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Abstract Antrodia camphorata is a unique medicinal
mushroom found only in Taiwan. It has been used as a
remedy for various diseases in folk medicine. Antrodia
camphorata has been shown to exhibit antioxidative
effects. Peroxiredoxins play important roles in antioxidation
and cell signaling. A gene encoding an antioxidant enzyme,
1-cysteine peroxiredoxin (1-Cys Prx), was identified in an
expressed sequence tag database of the A. camphorata and
cloned by polymerase chain reaction. The 1-Cys Prx cDNA
(837 bp, accession no. AY870325) contains an open
reading frame encoding a protein of 223 amino acid
residues with calculated molecular mass of 25,081 Da.
The deduced protein shared 44–58% identity with 1-Cys
Prx from Homo sapiens, Bos taurus, and Saccharomyces
cerevisia. The sequence surrounding the conserved cysteine
DFTPVCTTE is conserved. The coding sequence was
subcloned into a vector, pET-20b (+), and transformed into

Escherichia coli. The recombinant 1-Cys Prx was purified
by Ni2+-nitrilotriacetic acid (Sepharose). The purified
enzyme was characterized under various conditions. The
enzyme is thermostable because its half-life of inactiva-
tion was 15.5 min at 60 °C. It was stable under alkaline
pH range from 7.8 to 10.2. The enzyme showed
decreased activity with increasing concentration of imid-
azole. The enzyme is sensitive to trypsin and chymotrypsin
treatment.
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Introduction

Peroxiredoxins (Prxs) constitute a family of peroxidases
found in a variety of organisms from bacteria to mammals
(Hofmann et al. 2002; Rhee et al. 2005a,b). The enzymes
play important roles in antioxidation and cell signaling
(Neumann et al. 2003; Rhee et al. 2005a,b). They exert
their protective antioxidant role by reducing/detoxifying
alkyl hydroperoxides and hydrogen peroxide using thiols as
reductants (Bryk et al. 2000; Hillas et al. 2000). Thio-
redoxin peroxidase (TPx) is a peroxidase that reduces
hydrogen peroxide with the use of electrons from thio-
redoxin (Trx) and contains two essential cysteines (Kang et
al. 1998). All Prxs use the conserved redox active
peroxidatic cysteine (CP) located at the N-terminal portion
of the molecule to reduce peroxides (Wood et al. 2003a,b).
During the peroxidase reaction, the CP residue in the active
site is oxidized to sulfenic acid (CP-SOH), whereas
hydrogen peroxide, peroxynitrite, and a broad range of
alkyl hydroperoxides are reduced to water, nitrite, or the
corresponding alcohol (Ellis and Poole 1997). Prxs are
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classified into two types, 1-Cys and 2-Cys, based on
whether they contain one or two conserved Cys residues
(Chon et al. 2005). The 2-Cys Prxs contain a second
conserved resolving Cys (CR) residue at the C-terminal
portion of the molecule. The 2-Cys Prxs have been further
subdivided into either typical or atypical types depending
on the location of the CR residue. In typical 2-Cys Prxs, the
CP-SOH reacts with the CR-SH residue located in the C-
terminal portion of the second subunit of the enzyme
homodimer to form an intermolecular disulfide (Chae et al.
1994). In atypical 2-Cys Prxs, the CP-SOH reacts with the
CR-SH residue within the same subunit forming intramo-
lecular disulfide. The disulfide is then reduced by Trx,
glutaredoxin, or glutathione (Pak et al. 2002; Dietz 2003)
completing the catalytic cycle. In the case of 1-Cys Prx,
Cys-SH is oxidized by peroxide to Cys-OH that can be
reduced by a thiol such as dithiothreitol (DTT) (Pak et al.
2002).

Prx is one of the most important antioxidant enzymes.
Treatment of L2 cells (a rat lung epithelial cell line) with an
antisense oligonucleotide to 1-Cys Prx revealed that 1-Cys
Prx can function in the intact cells as an antioxidant enzyme
to reduce the accumulation of phospholipid hydroperoxides
and prevent cell suicide by apoptosis (Pak et al. 2002).
Under oxidative stress, PrxVI (a 1-Cys Prx) knockout mice
were found to have lower survival rates, with more severe
tissue damage in organs such as the kidney, liver, and lung.
In PrxVI knockout animals, the gene expression levels of
other antioxidant enzymes such as catalase, glutathione
peroxidase, and manganese superoxide dismutase were not
different from those of the wild-type mice, suggesting that
PrxVI cannot be compensated for by these antioxidase
genes (Wang et al. 2003; Immenschuh and Baumgart-Vogt
2005). Several in vitro and in vivo studies have implicated
the potential of 2-Cys Prxs as either therapeutic targets or
diagnostic biomarkers for major diseases. Prx I expression
is elevated in most cancers, and it is believed to be a
consequence of self-defense against tumorigenesis. The
possibility that recombinant 2-Cys Prx proteins can be
useful for cancer prevention has been proposed (Kang et al.
2005). Recombinant Prx I and Prx II have also been shown
to exhibit antiviral activity by inhibiting HIV-1 replication
(Geiben-Lynn et al. 2003). Cytosolic yeast Prxs, cPrxI, and
cPrxII can act alternatively as peroxidases and molecular
chaperones. It has been reported that oxidative stress and
heat shock exposure of yeasts caused the cPrxI and II to
shift from low molecular weight (MW) species to high MW
complexes and triggered a peroxidase-to-chaperone func-
tional switch (Jang et al. 2004). Therefore, a potential
alternative use of recombinant 2-Cys Prx would be to
prevent abnormal protein aggregation in the damaged
neurons (Kang et al. 2005). Antioxidant enzymes that can
restore misfolded proteins to their active conformations

may play a role in promoting longevity (Gems and
McElwee 2003).

Chinese cultures traditionally treat sickness with natural
therapeutic ingredients rather than over-the-counter or
prescription medication. In Asia, medicinal mushrooms
believed to increase longevity in traditional practice have
long been regarded as health foods. Antrodia camphorata is
a unique medicinal mushroom species found only in the
forests of Taiwan, which uses Cinnamomum kanehirai hay
as its host. The fruiting body of A. camphorata has been
used as a remedy for various diseases in folk medicine for
many years. Therefore, this local mushroom is especially
highly regarded in Taiwan. Antrodia camphorata has been
shown to exhibit antioxidative (Hsiao et al. 2003),
anticancer (Hseu et al. 2004; Hsu et al. 2005), and
antihepatic (Hsiao et al. 2003; Song and Yen 2003) effects.
Antrodia camphorata is also used as a health food in
maintaining life expectancy. Although A. camphorata
shows physiological activities with great potentials in
medical applications, only a few scientific studies have
been reported. This motivated us to establish ESTs
(expression sequence tags) from fruit body of A. camphor-
ata to search physiologically active components for
medicinal use. We are particularly interested in antioxidant
enzymes such as Prxs because this family of enzymes may
be one of the important physiologically active components
in A. camphorata responsible for maintaining human health
and longevity. Here we report cloning and expression of an
antioxidant enzyme, 1-Cys Prx cDNA, from A. camphorata
(Ac-1-Cys Prx). The active Ac-1-Cys Prx enzyme has been
purified and its properties studied. Understanding the
properties of the Ac-1-Cys Prx and the ability to produce
large quantities of the purified enzyme will allow its future
utility in testing and developing applications in medicine or
as health food.

Materials and methods

Antrodia camphorata

Fruiting bodies of A. camphorata, which naturally grows in
the punk of C. kanehirai hay, were obtained from the
central part of Taiwan.

Total RNA preparation and cDNA synthesis

Fresh fruiting bodies (wet weight, 1.3 g) were frozen in
liquid nitrogen and ground to powder in a ceramic mortar.
Total RNA was prepared using TRIzol reagent (GIBCO,
Frederick, MD, USA) as described before (Ken et al.
2005). The total RNA (4.2 μg) was obtained. Three
micrograms of the total RNA was used for cDNA synthesis
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using a ZAP-cDNA kit from Stratagene (La Jolla, CA,
USA).

Isolation of Ac-1-Cys Prx cDNA

We have previously established an EST database from
fruiting bodies of A. camphorata and sequenced all
colonies with insert size greater than 0.4 kb (data not
shown). The identity of Prx cDNA clone was assigned by
comparing the inferred amino acid sequence in various
databases using the basic local alignment search tool
(BLAST).

Recombinant DNA preparation

The coding region of the Prx cDNA was amplified using
two gene-specific primers. The 5′ primer contains the NdeI
recognition site (5′ GGAATT CCA TATG CCT AGC CTC
CGC CTT GGA 3′), and the 3′ primer contains the XhoI
recognition site (5′ CCGCTCGAG TAC GTT GAG AGG
GGT GGT TCG 3′). Using 0.1 μg of A. camphorata cDNA
as a template and 10 pmol of each 5′ and 3′ primer, a 0.7-
kb fragment was amplified by polymerase chain reaction
(PCR). The fragment was ligated into pCR2.1 and trans-
formed into Escherichia coli TOPO10. Plasmid DNA was
isolated from the clone and digested with NdeI and XhoI.
The digestion products were separated on a 0.8% agarose
gel. The 0.7-kb insert DNA was gel-purified and subcloned
into NdeI and XhoI sites of pET-20b(+) expression vector
(Novagen). The recombinant DNA was then transformed
into E. coli BL21(DE)pLysS. The recombinant protein was
overexpressed in E. coli and its peroxidase function
checked by enzyme activity assay.

Overexpression and purification of the recombinant
Ac-1-Cys Prx

The transformed E. coli containing the Ac-1-Cys Prx gene
was grown at 32 °C in 200 ml of Luria–Bertani broth
containing 50 μg/ml ampicillin and 12.5 μg/ml chloram-
phenicol until A600 reached 0.9. Protein expression was
induced by the addition of isopropyl β-D-thiogalactopy-
ranoside to a final concentration of 1 mM. The culture was
incubated for an additional 4 h at 150 rpm. The cells were
harvested, and soluble proteins were extracted with glass
beads as described before (Ken et al. 2005). The recombi-
nant Ac-1-Cys Prx was purified by Ni-NTA affinity chroma-
tography as per the manufacturer’s instruction (Qiagen). The
purified enzyme (6 ml) was dialyzed against 200 ml
phosphate-buffered saline (PBS) containing 1% glycerol at
4 °C for 4 h. Fresh PBS containing 1% glycerol was changed
once during dialysis. The dialyzed sample was either used
directly for analysis or stored at −20 °C until use.

Protein concentration measurement

Protein concentration was determined by a Bio-Rad protein
assay kit (Richmond, CA, USA) using bovine serum
albumin as a reference standard.

Analysis of the MWs by gel filtration chromatography

The MWs of the purified enzyme were determined by gel
filtration chromatography. Purified enzyme was applied to a
gel filtration column (Shodex PROTEIN KW-802.5, 8×
300 mm; Showa Denko Co., Japan) on a high-performance
liquid chromatography (HPLC) system. The protein was
eluted at a flow rate of 1 ml/min with 50 mM potassium
phosphate (pH 6.8).

Antioxidant activity assay

The recombinant Ac-1-Cys Prx enzyme (0.5–2.0 μg
protein) was incubated in 45–48 μl buffer (1 mM DTT in
0.33×PBS containing 5% glycerol) for 2 min at room
temperature. The reaction was initiated by the addition of
2–5 μl 1 mM t-butylperoxide (t-BOOH; 40–100 μM). At
0- and 10-min reaction times, 50 μl aliquot of the reaction
mixture was taken, and 20 μl of 26.3% trichloroacetic acid
was added to stop the reaction. The peroxidase activity was
determined by following the disappearance of the peroxide
substrate (the total peroxide, 2–5 nmol at the beginning of
the reaction minus the remaining amount of the 10 min).
The remaining peroxide content was determined as a red-
colored ferrithiocyanate complex formed by the addition of
20 μl 10 mM Fe(II)(NH4)(SO4)2 and 10 μl 2.5 M KSCN to
the 70-μl reaction mixture, which was quantified by
measurement of the absorbance at 475 nm (Thurman et al.
1972; Kawazu et al. 2001). The Trx-dependent reduction of
t-BOOH by Ac-1-Cys Prx was monitored using nicotin-
amide adenine dinucleotide phosphate (reduced form;
NADPH) reduction of Trx, catalyzed by E. coli NADPH
thioredoxin reductase (TrxR) (Kang et al. 1998; Kawazu et
al. 2001).

Enzyme characterization

The enzyme was tested for its stability under various
conditions. Aliquots of the Ac-1-Cys Prx sample were
treated as follows:

1. Thermal stability. Enzyme sample was heated to 60 °C
for 0, 2, 4, 8, or 16 min.

2. pH stability. Enzyme sample was adjusted to desired
pH by adding a half-volume of buffer with different
pHs: 0.2 M citrate buffer (pH 2.2), 0.2 M Tris–HCl
buffer (pH 5.4, 7.8, or 9.0), or 0.2 M glycine–NaOH

1316 Appl Microbiol Biotechnol (2007) 73:1314–1322



buffer (pH 10.2). Each sample was incubated at 37 °C
for 30 min.

3. Sodium dodecyl sulfoxide effect. Sodium dodecyl
sulfoxide (SDS), a protein denaturing reagent, was
added to the enzyme sample to the levels of 1, 2, or 4%
and incubated at 37 °C for 30 min.

4. Imidazole effect. During protein purification, the Ac-1-
Cys Prx enzyme was eluted with imidazole. Therefore,
the effect of imidazole on protein activity/stability was
examined. Imidazole was added to the enzyme sample
to the levels of 0.2, 0.4, 0.8, or 1.6 M and incubated at
37 °C for 30 min.

5. Proteolytic susceptibility. The enzyme was incubated
with 1/20 its weight of trypsin or chymotrypsin at
pH 8.0, 37°C for a period of 10, 20, or 40 min. In the
chymotrypsin digestion, CaCl2 was added to 5 mM.
Aliquots were removed at various time intervals for
analysis.

After each treatment, two thirds of the sample was
electrophoresed onto a 15% native polyacrylamide gel
electrophoresis (PAGE) or 15% SDS-PAGE to determine
any changes in protein levels. The other one third of the
sample was used for ferrithiocyanate assay to determine any
changes in enzyme activity.

Results

Cloning and characterization of a cDNA encoding
Ac-1-Cys Prx

Approximately 40,000 A. camphorata cDNA clones were
sequenced (data not shown). Nucleotide sequences and the
inferred amino acid sequences of these clones were
compared with the sequences in various nucleic acid and
protein data banks using the FASTN and FASTP programs,
respectively. A putative 1-Cys Prx cDNA clone was
identified by sequence homology to the published Prxs.
The Ac-1-Cys Prx cDNA [837 bp, European Molecular
Biology Laboratory (EMBL) accession no. AY870325]
contains an open reading frame encoding a protein of 223
amino acid residues with calculated molecular mass of
25,081 Da. Figure 1 shows the nucleotide and the deduced
amino acid sequences of the Ac-1-Cys Prx clone. Figure 2
shows the amino acid sequence alignment of the putative
Ac-1-Cys Prx with 1-Cys Prx from several sources. The
Ac-1-Cys Prx shared 44–58% identity with 1-Cys Prx from
Homo (Homo sapiens, P30041), Bos (Bos taurus, O77834),
Rattus (Rattus norvegicus, O35244), Mus (Mus musculus,
O08709), Dirofilaria (Dirofilaria immitis, O17433), and

Fig. 1 Nucleotide and deduced
amino acid sequence of Ac-1-
Cys Prx (837 bp, EMBL acces-
sion no. AY870325). Numbers
to the left refer to nucleotide and
its deduced amino acid residues.
The conserved Cys and sur-
rounding residues are under-
lined. The asterisk denotes the
translation stop signal
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Saccharomyces (Saccharomyces cerevisia, P34227). As
expected, many structurally or functionally important
residues are conserved. The consensus sequence surround-
ing the conserved cysteine of 1-Cys Prx proteins
(corresponding to Cys47 of human 1-Cys Prx), PVCTTE,
is totally conserved. The catalytic triads C46, H38, and
R135 (amino acid residue numbering according to Ac-1-
Cys Prx) representing the minimum prerequisite for
peroxidatic activity (Choi et al. 1998; Hofman et al.
2002) are conserved.

Expression and purification of the recombinant
Ac-1-Cys Prx

The coding region of Ac-1-Cys Prx (0.7 kb) was amplified by
PCR and subcloned into an expression vector, pET-20b(+),

as described in “Materials and methods”. Positive clones
were verified by DNA sequencing. The recombinant Prx
protein was overexpressed, and the total cellular proteins
were analyzed by a 15% SDS-PAGE (Fig. 3, lane 1). The
expression level of recombinant Prx protein was approx-
imately 15% of total bacterial protein. The Prx, expressed
as a 6His-tagged fusion protein, was purified by affinity
chromatography with nickel-chelating Sepharose. The
purity of the protein was examined by SDS-PAGE
(Fig. 3, lanes 4–8). The purified Prx migrates as a single
band of about 25 kDa on reducing SDS-PAGE. The
presence of 25 kDa Prx was confirmed by gel filtration
chromatography (data not shown). The yield of the
purified His-tagged Prx was 2.72 mg from 200 ml of
culture. The isolated recombinant protein showed peroxi-
dase activity in vitro as described below.

Antioxidant activity of the enzyme

The activity of the Ac-1-Cys Prx to remove t-BOOH was
evaluated using the ferrithiocyanate system. This Ac-1-Cys
Prx showed no ability to remove t-BOOH without
supplementing thiols in the reaction mixture. Such activity
was promoted more efficiently if DTT was added at 1 mM
to the reaction mixture (Fig. 4a).The result indicates that
DTT is capable of reducing the oxidized form of the Ac-1-
Cys Prx to regenerate its enzymatic activity. The Ac-1-Cys
Prx catalyzed the removal of t-BOOH in the presence of
DTT in a concentration-dependent manner (Fig. 4a). This
thiol peroxidase ability to remove t-BOOH by the Ac-1-Cys
Prx protein was not supported by the presence of 1 mM
gluthathione (GSH) (Fig. 4a). The representative time
course study under the substrate (t-BOOH) concentration
of 60 μM was shown in Fig. 4b. The Trx-linked peroxidase

Fig. 2 Optimal alignment of the amino acid sequences of 1-Cys Prx
from A. camphorata Ac-1-Cys Prx (this study), Homo (H. sapiens),
Bos (B. taurus), Rattus (R. norvegicus), Mus (M. musculus),
Dirofilaria (D. immitis), and Saccharomyces (S. cerevisia). Identical
amino acids in all sequences are shaded black; conservative replace-
ments are shaded gray

Fig. 3 Coomassie-blue-stained SDS-polyacrylamide gel showing the
purification of 6His-tagged Ac-1-Cys Prx expressed in E. coli. Lane 1,
crude extract from E. coli expressing the Prx; lane 2, flow-through
proteins; lane 3, wash; lanes 4–9, purified Prx eluted from Ni-NTA
column fractions 1–6. Molecular masses (in kilodaltons) of standards
are shown at left. An arrow denotes the target protein
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activity of the Ac-1-Cys Prx was tested by monitoring the
oxidation of NADPH in the presence of E. coli Trx/TrxR
system (Fig. 4c). After the addition of t-BOOH, the Trx/
TrxR system with the addition of Ac-1-Cys Prx showed a
little decrease in A340, which was attributed to the oxidation
of NADPH. The result suggests that the Ac-1-Cys Prx has
very little TPx activity.

Characterization of the purified Ac-1-Cys Prx

The Ac-1-Cys Prx was characterized on its heat stability,
the influence of pH, SDS, imidazole, or proteases sensitiv-
ity. Heat stability and imidazole effects were tested because
the information is useful for developing enzyme purifica-
tion protocols. The data of thermostability are important for

Fig. 4 Peroxidase activity of Ac-1-Cys Prx. An effect of 1 mM DTT
or 1 mM GSH (a) on the activity of the Prx to remove t-BOOH was
examined in a 50-μl reaction volume. Various concentrations of the
Prx protein were incubated with t-BOOH (60 μM) in the presence or
absence of the indicated thiols for 10 min. The remaining t-BOOH in
the reaction mixture was measured using the ferrithiocyanate system.
The results were expressed as the percentage of A475 recorded with the
Prx relative to that without the Prx. Data are means of three
experiments. b Time-dependent removal of t-BOOH (60 μM) by the
Prx protein (30 μg/ml) with 1 mM DTT was recorded from 2 to

10 min. The reactions were stopped at 2-min intervals. The remaining
t-BOOH were expressed as nanomoles of t-BOOH calculated on the
basis of A475 recorded at the indicated time. Data are means of three
experiments. c The NADPH oxidation is coupled by the E. coli Trx
and Trx R system to the Prx-mediated reduction of t-BOOH (dotted
line). The NADPH oxidation was monitored as the decrease in A340 in
a 100-μl reaction mixture (1.2 μM TR, 8 μM Trx, 0.25 mM NADPH,
100 μg/ml Ac-1-Cys Prx protein, 100 μM t-BOOH in 0.16×PBS
containing 2% glycerol). Solid line indicates absence of the Prx. Data
are representative of three similar experiments
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preparation of the enzyme as health food, which often
involves processing under higher temperature during
lyophilization. SDS tests may be beneficial if the enzyme
is to be used in cosmetics because cosmetics often contain
SDS. Protease tests were useful in understanding the effect
of the digestive enzymes to the Prx and its suitability as
health food.

The enzyme inactivation kinetics was performed at 60 °
C as described in “Materials and methods.” The total
amount of protein after heating at 60 °C did not change, as
shown by the SDS-PAGE (Fig. 5a). However, the protein
intensity decreased significantly after heating in the native gel
(Fig. 5b). This is likely due to denaturation and aggregation of
the enzyme by heat. The enzyme inactivation kinetics at 60 °C
fit the first-order inactivation rate equation ln(Et/Eo)=−Kdt,
where Eo and Et represent the original activity and the residual
activity after heating for time t, respectively. The thermal
inactivation rate constant (Kd) calculated for the enzyme was
0.045 per minute at 60 °C, and the half-life of inactivation was
15.5 min (Fig. 5c).

The Ac-1-Cys Prx showed activity under alkaline
condition with optimal pH at 9 (results not shown). No
activity was detected at or below pH 5.4 (results not
shown). The enzyme activity was lost completely in the
presence of 1% SDS or higher (results not shown). The
enzyme showed a decrease in activity with increasing

concentration of imidazole (Fig. 6). Approximately 70% of
the Prx activity was lost in the presence of 0.4 M imidazole
or higher. The presence of 1.6 M imidazole seemed to
promote protein degradation. Therefore, during protein
elution from the affinity column, one should limit the
concentration of imidazole and remove it by dialysis
promptly after elution.

The Ac-1-Cys Prx is sensitive to proteolytic degradation
by digestive enzymes such as trypsin (Fig. 7) or chymo-
trypsin (results not shown). As soon as either protease was
added, the Ac-1-Cys Prx activity dropped by 30–40%. Very
little or no activity was detected after 40 min incubation
with either protease. These results were not surprising
because the protein contains 25 potential trypsin cleavage
sites and 18 potential chymotrypsin high specificity (C-
term to [FYW], not before P) cleavage sites, or 38
chymotrypsin-low specificity (C-term to [FYWML], not
before P) cleavage sites. The results suggest that the Ac-1-
Cys Prx is likely to be degraded if taken orally.

Discussion

Based on previous reports (Wood et al. 2003a,b), the
following conclusions are drawn: (1) The CP is surrounded
by three residues conserved in all Prx classes reported—

Fig. 5 Effect of temperature on
the purified Ac-1-Cys Prx. The
enzyme sample was heated at
60 °C. Aliquots of the sample
were taken at 0, 2, 4, 8, or
16 min and analyzed by 15%
SDS-PAGE (3.6 μg protein per
lane, stained with Coomassie
Blue) (a); 15% native PAGE
(3.6 μg protein per lane, stained
with Coomassie Blue) (b); Prx
activity assay (1.8 μg protein
per assay) (c). Data are means
of three experiments
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Pro39, Thr43, and Arg125 (Ac-1-Cys Prx numbering). The
Pro limits the solvent and peroxide access to CP and shields
CP sulfenic acid from further oxidation by peroxides. The
Thr might position the proton for abstraction by an
unidentified catalytic base, and the Arg might aid this by
stabilizing the growing negative charge on the sulfur. The
presence of Pro39, Thr43, and Arg125 surrounding the Cp

in the Ac-1-Cys Prx confirm the identity of the clone. (2)
Phosphorylation of mammalian typical Prx (I–IV) at the
conserved residue Thr89 (Ac-1-Cys Prx numbering is 90)
by cyclin-dependent kinases was to decrease the peroxidase
activity. The presence of a similar phosphorylation site in
this Prx suggests that phosphorylation may be a common
regulatory mechanism among Prxs.

1-Cys Prxs have been studied from several sources: human
PrxVI (1-Cys Prx) is a cytosolic protein possessing peroxi-
dase activity and slight phospholipase A2 activity. Cys47 at
the active site is responsible for the catalytic reduction of
H2O2 by DTT in vitro but not functional with thioredoxin or
GSH (Kang et al. 1998). However, depletion of GSH
diminished the activity of human PrxVI in intact cells,
indicating that GSH can serve as a physiological electron
donor (Manevich et al. 2002). In the present study, we
showed that the Ac-1-Cys Prx can use DTT but not GSH as

electron donor (Fig. 4a). In the presence of E. coli Trx/TrxR
system (Fig. 4c), the Ac-1-Cys Prx showed a slight decrease
in A340, suggesting that Ac-1-Cys Prx has little TPx activity.
Whether 1-Cys Prx uses GSH or Trx as a substrate in vivo
for reduction of peroxides remains to be investigated.

The fruiting body of A. camphorata is well known in
Taiwan as a folk medicine for treating cancer and
inflammation. Very little is known about the mode of
actions of its biological effects. We have been actively
searching for the important physiologically active compo-
nents in A. camphorata that are responsible for its
medicinal efficacy. In folk therapy, the whole mushroom
was ground to powder and then taken orally. The
physiologically active components in A. camphorata should
be stable in the digestive system and should be absorbed to
be effective orally. Although several Prxs have been
implicated as either therapeutic targets or diagnostic
biomarkers for major diseases, it is not clear if Ac-1-Cys
Prx is an active component in A. camphorata when ingested
orally. The proteases’ digestion results (Fig. 7) and the

Fig. 7 Effect of trypsin on the purified Ac-1-Cys Prx. The enzyme
samples were incubated with trypsin at 37 °C for various times and
analyzed by 15% native PAGE. a Staining for protein (3.6 μg protein
per lane). b To assay activity for protein (1.8 μg protein per time
interval). Data are means of three experiments

Fig. 6 Effect of imidazole on the purified Ac-1-Cys Prx. The enzyme
samples were incubated with various concentration of imidazole at
37 °C for 30 min and analyzed by 15% native PAGE. a Staining for
protein (3.6 μg protein per lane). b Prx activity assay (1.8 μg protein
per assay). Data are means of three experiments
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instability of Ac-1-Cyc Prx under acidic pH suggest that the
enzyme may be degraded to small peptides in the digestive
system. Whether the degraded peptides still possess the
antioxidant activities or if they may be absorbed by the
digestive system remains to be investigated. Other charac-
terized properties of the Ac-1-Cys Prx included its
thermostability (retained 50 % activity after heating at
60 °C for 15.5 min, as shown in Fig. 5), the stability under
alkaline pH (stable from 7.8 to 10.2), and the stability in the
presence of 0.4 M imidazole (retained 70% activity).

Recently, we have successfully overexpressed and
purified Ac-1-Cys Prx in a yeast expression system (results
not shown). An enzyme isolated from a yeast expression
system is superior to E. coli expression system because the
yeast expression system is free of endotoxin such as
lipopolysaccharide. Understanding the properties of the
Ac-1-Cys Prx and the ability to produce large quantities of
the purified enzyme free of endotoxin will allow us to test
and develop its applications in medicine or as health food.
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