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ABSTRACT 

 
The use of microorganisms for removing heavy metals from contaminated sites is an 
inexpensive and environment friendly strategy. The wild strains of microorganisms can 
rarely tolerate high concentrations of heavy metals which may be present in polluted 
environmental sites, so their use in bioremediation is limited. Hence, improved strains are 
required which can be used for removal of heavy metals from polluted sites in nature and 
industries. In the present study, Neurospora culture was isolated from soil and its copper 
removal efficiency was improved by mutagenesis. For mutagenesis, ethyl methane 
sulphonate (EMS) was used. The results show that the mutagenized culture could remove 
about 90.0% copper from the aqueous solution. 
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INTRODUCTION  
Toxic heavy metals released in the 

environment by industrial and agricultural 
activities constitute a major hazard for 
ecosystem and human health1. Removal of 
heavy metals from soil and water or their 
remediation from contaminated 
environmental and industrial sites is the 
major challenge of the present century. The 
use of physical or chemical methods for 
removal of heavy metals is not only costly 
but also has damaging effects on the 
ecological balance.2-3 Alternatively, the use 
of microorganisms and plants for removal of 
heavy metals is relatively inexpensive and 
efficient way of cleaning up wastes, 

sediments, or soils contaminated with toxic 
heavy metals.3 Any microorganism cannot be 
used for bioremediation, only those culture 
which can tolerate high concentration of 
toxic metals and are not harmful to 
environment can be used for bioremediation. 
The bioremediation efficiency of 
microorganisms can be improved by 
adaptation or genetic manipulations of the 
strains.4-5  

Many microorganisms such as 
Aspergillus fumigatus, Pseudomonas 
fluorescens, Sargassum spp., Phanerochaete 
chrysosporium and Saccharomyces 
cerevisiae have been used for removing 
various heavy metals such as uranium, 
mercury, lead, cadmium and strontium from 
aqueous solutions.6-10 Microorganisms like * Author for correspondence 
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Ulva reticulata, Beauveria bassiana, 
Aspergillus niger have shown the ability for 
uptake of copper from aqueous solutions.11-13  

Neurospora is a haploid, eukaryotic 
saprophytic fungus belonging to the class 
Ascomycetes. It requires minimal medium 
for growth, has fast growth rate and can be 
easily isolated from soil.14-15 Copper resistant 
strains of Neurospora have been isolated and 
it has been shown that Neurospora cell wall 
can accumulate up to 12% copper from the 
medium. 16-17 It has also been shown that 
adapted strains of Neurospora can remove 
about 80% copper from aqueous solution.18 
In this paper, Neurospora cultures have been 
mutagenized by EMS and the copper 
removal efficiency of wild type and mutant 
cultures has been compared. The results 
show that the copper removal efficiency of 
wild type strains can be improved by 
mutagenesis and the mutagenized strains can 
remove up to 90% copper from aqueous 
solution.  

MATERIAL AND METHODS  

Isolation, growth and species 
determination of Neurospora cultures  

Soil samples were collected from 
different places of Ujjain (India). 
Neurospora was isolated from soil using the 
modified method described by Maheshwari 
and Antony.19 The species of Neurospora 
was identified based on fertility in crosses 
with tester strains as recommended by 
Perkins and Turner.20 For all the 
experiments, the cultures were grown on 
Vogel’s minimal medium at 34oC + 2.15 The 
copper was added to the medium after 
autoclaving in the form of copper sulphate 
solution. The extension growth and biomass 
of wild type and mutant cultures was 
determined at different copper concentrations 
(10 ppm, 100 ppm, 200 ppm, 400 ppm and 
500 ppm). Extension growth of cultures was 
determined by measuring increase in length 

of the mycelial front after every 24 hours in 
race tubes21 and the increase in biomass was 
calculated by measuring dry weight of the 
mycelial mat formed in the liquid medium.  

Mutagenesis  

Ethyl methane sulfonate (EMS), an 
important alkylating agent was used for 
mutagenesis. Conidial suspension from 7-10 
days old culture was prepared in 0.67M 
phosphate buffer containing EMS to a final 
concentration of 0.1M and was incubated at 
room temperature for 60 minutes. The 
conidial suspension was plated on Vogel’s 
medium containing 400 ppm copper and 1% 
sorbose.14 The plates were incubated at 34oC 
+ 2 and the colonies obtained after 48 hours 
were isolated.  

Determination of copper removal from 
aqueous solution 

The Neurospora cultures were grown in 
liquid Vogel’s minimal medium containing 
400 ppm copper. After every 24 hours (for 
10 days) mycelium was removed and the 
amount of copper remaining in the medium 
was estimated by modified iodometric 
titration method.22 The percentage removal 
of copper by the cultures was calculated.  

RESULTS AND DISCUSSION  
Two cultures of Neurospora were 

isolated from soil samples and were 
identified as Neurospora intermedia. One of 
the isolated cultures was used for the present 
study. The growth rate of wild type culture 
on minimal medium and in medium with 
different copper concentrations was 
measured using race tubes. The results 
showed that the wild type culture had a 
growth rate of 4.47 mm/h on minimal 
medium and on medium containing copper 
the growth rate gradually decreased with 
increase in copper concentration (Table 1). 
The growth rate of wild type culture on 
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medium having 10 ppm, 100 ppm and 200 
ppm copper was 3.54 mm/h, 2.42 mm/h and 
1.35 mm/h respectively. At 400 ppm copper, 
the wild type culture had negligible growth 
(0.21 mm/h) and the growth completely 

ceased at 500 ppm copper concentration 
(Table 1). Thus, it appears that the wild 
strains cannot be used for removal of copper, 
as they cannot grow on high copper 
concentrations.

Table 1 : Growth rates of wild type and mutant culture on different copper 
concentrations.  

S.No. 
Copper 

concentration in 
medium (ppm) 

Growth rate (mm/h) 

Wild Type culture Mutant culture 

1 
2 
3 
4 
5 
6 

0 
10 
100 
200 
400 
500 

4.47 
3.54 
2.42 
1.35 
0.21 

– 

4.80 
4.75 
4.69 
4.37 
3.64 
3.10 

   
In view of the limited use, the wild type 

culture was mutagenized with an objective of 
isolating mutant strain which can grow at 
high copper concentration and may be used 
for bioremediation. The conidia of wild type 
culture were treated with EMS for 60 
minutes and plated on Vogel’s minimal 
medium with 400 ppm copper. Ten colonies 
appeared on the plates after 48 hours of 
incubation. The colony showing best growth 
was isolated and was used for further study. 
The extension growth of mutagenized 
culture, at different copper concentrations 
was determined and is shown in Table 1. 
The mutant culture not only showed wild 
type growth rate (4.37 mm/h) till 200 ppm 
copper concentration, but also grew with 
good growth rate (3.10 mm/h) at 500 ppm 

copper concentration, which makes it useful 
for bioremediation of copper.  

The biomass of wild type and mutant 
culture was determined at 400 ppm copper 
concentration after 24 hours and 7 days. The 
results are shown in Table 2. The biomass of 
wild type culture after 24 hours and 7 days of 
growth was 23 mg and 30 mg respectively. 
The mutant culture had a biomass of 111 mg 
and 187 mg after 24 hours and 7 days 
respectively. After 7 days of growth, the 
biomass of the mutant culture was about 6.23 
fold higher than the wild type culture. Hence, 
the mutant culture has the ability of growing 
and producing good biomass at 400 ppm 
copper concentration. 

Table 2 : Biomass of wild type and mutant culture grown in medium containing 400 
ppm  copper. 

S.No. Cultures 
Biomass (g) 

After 24 h After 7 days 

1 
2 

Wild type 
Mutant 

0.023 
0.111 

0.030 
0.187 
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The copper removal ability of wild type 
and mutant cultures was determined by 
iodometric titration using sodium 
thiosulphate solution.22 The cultures were 
grown in liquid Vogel’s media containing 
400 ppm of copper (in the form of copper 
sulphate) for ten days. During the growth, the 
mycelium gradually turned blue as reported 
earlier. 17-18 The mycelium was removed by 
filteration after 2, 4, 6, 8 and 10 days of 
growth and amount of copper remaining in 
the medium was determined. The percentage 
removal of copper by wild type and mutant 
cultures was calculated (Table 3).  

The wild type culture showed slight 
growth and the residual copper concentration 
after two days of growth was 389.28 ppm, 
i.e. it could remove about 2.68% copper from 
liquid medium. The residual copper 

concentration after ten days of growth of 
wild type culture was about 371.30 ppm, so 
the wild type culture could remove only 
7.18% copper (Table 3). In case of mutant 
strains, the residual copper concentration 
after two days of growth was 285.71 ppm, 
so, it removed about 28.6% of copper from 
the medium. After ten days, the copper 
concentration decreased to great extent and 
the residual copper concentration was 40.24 
ppm. Thus, after 10 days of growth, mutant 
strains removed about 90% of copper from 
the media. The experiment was repeated 
three times and the average values are shown 
in Table 3. Thus, mutant strain of 
Neurospora is extremely efficient in 
removing copper from aqueous solution and 
can be used for bioremediation of copper.

Table 3 : Removal of copper by wild type and mutant cultures of Neurospora from 
aqueous solution. 

 
Neurospora is non pathogenic, easy to 

grow as it has very simple growth 
requirements and can be easily mutagenized, 
so it has distinct advantages if used for 
copper removal from aqueous solution. The 
earlier work by the authors showed that the 
wild type cultures can be adapted for growth 
on high copper concentration and can be 
used for removing copper from aqueous 
solution.18 However, the present study shows 

that mutagenized cultures are better than 
adapted cultures and can remove upto 90% 
copper from aqueous solution which makes 
them more useful and better for 
bioremediation of copper from polluted sites.  

CONCLUSION 
Neurospora is a non pathogenic, fast 

growing fungus with simple growth 
requirements and its copper removal 

Time of 
growth 
(Days)  

Residual copper concentration  
(ppm) 

Percentage removal of 
copper from aqueous 

solution 

Control (without 
any culture)  

Wild type 
culture  

Mutant 
culture  

Wild type 
culture  

Mutant 
culture  

2  400  389.28  285.71  2.68  28.6  

4  400  384.10  142.8  3.98  64.3  

6  400  379.40  114.24  5.15  71.44  

8  400  375.20  71.40  6.20  82.15  

10  400  371.30  40.24  7.18  89.94  
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efficiency can easily be improved by 
mutagenesis. The mutagenized strains are 
very efficient in removing copper from 
aqueous solution so they are very good 
candidates for bioremediation of copper in 
nature.  
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