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USARIUM solani was isolated from soil receiving long term

application of sewage and industrial effluents as irrigates and
identified according to morphological characteristics and DNA
sequence analysis. Its selection was based on the fact that work was
done on Cd(Il) and Cu(ll) toxicity on F. solani. The minimum
inhibitory concentration (MIC) values of F. solani for Cd(ll) and
Cu(ll) were 900 mg/l and 600 mg/l, respectively. Scanning electron
microscopy (SEM) showed that the cell surface morphology and
surface area/volume ratio changed after Cd(ll) and Cu(ll) stress.
Transmission electron microscopy (TEM) revealed that the cell wall
thickness doubled, an increase in the number of intracytoplasmic
vesicles and some cells were completely lysed after exposure to Cd(I1I)
stress. Also, cell wall was outlined by Cu(ll) particles and cells
attracted Cu(ll) deposits. The presence of Cd(ll) and Cu(ll) was
confirmed by energy dispersive X-ray (EDX) microanalysis. The
effects of Cd(Il) and Cu(ll) on radial growth, biomass production,
protein content, total antioxidant and total thiol were investigated.
Activities of polyphenol oxidase (PPO), glutathione reductase (GR)
and peroxidase (POD) after Cd(I1) and Cu(ll) stress were determined.

Keywords: F. solani, Growth response, Cd(Il), Cu(ll) , Stress.

Heavy metals are a group of metals with density greater than 5 g/cm®. They
persist in nature and consequently tend to accumulate in food chain (Lima e Silva
et al., 2012). Heavy metals are stable and persistent environmental contaminants
since they can not be degraded or destroyed. Therefore their toxicity poses major
environmental and health problems and requires a constant search for efficient,
cost-effective technologies for detoxification of metal-contaminated sites. Some
heavy metals such as nickel, iron, copper and zinc are essential microelements in
life cycle of prokaryotes and eukaryotes. Conversely, the high concentration of
these metal species might be a great threat to all organisms including human
(Ahmad & Kibret, 2013). Other heavy metals such as Cd(ll), Pb(ll) and Hg(ll)
are nonessential and are known to cause severe damage in organisms even at very
low concentrations (Kaplan, 2013). Toxic effects may be caused by a number of
mechanisms: (a) The blocking of functional groups of biologically important
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molecules (e.g., enzymes and transport systems for essential nutrients and ions);
(b) The displacement and/or substitution of essential metal ions form functional
cellular units; and (c) Induction of cellular generation of reactive oxygen species
(ROS), including superoxide anion, hydrogen peroxide, singlet oxygen and
hydroxyl radical. High levels of ROS can oxidize proteins, lipids, and nucleic
acids. This may result in modification and inactivation of enzymes as well as
disruption of cellular and organellar integrity (Sharma & Dietz, 2009). Some
microorganisms possess a variety of mechanisms to maintain metal homeostasis
and prevent poisoning. Heavy metal resistance in microorganisms may result
from the ability to prevent uptake (avoidance). This is achieved by adsorption of
toxic metal ions to cell-associated materials and/or cell wall components (De
Philippis & Micheletti, 2009) or secretion of metal binding organic compounds to
the surrounding environment (Levy et al., 2008). Metal resistance may also result
from the ability to cope with high amounts of heavy metals inside the tissues
(tolerance), an active process that involves the uptake (absorption) and
accumulation of the metal ions inside the cell (Kaplan, 2013). Smirnoff (1993)
has divided antioxidative mechanisms into two categories: one that interacts with
active forms of O, and maintains them at low levels. Some of the enzymes
involved here are superoxide dimustases (SODs), catalases (CATS), and ascorbate
peroxidases (APXs). In other system, oxidized antioxidants like glutathiones
(GSHs), glutathione reductases (GRs), ascorbate and mono-and dihydroascorbate
reductase are regenerated. Todorova et al., (2008) showed that Cd(ll) stress
induced reactive oxygen species generation in A. niger B77 and tolerance of the
strain being highly correlated to the efficiency of its antioxidative defense system.

Responses of several fungi to heavy metal toxicity have been extensively
studied but less work was done on Cd(lIl) and Cu(ll) toxicity on Fusarium solani.
Several microorganisms have been shown to remove toxic metals from solution.
To select a particular species for bioremediation of toxic metals, it is very
important to identify the effects of those metals on that particular species and
cellular responses elicited by that species to counteract such toxic environment
and thus understanding mechanisms involved in tolerance or detoxification of
toxic metal stress.

This study was undertaken to examine the responses evoked by F. solani to
counter the toxicity of Cd(ll) and Cu(ll).

Materials and Methods

Isolation and morphological identification

The fungal strain used in the present study was isolated from soil receiving
long term application of sewage and industrial effluents as irrigates. The isolated
fungus was identified on the basis of its morphological characteristics and
microscopical examination (Seifert, 1996). Fusarium solani was selected based on
the fact that less work was done on Cd(11) and Cu(ll) toxicity on F. solani.
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DNA extraction PCR amplification and sequencing

PCR amplification

The fungal isolate was identified based on its rDNA sequence (18S-28S
rRNA, flanking ITS 1, 5.8S rRNA, and ITS 2). Two sets of primers were used:
Fw 18S rRNA 5-GTAACAAGGTTTCCG TAGGT-3, Fw ITS1 5-
AGGATCATTACCG AGTGCG-3, Rev ITS2 5-CCTGGAAAAAAAG
TATGCTTAAGTTCGGCCG-3. GC-3', and Rev 28S rRNA 5- The PCR
reaction contained 5-10 mg DNA, 5 pl of a 10x reaction buffer, 1.25 U Taq
polymerase, 200 uM dTNP, and 0.2 mM of each primer in a total volume of
50 pl. The designed PCR protocol included 35 cycles of denaturation at 95 °C for
30 s, annealing at 56°C for 30 s, and elongation at 72°C for 1 min. The PCR
amplicon (Fermentas, Germany) prior to DNA sequencing. The purified PCR
products were sequenced using an ABI 377 DNA Autosequencer (PerkinElmer,
Applied Biosystems Div., Waltham State, USA) based on the same primers as
mentioned above. The retrieved sequence (18S-28SrRNA) was deposited in the
GenBank and BLAST-submitted for phylogenetic tree construction (http://
www.geno me.HP/tools/.clustals) (Thompson et al., 1994).

The strain was routinely mentioned on potato glucose agar (PDA) slants and
stored at 4°C for the development of the strain, it was grown for 72 h at 30°C on
PDA.

Materials

Oxidized glutathione, 5,5-dithiobis-2-nitrobenzoic acid (DTNB) and
nicotineamide adenine dinucleotide phosphate (NADPH) were purshed from
Sigma-Aldrich (St Louis, MO, USA). Folin reagent was obtained from EIl-
Gomhoryah Company, Egypt. All other chemicals were of analytical grade.

Stock metal solutions were prepared by dissolving appropriate quantities of
CdCl, and CuSQO,.4H,0 salts in double distilled water. The stock solutions were
diluted further with deionized distilled water to obtain working solutions of
different concentrations.

Determination of minimum inhibitory concentration (MIC)

A sterilized solutions of CdCl, and CuSQ,.4H,0 were aseptically added to the
sterilized PDA medium to get the final concentrations ranged from 0 to 1000 mg/I
for mineral salt formulations. The plates were centrally inoculated with 5 mm
fungal plugs from 4 days old fungal colonies in three replicates and were
incubated at 30°C for 6 days. MIC was identified as the minimum concentration
of metal ions that inhibited visible growth of F. solani.

Scanning electron microscopy investigation (SEM)

Fusarium solani cells were fixed in 2.5% glutaraldehyde at 4°C, for 24 h and
then post-fixed in 1.0% osmium tetraoxide at room temperature for 1 h (Harely &
Ferguson, 1990). Samples were then dehydrated in acetone, coated with gold and
examined using a Jeol scanning electron microscope (JEM-1200XI1) (Regional
Center of Mycology and Biotechnology, Cairo, Egypt).
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Morphometric analysis
Dimensions of macroconidia  were directly measured from the SEM
photographs to calculate cell volume (v) and surface area (A) by the following
equation, normal and stressed yeast
V (mm®) = 1 r*h
A(mm®)=2nr’+2nrh

where r and h are radius and length of a macroconidium in pum (Neumann et al.,
2005). Mean cell dimension of the F. solani  were measured. Average cellular
volume and surface area were calculated from normal cells. Cells showing
deformations/depression were not considered.

Transmission electron microscopy investigation (TEM)

Fusarium solani (native, 500mg Cu/l-treated and 800 mg Cd/I-treated) cells
were fixed in 2.5% glutaraldehyde for 3 h (Gupta & Berridge, 1966), washed
twice with 0.2 M phosphate buffer of pH 7.4 for 30 min, then post-fixed in 1.0%
osmium tetraoxide for 2 h (Palade, 1952). After that, the cells were washed with
phosphate buffer for 30 min. All the previous steps of fixation were carried out at
4°C. Samples were dehydrated in a graded ethanol series (50%-100%). They
were passed through three changes of acetone: ethanol (1:2, 1:1 and 2:0) for 10
min each and embedded in epoxy medium (Epon 812) (Luft, 1961). Blocks were
sectioned with a diamond knife (ultramicrotome RMC USA) into ultrathin
section about 70 nm. These ultrathin sections were constructed with uranyl
acetate (Sptempack & Ward, 1969) followed by lead citrate (Reynolds, 1963)
each for 30 min. Transmission and photographing were done using a JEOL-
1010 electron microscope (Regional Center of Mycology and Biotechnology,
Cairo, Egypt).

Energy dispersive X-ray microanalysis (EDX)

Cu(ll) and Cd(ll)-loaded (0.5 mg Cu/ml and 0.8 mg Cd/ml) biomass were
used for energy dispersive X-ray microanalysis using X-ray micro analyzer
(Model Oxford 6587 INCA x-sight) attached to JEOL JSM-5500 LV scanning
electron microscope at Regional Center of Mycology and Biotechnology, Cairo, Egypt

Effect of Cd(Il) and Cu(ll) stress on F. solani growth

To investigate the heavy metal stress response in F. solani, the changes in
radial growth, biomass production, the concentration of protein content, total
antioxidant and total thiols and the activity of peroxidase (POD), polyphenol oxidase
(PPO) and glutathione reductase (GR) were determined.

To study the effect of Cd(ll) and Cu(ll) on radial growth, the metal ions
treated plates were inoculated as mentioned before. The diameters of the fungal
colonies were measured in millimeters (mm) at certain intervals.

To study the effect of metal ions on the biomass production of F. solani, the
fungus was grown in 250 ml Erlenmeyer flasks containing 50 ml of potato
glucose broth (PD). A sterilized solutions of metal ions were aseptically added to
the sterilized medium to get the final concentration ranging from 0-1000 pg/ml.
Egypt. J. Microbiol. 49 (2014)
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Then incubated at 30°C for 6 days on a rotary shaker at 125 rpm. The biomass
was harvested and dried to a constant weight at 60°C.

Mycelium extract

The effects of Cd(ll) and Cu(ll) on the concentration of total soluble protein,
thiol contents and total antioxidant and on the activity of POD, GR and PPO were
determined. The fungal mycelia were ground using a cold mortar in an ice bath
with 50 mM cold phosphate buffer (pH 7.0) of 50 mM EDTA. The cell
suspensions were centrifuged at 3824 g for 15 min at 4°C. The supernatants of
cell homogenate after centrifugation were used to elucidate the tolerance
mechanism of F. solani to Cd(ll) and Cu(ll).

Polyphenol oxidase

Polyphenol oxidase (PPO) activity was determined according to Bergmeyer
et al. (1974). Briefly, the reaction mixture contained 200 pl of enzyme
preparation in 0.1 M potassium phosphate buffer (pH 7.0), 0.2 mM guaiacol, 5
U/ml horseradish peroxidase and 10 mM catechol as substrate, in a total volume
of 1 ml. The reaction was incubated for 60 min at 30°C. The reaction was frozen
for 10 min, the developed color was measured at 436 nm. One unit of the enzyme
was expressed by the amount of enzyme that released 1 umol H,0, per min under
optimal assay conditions.

Glutathione reductase

Glutathione reductase (GR) activity was determined spectrophotometrically
according to the method of Barata et al. (2000). The reaction mixture contained
3ml of 100mM potassium phosphate buffer (pH 7.5) containing 1 mM 2-
nitrobenzoic acid, 1 mM oxidized glutathione and 0.1 mM NADPH. The reaction
was started by the addition of 50 pl of mycelium extract. The changes in
absorbance due to the reduction of oxidized glutathione were monitored at
412nm for 2 min.

Peroxidase assay

Briefly, the reaction mixture contained 200 pl of enzyme preparation in 0.1 M
potassium phosphate buffer (pH 7.0), 2.5 mM Gauiacol and 1 mM H,0, in a total
volume of 1 ml. The reaction was incubated for 60 min at 30°C. After stopping
the reaction, the developed color was measured at 510 nm (Bergmeyer, 1974).
Activity was calculated as described above. One unit of POX was expressed by
the amount of enzyme decomposition of one pM of hydrogen peroxide per
minute at 25°C, and pH 7.0 under standard assay conditions.

Total antioxidant

Concentration of the total antioxidant of the crude fungal extract was
determined by the ferric-thiocyanate method (Gupta et al., 2004) with slight
modifications. In brief, 1 ml of the crude enzyme preparation was mixed with
0.2 ml of 20 mM ferrous chloride and 0.2 ml ammonium thiocyanate (30%).
After incubation for 10 min, the developed red color was measured at 500 nm.
Ascorbic acid was used as standard.
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Protein measurement
The method of Lowry et al. (1951) was used to measure extracellular and
intracellular protein.

Assay of total thiol content

For total thiol assay, Ellman (1959) method was followed. Three milliliters of
samples was mixed with 2 ml phosphate buffer (pH 7.0) and 5.0 ml distilled
water and they were mixed well to get a 10 ml reaction mixture. Twenty micro
liters of 0.01 M DTNB solution was added to 3 ml of the reaction mixture, shaken
well and absorbance was recorded at 412 nm.

Results and Discussion

Molecular identification of the isolate
The sequence data of the isolate was deposited to GenBank with accession
number of KJ623702.

Heavy metal tolerance

Metals and their compounds interact with fungi in various ways depending on
metal species, organism and environment. In addition, fungal metabolic activity
can influence metal speciation and mobility (Ahmed et al., 2011). Metal toxicity
can be indicated by the minimum inhibitory concentration (MIC). Results showed
a higher fungal tolerance to Cd(Il) (up to 900 mg/l) than to Cu(ll) (600 mg /).
MIC of Cd (II) is 180000 fold the maximum admissible Cd(Il) concentration in
drinking water (0.005 mg /I) and that of Cu(ll) is 6.0 fold the maximum
admissible Cu(ll) concentration in drinking water (0.1 g/I) (WHO, 2008). There
was no pigmentation on PDA plates amended with either 50 mg/l concentration
of Cd(Il) as well as these of Cu(ll). On the other hand, there was a greenish
yellow pigment turned dark brown (at the end of incubation period) in PDA
plates amended with 100-900 mg/l concentration of Cd(Il). Gabriel et al. (1996)
reported that mycelia pellets of Daedalea quercina harvested from 1 mmol/l
Cd(Il) had a brownish-yellow color while the control samples remained white.
This pigmentation may be due to Cd(ll) stress. The nature of these changes can‘t

be discussed without a detailed chemical analysis. Comparable findings were
obtained by Hefnawy & Razab (1998) . Ezzouhri et al. (2009) mentioned that the
blue color of Fusarium. sp. mycelia on agar media amended with Cu(ll) may be
due to binding of Cu(ll) ions to the fungal cell wall. Ban et al. (2012) reported
that the colony of Gaeumannomyces cylindrosporus turned dark or brown on agar
medium under Pb(1l) concentrations. Color changes of mycelia exposed to metals
may be an indicator of metal complexation (Machuca et al., 2001). Comparable
results were obtained by Huang et al. (2010). The reasons for color changes of
mycelia are complex and need further studies.

Effect of Cd(l1) and Cu(ll) on F. solani radial growth and biomass production
Heavy metal toxicity influences several aspects of the fungal growth as the lag
phase of the fungi, the growth rate, the density of the mycelium and the biomass
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production (Jones & Hutchinson, 1988). A preliminary experiments were carried
out to establish the range of CdCl, and CuSO,. 4H,0 concentrations and
exposure time that were able to inhibit mycelium growth (data not shown). It was
observed that Cd(ll) concentrations of 900 mg/l (solid media) and 700 mg/l
(liquid media), respectively inhibited the growth of F. solani completely. The
lower concentrations of Cd(lIl) tested caused a slight stimulation of growth by
forming complexes with constituents of the culture medium, which could allow
essential trace elements to become available to the fungus (Cooley et al., 1986).
The higher concentration of Cd (II) inhibited the growth of F. solani could be
due to autolytic break down of the mycelium (Guelfi et al., 2003). An increase in
the length of the lag phase was evident in concentrations 400 and 500 mg/l of
Cu(ll). A complete inhibition in the radial growth and biomass production was
observed at 600 mg/l (solid media) and 400 mg/l (liquid media), respectively.
Copper is toxic to most microorganisms at elevated concentrations, largely
through enzyme inhibition, the oxidation of membrane components, which might
be related to the ability of copper to generate toxic hydroxyl radicals (Melo et al.,
2004). In liquid medium, the metal toxicity becomes more evident when the
medium is supplemented with lower concentrations than agar plates. This
appearant abnormality is due to the more intimate contact between the cells and
the ions and also due to the absence of the protective chelating effect of the agar
(Ruta et al., 2010).

Electron microscopy analysis

SEM analysis was carried out to observe the differences in the surface
morphology after Cu(ll) and Cd(ll) exposure. Prior to heavy metal stress, cells of
F. solani had smooth, turgid and uniform cell surface with macroconidia with
about 11 pum length (Fig. 1a and b). Macroconidia from Cd(Il)-stressed cultures
were extremely elongated (20 um length), became flaccid (Fig. 1c). Severe
inhibition in conidiation was noticed also rupture and extrusion of cellular contents
occurred (Fig. 1d). Formation of chlamydospores was observed (Fig. 1e). On the
other hand, exposure to Cu(ll) had no noticeable effect on conidiation. Slightly
wavy surface of macroconidia with a decrease in turgidity (Fig.1f). Severe
flaccidity, rupture and extrusion of cellular contents were noticeable on mycelia
(Fig. 1g) than on conidia. The disruption of cellular and organelle membranes are
among the toxic effects of heavy metals (Gadd, 1992). Average dimension of
native cells was 1.1-1.2 um by 9.34-9.5 um and the surface area\volume ratio
(A\V) was 2.43. In Cu(ll)-stressed cells average dimension was 1.67-1.75 um by
8.0-8.12 um and A\V was 1.39. In Cd(Il)-stressed cells average dimension was
1.9-2.1 pm by 20-20.13 um and A\V was 1.15. In conclusion, the reduction in
A\V due to Cu(ll) and Cd(Il) stress was 42.72 and 52.55%, respectively. The
relative decrease in cell volume plays a key role in the consequent reduction in
attachment /uptake sites on the cell surface for the heavy metals and lowering the
toxic effects of environmental stress factors (El-Sayed, 2013).
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Fig. 1. SEM of F. solani (a and b) native cells, (c-e) Cd(Il)-stressed cells, (f and g)
Cu(Il)-stressed cells
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The presence of Cd(Il) and Cu(ll) was confirmed by EDX microanalysis

which revealed the presence of Cd(Il) and Cu(ll) signals along with other ions
(Fig. 2a and b).
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Fig. 2. EDX of F. solani (a) Cd(Il)-exposed cells, (b) Cu(l1)-exposed cells .
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TEM observations of native, Cu(ll) and Cd(Il)-stressed cells (500 and
800 mg/l, respectively) were represented in Fig. 3a-h. Ultrathin sections of metal-
less cells revealed a distinct cell wall (107 nm in thickness), clear cytoplasm with
few electron dense areas probably representing the genetic material and
cytoplasmic deposits and few number of intracellular vesicles  (Fig. 3a). TEM
micrographs of Cd(Il)-loaded cells showed that the cell wall thickness of some
cells doubled (20onm). Cd(Il) particles dotted on the cell wall and intracellularly
with an increase in the number of intracytoplasmic vesicles (Fig. 3b). In this
connection, Lima e Silva et al. (2012) found that a considerable increase in the
number of intracellular vesicles could be related to an increase in the synthesis of
lipid compounds that usually do not have metal affinity but which play an
important role as a carbon reserve in microorganism under stress. Decreasing the
bioavailability of the toxic metals/metalloids can be managed through
extracellular complexation, precipitation and binding to cell wall constituents
(Poesi, 2011). In some cells, the invagination and undulation in cell wall can be
observed. Some cellular contents without either cell wall or plasma membrane are
found (Fig. 3c). Empty cells are showed as a result of the complete lyses of the
cellular contents and only Cd(ll) precipitates appear either on cell wall or
intracellularly (Fig. 3d and e, respectively). After Cu(ll)-stress, cell wall outlined
by Cu(ll) particles and cells appear as a magnet that attracts Cu(ll) deposits and
intracellular contents are entirely converted into single large vesicle (Fig. 3f),
Cu(ll) precipitates are observed extracellularly (Fig. 3g) and rupture of cell wall
and extrusion of cellular contents (Fig. 3h).

Changes of antioxidant substances in F. solani under Cd(ll) and Cu(ll) stress

The contents of soluble protein, total antioxidants and activities of GR, PPO
and POD were measured to detect the responses of antioxidant substances to
Cd(11) and Cu(ll). Figure 4 showed that Cd(ll) treatments caused a sharp increase
in soluble protein content. At 700 mg/l Cd(ll), protein content increased to 366%
of the control. A significant increase in protein content occurred at 50 mg/l Cu(ll)
(305%, with respect to control) and a subsequent decrease in protein with respect
to control was observed. In most fungi, the presence of bivalent heavy metals like
Cd(I1) and Cu(ll) induces the production of intracellular binding compounds.
These can be divided into two main groups; metal binding oligopeptides
containing cysteine-glutathione (GSH), phytochelatins and related compounds and
proteins such as metallothioneins. Both types of compounds can be produced
simultaneously (Baldrian, 2003).

Antioxidants (both enzymatic and nonenzymatic) provide a protection against
deleterious metal-mediated free readical attacks (Volka et al., 2013). Thus , the
influence of Cd(ll) and Cu(ll) on nonenzymatic antioxidant production was
determined (Fig. 5). Except for 200 mg Cd/l concentration and 300 mg Cu/l
concentration, all nonenzymatic levels seem to be within the same range.
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Fig. 4. Intracellular protein content in F. solani after 6 days of growth in presence of
different Cd(Il) and Cu(ll) concentrations. Data represent the mean of three
measurements + SE.

It seems logic to hypothesize that cells could adapt to oxidative stress by
increasing their antioxidant capacity. Since antioxidant enzymes represent the
first line of defense against ROS, unsurprisingly their activities are often
observed increased during adaptation. The balance between ROS production and
antioxidant defense could be disturbed in favor of the former, by the addition of
oxidant species, or sudden abundance of oxygen (Li et al., 2009).
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Fig. 5. Total antioxidant content of F. solani was measured after 6 days of growth in
presence of different Cd(ll1) and Cu(ll) concentrations. Data represent the
mean of three measurements * SE.
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Glutathione reductase (GR) is a FAD-containing protein that reduces oxidized
glutathione (GSSG) using NADPH as an electron donor (Sato et al., 2009). Only
the Cd-treated cells had increased GR activity, whereas Cu-treatment decreased
the activity with the exception of 300 mg Cu/l (Fig. 6). This increase indicating
higher enzyme activity either in response to the superoxide anions formed due to
Cd(I1) and Cu(ll) toxicity or for more synthesis of glutathione to trap intracellular
Cd(I1) and Cu(ll). A gradual decrease in enzyme activity was observed along
with increase in Cd(ll) concentration. This decrease in enzyme activity is
indicative of drastic stress of higher Cd(lIl) concentration on F. solani .
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Fig. 6. Glutathione reductase (GR) activity in F. solani was determined in
mycelium extract after 6 days of growth in presence of different
Cd(I1) and Cu(ll) concentrations Data represent the mean of three
measurements + SE.

Peroxidase (POD) activity was found to be increased at 200 mg/ I and 50 mg/I
concentrations of Cd(l1) and Cu(ll), respectively (Fig. 7). A gradual decrease was
followed. An initial increase in POD activity suggest the fact that Cd(Il) and
Cu(ll) induced antioxidative response in F. solani and there was an effort on part
of fungus to minimize the hazardous effect of ROS. Decrease in POD activity at
high heavy metal concentrations suggest that ROS generated at these
concentrations provoked the inhibition of POD activity.

Polyphenol oxidase (PPO) gradually increased with increased Cd (1) stress
and was found to be maximum at 200 mg/l Cd(ll) treatment after which it was
reduced (Fig. 8). On the other hand, Cu(ll) stress reduced PPO activity. Hossain
& Kermasha (1998) reported that metallothioneins (MTs.) bind selectively large
amounts of heavy metal ions such as Hg(ll) Cu(ll), Cd(ll) and zn(Il). Copper-
metallothioneins (Cu-T) by donating copper, could act as an inhibitor for the PPO
activity.
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Fig. 7. Peroxidase (POD) activity in F. solani was determined in mycelium extract
after 6 days of growth in presence of different Cd(ll1) and Cu(ll)
concentrations. Data represent the mean of three measurements + SE .
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