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ABSTRACT
The use of microorganisms for bioremediation of heavy metals has generated growing

attention in the present era for environmental protection. The paper describes the use of
Neurospora intermedia cultures for removal of copper from solutions and projects their
use for bioremediation of copper contaminated soils and water. Neurospora intermedia
cultures were isolated from soil and were adapted to grow on high concentrations of
copper by gradual sub-culturing on increasing concentration of copper in the media.  The
extension growth and biomass of adapted and non-adapted strains were compared at
different concentrations of copper to determine the potential of these cultures to grow in
presence of copper. It was found that, at all concentrations of copper, adapted strains
showed better growth than non-adapted strains. The non-adapted strains showed poor or
negligible growth at concentrations like 400 and 500 ppm. The copper removal ability of
non-adapted and adapted strains was compared quantitatively by iodometric determination
of residual copper left in the media. Thus, it appears that, adapted strains can be used for
bioremediation of copper from polluted soils or water.
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     INTRODUCTION
Heavy metal pollution has been reported

through out the world and decontamination of
soil and water containing heavy metals poses
a major problem. To remove heavy metal from
polluted sites, various physicochemical
procedures have been used, which have many
disadvantages like consumption of energy1-2.
Various microorganisms have shown the ability
for biosorption of specific heavy metals3-6.
Bioremediation strategies using microorganisms
provide attractive alternatives as they are low

cost and more efficient than physicochemical
methods of metal recovery. Hence, in present
days, environmental biotechnology using
biological material is gaining importance7-8.

Copper is an essential element for
synthesis of number of enzymes and electron
transport proteins but at high levels it has toxic
effects9.  Various microorganisms like
Saccharomyces cerevisiae, Neurospora
crassa, Candida sp., Ulva fasciata sp. and
many others have shown the ability to grow in
presence of high concentrations of copper10-16.
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Neurospora is a tropical fungus and can be
easily isolated from soil17. It is a haploid
eukaryotic fungus belonging to class
Ascomycetes and has simple and defined
nutritional requirements18. The paper describes
that the Neurospora intermedia cultures can
be adapted for growth at copper concentrations
up to 500 ppm. Moreover, they are able to
remove about 82.3 % of copper from solutions.
Thus, it appears that Neurospora intermedia
can be used for bioremediation of copper from
soils and water contaminated with copper.

MATERIAL AND METHODS
Isolation of Neurospora from soil:

Eighteen soil samples were collected
from three localities namely, railway track,
Vikram university campus and Dusshera
Maidan in Ujjain ( M.P.).The soil was collected
in sterilized polythene bags using sterilized
spatula. The isolation of Neurospora from soil
was done using a modified method of
Maheshwari and Antony19.
Species determination:

Identification of species of
Neurospora was based on fertility in crosses
with tester strains as recommended by Perkins
and Turner 20.
Growth and adaptation of Neurospora
strain on copper containing media:

For growth of Neurospora, Vogel’s
minimal media was used18.The copper was
added in the form of copper sulphate and the
cultures were incubated at 34o C. All conditions
for growth were as described by Davis and de
Serres18.The wild strains of Neurospora were
adapted to grow on high concentration of
copper by gradual sub-culturing on increasing
concentrations of copper.
Determination of growth rate:

The growth rate of Neurospora
cultures was determined by increase in length
as well as increase in biomass. To determine
the increase in the biomass, the culture was
inoculated in liquid Vogel’s medium and

incubated at 34oC which led to the formation
of a mycelial mat. It was then filtered and fresh
and dry weights were determined. To
determine the extension growth rate, race tubes
were used21. These tubes were inoculated with
Neurospora culture at one end and incubated
at 34oC. The increase in longitudinal growth
was determined after every 24hrs till the
culture reached the other end of the tube.
Removal of copper from media (solutions)
by Neurospora strains:

The amount of copper present in media
before and after Neurospora growth was
estimated by modified iodometric titration
method22. The percentage removal of copper
by Neurospora intermedia was calculated.

RESULTS AND DISCUSSION
Out of 18 samples, Neurospora could

be isolated from 2 samples from railway track.
The cultures were identified as Neurospora
intermedia. Both the cultures were adapted
for growth on copper containing media. The
initial concentration was kept at 0.05 ppm and
then sub-culturing was done on 0.1 ppm, 0.5
ppm, 1 ppm, 5 ppm, 25 ppm, 50 ppm, 100 ppm,
200 ppm, 300 ppm, 400 ppm and 500 ppm. Both
the cultures could be adapted, however, for
further studies; one of the adapted cultures was
chosen. Various changes were observed in
mycelia as a result of growth on higher copper
concentration. It was seen that colour of
mycelia became bluish which was similar to
the observation of Subramanyam et. al12.

The biomass of adapted as well as non
adapted (control) was determined after 24 hrs
and 7 days of growth in Vogel’s media
containing increasing copper concentration.
The results are shown in Figure-1, A and B.
The biomass increased up to 100 ppm of
copper, however after this it gradually declined.
The adapted cultures showed better growth at
all copper concentrations. The non adapted
cultures showed negligible growth at 500 ppm.
The difference between the biomass of



Journal of Environmental Researh And Development               Vol. 2 No. 1, July-September 2007

30

adapted and non adapted strains were found
more significant after 7 days of growth. Thus,
the results indicate that for growing
Neurospora at high copper concentration,

Fig. 1 : A

adaptation of the strains is required. Fig-1:
Comparison of biomass of adapted and non-
adapted strains grown on different copper
concentrations, after 24 hrs (A) and 7 days (B).
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The extension growth of wild and
adapted strains was compared at different
copper concentrations by growing the cultures
in race tubes. The adapted strains showed
better growth at all copper concentrations
specifically at high concentrations of 200 and
400 ppm, whereas the growth of non-adapted

strain is almost negligible. The experiment was
repeated three times and the average values
are shown in Table 1.Thus, the results of
measurement of extension growth also showed
that , for growing at higher copper
concentrations (500 ppm), adaptation of strains
is required.

Table 1.
Comparison of extension growth of adapted and non-adapted strains grown on

different copper concentrations.
Copper    Culture type        Extension growth (cm)
concentration
(ppm)

24 hrs 48 hrs 72 hrs 96 hrs
100 Non-adaptedAdapted 5.66.5 14.416.6 21.0 24.6 29.5 34.1
200 Non-adapted Adapted 4.25.1 7.5 15 11.0 23.5 14.9 34.5
400 Non-adaptedAdapted 0.5 3.0 1.3 21.0  2.131.3 3.2 38.0
500 Non-adaptedAdapted -0.7 -2.1 -3.0 -4.1

The copper removal ability of adapted
and non-adapted strains was determined by
iodometric titration using sodium thiosulphate
solution22. The adapted and non-adapted
strains were grown in Vogel’s media containing
400 ppm of copper (in the form of copper
sulphate) for 10 days. The non-adapted strains
showed poor growth and their copper removal
capability was almost negligible, and after 2
days of incubation the residual copper

concentration in the medium was still 370 ppm
beyond which the strains did not grow.
However, in case of the adapted strain, the
residual copper concentration in the medium
decreased gradually (Table 2) and was 71 ppm
after 10 days of incubation. Thus, adapted
strains are able to remove about 82.3% of
copper from media. The experiment was
repeated three times and the average values
are shown in Table 2.

Table 2.
Copper uptake by adapted and non-adapted strains of Neurospora

S.No. Days of incubation Residual copper Copper uptake (%)
concentration (ppm)

        Adapted     Non-adapted*       Adapted    Non-adapted*
1 2 314 370 21.5 7.5
2 4 170 - 57.5 -
3 6 130 - 67.5 -
4 8 95 - 76.3 -
5 10 71 - 82.3 -
* Non adapted strain showed negligible growth at 400 ppm concentration of copper.

CONCLUSION
The study showed that Neurospora

intermedia strains can be easily isolated from

soil and if adapted in laboratory, they are
excellent organisms for uptake (removal) of
copper from solutions. Thus, they have
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tremendous potential and can be used for
bioremediation of copper from contaminated
soil/ water, because of their non-pathogenic
nature, fast growth rate, minimal growth
requirements and high copper removal ability
after adaptation.
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