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Abstract—The entire encoding region for Momordica charantia phospholipid hydroperoxide glutathione peroxidase
(McPHGPx) was cloned into pET-28a(+) vector and expressed in Escherichia coli BL21(DE3). The purified recombinant
McPHGPx displayed GSH-dependent peroxidase activity towards phospholipid hydroperoxide, H,0,, and tert-butyl
hydroperoxide and had the highest affinity with and catalytic efficiency for phospholipid hydroperoxide. The optimum tem-
perature of the enzyme activity ranged from 40 to 50°C, thus it is a thermostable enzyme compared to other PHGPx
enzymes. Furthermore, McPHGPx expression in Saccharomyces cerevisiae PHGPx-deletion mutant rescued the suscepti-
bilities to the oxidation-sensitive polyunsaturated fatty acid (linolenic acid), indicating its PHGPx complementation func-
tion in yeast. These results have well documented that McPHGPx functions as a PHGPx in vitro and in vivo and will be ben-
eficial for further functional studies on plant PHGPx enzymes.
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In aerobic biological systems including higher plants,
the generation of reactive oxygen species (ROS) such as
superoxide radical (*O*7), hydroxyl radical (‘OH), and
hydrogen peroxide (H,0,) is an inevitable consequence of
aerobic metabolic processes such as respiration and pho-
tosynthesis in mitochondria, chloroplasts, and peroxi-
somes [1]. Furthermore, biotic and abiotic stresses also
lead to the accumulation of ROS, resulting in changes in
cellular redox homeostasis [ 1]. When accumulated at high
concentration, ROS can directly damage a large variety of

Abbreviations: BHT, butylated hydroxytoluene; GPx, glu-
tathione peroxidase; PTG, isopropyl [-D-thiogalactopyra-
noside; LA, linolenic acid; (Mc)PHGPx, (Momordica charan-
tia) phospholipid hydroperoxide glutathione peroxidase; MDA,
malondialdehyde; PCOOH, phosphatidylcholine hydroperox-
ide; ROS, reactive oxygen species; SD/Trp~, synthetic com-
plete medium without tryptophan; TBA, thiobarbituric acid; #-
BHP, rert-butyl hydroperoxide.

* To whom correspondence should be addressed.

biomolecules (such as lipids, proteins, and nucleic acids)
that are essential for the activity and integrity of the cells
[1]. On the other hand, plants have also evolved various
antioxidative defense mechanisms for efficiently scaveng-
ing excessive ROS molecules. The major ROS-scavenging
enzymes include ascorbate peroxidases (APx), catalase
(CAT), superoxide dismutase (SOD), peroxidase (Px),
glutathione peroxidases (GPx), and phospholipid
hydroperoxide glutathione peroxidase (PHGPx) [2].
Together with nonenzymatic antioxidants such as ascor-
bic acid and glutathione, these enzymes provide plant
cells with highly efficient machinery for detoxifying
excessive ROS [2]. Among these enzymes, we have paid
special attention to PHGPx.

PHGPx (EC 1.11.1.12) is a unique intracellular
antioxidant enzyme that directly reduces phospholipid
hydroperoxides produced in cell membranes and has
been considered the main line of enzymatic defense
against oxidative biomembrane damage in mammalian
cells [3-6]. Although the biochemical function of PHGPx
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has not been studied extensively in plants, an increasing
number of PHGPx genes have been characterized in
diverse plant species including Nicotiana sylvestris [7],
Citrus sinensis [8, 9], Arabidopsis thaliana [10], Oryza sati-
va [11], Momordica charantia [12], Setaria italica [13],
Raphanus sativus [14, 15], Helianthus annuus [16].
Furthermore, PHGPx gene expression levels have been
recorded to increase in plant tissues in response to
pathogen infections [7, 16], high salinity [8, 12, 17],
heavy metals [10, 11], and extreme temperatures [18],
suggesting their important roles in the defense responses
of plants to various biotic and abiotic stresses. It is well
known that ROS accumulation resulting from biotic and
abiotic stresses can cause severe cellular damage, and
ROS are thus tightly controlled and detoxified by com-
plex enzymatic and nonenzymatic mechanisms [1, 2].
Recently, the expression of the tomato PHGPx gene
(LePHGPx) was shown to inhibit cell death induced by
Bax and oxidative stress in yeast and plants [18].
Moreover, the radish PHGPx gene (RsPHGPx) harbored
in a yeast PHGPx-deleted mutant was observed to effi-
ciently rescue the growth of a recombinant cell exposed to
linolenic acid (LA), indicating a similar role to the yeast
PHGPx3 (ScPHGPx3) in biomembrane protection against
phospholipid peroxidation [14]. These results suggest that
plant PHGPx genes expressed under various stresses may
function as cytoprotectors against oxidative damage and
play an important role in scavenging ROS, such as lipid
hydroperoxides.

Bitter melon (Momordica charantia L.) is a common
vegetable in Asian countries and has long been recognized
as having medicinal value in traditional Chinese medi-
cine. The most noteworthy health benefit of bitter melon
is antioxidant activity, as oxidative stress is intricately
linked with age-related diseases [19, 20]. Therefore, it is
important to characterize its antioxidant enzymes such as
PHGPx. In a previous work, we cloned a ¢cDNA for
PHGPx from M. charantia, named McPHGPx (GenBank
Accession No. AF346906), and characterized its tissue
expression pattern [12]. In the present study, Escherichia
coli BL21(DE3) and the pET-28a(+) vector were used to
produce recombinant McPHGPx as a histidine-tagged
protein. The product was soluble and could be purified to
homogeneity with high yield. Furthermore, the enzymat-
ic properties were investigated, and the role of McPHGPx
in complementing the yeast PHGPx-deletion mutant was
also characterized.

MATERIALS AND METHODS

Strains, plasmids, and chemicals. The cDNA of
McPHGPx was previously cloned in our laboratory [12].
Host cell E. coli BL21(DED3) strain and expression vector
pET-28a(+) were purchased from Novagen (USA).
Saccharomyces cerevisiae wild-type YPH250 and the
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derivative gpx1/2/3A triple mutant were kindly provided
by Prof. Y. Inoue of Kyoto University, Kyoto, Japan [21].
Restriction endonucleases, T4 DNA ligase, and pGEM-
T Easy were from Promega (USA). The plasmid extrac-
tion kit, acrylamide, bis-acrylamide, and SDS were also
from Promega. Oligonucleotides were synthesized by
Sangon (China). All chemicals were of analytical grade
and were purchased from Sigma Chemicals (USA) unless
stated otherwise.

Protein expression and purification. The cloned
cDNA of McPHGPx encoding a protein with 167 amino
acids was directly used as a template for PCR amplifica-
tion, using the gene-specific primers (5'-GCGGATCC-
ACCATGGCTGAATCCCC-3' and 5'-CCGCTCGAG-
TCAAGCAGATCCCAATAG-3"). The forward primer
contained an engineered BamHI site (underlined) and
the reverse primer incorporated an engineered Xhol site
(underlined) for cloning into the pET-28a(+) vector to
yield the fusion open reading frame with a six-histidine
tag at the N-terminus of McPHGPx (His,-McPHGPx).
To improve the production of soluble recombinant
McPHGPx protein, low-temperature cultivation was
employed. With the induction of 1 mM of isopropyl-1-
thio-B-D-galactopyranoside (IPTG) at 20°C, the fusion
protein was expressed in E. coli BL21(DE3) and then
purified with nickel affinity chromatography as described
previously [15]. The peak protein fractions were pooled
and desalted through an ultrafiltration column. The pro-
tein concentration was determined using a BCA™ pro-
tein assay kit (Pierce, USA). The molecular mass of the
purified protein was estimated by SDS-PAGE (12.5%
polyacrylamide gel) according to the method of Laemmli
[22].

Enzyme activity and kinetic analysis. The GSH-
dependent glutathione peroxidase activity of the recom-
binant McPHGPx towards hydroperoxides was measured
as described previously with standard reaction buffer
(50 mM Tris-HCI (pH 8.0), 0.1 mM EDTA, 15 mM
GSH, 0.25 mM NADPH, 3 U/ml glutathione reductase,
and 0.12% Triton X-100) [15]. When assayed, the above
standard mixture plus McPHGPx protein (10 pg/ml) was
preincubated for 5 min at the selected temperature to
achieve a steady base line. Then the reaction was started
by the addition of hydroperoxide solution as substrate. A
millimolar absorption coefficient 6.22 mM~'cm™' for
NADPH was also used. To evaluate the effects of temper-
ature and pH on McPHGPx activity, the enzyme activity
towards phosphatidylcholine hydroperoxide (PCOOH)
was assayed either at different temperatures (10-60°C) or
in 50 mM buffer of various pH values from 3 to 11 (pH 3,
glycine; pH 4-6, sodium phosphate buffer; pH 7-10, Tris-
HCl buffer; pH 11, Na,HPO,/NaOH buffer).

To examine the substrate preference of McPHGPx,
the enzyme activity for various concentrations of three
substrates including H,0,, tert-butyl hydroperoxide (z-
BHP), and PCOOH at the optimum temperature and pH
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was assayed as described above. Enzyme activities were
plotted against hydroperoxide concentrations and used to
calculate the apparent kinetic V,,,, and K, for McPHGPx
with the Michaelis—Menten equation v =V, [S]/(K,, +
[S]) using SigmaPlot software (SPSS, USA). Data repre-
sent the mean of three independent experiments.

Functional complementation test in yeast. The coding
region of McPHGPx was amplified using gene-specific
primers as described above and inserted into the
BamHI1/Xhol sites of the YEpGAP112 vector to generate
a McPHGPx gene expression vector YEp-McPHGPx.
Because of the vital importance of the Saccharomyces
cerevisiae PHGPx3 gene (ScPHGPx3) in the protection of
yeast cells from oxidative damage [21, 23], it was taken as
a positive control for comparison with McPHGPx. The
PCR-amplified coding region of ScPHGPx3 was similarly
cloned into YEpGAP to yield YEp-ScPHGPx3. The gen-
erated YEp-McPHGPx and YEp-ScPHGPx3 as well as
the empty vector YEpGAP112 were separately trans-
formed into the yeast mutant or into the wild-type strain.
All the transformants were grown in synthetic complete
medium without tryptophan (SD/Trp~) to maintain the
selection for plasmids. Cells were cultured at 30°C to log-
arithmic phase (Aq, = 1.0-1.5). The yeast cells of differ-
ent strains cultured in the liquid SD/Trp~ medium were
harvested in the logarithmic phase. For the spotting assay,
all the yeast cultures were adjusted to the same concen-
tration with sterilized 0.85% NaCl solution for each
strain. Four microliters of serial 1 : 10 dilutions were spot-
ted onto the SD/Trp~ agar plates supplemented without
(control) or with H,O,, --BHP, or LA. The preparation of
the SD/Trp~ plates with various peroxides was performed
as described previously [14, 23]. Growth was examined
after incubation for 3-4 days at 30°C.

Linolenic acid treatment and malondialdehyde
(MDA) assay. Cells were treated with LA as previously
reported [24] with some modifications. Log-phase yeast
cells were harvested, washed, and resuspended with ster-
ile 0.2% dextrose in 100 mM sodium phosphate buffer
(pH 6.2) to a density of 107 cells/ml. The suspensions
were then treated with 1 or 2 mM LA (prepared in
ethanol) at 30°C with shaking (160 rpm) under atmos-
pheric oxygen. Samples were taken prior to the addition
of LA and after 4, 8, 12, or 18 h of incubation. Parallel
assays were carried out by an additional 0.1 mM butylat-
ed hydroxytoluene (BHT, dissolved in ethanol) treatment
prior to the addition of LA. These samples were taken
after 12 h of LA treatment.

The lipid peroxidation level in the yeast cells was
expressed in MDA content. The level of cellular MDA in
yeast cells was determined by the thiobarbituric acid
(TBA) assay as previously reported with some modifica-
tions [24]. The reaction mixture (500 ul) was constituted
as follows: 100 pl of cell lysate, 250 ul of 1% TBA (pre-
pared in 1% sulfuric acid), and 150 ul of 1% BHT in
methanol. The mixture was incubated at 100°C for 15 min
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and then cooled to room temperature. Levels of MDA
were determined by the absorbance at 532 nm corrected
by subtracting the nonspecific turbidity at 600 nm.
Standard concentrations of MDA were prepared by incu-
bating malonaldehyde bis (dimethyl acetal; Sigma) in 1%
sulfuric acid (MDA g,45 = 1.37-10* M~"-cm™! in 1% sulfu-
ric acid).

RESULTS

Expression and purification of recombinant
McPHGPx. The coding region of the McPHGPx gene
was amplified by PCR and inserted into the BamHI/Xhol
sites of vector pET28a(+). The recombinant plasmid with
the correct reading frame was confirmed by DNA
sequencing. After IPTG induction, there was an obvious
extra band around the molecular weight of 22.5 kDa (Fig.
1, lane 2). His;-McPHGPx fusion protein (rMcPHGPx)
was purified by Ni*" affinity chromatography. The puri-
fied fusion protein migrated as one intense band of about
22.5kDaona 12.5% SDS-PAGE gel (Fig. 1, lane 3), sug-
gesting that one-step Ni-NTA affinity chromatography
did produce highly pure rMcPHGPx protein. The size of
the fusion protein matched well with its theoretical
molecular weight. The yield was about 14.8 mg/liter of
culture. These results indicated that the protein purity is
suitable for analysis of the enzymatic properties of this
protein.

kDa
94.0
66.2

43.0

31.0

201

14.4

Fig. 1. SDS-PAGE analysis of the recombinant His-McPHGPx
protein from E. coli. Lanes: I, 2) total bacterial proteins from
BL21(DE3) cells without and with IPTG induction, respectively;
3) the purified His-McPHGPx through nickel affinity chro-
matography; M, the protein marker weights in kDa.
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Catalytic and Kkinetic properties of recombinant
McPHGPx. The catalytic activity of purified
rMcPHGPx was measured using PCOOH as a substrate
and showed a linear decrease in As, (absorbance of
NADPH) following the addition of PCOOH, whereas no
changes in the absorbance were detected when either
GSH or the protein sample was omitted from the reaction
mixture (Fig. 2a), indicating remarkably GSH-depend-
ent PHGPx activity of the purified rMcPHGPx.

The effects of pH and temperature on the activity of
the purified rMcPHGPx are shown in Figs. 2b and 2c,
respectively. The activity of the enzyme was the highest in
the pH range from 9.0 to 10.0 and decreased significantly
under conditions below pH 8.0 and above pH 10.5 (Fig.
2b). The optimum pH was in the alkaline range, which
was in agreement with the mammalian PHGPx [25] and
previously reported plant PHGPx enzymes [15, 18, 26,
27]. In the temperature range from 30 to 50°C, maximum
activity was observed (Fig. 2c). The enzyme was signifi-
cantly less active at temperatures lower than 20°C and was
totally inactive when the reaction was carried out at 60°C.
The optimum temperature for the enzyme activity was
much higher than that of other plant PHGPx enzymes
[15, 18, 26, 27].

To investigate the substrate preference of the purified
rMcPHGPx, the peroxidase activities towards different
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McPHGPx activity with different hydroperoxide sub-
strates

Substrate | Apparent V., pumol/ | Apparent K, | Vi./Kn
min per mg protein uM
H,0, 12.6 £ 0.24 638.3+£37.31(1.97-107?
t-BHP 6.91£0.13 2932 +£131.2(2.38- 1073
PCOOH 0.26 £ 0.02 11.13+2.21 |2.31-1072

Note: Activity for McPHGPx was measured with reaction buffer
(pH 9.0) at 15 mM GSH concentration, 40°C. Apparent V,,,,
and apparent K, were calculated by SigmaPlot 7.0 software from
the spots of activity versus varying concentration of substrates as
illustrated in Fig. 2, and the values represent the mean + S.D. of
three separate experiments.

concentrations of H,0,, ~-BHP, and PCOOH were
assayed at 40°C and pH 9.0. The kinetic curves of reaction
velocity (catalytic activity) versus substrate concentration
for each substrate are illustrated in Figs. 2d-2f. The
apparent kinetic constants were calculated using these
curves (the table). It can be seen that rMcPHGPx was
active on all of substrates including H,0O,, ~-BHP, and
PCOOH, indicating a similar broadness of substrate
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Fig. 2. Catalytic and kinetic properties of recombinant McPHGPx. a) GSH-dependent enzymatic activity of rMcPHGPx towards PCOOH:
1) without GSH; 2) without PCOOH; 3) without McPHGPX; 4) all components of the reaction are present. b, ¢) Profiles of rMcPHGPx
activity with PCOOH substrate versus pH (b) and temperature (c). d-f) Profiles of rMcPHGPx activity versus different concentrations of
hydroperoxide substrates: H,O, (d), -~-BHP (e), and PCOOH (f). All the activities were measured in velocity (V, Y axis) using the assay

described in “Materials and Methods”.
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specificity to animal PHGPx [28]. Among the three
hydroperoxide substrates, McPHGPx exhibited the high-
est affinity toward PCOOH, as indicated by the K, val-
ues, and the largest catalytic efficiency, as indicated by
the V,./K, values. The K, and V_, values of
rMcPHGPx for PCOOH were 11.13 uM and 0.26 umol/
min per mg protein, respectively. These results suggest
that rIMcPHGPx is a catalytic PHGPx with PCOOH as
its optimal substrate in vitro.

McPHGPx activity in the gpx1/2/3A yeast mutant.
Saccharomyces cerevisiae was reported to contain three
PHGPx proteins (ScPHGPx1, ScPHGPx2, and
ScPHGPx3), of which ScCPHGPx3 has stronger activity
in yeast cellular protection against hydroperoxides [21,
23, 29]. In this work, the McPHGPx transformed

Control
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ScPHGPx-deletion yeast mutants (gpx 1/2/3A) were sen-
sitive to H,0, and to ~~-BHP and the growth was almost
fully abolished in the presence of 2 mM H,0, (Fig. 3a) or
0.5 mM #-BHP (Fig. 3b). On the other hand, the expres-
sion of McPHGPx could rescue the growth of the
gpx1/2/3A mutant on the plate supplemented with LA
(Fig. 3c), showing that the growth was somehow better
than those of gpx 1/2/3A mutant cells. The result indicates
that McPHGPx is required for growth in the case of LA
stress.

To examine membrane phospholipid peroxidation,
the levels of lipid peroxidation product MDA in yeast
strains were measured. As shown by the solid lines in Fig.
4a (with 1 mM LA treatment), the MDA accumulation
was gradually increasing from 4 to 18 h after treatments,

Fig. 3. Sensitivity of different yeast strains to hydroperoxides toxicity: H,0, (a), --BHP (b), and LA (c). Four S. cerevisiae strains were used:
1) wild-type strain; 2) PHGPx-deficient mutant (gpx1/2/3A); 3) gpx1/2/3A mutant expressing yeast ScPHGPx3 (gpx1/2/3A + ScPHGPx3); 4)
gpx1/2/3A mutant expressing bitter melon McPHGPx (gpx1/2/3A + McPHGPx). As controls, the wild-type strain and gpx1/2/3A were trans-
formed with the empty YEpGAP112 vector (wild-type and gpx1/2/3A, respectively). Each strain was spotted equally on SD/Trp~ agar plates
without (control) or with different hydroperoxides (see “Materials and Methods™). Typical results from one of three independent experiments

are shown.
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Fig. 4. MDA production in yeast strains treated with LA (a) and with additional inhibitor BHT (b). a) Cell lysates from three yeast strains
including the wild-type (1), gpx1/2/3A mutant (2), and McPHGPx-transformed gpx 1/2/3A mutant (3) were prepared for MDA production
assay at various time points of LA treatments (X axis). Different concentrations of LA were applied as indicated by the solid lines for | mM
and the dashed lines for 2 mM. b) MDA levels in three strains in the presence of different concentrations of LA and presence or absence of
BHT. All the assays were performed after 12 h of LA treatment. Values refer to the mean + S.D. of three independent experiments.

and the increasing rates are 1.5-fold between the
McPHGPx-transformed triple-deletion mutant and the
wild-type, and 2.6-fold between the triple-deletion
mutant and the wild-type at 18 h after treatment. A simi-
lar increasing was also obtained when treated with 2 mM
LA (Fig. 4a, dashed lines), besides significantly higher
increasing values (about 3.2-fold) between the triple-
deletion mutant and the wild-type at 18 h after treatment.
The data presented above indicated that MDA accumula-
tion after LA treatment was significantly lower in the
McPHGPx-transformed mutant cells compared with that
in the triple-deletion mutant cells, suggesting that
McPHGPx may play an important role in protection of
yeast cell membranes from autooxidation with LA.
Moreover, when 0.1 mM BHT, an inhibitor of lipid per-
oxidation, was added into the yeast cultures prior to LA
treatment, the levels of MDA were reduced to the back-
ground at 12 h after treatment with I mM LA (Fig. 4b),
indicating that MDA accumulation was indeed induced
by LA treatment.

DISCUSSION

Although many studies have been reported for isola-
tions of plant PHGPx genes and dynamic changes of their
transcriptional levels, only several plant PHGPx enzymes
have been characterized on the protein level, including a
native protein from citrus (CitPHGPx) [9] and four
recombinant proteins encoded by tomato (LePHGPx)
[26], sunflower (HaPHGPx) [26], radish (RsPHGPx)
[15], and rice (OsPHGPx) [27]. Comparing the enzymat-
ic activity among these plant PHGPx enzymes, the activ-
ity (V) of McPHGPx to PCOOH (0.26 £ 0.02) was
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about 4-6 times higher than that of CitPHGPx (0.040) [9,
15] or OsPHGPx (0.064 = 0.003) [27], but only one fif-
teenth of that of RsSPHGPx (3.96 £ 0.19) [15]. It is rea-
sonable to assume that there might be some subtle dis-
tinctions among their structures, which lead to the differ-
ent enzymatic activity. In terms of substrate specificity of
plant PHGPx enzymes, the related studies had been car-
ried out only in RSPHGPx [15] and OsPHGPx [27]. The
kinetic characterization of McPHGPx displayed obvious
similarity in substrate preference with other reported
plant PHGPx enzymes: all of them could use H,O,,
organic peroxides (-BHP), and phospholipid hydroper-
oxides as substrates, but they prefer the phospholipid
hydroperoxides and their enzymatic efficiency (V,,,./K.)
increased in the order: --BHP < H,0, < PCOOH ([15,
27], the table).

It is noteworthy that the optimum temperature for
the catalysis of McPHGPx ranged from 40 to 50°C (Fig.
2¢) and was more than 10°C higher than that of other ani-
mal and plant PHGPx enzymes [15, 27], indicating that
the enzyme is a thermostable protein. This finding pro-
vokes our interest in understanding its structural feature
and also provides an application possibility for commer-
cial use. However, it is questioned whether a thermostable
enzyme plays an important functional role in bitter melon
plants. With the recent report that transient expression of
tomato PHGPx gene LePHGPx protected tobacco leaves
from heat stress and suppressed apoptotic-like features
via the reduced generation of oxidative stress [18], it is
speculated that this thermostable activity might account
for the efficient machineries to detoxify excessive ROS
when the plants are under heat stress.

The yeast complementation test and MDA assay
revealed that McPHGPx might function as an antioxi-



508

dant to protect cell membranes against hydroperoxide
damage. McPHGPx is able to restore the growth of the
gpx1/2/3A mutant cells in the presence of LA, and the
result is consistent with the complementation effect of
yeast ScPHGPx3 and radish RsPHGPx in the same case
[14, 23, 29], suggesting that McPHGPx might detoxify
the lipid peroxides resulting from the autooxidation of
exogenous LA. By contrast, the expression of McPHGPx
failed to complement the 7-BHP-sensitive phenotype of
the mutant (Fig. 3b) and had no efficient complement
effect on the H,0,-sensitive phenotype (Fig. 3a). Either
the cell death under these treatments was controlled by
other than phospholipids peroxidation factors, or the
unspecific phospholipid peroxidation under the high
concentrations of ~~-BHP or H,O, used in these models
could not be overcome by McPHGPx. On the other hand,
MDA assay displayed again that expression of McPHGPx
could reduce the accumulation of LA-induced MDA in
yeast cells (Fig. 4), indicating that McPHGPx was capa-
ble of reducing the membrane phospholipid peroxidation
and therefore protecting cells from the oxidative stresses.
It is worth noting the coincidence of the in vivo specifici-
ty of this enzyme with the enzyme specificity in vitro.

In this paper, we characterized the enzymatic prop-
erties of McPHGPx and its function in oxidative stress
resistance in yeast cells. These results collectively docu-
ment that the McPHGPx from M. charantia encodes an
active thermostable PHGPx enzyme and can comple-
ment the yeast PHGPx genes to produce an antioxidant
protein for efficiently scavenging excessive phospholipid
hydroperoxides. Therefore, it is reasonable to believe that
McPHGPx might play an important role in antioxidant
function in this traditional Chinese medicine plant and
will be helpful for further physiological functional studies
on plant PHGPx enzymes.
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