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Abstract

Environments contaminated with heavy metals negatively impact the living organisms. Ectomy-
corrhizal fungi have shown important role in these impacted sites. Thus, this study aimed to evaluate
the copper-resistance of ectomycorrhizal fungi isolates Pisolithus microcarpus - UFSC-Pt116;
Pisolithus sp. - UFSC-PT24, Suillus sp. - UFSM RA 2.8 and Scleroderma sp. - UFSC-Sc124 to dif-
ferent copper doses in solid and liquid media. The copper doses tested were: 0.00, 0.25, 0.5, 0.75, 1.0
and 1.25 mmol L™ in the solid medium and 0.00, 0.32, 0.64 and 0.96 mmol L' in the liquid medium.
Copper was amended as copper sulphate in order to supplement the culture medium MNM at pH 4.8,
with seven replicates to each fungus-dose combination. The fungal isolates were incubated for
30 days at 28 °C. UFSC-Pt116 showed high copper-resistance such as accessed by CLs5, determina-
tions (concentration to reduce 50% of the growth) as while as UFSC-PT24 displayed copper-
resistance mechanism at 0.50 mmol L™ in solid medium. The UFSC-PT24 and UFSC-Sc124 isolates
have increased copper-resistance in liquid medium. The higher production of extracellular pigment
was detected in UFSC-Pt116 cultures. The UFSC-Pt116 and UFSC-PT24 isolates showed higher re-
sistance for copper and produced higher mycelium biomass than the other isolates. In this way, the
isolates UFSG-Pt116 and UFSC-PT24 can be important candidates to survive in copper-
contaminated areas, and can show important role in plants symbiosis in these contaminated sites.
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Introduction

Environment contamination with heavy metals has
increased over the years. The composition of fungi, plants
and microbial activity of the soil can be negatively influ-
enced by the environment contamination due to the pro-
cesses of mining, smelting, processing and manufacturing
of metals and their sub-products (Colpaert, 2008; Riihling
and Sdderstrom, 1990). One of the ways to reduce the im-
pact caused by these activities on the soils is the use of
bioremediation process which aims to use metabolism of
microorganisms for elimination or reduction of pollutants
in the environment to acceptable levels (Gadd, 2007).

Many ectomycorrhizal fungi that show resistance to
heavy metals, together with the use of plants, can be useful
in bioremediation of contaminated areas (Perotto and Mar-
tino, 2001; Van Tichelen ef al., 2001). These microorgan-
isms can mobilize or exclude metals from their fungal
structures located in the root system of plants by establish-
ing links with peptides, organic acids and cell wall poly-
mers such as chitin and melanin (Galli et al., 1993; Zheng et
al., 2009). The production of melanin has been considered
the main mechanism of tolerance to heavy metals (Gadd,
1993; Martino et al., 2003), as it can act in the extracellular
precipitation in the adsorption of heavy metals, preventing
their action on fungi (Bellion et al., 2006; Forgaty and
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Tobin, 1996; Gadd, 2004). Apart from this, the ectomy-
corrhizal can exert nutritional and non-nutritional effects
which facilitate the vegetal growth, important for re-ve-
getation of degraded areas, including areas contaminated
with metals and salts (Khan, 2001; Wang et al., 2011).
However, to be used in programs of soil bioremediation,
exerting beneficial effects for the host plants in condition of
high concentration of heavy metals it is necessary to assess
the impact of these inorganic contaminants on these fungi.

Heavy metals, when in high concentration in the envi-
ronment can negatively impact the development of the
ectomycorrhizal fungi (Bell et al., 1988; Grazziotti et al.,
2001). Studies in pure culture medium can be an important
tool to assess the relation between ectomycorrhizal fungi
and heavy metals. For the culture of fungi in laboratory
conditions, both solid and liquid medium can influence the
tolerance to the metals due to the complexity of the heavy
metals in the matrix of the subtract, altering its availability;
or agar itself can also contain heavy metals (Blaudez et al.,
2000; Gadd, 1993). Hartley et al. (1997) also reported that
the mycelium of basidiomycetes does not develop com-
pletely in liquid media and this can affect the reaction of the
organism with the heavy metals. Colpaert and Van Assche
(1988) indicate that a lower tolerance of ectomycorrhizal
fungi to heavy metals, causing variation in tolerance of
ectomycorrhizal genera when adding the same doses of
metal in solid media. Thus, CLs, values were found (con-
centration to reduce 50% of growth) ten times less in liquid
media than in solid media, in species belonging to the gen-
era Suillus, Scleroderma and Pisolitus (Blaudez et al.,
2000; Colpaert and Van Assche, 1988; Martino et al.,
2000). This variation in CLsy of ectomycorrhizal fungi
among solid and liquid media indicates the need for using
these two types of media to compare the tolerance of ecto-
mycorrhizal fungi to heavy metals. However, it is neces-
sary to know the potential resistance of the ectomycorrhizal
fungi for its applicability in the environment and produc-
tion in the laboratory.

Faced with increasing soil contamination by copper
in large areas of processing this chemical component, se-
lecting copper-resistant ectomycorrhizal fungi becomes an
important characteristic to be used in bioremediation pro-
grams. So, ectomycorrhizal fungi that are resistant to cop-
per can be an efficient alternative for the bioremediation of
copper-contaminated environments. Therefore, this study
aimed to assess the copper-resistance of four ectomycor-
rhizal isolates of distinct genera, Pisolithus, Scleroderma
and Suillus, in solid and liquid media.

Materials and Methods

For characterizing the influence of copper on ectomy-
corrhizal fungi growth, experiments in solid and liquid
Melin-Norkrans Modified (MNM) media (Marx, 1969)
were performed. The concentration of added copper varied
according to the media used, based on results of Colpaert
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and Van Assche (1998), which indicate lower tolerance of
ectomycorrhizal fungi in liquid medium. To avoid precipi-
tation of Cu, the medium MNM was prepared according to
Grazziotti et al. (2001).

The ectomycorrhizal isolates used were: Suillus sp.
(UFSM RA 2.8), P. microcarpus (UFSC-Pt116); Pisolithus
sp. (UFSC-Pt24) and Scleroderma sp. (UFSC-Sc124). The
isolates of the genera Pisolithus and Scleroderma sp. were
obtained from the Federal University of Santa Catarina.
The isolate Suillus sp. was collected at the State Foundation
for Agricultural Research (FEPAGRO-FLORESTAS, RS),
isolated and identified according to Brundrett ez al. (1996).
The sporocarps were collected from the forestry, identified,
higienized and saved in the properly paper bags with the
identification and carried out to the Laboratory for further
analysis. The sporocarps were than cleaned with alcohol
70% in the flow chamber, then broken in half and were
withdrawn a portion of the mycelium and placed for incu-
bation in Petry dishes containing Hagen medium (0.5 g of
NH4CL; 0.5 g of KH,POy4; 0.5 g of MgSO, . 7 H,0; 5.0 g of
glicose; 50 ug of thiamine; 0.5 mL of FeCls; 10 g of agar in
1000 mL of distilled water). The plates were incubated and
the no contaminated mycelium was transferred to Petri
dishes with medium MNM. After isolation, the fungi were
processed in the laboratory using aseptic techniques for the
multiplication of the ectomycorrhizal fungi (Brundrett et
al., 1996). After that, the characteristics of the sporocarps,
mycelium and spores were then identified.

For the experiment with the solid medium MNM, the
experimental unit was a Petri dish, containing 20 mL of
solid medium MNM. The inoculation of ectomycorrhizal
was realized with three discs, 10 mm in diameter, of myce-
lium taken from the edges of the colonies grown in Petri
dishes during 30 days with solid medium MNM, in pH 4.8.
After the inoculation the dishes were incubated at 28 °C
during 30 days. The test was conducted in complete ran-
domizing way with seven repetitions. The tested doses of
copper were 0.0; 0.25; 0.5; 0.75; 1.0 and 1.25 mmol L'l,
corresponding to 0, 16, 32, 48, 64 and 80 mg L'l, respec-
tively.

To assess the behaviour of ectomycorrhizal fungi in
the liquid medium, the experimental unit was an erlen-
meyer flask (250 mL), with 25 mL of medium MNM
amended with Cu and it was inoculated the fungi as de-
scribed above. The doses of copper were 0.0; 0.32; 0.64 and
0.96 mmol L™, corresponding to 0, 20, 40 and 60 mg L', re-
spectively. The quantities of copper were different from
that used in the solid medium, according to Colpaert and
Van Assche (1998). The experiment was completely ran-
domized with seven repetitions. After the inoculation the
Erlenmeyers flasks were incubated at 28 °C during 30 days
without agitation.

The variables analysed in the test were: dry mass of
fungal mycelia, mean diameter of the mycelium and total
production of extracellular pigments. The total production
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of extracellular pigments was obtained by the expression of
light absorbance of the visible A = 350 mm according to
Grazziotti et al. (2001). To determine extracellular pig-
ments the solid MNM medium was heated and diluted five
times to be maintained in liquid phase and then filtered
through filter paper (Whatman # 42) to retain fungal bio-
mass. The fungal mycelium retained on the filter paper was
used to determine the mycelium dry mass, which was dried
at 60 °C until constant weight. The determination of pro-
duction of extracellular pigments in liquid was directly in
the culture medium and the fungal mycelium was removed
with forceps and taken to the oven for drying and further
dry mass determination.

The variables analysed were subjected to variance
analysis and their media were compared by the Tukey test
and regression equations were adjusted for the applied cop-
per doses based on the significance levels higher than 95%

621

(p £ 0,05), using the statistic program SISVAR (Ferreira,
2008). The variables also were subjected to multivariate
group analysis (Cluster) through Euclidian distance using
the program STATISTICA (1996).

Results

Copper-resistance and pigment production

The results obtained in solid culture medium exhib-
ited significant reduction in the diameter of the mycelium
only for the isolate UFSM RA 2.8 with increasing doses of
copper (Table 1). Significant reduction in the pigment val-
ues is also observed (A =350 nm), for the isolate UFSM RA
2.8 when added 125 mmol kg™ (80 mg kg™) of copper and
significant increase for the isolates UFSC-Pt116 and
UFSC-Pt24 with increasing doses of copper. No significant

Table 1 - Average diameter of mycelium, dry mass of fungal mycelia (MSMF) and pigmentation at A = 350 nm of the isolates UFSM RA 2.8,
UFSC-Pt116, UFSC-Pt24 and UFSC-Sc124 subjected to growth in different doses of copper in solid culture medium MNM.

Copper doses (mmol kg™)

Ectomycorrhizal Isolates

UFSM RA2.8 UFSC-Ptl16 UFSC-Pt24 UFSC-Sc124
Mycelium diameter (cm)
0.00 5.37*aA 491 aA 6.20 aA 5.75 aA
0.25 3.50 abB 4.90 aA 6.35 aA 5.59 aA
0.50 2.75 abB 5.70 aA 6.47 aA 5.46 aA
0.75 2.79 abB 5.73 aA 5.48 aA 5.70 aA
1.00 2.40 bB 491 aA 5.45 aA 6.40 aA
1.25 2.22 bB 4.82 aA 5.01 aA 4.62 aA
CV (%) 13.06
MSMF (g)
0.00 0.103 aA 0.125 aA 0.149 aA 0.047 aB
0.25 0.138 aA 0.126 aA 0.106 aA 0.071 aB
0.50 0.122 aA 0.144 aA 0.112 aA 0.062 aB
0.75 0.115 aA 0.134 aA 0.143 aA 0.065 aB
1.00 0.111 aA 0.109 aA 0.132 aA 0.070 aB
1.25 0.090 aB 0.090 aB 0.137 aA 0.039 aB
CV (%) 2.87
Pigmentation (A = 350 nm)

0.00 0.000 bB 0.055 bA 0.029 bA 0.000 aB
0.25 0.106 aAB 0.211 abA 0.018 bB 0.035 aB
0.50 0.120 aAB 0.217 aA 0.048 abB 0.017 aB
0.75 0.140 aAB 0.253 aA 0.171 aA 0.000 aB
1.00 0.151 aA 0.133 abA 0.103 aA 0.000 aB
1.25 0.042 bB 0.159 abA 0.119 aA 0.000 aB
0.00 0.000 bB 0.055 bA 0.029 bA 0.000 aB
CV (%) 6.51

*Means followed by the same lowercase letter in the column and uppercase letter in the line, inside each variable, are not different among them by the

Tukey test at 5% of error probability (p < 0.05).

**Determined in the culture medium MNM.
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alteration in the fungal mycelium mass of the analysed iso-
lates in the different copper doses was observed.

In the solid culture medium the isolates UFSC-Pt116,
UFSM-Pt24 and UFSC-Sc124 produced higher average di-
ameter of mycelium than the isolate UFSM RA 2.8 in the
different copper doses (Table 1). The isolate UFSC-Sc124
showed smaller dry mass of the fungal mycelium than the
other fungi, when applied to concentrations up to 1.0 mmol
L™ of copper, while in the higher dose (1.25 mmol L) the
isolate UFSC-Pt24 was significantly superior to the others
(Table 1). The highest pigment produced was obtained for
the isolates UFSC-Pt116 and UFSC-Pt24 with the increas-
ing doses of copper (Table 1).

In the liquid culture medium, the four studied isolates
showed significant reduction in the average diameter of the
mycelium, dry mass of the fungal mycelium and in the pig-
ment production (expressed in units, with the absorbance at
350 nm) in the dose 0.96 mmol L™ of copper (Table 2). In
the liquid medium the isolates UFSC-Pt116, UFSC-Pt 24
and UFSC-Sc124 exhibited higher average diameter of the
fungal mycelium and pigment production than the isolate
UFSM RA 2.8 until 0.64 mmol L™ of copper concentration
(Table 2). The production of fungal mycelium dry mass of
the isolate UFSC-Pt116 is equivalent to the UFSC-Pt24
which was significantly superior to the other isolates, in the
copper concentrations up to the copper dose of 0.64 mmol
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L' (Table 2). These results indicate that in the liquid me-
dium, the negative effect of Cu on the growth of fungi
seems to have been higher than in solid medium, even with
application of smaller doses of copper.

Relationship and tendencies of the
copper-resistance

The analysis of main components of copper-resis-
tance showed varied responses on the fungal growth in the
solid medium, depending on the ectomycorrhizal isolate
and metal concentration (Figure 1). The isolates
UFSC-PT116 and UFSM RA 2.8, in the concentration of
0.5 mmol L™ of copper, it resulted in a higher growth of
mycelia mass and for the isolate UFSC-SC124, this higher
growth was observed when the copper concentration used
was 1.25 mmol L. However, the copper concentrations in
the solid medium did not affect significantly the dry mass
production of the mycelia in the isolate UFSC-PT24 (Fig-
ure 1b). Thus, the analysis of the main components showed
amore sensitive technique than the conventional used to as-
sess the influence of metals on the growth of fungal isolates
and indicates copper-resistance of the isolate.

In the Figure 2, it was exhibited that the fungal iso-
lates in the liquid medium increased the mycelium growth
when exposed to copper concentration of 0.32 mmol L.
The copper concentrations 0.64 and 0.92 mmol L™ pro-

Table 2 - Diameter of the mycelium, dry mass of fungal mycelia (MSMF) and medium pigmentation at A = 350 nm of the isolates UFSM RA 2.8,
UFSC-Pt116, UFSC-Pt24 and UFSC-Sc124 subjected to growth in different doses of copper in liquid culture medium MNM.

Copper doses (mmol L)

Ectomycorrhizal Isolates

UFSM RA2.8 UFSC-Ptl16 UFSC-Pt24 UFSC-Sc124
Mycelium diameter (cm)
0.00 2.82*aB 4.50 aA 5.03 aA 4.68 aA
0.32 1.49 aB 4.64 aA 4.39 aA 5.05 aA
0.64 1.24 aB 4.69 aA 4.76 aA 4.77 aA
0.96 0.00 bA 0.00 bA 0.00 bA 0.00 bA
CV (%) 22.04
MSMF (g)
0.00 0.167 aAB 0.205 aAB 0.288 aA 0.099 aB
0.32 0.095 aA 0.166 aA 0.210 aA 0.091 aB
0.064 0.046 abB 0.123 abA 0.180 aA 0.087 aB
0.96 0.000 bA 0.000 bA 0.000 bA 0.000 bA
CV (%) 7.62
Pigmentation (A =350 nm)

0.00 0.144 aB 0.616 aA 0.574 aA 0.439 aA
0.32 0.056 aB 0.628 aA 0.526 aA 0.444 aAB
0.64 0.042 aB 0.478 aA 0.489 aA 0.433 aA
0.96 0.000 bA 0.000 bA 0.000 bA 0.000 bA
CV (%) 16.86

*Means followed by the same lowercase letter in the column and uppercase letter in the line, inside each variable, are not different among them by the

Tukey test at 5% of error probability (p < 0.05).
**Determined in the culture medium MNM.
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Figure 1 - Graphic representation of the analysis of main components (PCA) relating the 1 and 2 dimensions to the growth of ectomycorrhizal isolates (a)
UFSC-PT116, (b) UFSC-PT24, (c) UFSC-SC124 and (d) UFSM RA 2.8, in different copper concentrations in solid medium. DMM: average diameter of
mycelia (mm); DMFM: dry mass of fungal mycelia (g); ABS: pigmentation at A = 350 nm (ABS).

moted an inhibition of fungal growth of the isolates, except
for the isolate UFSC-SC124 whose copper concentration
0.64 mg L' promoted in the mycelium growth, similar re-
sults to that in the 0.32 mg L™ of copper concentration.

The data presented in the Figures 1 and 2 showed the
variation in the stimulatory effect of determined copper
concentration in the growth of fungal isolates in liquid and
solid culture media. The highest production of mycelia bio-
mass of the ectomycorrhizal isolates may have occurred
due to mechanisms of excretion of organic molecules, espe-
cially of di- and tri-carboxylic acids, which produce turbid-
ity of the medium.

Regression analysis of the copper-resistance

The regression analysis showed that in solid medium
the growth in diameter of the isolates UFSC-Pt116, UFSC-
Pt24 and UFSC-Sc124 was stimulated up to the doses 0.61,
0.08 and 0.35 mmol kg of Cu, decrease occurring from
these doses (Table 3). The isolate UFSC-Pt24 showed in-
crease in diameter of mycelium up to the copper dose
0.25 mmol L™, while from this dose the copper started hav-
ing a deleterious effect on the growth of this fungus. The

isolate UFSM RA 2.8 showed different behaviour
compared to the other isolates while the reduction in its di-
ameter occurred with the increase of the copper concentra-
tion in the solid and liquid media (Tables 3 and 4). In liquid
medium (Table 4) the isolates UFSC-Pt116, UFSC-Pt24
and UFSC-Sc124 showed growth in diameter similar to the
copper presence in the solid culture medium.

The isolates UFSM RA 2.8, UFSC-Pt116 and
UFSC-Sc124 grown in the solid culture medium increased
the dry matter production up to the doses of 0.46 mmol L™,
0.54 mmol L™ and 0.63 mmol L' of Cu, respectively (Ta-
ble 3). The isolate UFSC-Pt24 reduced initially the dry mat-
ter of the mycelium to the copper concentration of
0.56 mmol L'; however, after this dose, the isolate in-
creased the dry matter of the mycelium, indicating a possi-
ble activation of tolerance mechanisms to the copper in
high doses (Table 3). Due to the dry mass values and their
behaviour in different copper doses, the analysis of CLs, of
these fungi, it was verified similar values among the iso-
lates UFSM RA 2.8, UFSC-Pt116 and UFSC-Scl24
(1.61 mmol L™, 1.44 mmol L™ and 1.47 mmol L™, respec-
tively). It was not possible to determine the CL5, of the iso-
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late UFSC-Pt24 due to its standard growth comparing to the
copper doses.

In the liquid medium, the isolates showed a different
behaviour in relation to dry mass production in the solid
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Figure 2 - Relations between the main components (PCA) relating the dimensions 1 and 2 concerning the growth of ectomycorrhizal isolates (a) UFSC
PT 116, (b) UFSC PT 24, (c) UFSC SC 124 and (d) UFSM RA 2.8, in different copper concentrations in liquid medium. DMM: average diameter of my-
celia (mm); DMFM: dry mass of fungal mycelia (g); ABS: pigmentation at A = 350 nm.

Table 3 - Regression equations of the parameters average diameter of mycelia (DMM), dry mass of mycelia (MSMF), pigmentation at A =350 nm (ABS)

and specific pigmentation at A = 350 nm (ABS esp), r* ¢ CLs of the isolates UFSM RA 2.8, UFSC-Pt116, UFSC-Pt24 and UFSC-Sc124 subjected to
growth in different doses of copper in solid culture medium MNM.

Isolates Parameters Equations r CLsg
UFSC-Pt116 DMM (cm) y=-2.1136x> + 2.5682x + 4.8549 0.8755
MSMF (g) y=-0.0812x> + 0.0754x + 0.1224 0.9633 1.44
ABS (nm)* y =-0.3382x> +0.4806x +0.0698 0.8894
ABS esp (nm g) Y =-1.5943x* +2.8103x +0.5998 0.8365
UFSC-Pt24 DMM (cm) y=-1.0136x>+0.1678x + 6.3021 0.8421
MSMEF (g) y=0.1008x> - 0.1002x + 0.1406 0.7221 nd
ABS (nm) Y =0.0149x + 0.0698x +0.0161 0.8334
ABS esp (nm g) y =-2.4863x +0.833x +0.0978 0.8048
UFSC-SC124 DMM (cm) y=-1.2929x% + 0.9132x + 5.6216 0.8725
MSMF (g) y =-0.052x> + 0.0604x + 0.048 0.903 1.47
ABS (nm) y =0.0035x% - 0.0232 + 0.0213 0.8228
ABS esp (nm g) y=0.3241x* - 0.8196x + 0.5025 0.8365
UFSM RA 2.8 DMM (cm) y=2.8236x% - 5.7017x + 5.1163 0.9346
MSMF (g) y =-0.0613x> + 0.0658x + 0.1204 0.9504 1.61
ABS (nm) y =-0.3103x + 0.4295x + 0.0024 0.9019
ABS esp (nm g™ y =-2.4863x> +3.5615x + 0.0152 0.8896

Nd = not determined.

*Determined in the culture medium MNM.
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medium (Table 4). The reduction of the dry mass produc-
tion of the fungi UFSM RA 2.8, UFSC-Pt 116 and UFSC-
Pt24 were proportional to the addition of copper in the lig-
uid medium while the isolate UFSC-Sc124 initially showed
tendency to increase the production of dry matter; however,
it reduced its growth in the higher copper doses (Table 4).
The Clsy values found were similar among the isolates
UFSC-Pt116, UFSC-Pt24 and UFSC-Sc124 (0.67; 0.65
and 0.77 mmol L™ of copper, respectively); however higher
in relation to the UFSM RA 2.8 (0.39 mmol L™ of copper),
which reduced the dry matter with the increase of copper
doses (Table 4).

The isolates UFSM RA 2.8 and UFSC-Pt116 showed
higher extracellular pigment production measured by the
absorbance at 350 nm, compared to the other fungi tested in
the solid medium, while the extracellular pigment produc-
tion grew with the addition of copper in the medium up to
0.71 and 0.88 mmol kg™, respectively (Table 3). The isolate
UFSC-Pt24 showed increase in the pigment production
with the increase of copper doses in the medium, while the
isolate UFSC-Sc124 showed reduction in pigment produc-
tion with the increase of copper concentration in the me-
dium (Table 3). This may has occurred due to the white
colour of the fungal mycelium.

In the liquid medium (Table 4), the isolates UFSM
RA 2.8 and UFSC-Pt116 exhibited the same tendency of to-
tal and specific pigment production as in the solid medium,
while the increase in the total production was up to the cop-
per doses of 0.23 and 0.21 mmol L™, respectively. The be-
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haviour of the isolate UFSC-Pt24 in the liquid medium in
the pigment production was different from that shown in
the solid medium. Here, the isolate showed a trend to pro-
duce a higher amount of total pigment up to the copper dose
0f 0.36 mmol L and reduce in the higher concentrations of
this element, while the specific pigment production showed
a similar trend to the total pigment production. The isolate
UFSC-Sc124 also showed difference in the total and spe-
cific pigment production in liquid medium when compared
to the production in solid medium, showing increase in the
total pigment production up to the copper dose of
0.31 mmol L (Table 4).

Discussion

Current studies about copper-resistance and microor-
ganisms such as bacteria have shown good results for the
bioremediation of environments polluted with copper (An-
dreazza et al., 2010, 2011). Also, ectomycorrhizal fungi
have been studied for this purpose and showed high effi-
ciency (Wang et al., 2011). In our study, the resistance of
different isolates of ectomycorrhizal fungi symbiosis-
efficient was assayed, in different copper concentrations
for subsequent use of these fungi for the bioremediation of
copper contaminated areas. The isolates showed different
behaviours with the different copper concentration and dif-
ferent media types. This difference in responses of ectomy-
corrhizal fungi to metals has been reported (Colpaert, 2008;
Johansson et al., 2008; Sharples et al., 2001) and indicated

Table 4 - Regression equations of the parameters: average diameter of mycelia (DMM), dry mass of mycelia (MSMF), pigmentation at A, =350 nm (ABS)
and specific pigmentation at & = 350 nm (ABS esp), r* e CLs, of the isolates UFSM RA 2.8, UFSC-Pt116, UFSC-Pt24 and UFSC-Sc124 subjected to

growth in different copper doses in liquid culture medium MNM.

Isolates Parameters Equations ? CLsg
UFSC-Pt116 DMM (cm) y=-11.798x> + 7.1207x + 4.2699 0.9323
MSMF (g) y =-0.2053x> + 0.0084x + 0.2011 0.9878 0.68
ABS (nm)* y=-1.1691x> + 0.4944x + 0.6094 0.9967
ABSesp(nmg')  y=-11.664x"+ 8.34894x +2.8914 0.9525
UFSC-Pt24 DMM y =-10.04x> + 5.0395x + 4.7226 0.8885
MSMF y =-0.250x" - 0.0389x + 0.2777 0.903 0.66
ABS (nm) y =-1.0781x> + 0.486x + 0.5502 0.9502
ABSesp(nmg')  y=-7.8806x"+5.719x + 1.9054 0.9248
UFSC-SC124 DMM Y =-12.549x> + 7.5719x + 4.488 0.9581
MSMF y =-0.1911x>+ 0.0886x + 0.0953 0.9439 0.77
ABS (nm) y=-1.0694x> +0.6117x + 0.4188 0.9422
ABS esp y=-12.825x>+ 8.112x + 4.2541 0.9419
UFSM RA 2.8 DMM y =-2.7242x + 2.6945 0.9459
MSMF y =0.0643x* - 0.2336x + 0.1661 0.9983 0.39
ABS (nm) y=0.1142x* + 0.2488x + 0.1388 0.9511
ABSesp(nmg')  y=-1.4572x"+0.6814x + 0.775 0.7034

**Determined in the culture medium MNM.
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the needed for pre-selection in contaminated substrate for
using in polluted areas.

The different media influenced the copper-resistance
for the different isolates. This variation in response of
ectomycorrhizal fungi to metals was reported by Galli ez al.
(2003), which attributed to the complexion of heavy metals
in the matrix of the solid media, altering its availability.
Blaudez et al. (2000) verified that the use of solid or liquid
medium did not affect the growth. However, other authors
indicated a lower tolerance of ectomycorrhizal fungi in the
liquid medium, causing tolerance variation of ectomycor-
rhizal genera when added to the same metal doses in the
solid medium (Colpaert and Van Assche, 1988).

The higher production of mycelia mass for the ecto-
mycorrhizal isolates in higher copper doses may have oc-
curred due to mechanisms of excretion of organic mole-
cules, mainly of di- and tri-carboxylic acids which form
chelates with the metal ions (5, 28) and/or increase in the
formation of fungal melanin which act in the tolerance
mechanisms of the ectomycorrhizal fungi to the heavy met-
als (Grazziotti et al., 2001). Ahonen-Jonnarth et al. (2008)
observed that in ectomycorrhizal isolates exposed to differ-
ent concentrations of heavy metals, which there is a stimu-
lus for production of organic acids such as oxalic, citric,
lactic, acetic, propionic, butyric and iso-butyric, which act
in the chelation mechanisms of heavy metals.

The CLs, values in liquid were lower than the other
found in solid medium, which confirms the reports of other
authors (8). The results of CLs, found with studied isolates
were different from that observed by other authors when
studying tolerance of ectomycorrhizal fungi to heavy met-
als in liquid medium. Grazziotti et al. (2001) found CLs
values for the fungi Pisolithus tinctorius and Suilus bovinus
to the copper of 1.18 mmol L™ and 0.12 mmol L™, respec-
tively. Tam (1995) found CLs, values in liquid medium for
the fungus Pisolithus tinctorius between 1.5 and 3.0 mmol
L™, considering its tolerances to Zn and Cu, respectively.
Colpaert and Van Asche (1998) showed values of CL5, for
Paxillus involutus in liquid medium between 392 and
785 pwmol; however for Amanita muscaria the CLs, was be-
tween 785 and 2360 pmol, showing a high variation in the
response of the ectomycorrhizal fungi for copper doses.
Blaudez et al. (2000) observed that the fungus Suillus
luteus showed higher values of CLsy than Pisolithus
involutus in the different concentrations of Cd, Cu, Ni and
Zn.

Different response of ectomycorrhizal fungi for the
tolerance to heavy metals has been observed by different
authors (Colpaert and Van Assche, 1992; Howe et al.,
1997; Colpaert et al., 2000; Grazziotti et al., 2001). Howe
et al. (1997) observed higher tolerance to the copper in the
fungus Paxillus involutus compared to isolates of Laccaria
laccata and Scleroderma citrinum, and higher tolerance to
the cadmium in Suillus granulatus compared to Suillus
variegatus. Grazzioti et al. (2001) also found differences in

Silva et al.

copper-tolerance in two ectomycorrhizal isolates, Suillus
bovinus and Pisolithus tinctorius, which the Suillus bovinus
was less tolerant.

The pigment production by ectomycorrhizal fungi
can be a favourable characteristic to copper-resistance. Ac-
cording to Forgaty and Tobin (Forgaty and Tobin, 1996),
albino isolates showed reduced capacity or cannot produce
melanin in the presence of copper excess in the culture me-
dium. The specific production of extracellular elements fol-
lowed the same trend in total pigment production in the iso-
lates of solid medium. These differences in the extracellular
pigment production among isolates show intrinsic physio-
logical differences when subjected to stress of copper ele-
ment in controlled environments.

The pigments which generated brown colour in the
medium were not identified but showed typical characteris-
tics of extracellular melanin which are induced by heavy
metals (Colpaert, 2008; Gadd and De Rome, 1988). The
production of extracellular melanin and their effect on tol-
erance of ectomycorrhizal fungi in relation to heavy metals
was reported by other authors (Colpaert and Van Assche,
1988; Grazziotti et al., 2001, Martino et al., 2003). This
protein is related to copper adsorption showing one of the
main mechanisms of tolerance to metals through compar-
tmentalization exercised by carboxylic, phenolic, hydroxyl
and amine groups, which have potential sites for connec-
tion or bioadsorption of metallic ions (Forgaty and Tobin,
1996; Fomina et al., 2005). The straight relation between
melanin and copper is due to the capacity of metals connec-
tion with fungal melanin to occur in the following order:
Cu > Cd > Mn > Zn (Saiz-Jiminez and Shafizadeh, 1984).

In summary, the ectomycorrhizal isolate UFSC-
Pt116 showed higher copper-resistance in all studied con-
centrations, while the fungus UFSC-Pt24 shows high resis-
tance from 0.50 mmol L™ (32 mg L) of copper in solid
culture medium. The fungi UFSC-Pt24 and UFSC-Sc124
showed higher copper-resistance in liquid culture medium.
In high copper doses, the higher production of dry biomass
was obtained with the isolate UFSC-Pt24. The highest pro-
duction of extracellular pigment is obtained with the fungus
UFSC-Pt116 and the highest specific production of extra-
cellular pigment was with the fungus UFSC-Sc124. How-
ever the isolates of ectomycorrhizal fungi UFSC-Pt24 and
UFSC-Pt116 can be important candidates to survive in cop-
per contaminated areas and with these resistance character-
istics, they have shown important agents in the symbiosis
with plants in these contaminated sites.
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