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Synopsis

Phytopathogenic fungi like Magnaporthe grisea are unique in having two catalase-peroxidase
(KatG) paralogs located either intracellularly (KatG1) or extracellularly (KatG2). The coding
genes have recently been shown to derive from a lateral gene transfer from a (proteo)bacterial
genome followed by gene duplication and diversification. Here we demonstrate that
Magnaporthe grisea KatGl1 is expressed constitutively in rice blast fungus. It is the first
eukaryotic catalase-peroxidase to be expressed heterologously in E. coli in high amount and
purity with almost 100% haem occupancy. Recombinant MagKatGl1 is an acidie, mainly
homodimeric oxidoreductase with a predominant five-coordinated high-spin haem b. At 25 °C
and pH 7.0, the reduction potential of the Fe(III)/Fe(Il) couple is found to be (-186 + 10) mV.
It binds cyanide monophasically with an apparent bimolecular rate constant of (9.0 + 0.4) x
10° M s (pH 7.0 and 25 °C) and a Kp value of 1.5 pM. Its predominantly catalase activity is
characterized by a pH optimum at pH 6.0 and K., and Ky values of7010's™ and 4.8 mM,
respectively. In addition it acts as versatile peroxidase with pH optimum in the range pH 5.0 -
5.5 using both one- (ABTS, o-dianisidine, pyrogallol, guaiacol) and two-electron donors (Br’,
I', ethanol). Structure-function relationships are discussed with respect to data reported for
prokaryotic KatGs as is the physiological role of MagKatG1. Phylogenetic analysis suggests
that (intracellular) MagKatG1 can be regarded as typical representative for catalase-
peroxidase of both phytopathogenic and saprotrophic fungi.

Key words: catalase-peroxidase, non-animal peroxidase superfamily, phytopathogenic fungi,
Magnaporthe grisea, oxidative stress

Abbreviations: KatG, catalase-peroxidase; MagKatG1, intracellular catalase-peroxidase from
Magnaporthe grisea; MagKatG2, secreted catalase-peroxidase from Magnaporthe grisea;
katG1, gene encoding MagKatG1; katG2, gene encoding MagKatG2; NcKatG2, catalase-
peroxidase from Neurospora grassa; SynKatG, catalase-peroxidase from Synechocystis
PCC6803; ROS, reactive oxygen species; MCAC, metal chelate affinity chromatography;
MCD, monochlorodimedone; ECD, electronic circular dichroism; E°’, standard reduction
potential; SHE, standard hydrogen electrode; LGT, lateral gene transfer; RMS, root mean
square; HS, high-spin; LS, low-spin; 5-c, five coordinated.
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Introduction

Catalase-peroxidases (KatGs) are unique bifunctional oxidoreductases accomplishing
efficiently both peroxidatic and catalatic activity within a single active site [1, 2]. Despite
their striking sequence similarities and close phylogenetic relationship with ascorbate
peroxidases and cytochrome C peroxidases [3] they are the sole representatives within the
whole superfamily of non-animal haem (i.e. plant, fungal and bacterial) peroxidases [4]
capable of both the reduction and efficient oxidation of hydrogen peroxide [5] — in this way
similar to typical catalases that represent a quite different evolutionary line. A recent
phylogenetic analysis [6] has demonstrated that most of the 347 so far found katG sequences
were encoded within eubacterial and archaebacterial genomes. About 40% of all sequenced
prokaryotes possess katG gene(s) and so far comprehensive functional and structural
investigations were only performed with eubacterial and archaebacterial catalase-peroxidases
[71, [8], [9], [10]. However, KatGs can be found also in Ascomycota and Basidiomycota as
well as in a few protists [3], [6]. In contrast to prokaryotic KatGs, the corresponding
eukaryotic proteins are scarcely described and only a few scattered data on gene localisation
and expression and enzyme activities have been reported [11],[12], [13], [14] mainly due to
lack of successfully produced recombinant protein.

Most interestingly, the plant pathogenic fungus Magnaporthe grisea (anamorph
Pyricularia grisea) has two katG genes. This ascomycete, known as rice blast fungus, is
classified among the most dangerous phytopathogens worldwide possibly attacking not only
most rice variants but also numerous other grass species including economically important
crops such as wheat, barley, and millet [15]. Besides KatGs its genome [16] revealed
numerous virulence-associated genes and enzymes involved in secondary metabolism. From
the two distinct KatG paralogs of Magnaporthe grisea one seems to be located intracellularly
(KatG1) and one might be secreted from the fungal cells (KatG2) since it contains a
(predicted) signal sequence. Localisation could be related with distinct functions, i.e.
intracellular degradation of hydrogen peroxide deriving from fungal catabolism [17] and/or
contribution to the enzymatic armour of phytopathogenic fungi against ROS produced during
plant — pathogen interaction (oxidative burst) [18], [19]. Even a possible signaling function of
KatGs is under discussion [2]. As obvious from the inspection of corresponding sequences
and phylogenetic analyses [6] both KatG1 and KatG2 seem to represent two distinct and
abundant fungal KatG groups with different structure-function pattern.

Here, we focus on the expression analysis, recombinant production and biochemical
characterisation of intracellular catalase-peroxidase of Magnaporthe grisea (MagKatG1). The
complete ORF of katG1 (2217 bp) has been successfully cloned and heterologously expressed
enabling a comprehensive investigation of its biophysical and biochemical properties.
Presented spectral, redox and kinetic data are compared with those reported for the
corresponding prokaryotic enzymes and are discussed with respect to structure-function
relationships and physiological role(s) of eukaryotic catalase-peroxidases.

Materials and methods

Magnaporthe grisea. The ascomycete Magnaporthe grisea, strain MA 829 (Cooke)
was obtained from the internal collection of BOKU - University of Natural Resources and
Applied Lite Sciences, Vienna. It was first grown on MPG-agar plates (containing 20 g malt
extract, 1 g peptone, 20 g glucose and 20 g agar in 1 L) for 4-6 days at room temperature. For
the isolation of RNA and activity monitoring it was grown in liquid medium with the same
composition (without agar) at 25 °C in a shaking incubator at 130 rpm for 3 days.
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Sequence similarity searches — PeroxiBase. All available sequences of peroxidase
genes and proteins have been systematically annotated, compared and analysed in PeroxiBase
(http://peroxibase.isb-sib.ch/, see [20] for details). All sequence names used in this
contribution correspond to the nomenclature of PeroxiBase where also links to the
corresponding genes and genomes can be found. Name and identification number of the
intracellular catalase-peroxidase from Magnaporthe grisea are MagKatG1 and 2288,
respectively, the corresponding UniProt accession is A4R5S9.

Multiple sequence alignment. Multiple sequence alignment of fungal and bacterial
KatG proteins was performed with ClustalX Version 2.0.5 [21]. Following optimised
parameters were applied: Gonet protein weight matrix with gap opening penalty &, gap
extension penalty 0.2 and gap separation distance of 4. The aligned output was presented with
Genedoc [22].

Promoter & sub-cellular targeting prediction. Prediction of intron and native
promoter location within the genomic DNA of Magnaporthe grisea strain 70-15 was
performed in SoftBerry suite (http://www.softberry.com) using the ascomycete-specific
parameters.

Cloning, heterologous expression and purification of recombinant MagKatG1. The
cloning strategy of cDNA and complete katG1 gene is described in Supplemental material 1.
Briefly, the complete gene was first maintained in TOPO vector (Invitrogen) and after
modification it was expressed within pET21d vector (Novagen) allowing a His-tag fusion.
Heterologous expression was achieved from E. coli BL21 DE3 Star cells (Invitrogen) at 16 °C
and addition of hemin (10 uM final) concomitantly with IPTG (1 mM final) in the cultivation
medium. Cells of 16 h old culture were centrifuged for 15 min at 6000 rpm and pellets were
resuspended in homogenisation buffer containing 50 mM sodium phosphate, pH 8.0, and
protease inhibitors (1 mM PMSF, 1 pg/mL leupeptin and 1 pg/mL pepstatin).
Homogenisation was performed by two ultra-sonication cycles on Vibra-Cell Model CV17
(Sonics Materials Inc.): length of each cycle: 45 s; pulser: 50% ; intensive cooling between
the cycles. The crude homogenate was centrifuged for 20 min at 20,000 x g and the cleared
supernatant was applied onto MCAC chromatography (Chelating Sepharose Fast Flow, GE
Healthcare) loaded with Ni(Il) ions (volume: 30 mL). After loading the column was washed
with 150 mL buffer A (50 mM sodium phosphate, pH 8.0, containing 500 mM NaCl and
protease inhibitors). Bound His-tagged protein was eluted with a linear gradient of buffer A to
100% buffer B (50 mM sodium phosphate, pH 6.5, containing 500 mM NaCl and 500 mM
imidazole). For final purification and determination of putative oligomeric structure of
MagKatG1 gel permeation chromatography (Superdex 200 prep grade, GE Healthcare) was
performed: volume: 250 mL; sample volume: 1 mL; 5 mM sodium phosphate, pH 7.0,
containing 0.15 M NaCl; flow rate: 0.5 mL min™'; maximal pressure: 0.3 MPa.

Purity of obtained fractions was analysed with SDS PAGE under standard conditions
(BioRad Mini-Protean, 12 % separating gel) with gels being either stained with Coomassie
Brilliant Blue or blotted onto nitrocellulose membrane (Amersham Biosciences) for detection
of MagKatG1 by immunoblotting using a polyclonal antibody raised against catalase-
peroxidase from Neurospora crassa [23].

To reveal the expression pattern of MagKatG1 native polyacrylamide gel
electrophoresis with a linear gradient of 4-18% acrylamide was used. Native electrophoresis
was run with 10 mM Tris/HCI buffer, pH 8.3, containing 14.4 g/L glycine (Mini-Protean
apparatus, BioRad) at 150 V for 30 min, followed by 65 V for 3 h. Catalase staining was
performed according to [24] with catalatically active bands ocurring as white bands on a dark-
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green background. Peroxidase activity staining was performed by using 0-dianisidine as
electron donor.

Mass spectrometric analysis. In order to analyse proteolytic degradation of MagKatG1
bands in SDS-PAGE were excised, destained, carbamidomethylated and digested with
sequencing-grade bovine trypsin (Sigma-Aldrich). The extraction from gel pieces was
performed in the same mode as described recently [25]. Extracts were taken to diyness in a
Speed Vac concentrator and reconstituted with water containing 0.1 % formic acid.
Subsequent MALDI-TOF-MS analysis was performed on a Voyager-DE STR (Applied

Biosystems) with a.-cyano-4-hydroxycinnamic acid (ACH) as matrix.

Electronic circular dichroism spectrometry and structure prediction. ECD spectra
were recorded on a PiStar-180 Spectrometer equipped with a thermostatic cell holder
(Applied Photophysics; Leatherhead, U.K.). For recording far-UV spectra (260-190 nm) the
quartz cuvette had a path length of 1 mm. Spectral bandwidth: 5 nm; step size: 1 nm; scan
time: 624 s; protein concentration: 4 uM MagKatG1. Protein concentration was calculated
from the known amino acid composition and absorption at 280 nm according to [26]. All
ECD measurements were performed in 5 mM phosphate buffer, pH 7.0, at 25 °C. Each
spectrum was automatically corrected with the baseline to remove birefringence of the cell.
The instrument was flushed with nitrogen with a flow rate of 5 L min™".

In addition the secondary structure of MagKatG1 was predicted with Psipred [27]. The
3D structure of MagKatG1 was modeled using EsyPred 3D [28] and KatG from Burkholderia
pseudomallei (IMWYV). The reliability of the obtained model was verified using What IF
(http://swift.cmbi.ru.nl/servers/htmL/index.html).

Electronic UV-VIS spectroscopy. The UV-VIS spectrum of purified recombinant ferric
MagKatG1 in 5 mM phosphate buffer, pH 6.5, was routinely recorded on Zeiss Specord 10
diode array photometer in the range between 200 — 800 nm at 25 °C. We have determined the
extinction coefficient at Soret band (840 ny = 110,650 M cm™) for highly purified MagKatG1
from the slope of the linear correlation between Ass nm and seven distinct protein
concentrations (not shown). Ferrous MagKatG1 was produced by addition of sodium
dithionite either directly or from a freshly prepared anaerobic stock solution in a glove box
(Meca-Plex, Neugebauer) with a positive pressure of nitrogen (25 millibars). All solutions
were made anaerobic by flushing with nitrogen gas (oxygen < 3 ppm) and stored in the glove
box. The spectrum of the low-spin cyanide complex of MagKatG1 was recorded after mixing
7 uM protein with 800 uM cyanide in 5 mM phosphate buffer, pH 6.5.

Spectroelectrochemistry. Determination of the standard reduction potential, E°, of the
Fe(IIT)/Fe(I1) couple of MagKatG1 was carried out using a homemade OTTLE cell [29]. The
three-electrode configuration consisted of a gold mini-grid working electrode (Buckbee-
Mears, Chicago, IL), a homemade Ag/AgCl/KClg, microreference electrode, separated from
the working solution by a Vycor set, and a platinum wire as counter electrode. The reference
electrode was calibrated against a saturated calomel electrode before each set of
measurements. All potentials are referenced to the SHE. Potentials were applied across the
OTTLE cell with an Amel model 2053 potentiostat/galvanostat. The constant temperature was
maintained by a circulating water bath, and the OTTLE cell temperature was monitored with a
Cu-costan microthermocouple. UV-VIS spectra were recorded using a Varian Cary C50
spectrophotometer. Spectra of 28 uM MagKatG1 equilibrated in 50 mM sodium phosphate
buffer, pH 7.0, containing 10 mM NaCl were recorded at various applied potentials. The
following electron mediators were used: 850 uM methyl viologen, 3 uM lumiflavine-3-
acetate, indigo disulfonate, phenazine methosulfate and methylene blue. Results were
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presented as Nernst plot that allowed calculation of the standard reduction potential, E®, of the
Fe(IIT)/Fe(I1) couple MagKatG1.

Kinetics and thermodynamics of formation of the MagKatG1-cyanide complex. In
order to probe haem accessibility apparent bimolecular rate constants of complex formation
between cyanide and ferric MagKatG1 were determined by convential stopped-flow
spectroscopy (model SX-18MV Applied Photophysics, U.K.). For a total of 100 plL/shot into
the optical observation cell with 1 cm light path, the fastest time for mixing two solutions and
recording the first data point was of the order of 1.3 ms. Formation of low-spin cyanide
complex was followed at 426 nm, the Soret maximum difference between high-spin
MagKatG1 and the cyanide complex. In a typical experiment, one syringe contained 2 uM
MagKatG1 in 5 mM phosphate buffer, pH 7.0, and the second syringe contained at least a 2.5-
fold excess of cyanide in 100 mM phosphate buffer, pH 7.0. At high molar excess of cyanide
over catalase-peroxidase, the formation of cyanide complex was too fast, and the majority of
absorbance change occurred within the dead time of the instrument. As a consequence,
pseudo-first order conditions could not be maintained over the whole concentration range.
Three determinations were performed for each ligand concentration. The mean of the pseudo-
first-order rate constants, K.s, was used in the calculation of the second-order rate constant
obtained from the slope of a plot of Ko,s Versus cyanide concentration. All measurements were
performed at 25 °C.

Equilibrium binding of cyanide to MagKatG1 was studied by spectroscopic titration of
1 uM enzyme in 100 mM phosphate buffer, pH 7.0, with increasing concentrations of cyanide
(1 uM — 800 uM). Enzyme spectrum was recorded before and after addition of constant
volumes of cyanide solution and the free enzyme spectrum was substracted from the complex
spectrum after correction for volume dilution. Plotting the ratio of cyanide concentration to
absorbance difference between HS and LS MagKatG1 (peak maximum minus valley) against
the cyanide concentration allowed determination of Kp.

Overall kinetic parameters. Catalase activity was determined both polarographically
using a Clark-type electrode (YSI 5331 Oxygen Probe) inserted into a stirred water bath (YSI
5301B) or spectrophotometrically by measuring the decomposition of hydrogen peroxide at
240 nm according to [30]. For spectrophotometrical measurement one unit was defined as the
amount of enzyme catalyzing the conversion of 1 pmol H,O, min™ at an initial concentration
of 15 mM H,0, at pH optimum and 25 °C.

Peroxidase activity was monitored spectrophotometrically using 1 mM H,0, and 5
mM ABTS (g414=31.1 mM'cm ™) [31] or 5 mM guaiacol (€470 = 26.6 mM"em™) or 1 mM o-
dianisidine (g460 = 113 mM 'em™") or 1 mM pyrogallol (g430 = 2.5 mM'cm™). One unit of
peroxidase was defined as the amount of enzyme that decomposes 1 pmol of electron donor
min™ at pH optimuin and 25 °C.

Additionally, peroxidase activity with ethanol as 2-electron donor was determined at
340 nm in a coupled reaction using aldehyde dehydrogenase as described previously [32].
Chlorination and bromination activity of recombinant MagKatG1 was followed by
halogenation of monochlorodimedon MCD (100 uM) dissolved in 100 mM phosphate buffer,
pH 7.0, containing 10 mM H,O; and either 10 mM bromide or 100 mM chloride. Rates of
halogenation were determined from the initial linear part of the time traces using an extinction
coefficient for MCD at 290 nm of 19.9 mM™ cm™ [33]. One unit was defined as the amount
that decomposes 1 pmol of MCD min™ at pH 7.0 and 25 °C. Iodide oxidation was followed at
353 nm, i.e. absorbance maximum of triiodide (¢ = 25.5 mM™ cm™) in 100 mM phosphate
buffer, pH 7.0, containing 10 mM H,0O; and 10 mM iodide at pH 7.0 and 25 °C [34]. One unit
was defined as the amount that produces 1 pmol of I;” min™ at pH 7.0 and 25 °C.
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In all steady-state measurements at least three determinations for each electron donor
concentration were performed and reactions were started by addition of MagKatGl.

Results and Discussion

Statistics from PeroxiBase clearly suggests that in eukaryotic organisms KatGs are
predominantly spread among the fungal kingdom. A recent phylogenetic analysis [2]
demonstrated the existence of two distinct types of fungal katG genes. Mainly
phytopathogenic fungi (e.g. Magnaporthe grisea or Gibberella zeae) contain both paralogs,
with katG1 most probably encoding an intracellular and katG2 an extracellular catalase-
peroxidase.

Analysis and comparison of the whole genome of Magnaporthe grisea [16] with
katG1 and katG2 showed a significant difference in the G+C contents (for katG1 59.2%
versus 51.6%) suggesting a lateral gene transfer (LGT) of katG genes from bacteria to a
fungal progenitor as has been demonstrated for other fungi [3, 6]. Interestingly, the rather
high G+C contents of MagkatG1 resembled that of various Burkholderia species (58-68 %)
thereby indicating a putative proteobacterial ancestor. In order to answer the question whether
only the katG1 gene or a longer genome portion was transferred by LGT, we have also
analysed the putative promoter region of MagkatG1l with GENSCANW
(http://genes.mit.edu/GENSCAN.htmL). A conserved 40 bp long promoter motif was
identified at positions -1838 to -1799 (see PeroxiBase 1D=2288 for further details). Moreover,
a typical CGGAGT-box was found in positions -657 to -652 similar to a promoter region in
the catB gene of Aspergillus oryzae [35]. The G+C contents of this 1838 bp long region is
only 49.73%, thus even lower than the average value for the entire Magnaporthe genome.
This suggests that only the coding region was transferred via LGT from a proteobacterial into
the fungal genome.

In order to probe whether expression of MagKatG1 is induced by oxidative stress,
cultures of Magnaporthe grisea were grown in MPG in the absence and presence of hydrogen
peroxide or peroxyacetic acid or paraquat (final concentrations: 0.5 — 2 mM) added in the
middle exponential or early stationary growth phase, respectively. RT-PCR analysis of total
RNA isolated from filtered mycelia allowed quantification of katG1-specific mRNA under
various conditions. The RT-PCR signal intensities obtained from various cDNA samples
(Figure 1) clearly demonstrated that katG1 is expressed constitutively. Only with paraquat the
expression level was enhanced to 120% compared to standard conditions. This might suggest
arole of intracellular MagKat(G1 in continuous degradation of H,O, deriving from fungal
metabolism and is in contrast to MagKatG2 that - due to the presence of a (predicted) signal
sequence - is located extracellularly and is produced on demand, i.e. its expression is
significantly enhanced under oxidative stress conditions that could occur during attacking of
plants [17].

Subsequently MagKatG1 was heterologously expressed and purified. The entire ORF
(2217 bp) was cloned in TOPO vector (Invitrogen) using outer primers and modified by
introducing of Ncol, Agel and NotI restriction sites without affecting the coding sequence
(Supplemental material 1). This allowed cloning in pET21d vector (Novagen) in frame with a
C-terminal hexa-His-tag fusion. Heterologous expression of the recombinant plasmid pMZM1
was performed in E. coli strain BL21 DE3 Star (Invitrogen) at 16 °C and in the presence of
hemin avoided formation of inclusion bodies and produced recombinant protein with almost
100% haem occupancy. In average about 30 mg of soluble KatG1 could be obtained by lysis
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activity of the eukaryotic enzyme was very small (Table 1), namely ~0.4% and ~15% of the
NADH oxidase activity reported for Burkholderia pseudomallei [41] and Escherichia coli
KatG [7].

Thermostability tests of MagKatG1 were performed in the range from 25 °C to 65 °C
by incubating the enzyme at the corresponding temperature for defined time intervals
followed by measuring the catalase and peroxidase activities at 25 °C (Table 2). Comparison
with equivalent data of bacterial counterparts [7] revealed that MagKatG1 is a mesophilic
enzyme that is more thermostable than Synechocystis KatG or Burkholderia pseudomallei
KatG [7]. Generally, the catalase activity is more susceptible to temperature-induced
inactivation than the peroxidase activity. It has to be investigated whether the observed
(limited) thermostability of the peroxidatic activity may be related to the fact that
Magnaporthe grisea attacks predominantly various cultivars of rice which grow optimally
only in subtropical climate.

Summing up, phytopathogenic fungi are unique in having two catalase-peroxidase
(KatG) paralogs located either intracellularly (KatG1) or extracellularly (KatG2). The coding
genes have been shown to derive from a lateral gene transfer from a (proteo)bacterial genome
followed by gene duplication and diversification. MagKatGl1 is the first eukaryotic catalase-
peroxidase to be heterologously expressed in E. coli in high amount and purity with almost
100% haem occupancy. The acidic, mainly homodimeric oxidoreductase contains a
predominantly five-coordinated high-spin haem b with spectral and redox properties
comparable to prokaryotic enzymes. Its overwhelming catalase activity is characterized by a
pH optimum at pH 6.0 and K, and Ky, values of 7010 s'and 4.8 mM, respectively. The
intracellular metalloenzyme is expressed constitutively and might contribute to continuous
degradation of H,O; deriving from fungal metabolism in the cytosol. In addition the
bifunctional enzyme acts as versatile peroxidase with pH optimum in the range pH 5.0 - 5.5
oxidising both one- (ABTS, 0-dianisidine, pyrogallol, guaiacol) and two-electron donors (Br,
I') at reasonable rates. However, similar to prokaryotic KatGs, the biochemical and
physiological role of the peroxidase activity of fungal KatGs is unknown as is the nature of
the (putative) endogenous electron donor:.
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Table 1 Selected kinetic parameters of recombinant MagKatG1. Presented are average values
of typical clones. Kinetic traces are presented in Supplemental material 6.

Sample (clone) Activity parameter Data (average values)

M133 Knt (H,0,) (4.8 £ 0.4) mM
M133 Keat (H205) (7010 + 230) 5™
M133 Keat / Knt (H20,) (1.46 + 0.06) x 10° M s™!

M133+M134+M166+M167 catalatic activity (3430 £ 280) U mg’'

M133+M134+M166+M167 peroxidatic activity (142 +4.6) Umg"

(0-dianisidine)
M133+M134+M166+M167 | peroxidatic activity (ABTS) (323 £2.1) Umg"
M133+M134+M166+M167 peroxidatic activity (2.7+0.4) U mg"
(guaiacol)
M133+M134+M166+M167 peroxidatic activity (3.3+0.3) Umg
(pyrogallol)

M133+M134+M166+M167 chlorination of MCD* (0.36 £ 0.06) U mg’'

M133+M134+M166+M167 bromination of MCD* (2.56+0.11) U mg”'

M133+M134+M166+M167 iodination of MCD* (0.07 £0.02) U mg”

M133+M166 (per)oxidation of ethanol (0.3+0.1) Umg
M133+M166 NADH oxidase (2.2 £0.5) U pmol haem’!

M133 Kb cyanide (14+£03)uM
M133 Kon cyanide (9.0+0.4)x 10°M's™!
M133 Kosrcyanide (14+04)s"

* MCD has been demonstrated not to function as electron donor for recombinant MagKatG1.
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Table 2 Thermostability of recombinant MagKatG1 (clones M133 and M166). n. d., not

determined.

Temperature Loss of catalase activity Loss of ABTS-peroxidase activity
40 °C 95% after 22 h stable, < 10% loss after 48 h
45 °C 95% after 330 min stable, < 10% loss after 28 h
50 °C 95% after 48 min stable, < 10% loss after 28 h
55°C 95% after 15 min n. d.
60 °C 95% after 8 min 50% after 7 h
65 °C 95% after 1 min 50% after 4 h
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LEGENDS TO FIGURES

Figure 1 DNA electrophoresis (0.85% agarose) of RT-PCR products isolated from
Magnaporthe grisea grown under standard conditions (lane 1) or oxidative stress induced by
addition of 0.1 mM paraquat (lane 2) or 0.3 mM peroxyacetic acid (lane