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Increased environmental pollution has necessitated the need for eco-friendly clean-up

strategies. Filamentous fungal species from gold and gemstone mine site soils were iso-

lated, identified and assessed for their tolerance to varied heavy metal concentrations of

cadmium (Cd), copper (Cu), lead (Pb), arsenic (As) and iron (Fe). The identities of the fungal

strains were determined based on the internal transcribed spacer 1 and 2 (ITS 1 and ITS 2)

regions. Mycelia growth of the fungal strains were subjected to a range of (0–100 Cd), (0–1000

Cu),  (0–400 Pb), (0–500 As) and (0–800 Fe) concentrations (mgkg−1) incorporated into malt

extract agar (MEA) in triplicates. Fungal radial growths were recorded every three days over

a  13-days’ incubation period. Fungal strains were identified as Fomitopsis meliae, Trichoderma

ghanense and Rhizopus microsporus. All test fungal exhibited tolerance to Cu, Pb, and Fe at

all  test concentrations (400–1000 mgkg−1), not differing significantly (p > 0.05) from the con-

trols  and with tolerance index >1. T. ghanense and R. microsporus demonstrated exceptional

capacity for Cd and As concentrations, while showing no significant (p > 0.05) difference

compared to the controls and with a tolerance index >1 at 25 mgkg−1 Cd and 125 mgkg−1

As. Remarkably, these fungal strains showed tolerance to metal concentrations exceeding

globally permissible limits for contaminated soils. It is envisaged that this metal tolerance

trait exhibited by these fungal strains may indicate their potentials as effective agents for

bioremediative clean-up of heavy metal polluted environments.
©  2017 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is
an  open access arti
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Introduction

Increased heavy metal contamination of soil and water
environments1 has necessitated the need for clean-up
strategies. Recently, diverse eco-friendly remediation options
have been explored for the restoration of contaminated
environments. These remediation options, among others,
include the use of plants (phytoremediation),2 bacteria
(bacterial bioremediation)3 and fungi (mycoremediation).4

The employability of these bio-resources (plants, bacte-
ria and fungi) for effective bioremediation has been well
reported.2–4

At present of these options, mycoremediation strategy has
received increased attention in the bioremediation of con-
taminated/polluted environments due to its reasonably low
cost implications and significant success outcomes.5–8 Fila-
mentous fungal species have been identified for their distinct
attributes (ability to thrive under extreme pH, temperature
and nutrient variability conditions, as well as tolerance to high
metal concentrations)9–11 and hence their effective remedia-
tion traits of contaminated sites.

Metal tolerance/resistance has been defined as the abil-
ity of an organism to survive metal toxicity by means of
one or more  mechanisms devised in direct response to the
metal(s) concerned.7,12 Metal tolerance by filamentous fungi
has been associated with their sites of isolation, toxicity
of the metal tested, its concentration in medium, and on
the isolate’s competence.10 Contaminated sites are known
as principal sources of metal-resistant species18–22 with
indigenous fungal strains isolated from heavy metal contam-
inated sites exhibiting notable tolerance for high heavy metal
concentrations.9,21,23–25

However, of more  importance is the specific and non-
specific heavy metal tolerance mechanisms adopted by
fungal species. According to Vadkertiova and Slavikova13

the introduction of heavy metals into the environment
has induced physiological and morphological adaptation
strategies in the microbial community. Specifically, fungal
species adopt one or more  metal tolerance strategies which
include extracellular metal sequestration and precipitation,
suppressed influx, enhanced metal efflux, production of intra-
cellular/extracellular enzymes, metal binding to cell walls,
intracellular sequestration and complexation.14–17

Several metal-tolerant filamentous fungi (Rhizopus, Tricho-
derma,  Aspergillus, Penicillium,  and Fusarium) have been isolated
from multiple heavy metal contaminated soils.7 Zafar et al.7

reported that Rhizopus sp., isolated from metal-contaminated
agricultural soils tolerated Cd and Cr concentrations. In addi-
tion, Volesky26 observed that the mycelium of a Rhizopus
specie was biosorbent towards Pb, Cd, Cu and Zn. Trichoderma
species have also been known to exhibit tolerance to a range
of toxicants27–29 and Cu, Cd, As and Zn heavy metals in in vitro
conditions.8,23,27,30–34

However, there is a dearth of knowledge of the growth
response and heavy metal tolerance of filamentous fungal
species isolated from gold and gemstone mining sites. This

study was therefore designed to isolate, identify and assess
the growth response and tolerance/resistance of filamentous
fungi isolated from gold and gemstone mining sites to varied
o b i o l o g y 4 9 (2 0 1 8) 29–37

concentrations of selected heavy metals associated with
mining sites.

Materials  and  methods

Study  sites  and  soil  sampling

Mine site soils used in this study were obtained from gem-
stone and gold mining sites in Southwestern, Nigeria namely:
Awo (7◦46′ N, 4◦24′ E) and Itagunmodi (7◦30′ N, 4◦49′ E)
as described.1,4,35 From previous studies,1,4,35 soil prelim-
inary heavy metal analysis of the sites recorded elevated
concentrations of 0.20–0.35 mgkg−1 Cd; 3.68–48.60 mgkg−1

Cu; 19.05–35.00 mgkg−1 Pb; 20.45–34.80 mgkg−1 As and
240.24–296.18 mgkg−1 Fe.

Isolation  of  soil  fungi

Isolation of soil fungi was performed by serial dilution and the
spread plate method using malt extract agar (MEA) medium
and incubated at 30◦C for five days as previously described.4,35

Streptomycin (35 mgmL−1) was added as a supplement into
the medium to inhibit bacterial growth. After incubation, iso-
lates of single spores were successively sub-cultured on MEA
to obtain pure isolates. Fungal species were characterized
on the basis of phenotypical/macroscopic observation (pig-
mentation, shape, diameter, colony appearance and texture)
and microscopic examination (septation of mycelium, shape,
form, diameter and texture of spore/conidia). The cultural and
morphological characteristic features of the fungal species
were compared with those described.36 Fungal species were
then selected for genotypic-based identification.

DNA  extraction  and  PCR  amplification

The ZR fungal/bacterial DNA kit (Zymo Research, Irvine, CA,
USA) was used to extract genomic DNA from pure 5-day
old fungal cultures according to the manufacturer’s manual.
About 40 mg  (wet wt.) mycelium was harvested aseptically
into the ZR BashingBeadTM lysis tube and lysed in 750 �L of
lysis buffer by bead beating. The lysate was then centrifuged
at 13,400 rpm for 300 s to obtain clear supernatant. Further pro-
tocols, which are binding, wash steps and elution of DNA were
performed as instructed by the manufacturer. The quality and
integrity of the extracted DNA were verified on 1% agarose gel,
while DNA concentration and purity were verified using Nan-
oDrop spectrophotometer (ND-1000, NanoDrop Technologies
Inc., Wilmington, Delaware USA).

Taxonomic identification of isolates was between
the internally transcribed spacer regions – 1 (ITS1) and
2 (ITS2). DNA amplification was done using primer
sets ITS1 (5′-TCCGTAGGTGAACCTGCGG-3′) and ITS4 (5′-
TCCTCCGCTTATTGATATGC-3′).37 Each PCR reaction contained
12.5 �L of 2× Dream Master mix  (Thermo Scientific Technolo-
gies, Waltham, MA, USA), 50 ng DNA template, 0.2 M of each
forward and reverse primers and nuclease-free water to a

final volume of 25 �L. PCR was performed in a C1000TM ther-
mal  cycler (Bio-Rad, Hercules, CA, USA) involving an initial
denaturation at 95◦C for 5 min, 29 cycles of denaturation at
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5◦C for 30 s, annealing at 55◦C for 30 s and extension at 72◦C
or 60 s. The amplification process was terminated by a final
xtension of 72◦C for 5 min. The PCR amplicons were then
erified on 1.5% agarose gel after electrophoresis.

equencing  and  phylogenetic  reconstruction

urified PCR amplicons were sequenced by using forward
rimer ITS1 and the Big Dye terminator v3.1 cycle sequenc-

ng kit (Applied Biosystems, Warrington, UK) on a 3130
enetic analyzer (Applied Biosystems/Hitachi, Tokyo, Japan).
equence electropherograms were inspected manually and
dited with FinchTV (v. 1.4.0; http://www.geospiza.com/
roducts/finchtv.shtml). For taxonomic assignment, edited
equences were aligned with sequences on the UNITE ITS
atabase (https://unite.ut.ee/index.php) while for, phyloge-
etic reconstruction, the sequences, together with closely
elated sequences in the GenBank were selected. Multiple
equence alignment of the obtained sequences was done
sing MUSCLE38 integrated in MEGA V. 6.0.39 The resulting
ultiple sequence alignments were then edited manually and

ectified for gaps using DAMBE software.40 Phylogeny dendro-
rams were constructed using the neighbour-joining method
f the Tamura–Nei substitution model and a thousand boot-
trap replications in MEGA.

eavy  metal  tolerance  assay

solated filamentous fungi were assessed for heavy metal
olerance at varying Cd, Cu, Pb, As and Fe concentrations. Fil-
er (0.25 �m pore size) sterilized heavy metal salts of CdCl2,
uSO4, PbSO4, AsSO4 and Fe2SO4 were incorporated into
terile MEA. Media were supplemented with 35 mgmL−1 strep-
omycin and pH was maintained at 5.6 by the addition of 3 M
aOH. The experiment was conducted in triplicates with con-

rol and four other varied test concentrations. Heavy metal
oncentrations (mgkg−1) were: (25, 50, 75 and 100) cadmium,
125, 250, 500 and 1000) copper, (100, 200, 300 and 400) lead,
125, 250, 375 and 500) arsenic and (200, 400, 600 and 800) iron.
he non-amended medium served as a control.

Test fungal strain of 8 mm diameter disks from 7-day old
ure culture each were individually inoculated into an 8 mm
ell aseptically bored at the centre of control and test MEA
lates. All plates were incubated at 29 ± 1◦C for 13 days, dur-

ng which mycelial radial growth was monitored and recorded
very three days. Heavy metal tolerance potential of the fun-
al species in the test medium was calculated in relation to
he control radial growths (Eq. (1)). Fungi heavy metal toler-
nce was rated thus: 0.00–0.39 (very low tolerance), 0.40–0.59
low tolerance), 0.60–0.79 (moderate tolerance), 0.80–0.99 (high
olerance) and 1.00–>1.00 (very high tolerance), the higher the
alues, the higher the fungal tolerance to the heavy metal.

olerance index = Radial growth (mm) of test fungus in heav
Radial growth (mm) of fungus in no
tatistical  analysis

tatistical analysis of data obtained was done using one-way
nalysis of variance (ANOVA) at 5% level of significance using
 i o l o g y 4 9 (2 0 1 8) 29–37 31

tal incorporated medium
orporated medium

(1)

the Statistical Package for Social Sciences (SPSS) version 23
(IBM, Armonk, NY, USA). A post hoc test was performed using
the Duncan’s New Multiple Range Test.

Results

Fungi  identification

Three indigenous fungal species isolated from gold and gem-
stone mining sites were identified. The ITS-based taxonomic
assignment of the fungal strains confirmed the identities of
Fomitopsis meliae,  Trichoderma ghanense (two isolates) and Rhi-
zopus microsporus (Table 1). The isolation sources of the species
revealed the presence of two genera – Fomitopsis and Tricho-
derma from Itagunmodi, the gold mining site and Rhizopus
from the gemstone mine site. The evolutionary relatedness
of the isolates with similar GenBank sequences further con-
firmed the identities of the strains (Fig. 1).

Growth  response  of  tested  fungal  strains  in  heavy
metal-rich  media

Mycelia growth response of F. meliae,  T. ghanense and R.
microsporus to varied concentrations of cadmium, copper, lead,
arsenic and iron differed among the species (Fig. 2).

On exposure to all cadmium and arsenic concentrations, F.
meliae exhibited inhibited growth, with mycelia growths differ-
ing significantly (p < 0.05) compared to the control. Although,
when exposed to varied Cu, Pb and Fe-enriched media, a
divergent trait was displayed as F. meliae revealed no sta-
tistical (p > 0.05) difference in radial growth compared to
the control. With respect to T. ghanense and R. microsporus
strains, no statistical (p > 0.05) differences were obtained in the
radial growth of the strains compared to their controls in Cd
(25–100 mgkg−1), Cu (125–1000 mgkg−1), Pb (100–400 mgkg−1),
As (125–500 mgkg−1) and Fe (200–800 mgkg−1) enriched media.

Overall, a growth response trend of Fe = Cu = Pb > As = Cd
was observed among the fungal strains to heavy metal
concentrations. In terms of their response in heavy metal
rich-media, a trend showing T. ghanense > R. microsporus > F.
meliae was observed. Generally, F. meliae tolerated 400 mgkg−1

Pb, 800 mgkg−1 Fe and 1000 mgkg−1 Cu concentrations, but
revealed high inhibition to all Cd and As concentrations.
On the other hand, T. ghanense and R. microsporus showed
tolerance to elevated Cd (100 mgkg−1), Pb (400 mgkg−1), Fe
(500 mgkg−1), As (800 mgkg−1) and Cu (1000 mgkg−1) concen-
trations. Comparing the response of these fungal species to
heavy metal limits for contaminated soils, it was observed
that the fungal species far exceeded the set permissible limits
(Table 2) except F. meliae which was intolerant to all Cd and As
concentrations.

http://www.geospiza.com/Products/finchtv.shtml
http://www.geospiza.com/Products/finchtv.shtml
https://unite.ut.ee/index.php
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Table 1 – Taxonomic identification of fungal species with similarity on the UNITE ITS database.

LAB-ID Sample origin (mining site) Closest relative Sequence similarity (%) Accession number

FUG-07 Itagunmodi Trichoderma ghanense 99.5 KT819140
FUG-08 Itagunmodi Trichoderma ghanense 99.8 KT819141

liae 

ospor

FUG-09 Itagunmodi Fomitopsis me
FUG-14 Awo Rhizopus micr

Tolerance  index  rating  of  F.  meliae,  T.  ghanense  and  R.
microsporus  to  Cd,  Cu,  Pb,  As  and  Fe  concentrations

In ascertaining the tolerance of the test fungal strains to heavy
metal concentrations (Fig. 2), we further evaluated the heavy
metal tolerance levels of the fungal species. This was obtained
by calculating the tolerance index of the test fungal species
relative to their controls using the mycelia radial growth data
in heavy metal enriched media (Eq. (1)).

The tolerance rating of F. meliae to 25–100 mgkg−1 cadmium
and 125–500 mgkg−1 arsenic concentrations were observed

to be very low, with tolerance indices ranging between 0.17
and 0.32 (Table 3). However, in Cu and Pb concentrations,
F. meliae indicated high tolerance revealed by the very high

T
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Fig. 1 – Unrooted neighbour-joining tree of fungal species. Seque
(�). Neighbour-joining tree was constructed in Mega (Version 6) 
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97.5 KT819142
us 100 KT819147

tolerance index values of 1.02–1.32 in 125–500 mgkg−1 Cu and
0.96–1.28 in 100–300 mgkg−1 Pb. At higher Pb (400 mgkg−1)
and Cu (1000 mgkg−1) concentrations, a decreased tolerance
was indicated by F. meliae with tolerance index values of 0.67
and 0.78 respectively.

For T. ghanense and R. microsporus in all Cd concentrations,
an indication of high to very high tolerances of 0.80–1.13
and a 0.84–1.01 tolerance index were obtained respectively. In
addition, in Cu and Pb concentrations, the species indicated
very high tolerance with index ranges of 1.02–1.27. In arsenic
enriched-media, T. ghanense indicated moderate (0.72) to high

(0.98) tolerance while R. microsporus indicated high to very
high tolerance at 375 and 500 mgkg−1 and 125 and 250 mgkg−1

concentrations. Exceptionally, the three fungal species
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Table 2 – Tolerance capability of fungal species to heavy metal concentrations (mgkg−1).

Heavy metals Fungi Highest metal concentration
(mgkg−1) tolerated in media

aWorld permissible limit in
soils (mgkg−1)

Cadmium 0.41
F.  meliae bNT
dT. ghanense 100
R. micosporus 100

Copper 38.90
F. meliae 1000
dT. ghanense 1000
R. micosporus 1000

Lead 27.0
F. meliae 400
dT. ghanense 400
R. micosporus 400

Arsenic 20.0
F. meliae bNT
dT. ghanense 500
R. micosporus 500

Iron c

F. meliae 800
dT. ghanense 800
R. micosporus 800

a FAO41 and Kabata-Pendias.42

b ‘NT’ – not tolerated at any concentration (mgkg−1).
c Not available. Dependent on different soil parental constituents.
d Mean concentrations of taxonomically similar fungal identities in the study was used.

Table 3 – Tolerance index levels of fungal strains in metal-rich media concentrations.

Heavy metals Fungi Concentrations (mgkg−1)

Cadmium 25  50 75 100
F. meliae 0.17 0.17 0.17 0.17
aT. ghanense 1.13 0.85 0.96 0.80
R. micosporus 1.01 0.99 0.99 0.84

Copper 125 250 500 1000
F. meliae 1.32  1.12 1.02 0.78
aT. ghanense 1.25 1.27 1.27 1.27
R. micosporus 1.02 1.02 1.02 1.02

Lead 100 200 300 400
F. meliae 1.27 1.28 0.96 0.67
aT. ghanense 1.20 1.25 1.25 1.27
R. micosporus 1.02 1.02 1.02 1.02

Arsenic 125 250 375 500
F. meliae 0.32 0.21 0.17 0.17
aT. ghanense 0.98 0.91 0.72 0.87
R. micosporus 1.02 1.02 0.99 0.86

Iron 200 400 600 800
F. meliae 1.16 1.32 1.38 1.45
aT. ghanense 1.25 1.27 1.27 1.25
R. micosporus 1.02 1.02 1.02 1.02

Tolerance index rating values indicate:
0.00–0.39 – very low metal tolerance.
0.40–0.59 – low metal tolerance.
0.60–0.79 – moderate metal tolerance.
0.80–0.99 – high metal tolerance.
1.00–>1.00 – very high metal tolerance.
a Mean concentrations of taxonomically similar fungal identities in the study was used.
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Fig. 2 – Effect of varied concentrations of (A) Cd, (B) Cu, (C) Pb, (D) As and (E) Fe on fungi radial growth (mm)  over 13 days
incubation period. Key – F. meliae (Fomitopsis meliae); T. ghanense (Trichoderma ghanense)  and R. microsporus (Rhizopus
microsporus). Means of 3 replicates (± SE). Bars of the same fungal specie with different letters are significantly different

(p < 0.05) according to Duncan’s New Multiple Range Test.

indicated remarkably high tolerances (tolerance index ranges
of 1.02–1.45) in all varied Fe enriched-media concentrations,
with F. meliae demonstrating the highest tolerance index of
1.45 at 800 mgkg−1.
When assessing the tolerance index of the fungal species,
R. microsporus exhibited high to very high tolerance in all
five heavy metal concentrations tested closely followed by T.
ghanense which revealed high to very high tolerance in Cd,
Cu, Pb and Fe concentrations except arsenic. F. meliae,  on the
other hand, indicated high to very high tolerance in Cu, Pb
and Fe concentration exposures but very low tolerance in Cd

and As concentrations. On the whole, the tolerance levels of
the species to the heavy metals showed a decreasing trend of
Fe > Cu > Pb > As > Cd.
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iscussion

he occurrence of F. meliae,  T. ghanense and R. microsporus on
eavy metal contaminated gold and gemstone mining sites
as confirmed in this study. The presence of fungal species

n various contaminated/polluted sites with elevated heavy
etal concentrations has been well documented. Specifically,

afar et al.7 and Fazli et al.43 reported the occurrence of fungal
trains in soils with elevated Cd, Cu, As and Zn concentra-
ions. In addition, Anand et al.9 and Karcprzak and Malina29

onfirmed the presence of fungi in heavy metal polluted soils.
ram et al.,12 Iskandar et al.,21 and López and Vázquez23 also
ffirmed the occurrence of fungal species in sewage sludge
ater plants, heavy metal contaminated freshwater ecosys-

em and sewage and industrial waste waters respectively.
urthermore, Mo  et al.,44 Srivastava et al.45 and Babu et al.46

onfirmed the existence of fungal strains in Pb and As polluted
ites and mine tailings soils.

Of more  importance is the marked tolerance dis-
layed by these fungal species to heavy metals. Fungal
pecies tolerate metals6,15,47 and thrive at elevated metal
oncentrations.9,24,48 In particular, indigenous filamentous
ungi isolated from contaminated sites have shown toler-
nce to heavy metals.12,18,19,49 This exceptional trait may
e attributed to the isolates’ tolerance strategies to ele-
ated heavy metal contaminations. Fomina et al.,14 Turnau
t al.,15 Gadd16 and Vala and Sutariya17 reported that these
olerance mechanisms include metal binding to cell walls,
roduction of intracellular/extracellular enzymes, intracel-

ular sequestration, extracellular metal sequestration and
recipitation, suppressed influx, enhanced metal efflux, and
omplexation.

Remarkable heavy metal tolerance was demonstrated by R.
icrosporus and T. ghanense species. Trichoderma and Rhizopus

pecies have been widely reported for their notable toler-
nce to various heavy metals at varied concentrations.7,23,31,50

ome strains of Rhizopus and Trichoderma revealed high resis-
ance to a range of heavy metals, such as Cd,11,23,26,44,50,51

u,21,26,46 Pb26,52 and As.17,45 Vala and Sutariya17 reported that
hizopus species were highly tolerant to 25 and 50 mgkg−1

s concentrations, which confirms the findings of this
tudy. In addition, strains of Trichoderma tolerated Cd at 100
nd 125 mgkg−153,54 and Cu at 300 mgkg−1,23 500 mgkg−1,9

00 mgkg−121 and 1000 mgkg−145 concentrations. Further-
ore, a strain of Trichoderma was found to tolerate Pb

oncentrations of 1000 mgkg−1 in medium.21

All three fungal species demonstrated extraordinary pref-
rence for Fe at all concentrations as observed in their
olerance index values. This may be ascribed to the fact that
ron serves as a micronutrient and is crucial in many  metabolic
rocesses.55 In addition, Kosman,56 Philpott57 and Johnson58

ound that fungal species have a high affinity and capacity to
ake up Fe in various forms and variety. Aznar and Dellagi55

nd Neilands59 stated that most fungal strains synthesize and
ecrete siderophores (small organic compounds that bind fer-
ic Fe with high affinity and specificity) which they utilize to

xtract Fe from their environment. Furthermore, according
o Kosman56 microorganisms including fungi basically deploy
hree main strategies to increase iron solubility by acidifying
 i o l o g y 4 9 (2 0 1 8) 29–37 35

the environment, reducing ferric iron to a more  soluble ferrous
form and secreting soluble iron-chelating molecules.

Overall, T. ghanense and R. microsporus exhibited higher tol-
erance in Cd, Cu, Pb and As-enriched media compared to F.
meliae which specifically displayed sensitivity to all Cd and
As concentrations. Studies confirm that differing levels of
metal resistance have been demonstrated by different fungal
species isolated from the same source of metal-contaminated
sites.12,60–64 This may be ascribed to variations in the tolerance
mechanism utilized by the fungal species7 which is individu-
ally dependent.65 In addition, the evident sensitivity to all Cd
and As concentrations displayed by F. meliae may be attributed
to the known toxicity of these heavy metals as reported.66–68

Conclusion

Indigenous filamentous fungal species from gold and gem-
stone mine sites exhibited remarkable tolerance in heavy
metal-rich media. Exposures of F. meliae,  T. ghanense and R.
microsporus to elevated Cu, Pb and Fe levels revealed high tol-
erance with index values >1. Furthermore, T. ghanense and R.
microsporus demonstrated extraordinary tolerance for As and
Cd concentrations with a tolerance index >1 at 25 mgkg−1 Cd
and 50 mgkg−1 As. These exceptional traits displayed by these
fungal species to elevated heavy metal levels may indicate the
bioremediative potentials inherent in the indigenous filamen-
tous fungal species.
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