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The influence of copper (II) ions on the growth, accumulation properties and superoxide
dismutase (SOD) activity of a growing culture of Aspergillus niger B-77 were studied. Micro-
bial growth, the level of copper (II) accumulation and SOD activity depended on the initial
copper (II) concentration. Aspergillus niger is able to accumulate large amounts of copper
(IT) from the nutrient medium with 200 mg.1~! copper (II) ions without loosing its biological
activities. Addition of copper (II) ions increased the SOD activity in the growing cell cultures.
The changes in enzyme activity induced by heavy metal ions might be used as an indicator
of intracellular oxy-intermediate generation in a cell culture growing under stress conditions.

Introduction

Superoxide dismutases (SODs) are antioxidant
enzymes that disproportionate superoxide (O3) to
hydrogen peroxide (H,O,) and dioxygen (Sriniva-
san et al., 2000; Niven et al., 1999; Gort et al., 1999).
This class of enzyme is found in almost all aecrobic
organisms (Greco et al, 1990; Angelova et al.,
2000; Hamilton and Holdom, 1999). Eukaryotes
contain Mn-SOD in the matrix of the mito-
chondria and CuZn-SOD elsewhere in the cell,
most notably in the cytoplasm, nucleus and lyso-
somes. Exposure of aerobic microorganism to
variety of stresses, such as heat shock, oxidative
stress, treatment with drugs, X- and UV-irradia-
tion, stress caused by immobilization, has been
shown to induce the synthesis of the antioxidant
enzymes (Angelova et al., 2000; Fink-Boots et al.,
1999; Farr and Kogoma, 1991).

There are a few reports of superoxide dismutase
and copper (II) accumulation by growing fungal
cells. The purpose of the present study was to in-
vestigate the copper (II) uptake capacity and the
activities of SOD in cells of Aspergillus niger B-
77, growing in the presence of high copper (II)
concentration.

Materials and Methods
Microorganism, medium and cultivation

The mutant strain Aspergillus niger B-77, an in-
dustrial producer of glucoamylase (No. 65/1980,

National Bank of Industrial Microorganisms and
Cell Cultures, Bulgaria), was used in this study.
Spores from an established culture (6—7 days old)
incubated on potato/glucose agar slants at 30 °C
were used for inoculation. The growth medium
contained the following (per litre): 30 g starch, 1 g
KH,PO,, 0.5 g MgSO,.7H,0 and 1 g peptone. The
copper (II) ions were added as CuSO45H,O in
four concentrations: 50, 100, 200 and 300 mg per
litre and pH was adjusted to 4.8—5.0 before sterili-
zation.

Cultivation of Aspergillus niger was carried out
in 500-ml Erlenmeyer flasks with 100 ml growth
medium on a rotary shaker at 30 °C (220 rpm, 72
hours). The medium was inoculated with 0.1 ml di-
luted spore suspension (about 10° spores per ml).

During the experiments while the fungus
growth, the pH values were measured continu-
ously and it was observed that although the initial
pH decreased a bit, the difference was always less
than 1.0-1.5 pH degree so pH change did not
cause copper (II) precipitation. Samples were
taken at predetermined time intervals (0 min, 12,
24, 36, 48, 60 and 72 h) for the microorganism
growth and residual copper (II) concentrations in
the culture media. Before analysis the samples
were centrifuged at 5000 x g for 10 min and the
supernatant fraction was analyzed for copper (II)
ions. Uptake values were determined as the differ-
ence between the initial copper (II) concentration
and the one in the supernatant. All experiments
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were carried out at least twice. The values used in
calculations were mostly the arithmetic average of
the experimental data.

Analytical methods

Cell growth was measured by drying of washed
mycelia at 85 °C. The residual copper (II) concen-
tration in the broth was determined using an
atomic absorption spectrophotometer (model
2380; Perkin Elmer, Uberlingen, Germany).

Standard literature procedures were used for
enzyme and protein assays: SOD (Beauchamp and
Fridovich, 1971) and soluble protein in cell ex-
tracts (Lowry et al., 1951). The levels of superoxide
dismutase were measured by incubating protein
fractions in 56 um potassium cyanide, 10 mm me-
thionine, 1.17 um riboflavin and 50 mm K,HPO,
(pH 7.8) in a light chamber with a 25 Watt bulb
for 6 min.

Under these conditions, riboflavin is excited by
a photon, and is able to oxidise an electron donor
molecule — in this case methionine. This donation
of an electron results in the production of a super-
oxide molecule (O3). The O3 molecule is able to
reduce the nitro blue tetrazolium (NBT), giving an
insoluble purple formazan. This colour change is
measured spectrophotometrically at Asq. The
presence of SOD leads to a reduction in the level
of formazan being produced. One unit of SOD is
defined as the amount of enzyme required for in-
hibition of the reduction of NBT by 50%.
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Results and Discussion

Microbial growth and copper (II) consumption
kinetics

Maximum growth expressed as dried biomass
concentration was found in the absence of copper
(IT) ions. The presence and increasing of copper
(IT) concentration in the growth medium caused
inhibition on the growth of the microorganism.
Copper (II) accumulation was highest at the 12" h
of growth. The rapid uptake observed in the initial
stage of kinetics would be correlated to copper
(IT) adsorption to the membrane of fungus involv-
ing surface phenomena (Donmez and Aksu, 1999).
The lag period is the same with increasing metal
level in the medium indicates that metal accumu-
lation is not depended on metabolic activity.

The comparative growth and copper (II) accu-
mulation properties of Aspergillus niger B-77 were
investigated as a function of initial copper (II)
concentration. The results are given as units of
dried biomass per 11, specific copper (II) uptake
determined as the amount of copper (II) per unit
of dry weight of cells and the uptake yield were
calculated (Table I).

At copper (II) concentrations of 50, 100 and
200 mg.1-! growing Aspergillus niger cells took up
74.8, 68.5 and 60.4% of total amount of copper
(IT) within 24 h, respectively. The metal uptake
(mg copper (II) ions per g biomass) increased with
increasing of copper (II) concentrations. At 50,
100 and 200 mg.1~! copper (I1) ions for 24 h of
cultivation, the uptake was 3.7, 7.2 and 19.2 mg/
g respectively. At 300 mg.1-! of initial copper (1)
concentration, neither microbial growth nor cop-
per (IT) uptake was observed. The maximum cop-

Table I. The effect of initial copper (II) concentrations on the microbial growth and copper (II) uptake per g of

dried biomass.

Copper (II) ions Dried biomnass

Copper (IT) uptake Uptake yield

[mg-17"] [g-17'] [mg-g™'] (%)
12h  24h  48h 12h  24h  48h 12h  24h  48h
0 36 10.5 175 - - - - - -
50 34 10.1 16.7 9.5 37 22 65.0 62.8 57.0
100 32 9.4 15.6 19.6 73 44 748 68.5 60.4
200 22 63 105 51.9 19.2 115 748 68.5 60.4
300 0.3 0.6 0.8 - - - - - -

The uptake yield (%) is defined as the ratio of accumulated concentration of copper (II) at 12, 24 and 48 h to the

initial copper (II) concentration.
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Fig. 1. Effect of copper (II) addition on

SOD activity during the growth of Asper-
gillus niger B77 at different copper (IT)
concentrations; (O, A, @ and A show the
variations of SOD with time at 0, 50, 100
and 200 mg.I-! initial copper (II) concen-
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per (II) uptake capacity of the fungus 19,2 and
51,9 mg/g was observed at 200 mg.1~! initial copper
(II) concentration at 12" h and 24" h of cultiva-
tion respectively.

Effect of copper (11) ions on SOD formation of
growing Aspergillus niger B-77 cells

To determine the effect of copper (II) ions on
SOD biosynthesis growing mycelia systems at dif-
ferent heavy metal concentrations were used. For
the experiments fungal cells were grown in the
medium with the addition of CuSO,.5H,0 at 50,
100 and 200 mg.1~! copper (II) ions or without
heavy metal. Fig. 1 presents the courses of SOD
activities in cultures during the growth. SOD for-
mation was significantly affected by heavy metal
concentrations. During the logarithmic growth
phase, mycelium dry weight at 50 and 100 mg.1!
copper (II) ions were found to be slightly lower in
comparison with these of control culture (Fig. 1).

trations, respectively). The data shown
are mean values of three experiments. In-
dividual values deviate less than +=10%
of the mean values.

In contrast, SOD activities were found to be visi-
ble higher in the presence of heavy metal. SOD
production was positively influenced by copper
(IT) ions and increased during first 24 h when max-
imum enzyme levels were achieved. Thereafter, a
steady decrease were noted. After 48 h inocula-
tion, the SOD activity showed no further decrease
and remained constant values. We suppose that
cellular physiology correlating with the enhance of
an SOD activity under these conditions, can indi-
cate the role(s), which such enzyme activity plays
in the cellular adaptation to environmental stress.
Greco et al. (1990) reported that Cu, Zn SOD in
yeasts has the characteristics of a Cu-stress pro-
tein, suggesting that it has a critical function in the
aerotolerance of this organism under conditions of
oxidative stress. SOD, an enzyme responsible for
the dismutation reaction (Gralla and Kosman,
1992) and superoxide radicals, is suggested to be
involved in initiating the fungal cell response to
temperature stress (Fink-Boots et al., 1999).



322

Angelova M. B., Pashova S. B. and Slokoska L. S. (2000),
Comparison of antioxidant enzyme biosynthesis by
free and immobilized Aspergillus niger cells. Enzyme
Microbiol. Technol. 26, 544 —549.

Beauchamp C. and Fridovich I. (1971), Superoxide dis-
mutase: improved assays and an assay applicable to
polyacrylamide gels. Anal. Biochem. 44, 276-287.

Doénmez G. and Aksu Z. (1999), The effect of copper
(IT) ions on the growth and bioaccumulation proper-
ties of some yeasts. Process Biochem. 35, 135-142.

Farr S. B. and Kogoma T. (1991), Oxidative stress re-
sponses in Escherichia coli and Salmonella typhimu-
rium. Microbiol. Rev. 55, 561 -585.

Fink-Boots M., Malarczyk E. and Leonowicz A. (1999),
Increased enzymatic activities and levels of superox-
ide anion and phenolic compounds in cultures of ba-
sidiomycetes after temperature stress. Acta Biotech-
nol. 19, 319-330.

Gort A. S., Ferber D. M. and Inlay J. A. (1999), The reg-
ulation and role of the periplasmic copper, zinc, su-
peroxide dismutase of Escherichia coli. Mol. Micro-
biol. 32, 179-191.

K. Tsekova and D. Todorova - Copper(II) Accumulation and Superoxide Dismutase Activty

Gralla E. B. and Kosman D. J. (1992), Molecular genet-
ics of superoxide dismutases in yeasts and related
fungi. Adv. Genet. 30, 251-317.

Greco M. A., Hrab D. 1., Magner W. and Kosman D. J.
(1990), Cu, Zn superoxide dismutase and copper de-
privation and toxicity in Saccharomyces cerevisiae. J.
Bacteriol. 172, 317-325.

Hamilton A.J. and Holdon M. D. (1999), Antioxidant
systems in the pathogenic fungi of man and their role
in virulence. Medical Mycol. 37, 375-389.

Lowry O. H., Rosenbrough H. J,, Faar A. L. and Randall
R. (1951), Protein measurement with the Folin phenol
reagent. J. Biol. Chem. 193, 265-275.

Niven D. F, Ekius A. and Al-Samaurai A. (1999), Ef-
fects of iron and manganese availability on growth
and production of superoxide dismutase by Strepto-
coccus suis. Can. J. Microbiol. 45, 1027-1032.

Srinivasan Ch., Liba A., Imlay J. A., Valentine J., and
Gralla E. B. (2000), Yeast lacking superoxide dismu-
tase(s) show elevated levels of “Free Iron“ as mea-
sured by whole cell electron paramagnetic resonance.
J. Biol. Chem. 275, 29187-29192.



