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ABSTRACT 
Fungi executes major role in heavy metals biosorption from contaminated soil. The concentration 
of heavy metals is increasing due to rapid industrialization and urbanization. Heavy metals having 
relatively high density are toxic at low concentration. Developing new bioremediation processes 
for contaminated soils polluted by heavy metals is one the growing interest. The study was 
conducted to screen out fungal resistance to heavy metals such as lead, nickel, cobalt, chromium, 
copper, manganese and zinc. The results shows that SG1 isolate obtained during screening with 
maximum threshold level of tolerance to manganese (60 mg/ml), copper (5 mg/ml), cobalt (5 
mg/ml), lead (4.5 mg/ml), nickel (6 mg/ml), chromium (3.9 mg/ml)while isolate GK1 was found to 
have maximum threshold level of tolerance to zinc (80 mg/ml). Maximum growth of the isolate 
SG1 at threshold concentrations of metals was found at pH 5 and temperature 30oC in presence of 
manganese, pH 5 and 32oC with copper, pH 5 and 30oC with cobalt, pH 5 and 31oC with lead, pH 5 
and 30oC with nickel, pH 5 and 29oC with chromium. Isolate GK1 showed maximum growth at pH 
4 and 30oC with zinc. The results also reveal that antibiotic resistance and metal resistance were 
highly coupled. Isolate GK1 was found to have multiple antibiotic resistances. UV mutagenesis of 
isolate GK1 was found to improve the resistance against Zn up to 82 mg/ml. Based on the 
morphological characterization, it was found that the isolates SG1 and GK1 were of Neurospora 
sp. and Penicillium sp. respectively. 

Key Words : Bioremediation, Heavy metal resistance, Antibiotics, UV mutagenesis, 
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INTRODUCTION 

Heavy metals and trace elements in subsurface 
environments come from natural and anthro-
pogenic sources. The intense petrochemical 
works, rapid industrialization and urbanization 
during last two decades led to increase in the 
pollution enormously. Heavy metal pollution of 
the biosphere has received huge concern due to 
its toxicity, abundance, persistence and 
subsequent accumulation in environment. These 
toxic heavy metals in air, soil and water are 
global problems that are a growing threat to 
humanity. 1, 2 Typical sewage contains oxygen-
demanding materials, grease, oil, scum, 
pathogenic bacteria, viruses, pesticides, 
refractory organic compounds and heavy 
metals.3 Sewage on treatments and disposal in 
to open environment results in   accumulation of 
large  amount  of sludge,  which are disposed of  

worldwide through land disposal. A major 
concern in the land disposal of sludge is 
presence of toxic heavy metals which gets 
magnified during various physicochemical and 
biological interactions occurring in sludge 
treatment.4 Non-biodegradable and consequent 
persistence nature of these heavy metals present 
in the environment is serious concerns as poses 
threat of long term environmental hazard. These 
necessitate the reduction or elimination of 
heavy metals from the sludge before land 
application.5-7 Accumulation of metals in living 
organisms is the cause of serious health 
problems, by interfering with our normal body 
functions.8,9 Some of these metals are useful to 
the body in low concentrations like arsenic, 
copper, iron and nickel but are toxic at high 
concentrations. Other metals like aluminum, 
beryllium, cadmium, lead and mercury have no  
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biological functions and are highly toxic 
disrupting bodily functions to a large extent. 
They disrupt bodily functions by accumulating 
in vital organs and glands in the human body 
such as in the heart, brain, kidney, bone and 
liver.10 They also displace vital nutritional 
minerals from their proper place in the body to 
provide biological functions e.g., lead or 
cadmium displaces calcium in an enzyme 
reaction disrupting the enzyme reaction to a 
large extent. As their impact in the body, is at 
such basic levels that they are the causal factors 
in multiple health problems. Metal causes 
genotoxicity as they affect the DNA and 
immunotoxicity as they are major irritants to the 
body. The genomic instability by these metals 
induces cancer.11 Microorganism occupies 
almost any environmental conditions. Because 
of the adaptability of microbes and their 
biological systems, these can be used to degrade 
or remediate environmental hazards.12 These 
heavy metal resistant microbes may also be 
used as biological monitors or bioindicators of 
environmental contamination.13 Numerous 
studies have examined the heavy metal 
sensitivity or resistance of microbes isolated 
from different habitats and its mechanisms to 
adapt the toxic metal during exposure.14,15 On 
the basis of localization of site of metal, 
microbial interactions with metals can be 
classified into different categories such as 
extracellular, exocellular and intracellular where 
microbes mobilize, immobilize, transform, 
precipitate, accumulate, coordinate, exchange, 
absorb the metal and form complexes. These 
metal resistant microbes particularly fungi 
develop the mechanisms which help in 
detoxification or cleaning-up of the metal from 
that environment. Fungi are capable of 
accumulating heavy metals in their cells. 
However, several mechanisms operate in them 
for removal of heavy metals from the solution 
reported includes biosorption, metabolism-
dependent accumulation and extracellular 
precipitation as well as complexation.12 This 
possible environmental application of fungi to 
remove dangerous heavy metal from the 
contaminated soil generated present interest     
to screen out  the  metal  resistant fungi from the  

contaminated site and their characterization to 
explore their prospect to clean up of heavy 
metal contaminated soil. 

MATERIAL AND METHODS 
Collection of samples 
The effluent samples were collected from the 
contaminated sites of Sachin GIDC, Navsari 
GIDC, Navsari Udyognagar, Pandesara GIDC, 
Dabhoikhadi and Gabhenikhadi in Gujarat, 
India.10 ml of sample was mixed with 90 ml of 
diluents individually and then centrifuged at 
1200 rpm for 3 min. The supernatants were 
used for isolation of metal resistant fungi. 
While, 10 g of soil sample from contaminated 
sites was added to 90 ml diluent and mixed 
using the magnetic stirrer for 30 min for 
isolation of fungi. 
Media and chemicals used 
Isolation, purification and metal resistance of 
fungal isolates were studied using Potato 
Dextrose Broth (PDB) supplemented with 
respective heavy metals under study. PDB was 
prepared using 250 g of potato boiled in 100 ml 
of distilled water for 30 min and the filtrate was 
mixed with 20 g of dextrose and the 
concentration of heavy metal was maintained at 
300 µg/ml and incubated at 30–35°C for a 
week. The stock solutions (100 mg/ml) of 
following metal salts namely CuCl2, MnCl2, 
CoCl2, NiCl2 and K2Cr2O7, ZnSO4, 
(CH3COO)2Pb were prepared in distilled water, 
sterilized by filtration through membrane filters 
and stored in sterile flasks in the dark at 4°C for 
no longer than 1 day.16 
Isolation and screening for metal resistance 
fungi 
The soil samples and effluents were inoculated 
on PDB supplemented with heavy metals under 
study. From each of flask, isolation on PDA 
plate was carried out. These fungal isolates 
were further employed for heavy metal 
resistance studies.17 
Determination of threshold level of metal 
resistance 
All the fungal isolates were evaluated for 
threshold level for metal resistance against 
varying concentrations of heavy metals. The 
initial minimum concentration of each heavy 
metal   used  was  300 µg/ml.  Each  subsequent  
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transfer to PDA plates supplemented with 
increasing metal concentration of 50 µg/ml until 
the isolate failed to grow. The concentration 
above which fungal isolates fails to grow was 
considered as threshold level of metal resistance.  
Optimization of growth parameters  
pH 
The optimum growth condition with reference to 
pH was determined. Selected fungal isolates 
were grown in a series of 250 ml PDB 
supplemented heavy metals at different pH. The 
pH was varied from 3 to 8 and incubation was 
carried out 30oC for 48 h. The pH of the medium 
was adjusted using 0.1N HCl or 0.1N NaOH. 
After incubation fungal biomass was estimated 
gravimetrically by filtering culture through a 
preweighted dry Whatmann no.1 filter paper. 
Mycelium was thoroughly washed with distilled 
water and dried at 80oC.18 
Temperature 
Studies on optimal temperature for the selected 
fungal isolates were carried out by growth at 
different temperatures (28, 29, 30, 31, 32 and 
33°C) in the presence of metal ions at threshold 
concentration. These were incubated on rotary 
shaker at 120 rpm in a temperature controlled 
water bath for 48 h. The optimum temperature 
was evaluated based upon the biomass 
production by each selected fungal isolates.18-20 
Determination of antibiotic resistance pattern 
of selected metal resistant fungi  
The isolates were evaluated for its resistance to 
antibiotics by disc diffusion method. The PDA 
(1.5%) was prepared. Then it was overlayed by 
PDA (0.8%) mixed with fungal isolates under 
examination. After solidification, antibiotic 
paper discs (6 mm diameter, Hi Media, 
Mumbai, India) was placed over it. The plates 
were incubated at 4°C for 30 min for diffusion 

of respective antibiotics followed by the 
incubation at 30°C for 48 h. The zone of 
inhibition was measured for each plate. The 
fungal isolates were classified as sensitive or 
resistant to antibiotics according to the diameter 
of inhibition zone given in standard antibiotic 
chart.  
UV mutagenesis for improvement of metal 
threshold of selected fungi 
Selected fungal isolates were exposed to UV 
radiation for 15 min, 20 min, 25 min and 30 min 
in UV chamber. The survival population after 
each exposure was further screened for improved 
metal resistance. The mutants were inoculated in 
PDB with respective metal at concentration 
higher than that of threshold level for 3 days at 
30°C in presence of the metal.  
Identification of metal resistant fungal isolates 
Metal resistant fungal isolates were studied for its 
morphological features under the compound 
microscope. The isolates were mounted with the 
help of lactophenol blue (phenol: 20 ml, lactic 
acid: 20 ml, glycerol: 40 ml, distilled water: 20 
ml, methyl blue: 0.05 %). 

RESULTS AND DISCUSSION 
Isolation of fungi from heavy metal contami-
nated sites 
Isolation of fungal isolates from the different 
heavy metal contaminated sites of  Sachin GIDC, 
Navsari GIDC, Navsari Udyognagar, Pandesara 
GIDC, Dabhoikhadi and Gabhenikhadi was 
carried out. Total of 8 different fungal isolates 
were obtained from these sites after extensive 
screening. They were designated as SG1, SG2, 
NG1, NG2, PG1, DK1, GK1 and GK2. The 
results of screening for metal resistant fungi are 
summarized in Table 1. 

Table 1 : Isolation of heavy metal resistant fungi from different sources 

S/N Sample site No. of isolates Coding 
1 Sachin GIDC 2 SG 1& SG 2 
2 Navsari GIDC 2 NG 1 & NG 2 
3 Navsari Udyognagar Nil - 
4 Pandesara GIDC 1 PG 1 
5 Dabhoikhadi 1 DK 1 
6 Gabhenikhadi 2 GK 1& GK2 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development                    Vol. 8 No. 04, April-June 2014 

879 
 

Selection of metal resistant fungi and 
determination of MIC 
These 8 fungal isolates obtained from 
diverge location were subjected to screening 
for most potential metal resistant fungi. The 
selection was carried out on the basis 
maximum threshold level of metal resistance 
for respective metal by fungal isolates. The 
results are shown in Fig.1. Isolate SG1 was 

found to have highest level of resistant for 
Mn, Cu, Co, Pb, Ni and Cr metal while Zn 
metal ion maximum resistance was shown by 
isolate GK1. These were selected further for 
the determination of their maximum 
threshold level of metal resistance in series 
of shake flask experiments in presence of 
respective metal ions in increasing 
concentrations.  

Fig. 1 : Threshold level of the metal resistance of selected fungal isolates SG1 and GK1 

The maximum threshold level of resistance 
against metal ions Mn, Cu, Co, Pb, Ni and Cr 
were 60, 5, 5, 4.5, 6 and 3.9 (mg/ml) respectively 
obtained by SG1 and Zn resistance by GK 1 was 
up to 80 mg/ml (Fig. 1). 
Optimization of growth parameters  
pH optima for metal resistance  
Studies in the past revealed that the fungal 
isolates shows higher resistance in acidic range 
of the pH (Fig. 2). Attempt was made to evaluate 
the optimum pH for the maximum resistance of 
metal ions by selected isolates SG1 and GK1. 
Optimum pH for maximum resistance by SG1 
isolate was found to be at pH 5 while isolate 
GK1 gave maximum Zn resistance at pH 4. The 
results are summarized in Fig 2. 
Temperature optima for metal resistance 
Various studies in the past have shown that the 
resistances against the metal ions by isolates 
were closely related to the temperature of the 
environment. In same context, attempt was made 
to investigate optimum temperature for resistance 
against metal ions. Optimum temperatures for 

maximum resistance by selected fungi against 
metal ions for Mn, Zn, Co, Ni were found to be 
30°C. While for Cr, Cu and Pb, the temperature 
optima were 29°C, 32°C and 31°C respectively 
as summarized in Fig. 3. 
Evaluation of antibiotic susceptibility 
Studies revealed that metal resistance is 
correlated with antibiotic resistance. In same 
context, the attempt was made to investigate 
antibiotic resistance pattern by selected potential 
isolates against six different antifungal antibiotics 
(Fig.4). As shown in Fig. 4, SG1 isolate was 
resistant to all antibiotics under study. While 
GK1 was found to show sensitive tonystatin, 
amphotericin B and ketoconazole and showed 
resistance against clotrimazole, fluconazole and 
itraconazole (Table 2). The results revealed that 
as the fungal isolate SG1 was multiple metal as 
well as antibiotic resistant. These studies gave 
evident that metal resistance of SG1coupled 
with antibiotic resistance which is less prevalent 
in GK1 as GK1 is resistance to Zn ions only. 
This  could  be  due  to  long  exposure  of  SG1  

0

25

50

75

100
SG

1

SG
1

G
K

1

SG
1

SG
1

SG
1

SG
1

H
ea

vy
  m

et
al

 to
le

ra
nc

e 
(m

g/
m

l)

Selected heavy metal resistant isolates

Mn 
Zn
Cu 
Co 
Pb 
Ni 
Cr 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development                    Vol. 8 No. 04, April-June 2014 

880 
 

metal to various heavy metals led to several 
changes in structure and functions among this 
one of that may the resistance to multiple 
antibiotics. The resistance could due to 
acquisition of acquisition of new genetic factors 
or by gene mutations.8  
UV mutagenesis for improvement of 
threshold limit of metal resistance 
UV mutagenesis has been found to be 
productive in terms of the increase in 
resistance against the  metal ions. Both isolates  

were treated with UV for mutagenesis and then 
the mutant population were subjected to 
assessment of whether the threshold limit for 
metal resistance was improved compared to 
wild type isolate or not. After UV treatment, 
no significant change in the resistance of metal 
ions was observed compared to wild type 
except for Zn metal ion. A mutant of GK1 was 
found to show improved resistance against Zn 
up to 82 mg/ml compared to 80 mg/ml            
of wild type. 

 
Fig. 2 : pH optima for different metals 

 
Fig. 3 : Temperature optima for different metals 
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Fig. 4 : Antibiotic resistance of selected fungal isolates : A) SG1 and B) GK1 

Table 2 : Antibiotic resistance pattern of selected metal resistant fungal isolates 

Fungal isolates Resistance pattern 
SG1 NysRAmpRKetoRCloRFlucRItraR 
GK1 NysSAmpSKetoSCloRFlucRItraR 

S=Sensitive;R=Resistant; Nys = Nystatin; Amp  = Amphotericin B; Keto = Ketoconazole;  
Clo = Clotrimazole; Fluc = Fluconazole; Itra = Itraconazole 

Identification of selected metal resistant 
fungal isolates 
Cultural and microscopic characterization of the 
isolates SG1 and GK1 were carried out. Based 
on the results, SG1 was found to be Neurospora 
sp. as with clear septate hyphae having large 
masses of ovate spores which are air-dispersed 
while GK1 belong to Penicillium sp. having 
small, round spores borne in brush-like 
formations when mounted with lactophenol. 

CONCLUSION 
Two fungal isolates SG1 and GK1 found to show 
significant resistance to metal. The maximum 
threshold level of resistance against metal ions 
Mn, Cu, Co, Pb, Ni and Cr were 60, 5, 5, 4.5, 6 
and 3.9 (mg/ml) respectively obtained by SG1 
and Zn resistance by GK 1 was up to 80 mg/ml. 
Both of them found to grow in broad range pH 
(4.5 to 6.5) and ambient temperature condition 
shows its versatility as showed the antibiotic 
resistance. These have shown its prospect for 
bioremediation metal contaminated sites for 
clean-up of environment. 
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