Proteome Characterization of Chromium-shocked and Chromium-adapted Shewanella oneidensis MR-1
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I Shewanella oneidensis is a gram-
negative facultatively anaerobic
bacterium that utilizes metal ions as
terminal electron acceptors during
cellular metabolic processes.

I S. oneidensis cells were grown under
two different metal-exposure
conditions:

1) a short chromium (Cr) shock exposure
followed by growth for either 45 or 90
minutes

2) continual exposure to chromium for a
24 hour growth for adaptation
evaluation

1 Protein fractions were digested with
trypsin and analyzed with a
multidimensional HPLC-NanoESI-
MS/MS protocol.

1 The search engine SEQUEST was
used for peptide identifications.

INTRODUCTION

1 Shewanella oneidensis utilizes metal ions
such as manganese, uranium, and
chromium as terminal electron acceptors
during cellular processes.

I Our goal is to understand the metabolic
processes of S. oneidensis that utilize
chromium as a terminal electron acceptor
for the purposes of using this microbe for
bioremediation as well as understanding the
molecular response to toxic Cr levels.

1 The exposure to chromium should cause a
change in the proteins that are expressed,
with those involved in chromium
metabolism being expressed at a much
higher level than proteins found in control
cells.

I We exposed S. oneidensis cells to 45 and 90
minute Cr(Vl) shock periods. The proteome
of Cr-exposed cells was compared to that of
control (unexposed) cells.

EXPERIMENTAL

1 S. oneidensis cells were grown under aerobic
conditions with the addition of 1 mM K,CrO,
[Cr(VI)] when cells reached mid-exponential
phase. The cells were then allowed to grow for 45
and 90 minutes in the presence of Cr.

I Cells were lysed using sonication and protein
fractions separated into a crude and membrane
fraction by centrifuging the samples at 100,000g
for 60 min.

1 A trypsin digestion was accomplished by first
reducing the crude or membrane fraction in 6M
Guanidine and 10mM DTT. Trypsin was added at
1:100 (wt:wt) and digested overnight at 37 °C with
gentle shaking. The following morning a second
trypsin aliqgout was added with a final reduction
with 20mM DTT.

1 Analysis was carried out by a 24 hour
multidimensional HPLC-MS/MS protocol. Briefly,
separation occurred by 2-D separation using
strong cation exchange as the first dimenison and
C18 reverse phase as the second dimension of
separation. An LCQ Deca XP Plus 3-D ion trap
was operated in the data dependent mode where a
full scan is acquired followed by four tandem
mass spectra.

1 Peptide identification was completed by the
search engine SEQUEST with a protein
considered a true “hit” if two unique peptides are
identified.
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MS/MS spectrum of the +2 peptide
GYDAQSSTFINGMR from a TonB receptor protein
(S03914) in S. oneidensis 45 min shock membrane
fraction.

RESULTS

Table 1: Proteins up-regulated in Cr shock

Table 2: Proteins down-regulated in Cr shock
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X ray crystal
structure of Ferric
hydroxamate uptake
receptor (FHUA) from
E. coli at Resolution
2.5A. This may be
similar in structure
and function to the
TonB receptors of

S. oneidensis.

[Ferguson, A. D., et. al.: Siderophore-mediated iron transport: crystal structure
of FhuA with bound lipopolysaccharide. Science 282 pp. 2215 (1998)]
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1 A total of ~800 proteins were identified at the 2 peptide
level in the 45 minute Cr shock sample and ~900
proteins were identified in the control sample.

@ Out of the 45 minute shock and control samples, four
proteins (AlcA, azoreductase, HmuT, and HmuV) were
absent in at least one of the control runs (Table 1).
SuhB was absent in one of the Cr runs, indicating a
decreased expression level (Table 2).

1 ~850 proteins were identified in the 90 minute shock
sample at the 2 peptide level and ~950 proteins were
found in the corresponding control sample.

@ In the 90 minute Cr shock samples, a total of eleven
proteins were missing in at least one of the control
sample runs, including two TonB receptors, AlcA, a
conserved hypothetical protein, HugA, three different
ABC transporter proteins, and two subunits of sulfate
adenylyltransferase(Table 1). Proteins that were
missing in at least one of the Cr shock runs, include a
hypothetical protein, an alcohol dehydrogenase, a
nitrate reductase, and a molybdenum ABC
transporter.

S. oneidensis is able to utilize different metals as
alternative electron acceptors. Here we find some
potential candidate proteins that may be involved in Cr
metabolism and/or the cellular response to Cr stress in
S. oneidensis.

Figures 2 and 4 are a graphical representations of
Tables 1 and 2, respectively, with the results organized
by their functional categories. In the Cr shock data,
ten proteins under the category of transport and
binding proteins (Figure 2) were more prevalent as up-
regulated when compared to all 23 proteins identified
as up-regulated. However, energy metabolism is
down-regulated in the Cr shock samples (Figure 4).

Also shown in Table 1, the gene labeled TonB-
dependent receptor (SO3914) is found to be expressed
at a higher level in the 90 minute shock sample than in
the 45 minute shock sample relative to the control
sample. The TonB receptor peptide illustrated in
Figure 1, which is a MS/MS spectrum of
GYDAQSSTFINGMR is indicative of the presence of
TonB in the Cr shock sample.

Figure 3 is the X-Ray crystal of an E. coli ferric
uptake receptor, which may be similar in structure to
TonB receptors of S. oneidensis. This data helps
demonstrate proteins and protein complexes that may
be involved in cellular response to Cr toxicity.

Improvements in definitive quantification methods
available and improvements in the dynamic range of
mass spectrometry are needed to verify the list of
proteins presented here.

Cells grown in the presence of Cr for a 24 hour
growth adaptation period are currently being analyzed.
This data should demonstrate proteins and protein
complexes involved in maintaining cell survival under
conditions of chronic Cr exposure.
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