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Heavy Metal Tolerance of Fungi Isolated from Contaminated Soil
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This study was conducted to investigate the tolerance of some resistant fungal strains from soils contaminated
with heavy metals. Various fungal strains were isolated from soil samples collected from studied sites which
heavy metals and other pollutants have been emitted in effluents for several years. Fungi isolated belong to
different genera; however, Penicillium spp. showed the most frequent species. The microbial number was
remarkably higher in the control soil than contaminated soil samples collected from mining areas. Pb’* and
Zn”* had the highest concentration in the polluted soils ranging from 89 - 3,521 ppm and 98 - 4,383 ppm,
respectively. The minimum inhibition concentrations (MICs) of Pb" and Zn"* showed the highest values
against the fungal strains. Ni? and Co™ were the lowest contaminants in the polluted soils with the
concentration of 5 to 12.1 ppm and 1.8 to 4.8 ppm, respectively. The tested resistant strains showed the
strongest inhibition forNi"” and Co"* up to 200-400 ppm. Cadmium was the most highly toxic heavy metal for
most of strains, however, 1 mM of Cr3+, Cu’* and Pb** accelerated the growth of Penicillium verrucosum
KNU3. Cu’” and Zn" at concentration of 1 mM did not affect the growth rate P. funiculosum KNU4.

Tolerance of fungal species to heavy metals appears to be strain and origin dependent.
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Introduction

It has been shown that heavy metals at certain
concentrations can have long-term toxic effects within
ecosystems and have a clear negative influence on
biologically mediated soil processes (Lee et al., 2002).
Heavy metal release to the environment has been
increased recently because of industrial activities and
technological development and causes serious problem to
the environment, soil, and water resources. Due to their
high occurrence as contaminants, heavy metals have a
great concern to environmental issues present in soluble
form that are very toxic to biological systems, moreover,
the classification of several heavy metals as carcinogenic
and mutagenic (Alloway, 1995; Diels et al., 2002). Fungi
are known to tolerate and detoxify metals by several
mechanisms including valence transformation, extra and
intracellular precipitation and active uptake (Gadd, 1993).
Therefore, it is expected that screening of metal tolerant
fungi may provide strains with improved metal accumulation.
It is generally assumed that microorganisms concentrate
accumulated metals in the cell surface. Such phenomenon
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results from complexation and/or ion exchange reactions
between metal ions and the charged chemical constituents
of cell walls (Gupta et al., 2000). Generally, the
contaminated sites are the sources of metal resistant
micro-organisms (Gadd, 1993). Filamentous fungi and
yeasts can also show high levels of metals and metalloids
resistance, being this resistance associated to the capacity
to accumulate these elements (Canovas et al., 2003; Duran
et al., 1999; Itoh et al., 1998 , Siloniz et al., 2002). Fungi
and yeast biomasses are known to tolerate heavy metals
(Gavrilesca, 2004; Baldrian, 2003). Davis et al. (2002)
showed that long-term exposure to Zn imposes stress on
soil microbes, resulting in an increased tolerance. They
concluded that the long-term accumulation of Zn in soils
provides the microbial community with time to adapt to
this metal. Indeed, microbial communities are often found
to recover after an initial inhibition by high metal inputs
(Holtan Hartwik et al., 2002). Therefore, the soil microbial
community is thought to be a sensitive bioindicator of
metal pollution effects on bioavailability and biogeochemical
processes (Hinojosa et al., 2005). It is generally accepted
that accumulation of heavy metals in soil reduces the
amount of soil microbial biomass (Chander et al., 1995).
The objective of this study is to isolate fungal strains
resistant to heavy metals from contaminated soils and to
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investigate the tolerance index of stressed strains through
the minimum inhibition concentration (MIC).

Materials and methods

Soils physical and chemical properties Four soil
samples were collected from different mining areas in
clean zipper bags and ice box and directly transferred to
laboratory for physicochemical properties analyses. The
fifth soil sample was collected from agriculture area. The
soil pH and EC of 1:5 (soil and water mixtures) were
determined using a pH meter (Orion 3 Star, Thermo,
USA). The exchangeable cations were analyzed by
inductively coupled plasma (ICP) spectrometry after | M
NH4OAc extraction (Sumner and Miller 1996). Soil
samples were air-dried and shaken through a 2-mm sieve.
The total concentration of heavy metals was estimated by
digestion in 10-mL 60% HNOs and microwave oven-drying
at 200 = 5°C for 20 min (Mars-X, HP-500 plus, CEM
Corp.) according to EPA Method 3051 (USEPA, 1994).
The concentrations of Co, Cr, Cu, Fe, Ni, Pb, and Zn were
determined by inductively coupled plasma/ atomic emission
spectroscopy (ICP-AES; Perkin Elmer Optima, USA).

Fungi and growth conditions Several fungi belonging
to different classes were isolated on Czapek’s solution
Agar containing saccharose 30 g; sodium nitrate 2 g;
Dipotassium phosphate 1 g; magnesium sulfate 0.5 g;
potassium chloride 0.5 g; ferrous sulfate 0.01 g; Agar 15 g.
Stock cultures of fungi were maintained on 2% malt
extract-agar (MEA) plates grown at 27 C, except to and
stored at 5C.

Identification of isolates Most of fungal strains were
identified by the microscopic examination and the culture
features according to Domsch et al. (1980) and Moubasher
(1993). The isolated DNA was then used as a template for
PCR to amplify the 18S rRNA gene. A universal fungal
primer set of 27F (5'-AGA GTT TGA TCC TGG CTC
AG-3") and 1492R (5'-GGTTAC CTT GTT ACG ACT
T-3") was used to amplify the nearly complete 18S rRNA
gene. The partial 18S rRNA gene sequence was compared
with the full sequence available in the GenBank database
using a BLAST search (NCBI) to identify of the isolated
fungi.

Determination of minimum inhibitory concentrations
(MICs) The resistance of the selected isolates to heavy

metals was determined by the dilution method. Metal ions
were added separately to PDA medium at concentrations
of 100 to 1,000 ppm. The plates were inoculated with 5
mm agar block from young fungal colonies, pre-grown on
PDA. Three replicates of each concentration and controls
without metal were used. The inoculated plates were
incubated at 25°C for at least 7 days. The minimum
inhibitory concentration (MIC) is defined as the lowest
concentration of metal that inhibit visible growth of the
isolate.

Investigation for the heavy metals tolerance index of
fungi  Under aseptic conditions PDA plates supple-
mented with 1mM of the heavy metals were inoculated
with a disc of mycelia. The cultures were incubated at 2
7°C for 7 days, the diameter of the cultures were measured
and compared with control culture diameter to calculate
the tolerance index (TI). TI is defined as the ratio of the
diameter of the treated colony to that of the untreated
colony of the same fungal isolate.

Results and Discussion

The physicochemical properties of soil samples The
pHs of the contaminated soil ranged from 4.7-8.1, while it
was 6.7 in the control soil. The electric conductivity
measured in the polluted soils was ranged from 0.1-1.3 dS
m’'; however it was 0.14 dS m™ in the control soil. The
amount of NH4-N ranged 11.3-35.8 mg kg '; while it was
14.9 mg kg in the control soil. The amount of NO3-N
ranged 1.1-6.2 mg kg']; while it was 7.1 mg kg'] in the
control one Table 1.

Heavy metals concentrations It was observed that
Pb*" and Zn”" had the highest concentration in the polluted
soils ranging from 89 - 3,521 ppm and 98 - 4,383 ppm,
respectively. However, Ni*" and Co”* showed lower levels
ranging from 5-12.1 and 3.5-4.8 ppm (Table 2). It is well
known that a long-term exposure of water and soil to
heavy metals can produce considerable modification of
their microbial populations, reducing their activity and
their number (Doelman et al., 1994). Heavy metal resistant
microorganisms play an important role in the bioremedi-
ation of heavy metal contaminated soils (Ray and Ray
2009; Abou-Shanab, et al. 2007). In the present study,
various fungal strains were isolated from soil samples
collected from studied sites which heavy metals and other
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Table 1.The physicochemical properties and the microbial density of the studied soils.

No. Site pH EC'  NHsN NOsN

Exchangeable cations Microbial density

Ca”* Mg K Na’ CFU g soil x 10*
ds m" mg kg' e cmol+) | — Bacteria Fungi
1 Backnyeon mine 4.7 1.30 11.38 6.21 6.10 0.40 0.12 0.07 2 6
2 Jucheon mine 8.0 0.20 15.75 1.14 29.88 1.65 0.03 0.03 133 0.1
3 Hanheung mine 8.1 0.23 21.88 5.86 51.04 0.79 1.04 0.07 25 0.1
4  Bongwha mine 6.1 0.10 35.88 1.66 14.23 4.51 0.56 0.06 2 45
5  Agricultural soil 6.7 0.14 14.88 7.10 10.94 1.23 0.44 0.34 2100.00 70.00

1‘Organic matter, *electrical conductivity, “total carbon, Yotal nitrogen.

Table 2. ICP heavy metals content of the contaminated sites and the control soil (mg/kg).

No. Site Cd Pb Cr Ni Cu Zn Co Fe

1 Baeknyeon mine 3.8 348.6 8.5 5 122.6 143.1 1.8 13315.6
2 Jucheon mine 67.3 3521.4 13.5 12.1 265.4 4383 4.8 36950.6
3 Hanheung mine 23 89.8 14.2 8.3 76.5 98.6 35 12214.3
4  Bongwha mine 39 1230.7 10.2 5.1 105.1 529.5 4.7 17714.6
5  Control (Agriculture soil) 1.7 42 8.8 4.4 14 104.8 2.5 11926.3

Table 3. MIC for the most resistant fungal strains on Potato Dextrose broth medium.

Heavy metals (ppm)

Fungal species

cd” Co’' cr’ Cu’™’ Ni** Pb** Zn®
Penicillium notatum KNUI Sl 500 400 500 400 400 800 800
Saccharomyces serviciae K2 S2 500 400 500 300 300 700 800
Rhodosporidium toruloides M1 S2 500 400 500 500 400 700 700
Aspergillus niger KH3 S3 500 400 800 500 400 800 800
Penicillium verrucosum KNU3 S3 400 400 400 400 400 700 700
Pencillium funiculosum KNU4 S4 500 400 800 400 400 800 800
Penicillium glabrum KNUS S5 200 200 300 100 200 500 500

MIC: concentration at which no growth was occurred.

pollutants have been emitted in industrial effluents for
several years. Fungi isolated belong to different genera;
however, Penicillii appeared the most frequent species
(Table 3).

The microbial density The highest microbial number
was counted in the control sample; however, there was
remarkable difference of the fungal occurrence in the
collected polluted samples (Table 1). For example, in area
No.1 (Baeknyeon mining area) the number of fungi was
6x10* CFU g soil. While in the control (unpolluted soil)
the account of fungi was 70 x10* CFU g'1 soil. Heavy
metals were reported to inhibit the fungal growth. It is
generally accepted that accumulation of HMs in soil
reduces the amount of soil microbial biomass (Chander et
al., 1995). It was indicated by a prolongation of growth

rate, log period, lag period and generation time
(Mahapatra and Banerjee 1996). Although metals may
induce changes in the microbial community resulting in
microorganisms more resistant to metals (Almas et al.,
2004), most essential and non essential metals exhibit
toxicity above a certain concentration.

Strains identification Genetic analysis was tried to
confirm the microscopic identification of our isolates. The
18S r-RNA analysis was followed by blast search via
National Center for Biotechnology Information (NCBI)
database and the sequence was compared to other
available 18S r-RNA sequences, and the results were in
conformity agreement not less than 99% for such colony
characterizations. Such as, the 18S r-RNA analysis showed
that isolate P. notatum KNU1 had 99% nucleotide base
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homology with P. notatum, A. niger KNU3 had 99%
homology with A. niger var. niger, Rhodosporidium
toruloides M1 had 99% homology with had 99%
homology with Rhodosporidium toruloides.

Determination of the MIC We selected the most
potent species to carry out MIC and Tolerance index
measurement of the resistant strains (Table 3, 4). The MIC
of the potent fungal species ranged from 400-800 ppm for
all heavy metals except non-resistant Penicillium glabrum
isolated from control soil. MICs of the most resistant
isolates against the seven tested metals ions are shown in
Table 3 in comparing with non-resistant strain isolated
from control soil. The growth rate of the resistant isolates
seems to be adapted with the high concentrations of metal
ions. Fig. 1 shows the variation in toxicity among different
heavy metals, Co™" and Ni*" seem to be the most toxic
metal ion, however, Zn®" and Pb>" were the lowest in
toxicity (Fig. 2). That may be due to the role of Zn’" and
Pb”" in the fungal metabolism. Zinc is essential element
for all organisms, although at high concentrations it can be

toxic (Balsalobre et al., 2003). Ezzouhri et al. (2009)
reported that lead ions appeared less toxic in comparison
with the others metals studied and weakly inhibited of
growth of Alternaria alternata. Table 3 shows all metals,
whether essential and non essential tend to show toxicity
at certain levels. MIC may be presented differently,
depending on the fungal species and its site characteri-
zation. For example, the MIC of Cr” for Aspergillus niger
KNU3 and Penicillium funiculosum KNU4 was 800ppm
for each, while the other tolerant species e.g. Penicillium
sp. and yeasts recorded MICs in the range 300-500 ppm of
the same heavy metal. It is worthy to mention that the
lowest MICs for the resistant fungal species were found in
Ni" stresses, that may due to its low concentration
originally in the contaminated soil samples. Also, Co'
presented low values of MICs against the tested resistant
isolates, which was 400 ppm for all tested species except
P. glabrum that was isolated from the control soil. Table 2
shows that the Ni** and Co™ were the lowest contaminants
in the polluted soils which have 5 to 12.1ppm and 1.8 to
4.8ppm, respectively. Malik (2004) found that the strains

Fig. 1. Effect of 1mM of Cd"” and Zn"*, Non-essential and essential heavy metals, respectively, on the growth of

Aspergillus niger KNU3 as resistant fungal strain.

Fig. 2. Tolerance index of 1mM of different heavy metals on the growth of Penicillium notatum KNU1 as a resistant fungal

strains.
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Table 4. Tolerance index (TI) of isolated fungi able to grow on PDA amended with 1mM of metal.

Heavy metals

Fungal isolates and sites

C d2+ C02+ Cr3+ Cu2+ NiZ+ Pb2+ Zn2+
Penicillium notatum KNU1 S1 0 0.66 0.73 0.8 0.73 0.73 0.73
Botrytis aclada Kh2 S2 0 0.33 0.52 0.57 0.9 0.76 0.66
Penicillium verrucosum KNU3 S3 0.13 0.76 1.08 1.08 0.87 1.04 1
Aspergillus niger KH3 S3 0 0.85 0.6 0.64 0.66 0.74 0.71
Pencillium funiculosum KNU4 S4 0 0.85 0.6 0.64 0.66 0.71 0.71
Penicillium glabrum KNU5 S5 0 0.9 1.1 1 1.2 0.9 1

(TI): The ratio of colony diameter grown on media containing ImM of the heavy metal to the colony diameter in control

isolated from contaminated soil are more tolerant to heavy
metals stress. Indeed, microbial communities are often
found to recover after an initial inhibition by high metal
inputs (Holtan-Hartwik et al., 2002). Generally, the
contaminated sites are the sources of metal resistant
micro-organisms (Gadd, 1993).

The tolerance index of fungi Heavy metal resistance
was limited according growth inhibition by 1mM Cd, Co,
Cr, Cu, Pb, Ni, and Zn (Nakahara et al. 1978). The most
toxic heavy metals in this test were Cd”" followed by Co”"
(Table 4). The ratio of colony diameter grown on media
containing 1 mM of the heavy metal to the colony
diameter in control was known as the tolerance index of
fungi (TI). The value of (TI) of the heavy metal resistant
fungal species usually is below one, however, some heavy
metals showed some increase in this value e.g. Cr'" and
Cu”" in the case of both Penicillium verrucosum KNU3
and P. funiculosum KNU4, that implies some heavy
metals in certain dose may increase the growth of the
resistant species (Table 4) and (Fig. 3, 4). ImM of Cr”> and
Ni" enhanced the growth of P. fimiculosum KNU4 as a
resistant fungal strains. However, cd” suppressed the
growth completely. Similarly, Levinskaite (2002), studying
the response of soil fungi to hexavalent chromium,
reported that Trichoderma viride and P. chrysogenum are
the most tolerant fungi to the presence of 2 mM chromium
in the medium Isolates from the genus. This toxicity
stress, appreciated by a threshold value (Leyval and Joner,
2001). Table 4 shows that isolates of the same genus could
record marked difference in tolerance of heavy metals. 1
mM of Cu” and Cr” activated the growth of P.
verrucosum KNU3, however, the same concentration
declined the colony diameter of P. notatum KNU1. 1 mM
of Cr"” slightly activated the growth of P. funiculosum
KNU4, while Cu'? did not show effect on the same

Fig. 3. The tolerance index of 1 mM of different heavy
metals, Co”” and Pb” decrease the growth slightly of P.
funiculosum KNU4 as a resistant fungal strains, while Zn™*
has no effect.

Fig. 4. The tolerance index of 1mM of Cu”’ enhancing the
growth of P. verrucosum KNU3 as a resistant fungal strains.

resistant isolate. The growth rate of P. glabrum that was
isolated from uncontaminated soil was decreased by all
heavy metals (Fig. 5). Also, all the seven heavy metals
declined the growth rate of the resistant isolate of 4. niger



570 Jin Ho Joo et al.

Fig. 5. The tolerance index of 1mM of different heavy metals
on the growth of P. glabrum KNUS5 cd?, Co”, and Cr”
decline the growth rate in comparing to control plate.

KNUS3 (Table 4). The species showed more resistance to
Zn>" and Pb>" which were the highest heavy metal
concentration in the contaminated soil samples (Table 3).
1mM of Pb* increased the growth slightly of P. verrucosum
KNUS3 as a resistant fungal strains. This adaptation was
suggested to refer to two factors (Almaés et al., 2004). The
first one is a gradual decrease in metal availability due to
immobilization reactions. The other factor is a gradual
change in microbial community structure, based on
changes in phospholipid fatty acid profiles (Frostegard et
al., 1993) which results in more tolerant organisms. The
isolates showed sensitivity regarding the low concentrated
heavy metals such as the Ni” and Co™. Cadmium at
concentration 1mM showed the strongest inhibition effect
on the growth rate of the resistant fungal isolates, ImM
Cd" decreased the growth rate of P. verrucosum KNU3
extremely. Ezzouhri et al. (2009) reported similar
findings. Addition of only 0.1-0.2 mM Cd led to severe
inhibition of a Schizophyllum commune strain (Lilly et al.,
1992). Our data indicated that tolerance of fungal species
to heavy metals seems to be strain and origin dependent.
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