR mutation and is cured of the large plasmid, was the most
sensitive (<5 mM CuSOy). This indicated that proteins encoded by plasmid genes work
synergistically to confer tolerance to copper. Of most interest was the fact that a pCT0018
mutant was more sensitive (<15 mM CuSOy) to high levels of copper than the wild type
parent DRDCS8 (<20 mM CuSOy). This suggested that ORF pCT0018 was necessary for

copper tolerance.

To investigate the effects of insertion mutations in pCT0017, pCT0018 and ctpA on
copper uptake and export, the levels of copper accumulated by these strains was assessed
using atomic absorption spectroscopy. A significant difference in copper accumulation

among the bacteria strains was observed when either LEB or BHI media were used to
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culture the bacteria. This data suggested that the growth medium chemicals influence the
levels of copper accumulated by cells. However, the effect of these media on bacteria
growth rates during copper stress was not significant. Atomic absorption analysis of
intracellular copper accumulation suggested that DSE955PL and DSE955 (a chromosome
mutant) were able to accumulate copper (80 - 110 mg.g” dry weight of cells), whereas
DRDCS8 and strains carrying mutations in pCT0018, ctpA, and strains cured of the large
plasmid, were less able to accumulate copper (30 - 70 mg.g"' dry weight of cells). This data
suggested that cutR may encode a copper export system and that czp4 is involved in copper

uptake.

To investigate the gene expression profile for pCT0018 under elevated copper, reverse
transcriptase PCR was used to detect transcripts encoding pCT0017, pCT0018, pCT0019
and pCT0020 from RNA extracted from L. monocytogenes strain DRDCS8 following
culture at elevated levels of copper. Although transcripts for each of the target genes were
detected, transcription was not responsive to copper, nor was the pattern of transcription

consistent with that expected for a single operon.

To directly determine whether the protein encoded by the pCT0018 open reading frame
was able to bind copper, this gene was cloned in pET15b in frame with an N-terminal His-
tag and expressed in E. coli. The expressed protein was purified with a Ni-NTA column
and shown to contain copper. Attempts to directly show that protein pCT0018 could bind
copper by Cu-IMAC were unable to unequivocally show that the protein was immobilized

on the column.

Purified protein was used to raise a polyclonal antiserum in rabbit and the antiserum
was used for Western analysis to test expression of pCT0018 by wild type
L. monocytogenes DRDCS and specific gene mutants. Although the antiserum bound to
purified protein, it was not possible to demonstrate binding to native pCT0018 in cell

lysates prepared from L. monocytogenes DRDCS.

SDS-PAGE of cytoplasmic and cell envelope proteins isolated from L. monocytogenes
strains was used to identify proteins expressed in response to copper stress and starvation.
No significant differences in protein profiles for cytoplasmic protein were observed.

However, copper-immobilized metal affinity chromatography (Cu-IMAC) showed that

xi



expression of a number of copper binding proteins were differentially expressed by
DRDCS8 following growth in copper stress and starvation conditions. Three of these
proteins were selected for amino sequence analysis by MALDI-TOFF MS. Two were
confirmed to be L. monocytogenes non-heme iron-binding ferritin and a thiol peroxidase,
both of which bind copper. The other protein was similar to an unknown protein from
L. monocytogenes. Interestingly, no proteins directly implicated with the copper

homeostasis islet were identified.
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Phosphatidylinositol inositol
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