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Abstract
Macrophomina phaseolina, a necrotrophic fungal pathogen is known to cause charcoal rot disease in food crops, pulse crops, oil crops
and cotton and �bre crops. Necrotrophic fungi survive on dead plant tissue.  It is well known that reactive oxygen species (ROS) are
produced by host plant during plant pathogen interaction. However, it is still unclear how M. phaseolina can overcome the ROS induced
cellular damage. To mimic the invasion of M. phaseolina inside the plant cell wall, we developed solid substrate fermentation where M.
phaseolina spore suspension was inoculated on wheat bran bed and incubated for vegetative growth. To analyse the secretome of M.
phaseolina after different day interval, its secretory material was collected and concentrated. Both superoxide dismutase (SOD) and
catalase were detected in the secretome by zymogram. The presence of SOD and catalase was further con�rmed by liquid
chromatography based mass spectrometry. The physicochemical properties of M. phaseolina catalase in terms of stability towards pH,
temperature, metal ions and chaotropic agent and inhibitors indicated its �tness at different environmental conditions.  Apart from the
production of catalase in SSF, the studies on this particular microorganism may also have signi�cance in necrotrophic fungal pathogen
and their susceptible host plant interaction.  

Introduction
Macrophomina phaseolina, a devastating necrotrophic fungal pathogen, is known to cause charcoal rot disease in more than 500 plant
hosts (Wyllie et al, 1998) including major foodcrops (Su et al. 2001), pulse crops (Mayek-Pe´rez et al, 2001; Raguchander et al, 1993), �bre
crops (De et al, 1992), cotton (Aly et al, 2007) and oil crops (Wyllie et al, 1998). M. phaseolina is an anamorphic fungus and it belongs in
the phylum ascomycete, family Botryosphaeriaceae (Crous et al. 2006). Although M. phaseolina has been known as a necrotrophic
fungus for a long time but limited information is available regarding its plant pathogen interaction (Majumder et al. 2018). In response to
pathogens which conquer basal defence, plants promote inducible defence responses as manifested by hypersensitive response (HR). It
is well known that plants produce many reactive oxygen species (ROS) like hydrogen peroxide (H2O2), superoxide (O2

−), singlet oxygen

(O2) and hydroxyl radical (OH−) and reactive nitrogen species like Nitric Oxide (NO), S-nitroso glutathione (GSNO), peroxynitrite ( ONOO−)
etc. during HR. It is also known that one of the earliest of many diverse defence reactions activated in plants in response to pathogen is
the rapid and transient accumulation of large amount of ROS ( Balint-Kurti 2019; Torres et al. 2006; Del Rio et al. 2015). However, the
success of HR to resist a pathogen attack is de�nitely depending on the type of invading pathogen. Necroprophic fungal pathogen like M.
phaseolina survive in dead material and host cell death may be bene�cial for its growth and pathogenesis. It is still unclear how M.
phaseolina overcome ROS by colonizing the dead cells and can spread rapidly to cause charcoal rot disease.

In a previous study we for the �rst time discovered NOS like sequence in M. phaseolina genome and we provided evidences of NO
production in M. phaseolina (Sarkar et al. 2014). We also demonstrated that M. phaseolina infection in jute plants resulted in elevated NO
production in infected tissues. Surprisingly, there was no ROS in infected jute tissues as evidenced with ROS speci�c �uorescent probe. In
order to survive, the necrotroph M. phaseolina must be able to overcome with ROS in its external environment during initial penetration of
cell walls and subsequent phases of plant tissue necrosis. Therefore, the obvious strategy used by the necrotroph is to produce secretory
extracellular ROS scavenging enzymes such as catalases, peroxidises and superoxide dismutases. Catalase readily converts H2O2 into
H2O and O2 and scavenging of H2O2 would therefore signi�cantly reduce oxidative stress in the necrotrophic fungus, providing there is
su�cient time for induction of key enzymes.

Plant cell wall represents the �rst barrier to an invading pathogen. Cellulases and hemicellulases are produced by the plant pathogen to
disrupt cellulosic and hemicellulosic component of the host cell wall. To mimic the situation, M. phaseolina was grown on wheat bran for
14 days in a solid state fermentation (SSF) and secretome was analysed. In this report, we �rst time demonstrated that M. phaseolina
produce extracellular catalases and superoxide dismutase (SOD) and we also characterized physicochemical properties of catalase
which support the �tness of M. phaseolina in an oxidizing environment.

Materials And Methods

Microorganism and maintenance of the culture
A virulent isolate of M. phaseolina (Strain R9) was collected from Sorbhog, Assam. A pure mycelial culture was generated through single
sclerotia of this isolate, maintained in Potato Dextrose Agar (PDA) media at 30°C. PDA slunts are inoculated from the stock culture and
maintained for several days at 30°C. Wheat Bran is selected as the solid state for the experiments.10 gm of wheat Bran is taken in borosil
100 ml conicals. Spores of M. phaseolina were inoculated in Wheat Bran with the help of Mendel’s Mineral Salt Solution (For 1L
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(NH4)2S04 1.4g, K2HPO4 ,CaCl2,2H2O 0.4g, MgSO4,7H2O 0.3g, FeSO4,7H2O 5mg, MnSO4,7H2O 1.6 mg, ZnSO4,7H2O 1.4 mg, CoCl2,6H2O 2
mg). The wheat bran containing conicals were then maintained at 30°C.

Secretory Protein Isolation
After speci�c daypoints conicals containing M.Phaseolina infected wheat bran was taken for protein isolation.30–40 ml of Sodium
Phosphate buffer of pH 7.0 is directly added to the conicals containing infected wheat bran. The conicals were kept in shaker for proper
shaking at room temperature for 4 hours. The buffer inside the conicals were collected which contained secretory proteins and �ltered
with �lter paper (110 mm). 20–25 ml of Sodium Phosphate buffer pH 7.0 was again added directly to the wheat bran bed and kept for
shaking at room temperature for 2 hours. Collection of the buffer from conicals followed by �ltering by �lter paper was done.
Concentation of the protein was measured after each extraction using Bradford protein estimation, method. collection was done twice for
better extraction of the secreted proteins.

Ammonium Sulphate cut and Dialysis
Extracted proteins are subjected to 0–80% ammonium sulphate cut. Ammonium sulphate concentration was increased stepwise and 4°C
temperature was maintained. After complete addition of ammonium sulphate the sample was kept overnight at 4°C for complete
precipitation. The precipitated proteins were pelleted down by centrifugation for 8 min at 12000 rpm. The pellet was solubilized in 2–3 ml
Sodium Phosphate Buffer which is then subjected to dialysis. Dialysis was carried out in the same buffer in which the protein was
solubilized which is Sodium Phosphate buffer pH 7.0. Protein sample was taken dialysis bag and the bag is kept in the buffer in stirring
condition. Dialysis was carried out in 4°C temperature. Buffer change was given in every 2 hours for 4 times and then kept overnight for
complete salt removal. The sample was �nally collected and concentration was measured using Bradford protein estimation method.

One dimensional gel electrophoresis
Sodium Dodecyl sulphate- polyacrylamide gel electrophoresis (SDS-PAGE) was performed to observe the bands of proteins present in the
secretome along with the protein marker. Secretome was extracted on 5th ,8th ,11th and 14th day.4 lanes contained 50µg of protein of
5th ,8th ,11th and 14th day secretome respectively was loaded for separation on a 10% SDS-PAGE.

Zymogram analysis
Catalase activity in secretome was observed by zymogram analysis using the method reported by Patra et al (Patra et al. 2019). A 1.5
mM thick Native-PAGE gel was prepared with 5% stacking gel and 8% resolving gel. The protein loading samples were prepared without
SDS or β-mercaptoethanol to maintain the native state of the protein. The Native-PAGE was ran in a cold room (4ºC). 50µg of crude
protein was loaded in each lane and and 10 µg of Catalase was loaded as a positive control. Electrophoresis was done using 30mA
steady current. After the dye front reached the bottom of the gel it was further electrophoresed for 30 minutes. The gel was removed from
the glass plates and placed in a glass dish. The gel was washed with double distilled water for 5 minutes in shaking condition.. After the
washing step freshly prepared 0.003% H2O2 solution (vol/vol) was added to the gel staining dish. The gel was incubated for 10 minutes
in shaking condition. After completely removing the excess H2O2 the gel was rinsed 2 times with double distilled water. 2% Ferric Chloride
(FeCl3) and 2% Potassium Ferrocyanide (K3Fe(CN)6) were freshly prepared in equal volume in two separate conical for staining the gel.
Two solutions are poured directly on the gel and the glass dish was placed on the shaker carefully. Catalase bands started to appear as
white in a green coloured background. The staining solution was completely removed and the gel was extensively washed with double
distilled water. The gel picture was taken on Gel DocTM XR + Bio Rad imaging machine

Superoxide Dismutase activity in secretome was observed using a modi�ed method of Weydert et al. (Weydert et al. 2010). A 1.5 mM
thick Native-PAGE gel was prepared with 5% stacking gel and 12% resolving gel. Protein loading samples were prepared without SDS or β-
mercaptoethanol to maintain the native state of the protein. The gel was pre electrophoresed for 1 hour at constant 40mA at 4 ºC
temperature. 50µg of crude protein was loaded in each lane and and 10 µg of SOD was loaded as a positive control. The gel was ran on
4ºC at constant current of 30mA. After the dye front reached the bottom of the gel it was further electrophoresed for 1.30 hour. The gel
was removed from glass plates and placed in a glass dish .Gel staining steps were done at room temperature. The gel was rinsed in
double distilled water and SOD staining solution was applied on the gel and it was kept in dark in shaking condition for 15 minutes. The
SOD staining solution contained Ribo�avin, Nitro Blue Tetrazolium (NBT) and ddH2O. 0.1% TEMED was added to gel staining solution
and it was again kept in dark in shaking condition for 15 minutes. The staining solution is removed and the gel was rinsed twice in
ddH2O. Enough amount of ddH2O was added to cover the gel and it was placed in a light box. Gel bands started to appear in white in
respect to the purple coloured background.15 minutes to 2-hour time is needed for complete development of the bands. When the gel
bands were completely visible the gel picture was taken on Gel DocTM XR + Bio Rad imaging machine
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Enzyme assays
Catalase activity was measured in secretome by observing the decreasing OD of H2O2 at 240 nm. (Aebi et al. 1984). OD of H2O2 is being
decreased in presence of catalase present in the secretome in the reaction mixture. Speci�c activity of catalase was calculated using
speci�c activity calculation taking the molar coe�cient of H2O2 43.6 M− 1 cm− 1 .

Activity of superoxide dismutase in secretome was measured using a modi�ed method established by Beauchamp & Fridovich in 1971
(Beauchamp et al. 1971). Xanthine oxidase (0.05 unit/µl) in presence of Xanthine (10mM) generates superoxide radical. Nitro Blue
Tetrazolium (NBT) in presence of superoxide forms di-formazan which is purple in colour and can be measured at 560 nm. The higher the
activity of SOD lower the extent of di-formazan formation as SOD competes with NBT for generated superoxides. 1 Unit of SOD activity is
referred as amount of SOD responsible for 50% inhibition of formazan dye formation rate of 0.020 ± 0 .005 O.D. at 560 nm/min.

Km & Vmax calculation
A Line-weaver Burk plot was plotted where reciprocal values of activity of the enzyme was plotted against reciprocal of increasing
concentrations of H2O2. OD values were taken at 240 nm. The experiment was carried out in Potassium Phosphate buffer ph 7.0.
2,4,6,8,10,12,14,16,18 and 20 mM H2O2 was used as substrate. The activity values were calculated of each set. 1/ [V] was calculated from
the activity values and plotted against 1/[S] ([S] = Substrate Concentration). From the graph Km and Vmax of catalase in secretome was
calculated

Determination of pH optimum and pH stability of catalase
To determine the pH optimum and pH stability of catalase in secretome spectrophotometric assay was done.50 mM Sodium acetate
buffer of pH 4.0 and pH 5.0, 50 mM Potassium Phosphate buffer of pH 6.0 and pH 7.0 and Tris-HCl buffer of pH 8.0, pH 9.0 and pH 10.0
were selected for this experiment. For optimum pH of catalase secretome was incubated in buffers of different pH (pH 4.0 – pH 10.0) for
10 mins at 30°C. The H2O2 dissociation in each set was measured spectrophotometrically at 240 nm. From the OD values speci�c activity
of the enzyme incubated in different pH buffers were calculated.

For determining the pH stability of catalase, secretome was incubated in buffers of different pH (pH 4.0 – pH 10.0) for 1 hour at 30°C.
The H2O2 dissociation was measured spectrophotometrically at 240 nm. From the OD values speci�c activity of enzyme incubated in
different pH buffers were calculated.

Determination of Temparature optimum and Thermal stability
To determine the temperature optimum and thermal stability of catalase in secretome spectrophotometric assay was done. 50 mM
potassium phosphate buffer of pH 7.0 was used for these experiments. For determining optimum temperature of catalase secretome was
incubated in potassium phosphate buffer of pH 7.0 in different temperature (30°C,40°C,50°C,60°C,70°C,80°C,90°C) for 15 minutes. The
H2O2 dissociation in each set was measured spectrophotometrically at 240 nm. From the OD values speci�c activities were calculated.
From activities of the enzyme in different temperature optimum temperature of the enzyme was determined

For determining thermal stability of catalase, secretome protein was incubated in potassium phosphate buffer of pH 7.0 in different
temperature (30°C,40°C,50°C,60°C,70°C,80°C,90°C) for 1 hour. The H2O2 dissociation in each set was measured spectrophotometrically at
240 nm. From the OD values speci�c activities were calculated. From activities of the enzyme in different temperature Thermal stability
of the enzyme was determined

Tryptic digestion and identi�cation of proteins by LC- ESI-MS/MS
Extracted protein from M.phaseolina secretome were lyophilized and then solubilized in 100mM ammonium bicarbonate.
Tetra�uoroethylene, Dithiothreitol and Iodoacetamide was added respectively to the solution .Trypsin was then added and kept overninght
at 37°C prior to LC-ESI -MS/MS

LC-ESI-MS/MS was done on Waters-Xevo-G2-XD-QTof machine in ESI + ve mode. BEH C-18 column (Waters) was used in the instrument.
The machine used MSE scanning technique where MS & MS/MS takes place simultaneously. Sodium formamide was used as primary
standard and leucine encaphline was used as secondary standard. Ramp collison energy was set at 18 to 40 V. MS and MS/MS
thresholds were set at 150 and 20 counts respectively.0.1% formic acid was added to the sample. 10µl sample was injected �nally for
detection of the peptides. The run time was set 1 hour. In 1st 5(0–5 minute) minutes the column was being equilibriated. In the next 45
minutes (5–50 minute) the peptides were eluted from the column with ACN gradient 0–90%. In the last 10 minutes (50–60 minute) the
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column was being washed. The peptides detected by LC-MS/MS were matched with Macrophomina phaseolina MS6 database
downloaded from Uniprot in FASTA format. The software used for analysis was Progenesis Qip by Waters.

Multiple Sequence alignment
The sequences of selected catalases from different fungi was collected from NCBI website in FASTA format. Sequence alignment was
done online using T-Coffee (http://tcoffee.crg.cat/apps/tcoffee/do:regular) .The alignment format was constructed using Boxshade
(http://www.ch.embnet.org/software/BOX_form.html)

Statistical analysis
All experiments were done in biological triplicates and the results were expressed as mean ± Standard Error, for number of experiments n 
= 3.

Results

Induction of charcoal rot disease during Corchorus capsularis JRC 412- M.
phaseolina (strain R9) interaction
M. phaseolina (strain R9) was inoculated to the susceptible variety of C. capsularis JRC 412 for the induction of charcoal rot disease. C.
capsularis JRC 412 was kept under polythene shed to maintain at an ambient level. Autoclaved soilrite containing coarse, acid washed,
neutral pH sand was used to raise the plants in autoclaved transparent polycarbonate pots. To protect the plants from biotic and abiotic
stresses su�cient precautionary measures were taken. Fungal mycelia were inoculated on the upper surface of jute leaves for the
induction of charcoal rot disease. Jute stem and leaves were followed regularly to �nd the symptoms of the charcoal rot disease. After 20
days of post inoculation disease lesions were visibly prominent (Fig. 1A). Sub epidermal stem tissues of the C. capsularis JRC 412
appeared as greyish black (Fig. 1B). This discolouration was also observed in nodes as profuse small, black, randomly distributed
specks. Interestingly, micro-sclerotia of M. phaseolina were found to be distributed in the vascular tissues and in the pith or central part of
the infected stem of C. capsularis JRC 412. Infected tissues also contained micro-sclerotia scattered throughout the infection area. M.
phaseolina mycelium was found to be septed. M. phaseolina pycnidium contained numerous conidia in infected tissue sections as
observed under the microscope (Fig. 1C).

Analysis of fungal secretome using Solid state fermentation
Invading necrotophic pathogen faces plant cell wall which is the �rst protective barrier. That is why plant pathogens produce cell wall
degrading enzymes cellulases and hemicellulases which act on cellulosic and hemicellulosic compounds that lead to stress or change in
the cell wall associated pattern. Consequently, host plant recognizes its own damage associated pattern molecules and induces defence
response. To mimic the situation, M. phaseolina was grown on wheat bran for 5, 8, 11 and 14 day in a solid state fermentation (SSF)
system (Fig. 2A). Extracellular secretome was collected from SSF after downstream processing (Fig. 2B).

Zymogram analysis of catalase and superoxide dismutases present in M.
phaseolina secretome
In our previous study, we demonstrated that M. phaseolina infection in C. capsularis (jute) plants results in elevated NO production in
infected tissues. However, we did not observe any ROS production in infected tissues as evidenced with DCFDA, a ROS speci�c
�uorescent probe. ROS production is obvious in incompatible or compatible plant pathogen interaction. We addressed the question: Do
M. phaseolina secrete enzymes that would protect them against ROS in the environment of a host expressing hypersensitive response?
We hypothesised that M. phaseolina might produce catalase and SOD which helped the necrotrophic pathogen to scavenge ROS
generated during colonization in plant tissue. In order to address our hypothesis, zymogram analysis for SOD and catalase was done in
the fungal secretome. Figure 3 represents the zymogram pro�le of SOD. Interestingly, SOD was found in all the secretome collected after
5, 8, 11, 14 day from SSF where M. phaseolina was grown on wheat bran. From the zymogram it seems that a single isoform of SOD
exoenzyme was secreted from M. phaseolina. Figure 4 represents the zymogram pro�le of catalase. Catalase was present in the all the
secretome collected after 5, 8, 11 and 14 day from SSF where M. phaseolina was grown on wheat bran. Zymogram analysis showed two
distinct forms of catalase, one tetramer and another dimer were prominent in secretome collected after 8 day from SSF. The dimer form
of catalase is also found in secretome collected after 5 day from SSF, however, compared to 8 day secretome it was less prominent.
Catalase tetramers and dimers are active while monomers are inactive. The migration of M. phaseolina catalase was similar with that of
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bovine catalase, the tetramer of which has a molecular weight of 232 kDa (Allgood et al. 1986) and dimmer has a molecular weight 116
kDa. The tetrameric form of catalase was present in all the secretome collected after 5, 8, 11 and 14 day from SSF.

Presence of SOD and catalase was further con�rmed by spectrophotometric determination of the speci�c activities of both the enzymes
present the secretome collected after 5, 8, 11 and 14 day from SSF. Speci�c activities of extracellular SOD were found in the range of 1.09
to 3.55 µmol/min/mg enzyme protein (Table-1). Speci�c activity of SOD was found maximum in secretome collected after 8 day from
SSF. Table-2 represents the speci�c activities of catalase present in secretome collected after 5, 8, 11 and 14 day from SSF. Speci�c
activities of extracellular catalase were found in the range of 9.8 to 22.4 µmol/min/mg enzyme protein where maximum speci�c activity
was obtained in secretome collected after 8 day from SSF. LC-MS analysis of secretome of M. phaseolina further con�rmed the presence
SOD and catalase

LC-MS analysis of M. phaseolina secretome collected after 5 day from SSF further con�rmed the presence of Cu-Zn SOD (Table-3). Two
extracellular catalases of M. phaseolina were detected in the secretome collected after 5 day from SSF: one catalase and another
catalase peroxidase (Table-4). The M.phaseolina catalase identi�ed in LC-MS analysis is further analysed by Sig P and found to have a
signal peptide in it’s sequence (Signal peptide likelihood: 89.9%). Signal peptide analysis of M. phaseolina catalase sequence also
revealed extracellular catalase (Figure-S1). Multiple sequence alignment was done among the necrotrophs belong to the group which
include catalase of M. phaseolina MS6, putative catalase protein [Neofusicoccum parvum UCRNP2], Catalase B [Lasiodiplodia
theobromae], Catalase B [Diplodia seriata] and Catalase [Diplodia corticola] which revealed that all the extracellular catalases were highly
conserved in terms of their active site structure (Figure-S2).

Determination of K M , Vmax, effect of temperature and pH on extracellular catalase of M. phaseolina

It has been reported that apparent KM for H2O2 of catalase is high, between 60 and 1100 mM, and the catalytic e�ciency goes from 1 x

106 to 5 x 108 ( Diaz et al. 2005; Diaz et al. 2009; Jones et al. 1968; Lardinois et al. 1996; Switala et al. 2002). The observed KM and Vmax

of M. phaseolina extracellular catalase was found to be 34.84 mM and 2.33 µmol/min/mg enzyme protein (Fig. 5). Extracellular catalase
has been considered as one of virulence factor of the necrotoph as it helps the necrotrophic fungi to survive in an oxidizing environment.
So we tested the stability of the M. phaseolina extracellular catalase towards change in temperature and pH. M. phaseolina extracellular
catalase exhibited highest activity at 30 ◦C (14.7 µmol/min/mg) (Fig. 6). Catalase activity was restored up to 50% even at 70 ◦C. M.
phaseolina extracellular catalase showed a broad range of thermo stability over the range of 40 to 70 ◦C and retained only 55 % residual
activity after 1 hour incubation at 70 ◦C.

Extracellular catalase of M. phaseolina showed the optimum activity (13.7 µmol/min/mg) at pH-7.0 and it was highly stable over a broad
range of pH. Thus thermal stability and pH stability of extracellular catalase justi�ed its �tness during plant pathogen interaction.

Effect of metal ions and chaotropic agents on extracellular catalase of M.
phaseolina
Catalase can be divided into two distinct subgroups which include a typical catalases and catalase peroxidases (Zamocky et al. 2008).
Typical catalases and catalase peroxidases contain heme. Another group of catalase has no heme, namely manganese catalase. Except
catalases in the domain Archea, most of the catalases belong to typical catalases. The effect of heavy metal Hg2+, Cu2+, SDS, β-
mercaptoethanol, sodium azide and 3-Amino-1,2,4-triazole (ATZ) was studied on the extracellular catalase of M. phaseolina (Figure-7).
Interestingly, 10 mM Hg2+ had no effect on catalase indicating the absence of free –SH group of the cysteine residue in the active site. On
the other hand, addition of 100 µM β-mercaptoethanol led to a drastic decrease in enzyme activity (10% residual activity) indicating that
reducing agent which keep the free –SH group intact is detrimental for the enzyme activity. There was a slight decrease in catalase
enzyme activity in the presence of chaotropic agent 4% SDS. It is well known that sodium azide and ATZ are non competitive inhibitors of
catalase activity. Only 20% residual activity was obtained upon addition of 10 mM ATZ. Addition of 1mM sodium azide also led to a
drastic decrease (10% residual activity) in catalase activity.

The effect of non competitive inhibitor ATZ on M. phaseolina extracellular catalase activity was further checked by activity staining in the
zymogram (Figure-8). Activity staining data corroborated well with the residual activity determination using spectrophotometry.

Discussion
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Compatible or incompatible plant pathogen interaction produces variety of reactive oxygen species (ROS) which include the superoxide
ion, the hydroxyl radical and hydrogen peroxide. The targets of these reactive oxygen species are cellular lipids, proteins and DNA and
ROS subsequently cause lipid peroxidation in the membrane, cellular DNA and protein oxidation (Halliwell et al. 2006). Studies showed
that hypersensitive responses (HR) occur in hosts during necrotrophic fungal infection and fungal growth is promoted during HR rather
than retardation (Mayer et al. 2001). Necrotrophic fungi e�ciently exploit host defence mechanism by utilizing an array of enzymes
which help them to survive and colonize in the host. Necrotrophic fungi do have the ability to secrete enzymes in order to protect them
from a hostile chemical in the environment. There are at least three types of superoxide dismutase (SOD) found in eukaryote: cytosolic
Cu, Zn-SOD, mitochondrial Mn-SOD, and extracellular Cu, Zn-SOD (Fridovich et al. 1997; Halliwell et al. 1990). A wide variety of fungi
contain at least two or three varieties SOD. Another report shows that Fe-SOD is expressed when phytopathogen Fusarium oxysporum
differentiate into chlamydospore (Kono et al. 1995). Indeed, SODs have been identi�ed as pathogenicity factors in Erwinia chrysanthemi
(Santos et al. 2001) and Botrytis cinerea (Rolke et al. 2004). In susceptible hosts increase in host catalase activity have been observed
(Havelda et al. 2000; Kuzniak et al. 2005; Niebel et al. 1995; Pompe-Novak et al. 2006), when exogenously catalase is applied that results
in decrease in hypersensitive cell death (Able et al. 2000) and increased penetration by pathogens of normally resistant hosts (Wu et al.
1995; Borden et al. 2002; Able et al. 2000). There is also evidence that the necrotrophic fungal pathogen Botrytis cinerea secrete
extracellular catalase (Schouten et al. 2002). Thus increased activity of ROS scavenging enzymes either plant- or pathogen-derived at the
infection site could be an important aspect of successful plant infection.

In this study we �rst time demonstrate extracellular Cu, Zn-SOD and catalase in M. phaseolina secretome. Based on activity staining in
zymogram, spectrophotometric assay and LC-MS analysis we con�rmed the presence of those two ROS detoxifying enzymes. M.
phaseolina produced large subunit catalase (LSCs) when the culture was grown on wheat bran as a solid substrate matrix. It has been
reported that catalases, particularly LSCs, are very stable enzymes. N. crassa CAT-1 was more resistant than other catalases to heat
inactivation and to high concentrations of salt, denaturants and solvents. This is true for M. phaseolina catalase also.

Conclusions
M. phaseolina produces SOD and catalase in solid state fermentation using wheat bran as inducer. Apart from the production of these
enzymes in SSF, the studies on this particular microorganism may also have signi�cance in necrotrophic fungal pathogen and their
susceptible host plant interaction.  Nonetheless, catalase produced in solid state culture was remarkably stable towards a wide range of
pH and temperature which make them potentially suitable for application in different industries.
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Tables
Table 1 Determination of speci�c activities of extracellular superoxide dismutase (SOD) in M. pheaseolina secretome collected at
different day interval from SSF
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DAY Speci�c activity (units/min/mg of protein)

[mean SE]

 

5 2.66  0.13

8 3.55  0.1

11 2.38  0.07

14 1.09 0.05

 

Table 2 Determination of speci�c activities of extracellular catalase in M. pheaseolina secretome collected at different day interval from
SSF

 

DAY

Speci�c activity (µmoles/min/mg of protein)

[mean SE]

 

5 15.85 0.41

8 22.40 0.98

11 19.23 0.59

14 9.89 0.08

 

Table 3 List of the peptides matched with M.phaseolina catalase sequence (Uniprot id : K2R4N1 ) found in theM.phaseolina secretome by
LC-ESI-MS/MS

 

Sequence

Peptide
Ion

Score Hits Mass Carge Con�icts In
quantitation

Average Normalised
Abundances

AVSDTFNDVWSQPR  3693 5.66 1 1620.759 2 0 yes 2.94E+04

 DATADDVIEGLTVFK  2331 6.67 1 1592.792 2 0 yes 4.15E+04

 DATADDVIEGLTVFK  6132 6.67 1 1592.781 3 0 yes 8299.83

 GFFTTPGR  4427 5.2 1 881.4364 2 0 yes 9746.15

 GPTLLEDFIFR  1622 6.99 1 1306.689 2 0 yes 5.97E+04

 GVDFSDDPLLQGR  1755 6.7 1 1417.684 2 0 yes 4.92E+04

 GVDFSDDPLLQGR  8687 --- --- 1417.675 3 0 yes 3904.73

 IVPEEYVPVTPLGK  2255 6.65 1 1539.853 2 0 yes 5.50E+04

 NYFAETEQVMFQPGHIVR  2391 7.04 1 2165.038 3 0 yes 5.62E+04

 NYFAETEQVMFQPGHIVR  9571 7.04 1 2165.052 2 0 yes 8643.27
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Table 4 List of the peptides matched with M.phaseolina catalase-peroxidase sequence (Uniprot id : K2QZ33 ) found in the M.phaseolina
secretome by LC-ESI- MS/MS

Sequence Peptide
Ion

Score Hits Mass Charge Con�icts In
quantitation

Average 

Normalised
Abundances

AVAVVR  240 8.83 1 613.3899 1 0 yes 6.29E+04

AVVR  678 0 1 443.2848 1 0 yes 2.13E+04

 GHGAPTDEDRHVGDLGNIK  11582 --- --- 1986.955 2 0 yes 5915.71

 GHGAPTDEDRHVGDLGNIK  378 8.77 1 1986.937 4 0 yes 1.64E+05

 GHGAPTDEDRHVGDLGNIK  1528 8.77 1 1986.938 3 0 yes 5.97E+04

GHGAPTDEDRHVGDLGNIK  3422 --- --- 1986.935 5 0 yes 1.45E+04

 GMHIHAFGDNTNGCTSAGPHFNPHGK  5280 7.6 1 2760.172 6 0 yes 1.50E+04

 GMHIHAFGDNTNGCTSAGPHFNPHGK  2681 7.6 1 2760.175 5 0 yes 3.41E+04

 HVGDLGNIK  236 8.7 1 951.5097 2 0 yes 1.13E+05

 HVGDLGNIK  4958 8.7 1 951.5178 1 0 yes 8750.15

 HVGDLGNIKTDGQGNAVGSTTDK  6164 7.14 1 2283.09 4 0 yes 1.06E+04

 HVGDLGNIKTDGQGNAVGSTTDK  8814 7.14 1 2283.103 3 0 yes 7834.68

 KTGNAGPRPACGVIGISA  3780 7.43 1 1724.89 3 0 yes 1.93E+04

KTGNAGPRPACGVIGISA  7126 7.43 1 1724.899 2 0 yes 9444.73

 LIGAESIIGR  1078 8.77 1 1027.611 1 0 yes 5.90E+04

 LIGAESIIGR  52 8.77 1 1027.601 2 0 yes 3.80E+05

 TDGQGNAVGSTTDK  507 8.92 1 1349.605 2 0 yes 5.75E+04

 TDGQGNAVGSTTDKLIK  472 8.65 1 1703.862 3 0 yes 1.30E+05

 TDGQGNAVGSTTDKLIK  1775 8.65 1 1703.873 2 0 yes 4.37E+04

 TGNAGPRPACGVIGISA  550 7.87 1 1596.807 2 0 yes 2.05E+05

 TGNAGPRPACGVIGISA  3414 7.87 1 1596.793 3 0 yes 1.93E+04

 TVVVHAGTDDLGR  467 8.91 1 1338.687 2 0 yes 1.24E+05

 TVVVHAGTDDLGR  60 8.91 1 1338.683 3 0 yes 4.29E+05

 TVVVHAGTDDLGR  6937 --- --- 1338.697 1 0 yes 1.01E+04

 

Table 5 List of the peptides matched with M.phaseolina superoxide-dismutase(SOD) sequence (Uniprot id : K2RWZ0 ) found in the
M.phaseolina secretome by LC-ESI- MS/MS
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Sequence Peptide
Ion

Score Hits Mass Charge Con�icts In
quantitation

Average 

Normalised
Abundances

AVAVVR  240 8.83 1 613.3899 1 0 yes 6.29E+04

AVVR  678 0 1 443.2848 1 0 yes 2.13E+04

 GHGAPTDEDRHVGDLGNIK  11582 --- --- 1986.955 2 0 yes 5915.71

 GHGAPTDEDRHVGDLGNIK  378 8.77 1 1986.937 4 0 yes 1.64E+05

 GHGAPTDEDRHVGDLGNIK  1528 8.77 1 1986.938 3 0 yes 5.97E+04

GHGAPTDEDRHVGDLGNIK  3422 --- --- 1986.935 5 0 yes 1.45E+04

 GMHIHAFGDNTNGCTSAGPHFNPHGK  5280 7.6 1 2760.172 6 0 yes 1.50E+04

 GMHIHAFGDNTNGCTSAGPHFNPHGK  2681 7.6 1 2760.175 5 0 yes 3.41E+04

 HVGDLGNIK  236 8.7 1 951.5097 2 0 yes 1.13E+05

 HVGDLGNIK  4958 8.7 1 951.5178 1 0 yes 8750.15

 HVGDLGNIKTDGQGNAVGSTTDK  6164 7.14 1 2283.09 4 0 yes 1.06E+04

 HVGDLGNIKTDGQGNAVGSTTDK  8814 7.14 1 2283.103 3 0 yes 7834.68

 KTGNAGPRPACGVIGISA  3780 7.43 1 1724.89 3 0 yes 1.93E+04

KTGNAGPRPACGVIGISA  7126 7.43 1 1724.899 2 0 yes 9444.73

 LIGAESIIGR  1078 8.77 1 1027.611 1 0 yes 5.90E+04

 LIGAESIIGR  52 8.77 1 1027.601 2 0 yes 3.80E+05

 TDGQGNAVGSTTDK  507 8.92 1 1349.605 2 0 yes 5.75E+04

 TDGQGNAVGSTTDKLIK  472 8.65 1 1703.862 3 0 yes 1.30E+05

 TDGQGNAVGSTTDKLIK  1775 8.65 1 1703.873 2 0 yes 4.37E+04

 TGNAGPRPACGVIGISA  550 7.87 1 1596.807 2 0 yes 2.05E+05

 TGNAGPRPACGVIGISA  3414 7.87 1 1596.793 3 0 yes 1.93E+04

 TVVVHAGTDDLGR  467 8.91 1 1338.687 2 0 yes 1.24E+05

 TVVVHAGTDDLGR  60 8.91 1 1338.683 3 0 yes 4.29E+05

 TVVVHAGTDDLGR  6937 --- --- 1338.697 1 0 yes 1.01E+04

Figures
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Figure 1

M. phasolina infection on jute stem. (A) and (B) represents charcoal-rot disease symptom in infected jute stem. (C) Longitudinal section
of M. phaseolina infected jute stem showing sclerotia and conidia
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Figure 2

(A) M. phaseolina grown in solid state. Wheat bran was used as solid state. M. phaseolina spores from slunt culture was collected in
mendel’s mineral salt solution and was spread on wheat bran bed. (B) Schematic representation of M. phaseolina secretome analysis.
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Figure 3

Detection of superoxide dismutase activity in M. phaseolina secretome by zymogram analysis. Secretome isolated on day 5,8,11 and 14
post inoculation was run on native-PAGE. 50µg of secretome protein was loaded in each lane and 10µg of pure superoxide dismutase
was loaded as positive control.
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Figure 4

Detection of catalase activity in M. phaseolina secretome by zymogram analysis. Secretome isolated on day 5,8,11 and 14 post
inoculation was run on native-PAGE. 50µg of secretome protein was loaded in each lane and 10µg of pure catalase was loaded as
positive control.
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Figure 5

Line-weaver burk plot for the determination of Km and Vmax of M. phaseolina secretory catalase. Speci�c activity of catalase was
determined using various substrate concentrations. X axis represents [1/ speci�c activity of catalase] and Y axis represents [1/ substrate
concentration].
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Figure 6

Determination of extremophilic nature of catalase found in M. phaseolina secretome. (A) Optimum temperature of catalase. Secretome
proteins were incubated at different temperatures (30° C- 80°C). (B) Thermal stability of catalase. Secretome proteins were incubated at
different temperatures (30° C- 80°C). (C) Optimum pH of catalase. Secretome proteins were incubated in buffers of different pH (pH 4.0-
pH 10.0). (D) pH stability of catalase. Secretome proteins were incubated in buffers of different pH (pH 4.0- pH 10.0). The optimum
activity was considered as 100% and percentage of relative activities at different extremophilic conditions were determined.
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Figure 7

Effect of chaotropic agents on catalase activity. Effect of Hg2+ (10 mM) , SDS (4%) , ATz (10 mM) , 2-ME (100 µM), Cu2+ (10µM) and
NaN3 (1 mM) on catalase activity was observed. Signi�cant decrease in the catalase activity was seen upon 2-ME, ATz and NaN3
treatment. Catalase activity was totally diminished upon Cu2+ treatment.
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Figure 8

Determining the effect of different concentrations of 3-amino-1,2,4-triazole (ATz) on catalase activity by zymogram analysis. Secretome
proteins were incubated with different concentration of ATz for determining its role on catalase activity.
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