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Thermophilic bacterium Bacillus stearothermophilus TLS33, isolated from a hot spring in Chiang
Mai, Thailand, usually produces many enzymes that are very useful for industrial applications.
However, the functional properties and mechanisms of this bacterium under stress conditions
are rarely reported and still need more understanding on how the bacterium can survive in stress
environments. In this study, we examined the oxidative stress induced proteins of this bacterium
by proteomic approach combining two-dimensional electrophoresis and mass spectrometry.
When the bacterium encountered oxidative stress, peroxiredoxin, as an antioxidant enzyme, is one
of the interesting stressed proteins which appeared to be systematically increased with different pI.
There are four isoforms of peroxiredoxin, denoted as Prx I, Prx II, Prx III and Prx IV, which are
observed at the same molecular weight of 27 kDa but differ in pI values of 5.0, 4.87, 4.81 and
4.79, respectively. The H2O2 concentration directly increased Prx II, Prx III and Prx IV inten-
sities, but decreased Prx I intensity. These shifting of peroxiredoxin isoforms may occur by a
post-translational modification. Otherwise, the longer time of oxidative stress had not affected
the expression level of peroxiredoxin isoforms. Therefore, this finding of peroxiredoxin intends
to know the bacterial adaptation under oxidative stress. Otherwise, this protein plays an impor-
tant role in many physiological processes and able to use in the industrial applications.
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1 Introduction

Thermophile organisms grow optimally at temperatures
above 60–707C. Since thermophiles have several unique
physiological and metabolic characteristics, they are very
usefully exploited in the biotechnological industry for wide
applications [1–3]. They also include biotransformations,
biocatalysis, bioremediation or bioactive compound produc-
tion, for example, whereby whole thermophile cell or puri-

fied thermostable enzymes. Biocatalytic reactions by micro-
organisms are also found to be chemoselective, regioselective
and stereoselective, therefore allowing production of opti-
cally active compounds as well [4]. These abilities are used in
the pharmaceutical and agrochemical industries for the bio-
catalysts of non-natural products. However, thermophiles are
often exposed to multiple environmental stresses during
bioprocessing; for example, low and high temperatures, low
and high pH values, high osmotic pressure, nutrient starva-
tion and oxidation. Among these stress factors, oxidation can
be considered one of the most deleterious to the cell, causing
cellular damage at both molecular and metabolic levels [5]. In
addition, the reactive oxygen species (ROS) derived from the
reduction of dioxygen itself is less reactive and from the
reduction of dioxygen to superoxide (O2

2), hydrogen per-
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oxide (H2O2) or the hydroxyl radical (OH?) are highly reactive
and able to efficiently damage nucleic acids, membrane
lipids and proteins [6]. To eliminate the excess ROS, many
organisms use peroxiredoxin system to scavenge the excess
ROS which can be harmful to cells [7–15]. Peroxiredoxins
(Prx) or alkyl hydroperoxide reductase cysteines (AhpC) are
enzymes in a family of thiol-specific peroxides which are
found in plants and some microorganisms [16–21]. They are
implicated in a wide variety of cellular processes including
proliferation [22], differentiation [23], and the immune re-
sponse [24] as well as in the detoxification of peroxides. They
represent a special case which constitutes both the perox-
idase and the cosubstrate because the enzyme itself is oxi-
dized upon reaction with the peroxide. Peroxiredoxins have
cysteines at their active site which can be oxidized by the
peroxide and forms to be cysteine sulphinic acid. Although
there have been some reports describing the function of
peroxiredoxin [25–27], the changes of their isoforms have
never been studied in this bacterium.

At present, proteomic techniques using two-dimensional
electrophoresis (2-DE) and mass spectrometry are the cred-
ible approaches which are widely used to study the alteration
of protein expression in organisms under different environ-
mental conditions and further more understanding of the
biology of whole organism cells [28–32]. Thermophilic bac-
terium Bacillus stearothermophilus TLS33, isolated from a
natural hot spring in Chiang Mai, Thailand, is an interesting
thermophile that usually grow well in a hot environment at
657C and produce many thermostable enzymes, such as
proteases [33], lipase [34] and superoxide dismutase [35], that
are very useful for industrial applications. According to its
thermostability and applications, it is challenging to investi-
gate the intracellular proteome of thermophilic bacterium
B. stearothermophilus TLS33 under oxidative stress which is
one of the general stresses resulting from extreme conditions
from industrial bioprocessing. Using a proteomic approach,
we found that peroxiredoxin is the interesting protein which
is firstly observed a major difference of the protein expres-
sion in this bacterium, responding to oxidative stress. Fur-
thermore, there are four isoforms of peroxiredoxin with the
identical molecular weight but different in pI. Then, we
examined the leveled change of the peroxiredoxin isoforms
which may play an important role in a protective mechanism
under oxidative stress and able to be used in the bioproces-
sing and other industrial applications.

2 Materials and methods

2.1 Bacterial culture and stress experiment

B. stearothermophilus TLS33, isolated from a soil in a hot
spring in Chiang Mai, Thailand, was picked a colony from an
agar plate and inoculated into 50 mL of nutrient broth
(ADSA Micro, Barcelona, Spain) in 250 mL flask as pre-
culture. The preculture was incubated in the water bath at

657C with shaking at 200 rpm. After 24 h of precultivation,
1 mL of cell suspension was transferred to 100 mL of fresh
nutrient broth in 250 mL flask (triplicate for each experi-
ment). The bacterium was cultured at 657C until mid-log
phase (OD600,0.6) and subsequently added the hydrogen
peroxide (Riedel de Haën, Seelze, Germany) into the media
with the final concentration of 10, 50, 100 and 500 mM in each
flask. After half hour interval of H2O2 induction, the bacterial
cells were observed at 600 nm and harvested by centrifuga-
tion at 47C, 8 500 rpm for 10 min. The survival percentage is
defined that the OD600 at starting induction of H2O2 is set as
100%. The bacterial cells were washed three times with
preparation buffer pH 8.0 containing 10 mM Tris-HCl,
1 mM EDTA and 0.1 mM PMSF.

2.2 Sample preparation

The bacterial cells were disrupted by sonication with 4 s
pulse for 10 min in preparation buffer pH 8.0 containing
10 mM Tris-HCl, 1 mM EDTA and 0.1 mM PMSF, and the
supernatant was obtained by centrifugation at 47C,
12 000 rpm for 20 min. The sample solutions were pre-
cipitated by addition of 10% TCA and 0.1% w/v DTT. The
mixture was stored overnight at 2207C and the pellet was
obtained by centrifugation at 10 0006g, 47C for 15 min. The
pellet was washed twice, first with cold acetone containing
20 mM DTE and secondly with cold acetone without DTT,
and centrifuged as described above. The supernatant was
removed and the pellet was vacuum dried.

2.3 Two-dimensional electrophoresis (2-DE)

Lyophilized protein samples were resolved in lysis buffer
containing 7 M urea, 2 M thiourea, 4% CHAPS, 4 mM TCEP,
100 mM DTE and 0.5% IPG buffer pH 4–7L. The protein
sample solutions containing 100 mg protein concentration in
350 mLtotal volume were applied on IPGphor strip (Amersham
Biosciences, 18 cm, 4–7L) using IPGphor (Amersham Bio-
sciences, Uppsala, Sweden).

The first-dimensional isoelectric focusing (IEF) on IPG-
phor was performed under the following condition: 30 V,
12 h (rehydration); 100 V, 3 h; 350 V, 1 h; 500 V, 1 h; 1000 V,
1 h; 5000 V, 1 h; 8000 V, 55 kVh. After IEF, the IPG strips
were equilibrated in equilibration buffer I (50 mM Tris-HCl
pH 8.8, 6 M urea, 30% v/v glycerol, 2% w/v SDS, 2% w/v
DTE and a trace of bromophenol blue) for 15 min, and then
subsequently alkylated in buffer II (50 mM Tris-HCl pH 8.8,
6 M, urea, 30% v/v glycerol, 2% w/v SDS, 2.5% w/v iodoace-
tamide and a trace of bromophenol blue) for 15 min. Each
equilibrated IPG strip was placed on top of the 15% homo-
genous polyacrylamide gel (185620061.5 mm) and covered
with 0.5% agarose. The second-dimensional separation
using PROTEAN II xi Multi-Cells (Bio-Rad) was carried out
at 45 mA per gel at 157C until the bromophenol blue dye
front reached the bottom of the gel. At the end of each run,
the 2-D gels were stained with SYPRO Ruby [36] and
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scanned using a Typhoon 9200 scanncer (Amersham Bio-
sciences). In addition, the 2-D gel images were exported to the
image analysis software program, using ImageMaster 2D
platinum software (Amersham Biosciences) which provides
the 3-D viewing and the protein intensity of each spot.

2.4 In-gel digestion

Protein spots were manually excised from the gels and
transferred to 500 mL siliconized Eppendorfs. The gel pieces
were washed twice with 200 mL of 50% ACN/25 mM ammo-
nium bicarbonate buffer, pH 8.0, for 15 min each. The gel
pieces were then washed once with 200 mL of 100% ACN and
dried using a Speed Vac concentrator. Dried gel pieces were
swollen in 10 mL of 25 mM ammonium bicarbonate contain-
ing 0.1 mg trypsin (Promega, Madison WI, USA). Gel pieces
were then crushed with siliconized blue stick and incubated
at 377C for at least 16 h. Peptides were subsequently extrac-
ted twice with 50 mL of 50% ACN/5% TFA, then the extrac-
ted solutions were combined and dried using a SpeedVac
concentrator. The peptides or pellets were then resuspended
in 10 mL of 0.1% TFA and the suspended solutions were pu-
rified using ZipTip C18 (Millipore, Billerica, MA, USA). Ten
microliters of sample were drawn up and down in the ZipTip
10 times and the ZipTip was washed with 10 mL of 0.1%
formic acid by drawing up and expelling the washing solu-
tion for three times. The peptides were eluted with 5 mL of
75% ACN/0.1% formic acid.

2.5 Protein identification by MALDI-TOF MS/MS

This method was performed as described by Lee et al. [37].
Briefly, MALDI-TOF MS/MS were performed on a dedicated
Q-Tof Ultima MALDI instrument (Micromass) with fully
automated data directed acquisition using predefined probe
motion pattern and peak intensity threshold for switching
over from MS survey scan to MS/MS, and from one MS/MS
to another. At a laser firing rate of 10 Hz, individual spectra
from 5 s integration period acquired for each of the MS/MS
performed were combined, smoothed, deisotoped (fast
option) and centroided using the Micromass PGS 2.0 data
processing software. All individual MS/MS data thus gener-
ated from a particular sample well were then output as a
single MASCOT-searchable peak list file and all peak list files
generated from each the 1-D mLC fractions as deposited by
Probot on the corresponding MALDI sample well were
manually combined into a single .pkl file before searching
against the NCBIr database using MASCOT program.

2.6 Protein modification analysis by LC-ESI

nanoMS/MS

The tryptic digested peptides from each Prx isoform were
analyzed by 1-D LC-nanoESI MS/MS. The 1-D LC-nanoESI-
MS/MS analysis was performed on an integrated nanoLC-
MS/MS system (Mircomass) comprising a three-pumping

Micromass/Waters CapLC system with an autosampler, a
stream select module configured for precolumn plus ana-
lytical capillary column, and a Micromass Q-Tof Ultima

API mass spectrometer fitted with nano-LC sprayer,
operated under MassLynx 4.0 control. Injected samples
were first trapped and desalted isocratically on an LC-
Packings PepMap C18 m-Precolumn Cartidge (5 mm,
300 mm id65 mm; Dionex, Sunnyvale, CA, USA) for 2 min
with 0.1% formic acid delivered by the auxillary pump at
30 mL/min after which the peptides were eluted off from the
precolumn and separated on an analytical C18 capillary col-
umn (15 cm675 mm id, packed with 5 mm, Zorbax 300
SB C18 paticles; Micro-Tech Scientific, Vista, CA, USA) con-
nected inline to the mass spectrometer, at 300 nL/min using
a 40 min fast gradient of 5% to 80% acetonitrile in 0.1% for-
mic acid.

3 Results and discussion

3.1 Bacterial survival of B. stearothermophilus TLS33

under oxidative stress

The survival of thermophile B. stearothermophilus TLS33
after treatment with different concentrations of H2O2 is
shown in Fig. 1. In general, hydrogen peroxide (H2O2) pro-
duced the reactive oxygen species (ROS) which are generated
aerobically by auto-oxidation of electron transport chain
components and, when present in excess, can damage var-
ious components of living cells [7–15]. Thus, the percentage
of bacterial survival decreased after addition of H2O2 from 50
to 500 mM, except 10 mM H2O2. Although all concentrations of
H2O2 were not shown to be highly affected to the bacterial
cells along 120 min of stressed time with the survival higher
than 85%, the increase of H2O2 concentration effectively
decreased the survival of this bacterium.

Figure 1. Survival percentage of B. stearothermophilus TLS33
after addition of different concentrations of H2O2 (10, 50, 100 and
500 mM) for 120 min.
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3.2 2-DE analysis of B. stearothermophilus TLS33

cells

Although the regulation in gene level of bacteria under
oxidative stress has been reported, the regulation in protein
level including protein expression and post-translational
modification are rarely studied in this bacterium. In order
to better understand the stress response of B. stear-
othermophilus TLS33 under oxidative condition, we used
the proteomic approach to detect and identify proteins that
are differentially expressed in bacterial cell that is resistant
to oxidative stress within a short period time of 15 min.
After addition of different concentrations of H2O2, 2-DE
analysis of the intracellular proteins of B. stearo-
thermophilus TLS33 demonstrated a few changes in the
protein patterns (Fig. 2). Interestingly, four isoform spots
at the low molecular weight approximately 27 kDa were
markedly changed. Subsequently, the protein digests of
three isoform spots were analyzed by MALDI-TOF MS/MS
and identified to be the same protein called peroxiredoxin
(Prx) and denoted as Prx I, Prx II, Prx III and Prx IV.
Moreover, the probability-based scoring of the mass spec-
trums of peroxiredoxin isoforms derived from the calcula-
tion by Perkins et al. [38] informed the high scoring of
mass database search which indicated that these four spots
were peroxiredoxin reliably (Table 1). In addition, those
isoforms Prx I, Prx II, Prx III and Prx IV appeared at the
same molecular weight but different in pI with 5.0, 4.87,
4.81 and 4.79, respectively. We suggest that a shift to a
more acidic spot position may be caused by post-transla-
tional modification which might occur in response to oxi-
dative stress when cysteine residues are oxidized to sul-
phinic acid [39–42].

In general, peroxiredoxins are a ubiquitous family of
antioxidant enzymes, which play an important role in many
physiopathological processes, including adaptation to oxy-
gen [43, 44]. It is well known that peroxiredoxins control
cytokine-induced peroxide levels which mediate signal

transduction in mammalian cells. They can be regulated by
changes to phosphorylation, redox and possibly oligomeri-
zation states [45, 46]. They are also significantly elevated in
human thyroid tumors [47] and in the area of brain that are
most susceptible to hypoxic and ischemic injury [48].
Recently, the interesting study of peroxiredoxin by genome-
based bioinformatics selection showed its function as a vac-
cine candidate for anthrax disease [49]. In the case of bac-
teria, the metabolic context of peroxiredoxins and its physio-
logical relevance have not yet been widely studied, especially
the alteration of peroxiredoxin isoform depending on the
oxidative state. In our results, we first found that thermo-
phile B. stearothermophilus TLS33 produced the peroxiredox-
ins with four isoforms when encountering oxidative stress.
In fact, two isoforms of peroxiredoxins I and II (Prx I and II)
normally appeared in the cytosol of this bacterium. After
addition of H2O2 and incubation for 15 min, the peroxi-
redoxin isoforms were shifted depending on the H2O2 con-
centration. This evidence can be supported by the previous
study which reported that the acidic form of peroxiredoxins
was an oxidative modified form after organisms have
encountered oxidative stress, whereas the basic form was the
normal form of peroxiredoxins [41]. We suggest that the
reactive oxygen species (ROS) can oxidize the peroxiredoxins
and modify it to become four isoforms when the bacterium
encountered oxidative stress. Thus, we could observe the
increase of Prx II, Prx III and Prx IV in the oxidative stress
condition.

3.3 Expression of peroxiredoxin isoforms

Since peroxides are weak oxidizing agents, they can react
with cysteinyl-thiols in proteins by formation of disulfide
bonds or sulphinic acid derivatives [50]. While cells are
growing, significant amounts of O2

2 and H2O2 are generated
by enzymatic misdirection of electrons to dioxygen. It is
assumed that flavin-dependent transfer reactions of respira-
tory chain are primarily responsible for generation of ROS. If

Table 1. Protein identification of four isoforms of peroxiredoxin from thermophile Bacillus stearothermo-
philus TLS33

Isoform Mass
(kDa)

pI MOWSE
score

Peptide
matched
no

Sequence
coverage
(%)

Matching sequence

Prx I 27 5.00 347a) 4 38 MFDVLDEEQGLAQR

Prx II 27 4.87 252a) 4 27 IEYVMIGDPSHQLSR

Prx III 27 4.81 80a) 4 7 AQAYHNGEFIEVTEQDFMGK
GTFIIDPDGVIQAVEINADGIGR

Prx IV 27 4.78 131a) 3 27 MFDVLDEEQGLAQR
IEYVMIGDPSHQLSR
GTFIIDPDGVIQAVEINADGIGR

a) The score indicates identity or extensive homology. (Protein scores are derived from MASCOT software.)
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Figure 2. 2-DE images of intracellular proteome of Bacillus stearothermophilus TLS33
under oxidative stress. A, Intracellular proteins under control condition; B, C, D and E,
Intracellular proteins after addition of 10, 50, 100 and 500 mM of H2O2 for 15 min,
respectively. The differentially expressed proteins under oxidative stress were analyzed
by MALDI-TOF MS/MS. The different isoforms of peroxiredoxin are shown by arrows.

the amount of ROS increases to toxic levels, cells encounter
oxidative stress. In this study, we used H2O2 as an oxidative
stressor to investigate how bacterial cells protect themselves
from harmful conditions of oxidative stress. By the results,
peroxiredoxin is one interesting protein which showed a
significant difference in protein expression level. In order to
conveniently visualize the peroxiredoxin isoform appear-
ance, 3-D viewings of peroxiredoxin area under different
concentrations of H2O2 were generated by using Image-
Master 2D platinum software and used to examine altera-
tions of peroxiredoxin (Fig. 3A). In addition, the volume of
peak area in 3-D viewing of peroxiredoxin isoforms can be

equivalent to the protein intensity as shown in Fig. 3B. The
image viewings showed Prx I normally located on the basic
region while Prx II, Prx III and Prx IV located on the acidic
region. In the presence of different H2O2 concentrations, 2-D
and 3-D viewings demonstrated the markedly different
expression level of peroxiredoxin isoforms, which are de-
pendent on the concentration of H2O2, especially at the high
concentration of 500 mM. Interestingly, Prx III slightly
appeared in the absence of H2O2 and in the low concentra-
tion of 10 mM H2O2 whereas Prx IV was not observed. The
appearance of Prx III and Prx IV occurred in the presence of
50 mM H2O2 condition and/or higher concentration of H2O2.
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Figure 3. Representative of peroxiredoxin expression in
B. stearothermophilus TLS33 under oxidative stress by addition
of different concentrations of H2O2. (A), 2-D and 3-D images cov-
ering the peroxiredoxin isoform region under different con-
centrations of H2O2 for 15 min. The volume of peak area repre-
sents the intensities of protein spots. A, control (no addition of
H2O2); B, 10 mM H2O2; C, 50 mM H2O2; D, 100 mM H2O2; E, 500 mM

H2O2. (B), Percentage of protein spot intensity of peroxiredoxin
isoforms on different H2O2 concentrations. These percent spot
volumes were generated by ImageMaster 2D platinum.

Figure 4. Hypothesis of B. stearothermo-
philus TLS33 peroxiredoxin isoforms that are
modified by H2O2. The modification of active site
cysteines resulted in acidic shift of peroxiredoxin
by forming the complex with sulphinic acid at
active site residue.

In the absence of H2O2, Prx I showed the highest inten-
sity rather than Prx II, Prx III and Prx IV, respectively. When
the concentration of H2O2 was increased, the Prx I intensity
was decreased whereas Prx II, Prx III and Prx IV intensities
were increased (Fig. 3B). Thus, we conclude that the inten-
sities of Prx II, Prx III and Prx IV are directly increased to the
concentration of H2O2 and the appearance of peroxiredoxin
isoforms are regulated by H2O2. Otherwise, these evidences
may be post-translational modification which has also been
reported and that the acidic spot was confirmed to be a
modified form because the active-site cysteines were oxidized
and turned into cysteine sulphinic acid [42, 50, 51]. Thus, we
presume that the modified cysteines with sulphinic acids in

the protein molecule may formulate the proteins to have
positive charge and intend to shift the pI of the protein.
Therefore, the level of oxidative stress directly affected the
modification of peroxiredoxin isoforms and the active-site
cysteines may be modified by H2O2 to be obtain the acidic
form (Fig. 4).

3.4 Post-translational modification by LC-MS/MS

analysis

According to our presumption, the Prx isoforms would be
modified with ROS or H2O2 and formed sulphinic acid in
cysteine residues (Cys-SO2H). To characterize the modifica-

 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.proteomics-journal.de



3728 S. Topanurak et al. Proteomics 2005, 5, 3722–3730

tions taking place in the acid spots, both the normal and
acidic spots from Prx were analyzed by LC-MS/MS. A mod-
ified peptide was found at the LC-MS stage as a peak occur-
ring only in the acidic spots of Prx II and Prx III and not in
the basic one of Prx I (Fig. 5). There were 598 m/z peaks in
Prx II, and 598 m/z and 809 m/z peaks in Prx III, in which
these peaks are different from its native form (Prx I). To
confirm the hypothesis, these tryptic digestion peptides were
analyzed by collision-induced dissociation. From MS/MS
spectrum in Fig. 5, it indicates the H2O2 oxidized SH group
in cysteine residue of both Prx II and Prx III. A mass differ-
ence of 135 absolute mass units was detected between the b3
and b4 ion in 598 m/z peak of both of Prx II and III and be-
tween b6 and b7 in 809 m/z peak of Prx III, indicative of the
presence of a cysteinyl residue modified by two oxygen
atoms. According to our purpose the H2O2 would oxidize
disulfide group in another cysteine residue in Prx II and
cause the protein to shift to a more acidic region which
formed Prx III, herein this was proved by the presence of
598 m/z and 809 m/z peak in Prx III but it was found that
only 598 m/z is present in Prx II. However, due to the high
sequence conservation between Prx II and III, we speculate
that the acidic Prx III spot also corresponds to an oxidized
form at the active site. This has also been reported in the
similar modification [42]. For Prx IV, we could not find the
mass difference of 135 mass units. However, we will investi-
gate the fourth isoform in a further study.

3.5 Effect of stressed time on modification of

peroxiredoxin isoforms under oxidative stress

According to the results of different concentration of H2O2,
Prx II showed the highest intensity at 100 mM of H2O2 and
subsequently decreased at 500 mM, while Prx III and Prx IV
were directly variable to the increase of H2O2 concentrations.
Hence, we examined the effect of stressed time on the irre-
versible oxidation of peroxiredoxin isoforms by adding the
high concentration of 500 mM H2O2. At 120 min of stress pe-
riod, Prx I showed the decreased intensity whereas Prx III
showed the increased intensity (Fig. 6). Surprisingly, perox-
iredoxin isoform called Prx IV eventually appeared in the
rather acidic region (pI 4.79) when the stressed time was
longer. The longer stressed time period had no affect on the
reversible oxidation of peroxiredoxin isoforms to return to its
original form. This finding indicated that when the bacteri-
um encountered higher oxidative stress, the oxidized forms
of Prx III and Prx IV were not altered themselves to any
reduced forms. According to the previous reports, the oxida-
tion of the active site cysteine to the sulphinic state has also
been considered to be irreversible [52–54]. Otherwise, the
reversibility of Prx III to its original form (Prx I) is probably
difficult because of the stability of sulphinic acid (RSO2H)
which was obtained from modification of cysteine residue.
Nevertheless, it is necessary to further study that whether
H2O2 is not presented in all oxidized surrounding conditions
of bacterial cells, these proteins would be reduced and re-

Figure 5. Collision-induced dissociation spectrum of the Prx II –
598 m/z peak (A) and Prx III – 598 m/z peak (B) and 809 m/z
peak (C). The m/z ion peaks are shown on the top of peak. The
amino acid sequences were calculated from the difference of
mass units of b ion series. The difference of mass units of 135
was derived from the calculation of cysteine molecular
weight (103) plus two oxygen atoms (32).
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Figure 6. Representative of peroxiredoxin expression in
B. stearothermophilus TLS33 under oxidative stress in different
stressed times. (A), 2-DE images of peroxiredoxin isoforms in the
presence of 500 mM H2O2 and different time points. Note that the
isoforms were not changed through the bacterium encountered
oxidative stress along the incubation times. (B), Percentage of
protein spot intensity of peroxiredoxin isoforms on different
times after addition of 500 mM H2O2. These percent spot volumes
were generated by ImageMaster 2D platinum.

turned to its original form. For this reason, the regulatory
pathway of these proteins and other proteins under oxidative
stress will be further studied.

4 Concluding remarks

In summary, this study is the first finding of peroxiredoxin in
the thermophilic bacterium B. stearothermophilus TLS33 that
produced many isoforms to reduce ROS when it encoun-
tered oxidative stress. By proteomic approach combining
2-DE and mass spectrometry, we detected an alteration of the
peroxiredoxin isoforms upon oxidative stress, showing the
increased intensity of acidic form of peroxiredoxin. Analysis
of tryptic peptides generated from the peroxiredoxin spots in
the basic and acidic areas by mass spectrometry provided the
different isoforms of peroxiredoxin that had the same mo-
lecular weight but different pI. This modification by pI
shifting may be caused by adding a negative charge to form a
complex with the protein and shifting the pI to be more acid.
This evidence is possible to use this protein as diagnostic
indicators or protein markers in physiological condition or
use in the industrial applications.
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