Response of soil fungi to chromium(VI)
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Fungi isolated from soil were tested for their resistance to 0.2-2 mM chromium
(VI), using K,Cr,O,. From all micromycetes tested, most sensitive were Acremo-
nium sp. and Penicillium decumbens whose growth was inhibited completely at
1 mM chromium in the medium. More tolerant fungi were not affected up to
0.5 mM Cr concentration, and the most resistant Trichoderma viride and Penicillium
chrysogenum were able to develop in the presence of 2 mM chromium in the
medium. The metal uptake experiment showed that the both chromium-tolerant
fungi, T. viride and P chrysogenum, accumulated chromium in their biomass (2.24

and 1.52 mg/ g dry weight, respectively).

Key words: fungi, chromium-resistance, metal-accumulation

INTRODUCTION

Metals are directly or indirectly involved in all as-
pects of fungal growth, metabolism and differentia-
tion, but they can exhibit a harmful effect above
their certain concentration [6, 15]. Heavy metals
released into nature affect fungal communities, ex-
haust the ecosystems, reduce species diversity and
shift to more tolerant individuals [1, 2, 6, 10].

The use of chromium in industry (metal refining,
electroplating and tanning, etc.) often results in conta-
mination of soils or sediments [4]. Cr (VI) is known
to be toxic, mutagenic and carcinogenic and usually
exists as an anion of high solubility (CrO,*, and
Cr,0.) [4, 12].

The aim of the work was to study the sensitivity
of soil micromycetes to chromium (VI) and to de-
termine their capability of chromium accumulation
by their biomass.

MATERIALS AND METHODS

Micromycetes were isolated from a rhizosphere
zone soil under leaf-litter (Verkiai Regional Park).
Fungal sensitivity to heavy metals and their mix-
ture was tested on Czapek medium agar consisting
of 0.2% NaNO,, 0.1% K,HPO,, 0.05% MgSO, -
-7TH,0, 0.05% KCI, 0.001% FeSO4 - 7TH,0, 2%
glucose and 2% agar, pH 5.5. The medium was
amended with 0.2-2 mM Cr®, using K,Cr,O.. All
glassware used for metal studies were washed with
4% nitric acid and rinsed 3 times with distilled
water.

Cultures were grown on the solid medium at
25+2 °C and inspected during 5 days. Chromium
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influence on fungal growth was evaluated as chan-
ges in radial rate of hyphal extension by measuring
diameters of fungal colonies. All experiments were
conducted in triplicates.

For metal sorption experiments, fungi were
grown in a liquid medium of the same composition
with addition of K,Cr,0, at a concentration of
0.2 mM Cr. The cultures were incubated on a rota-
ry shaker for 3 days. The content of biomass was
evaluated as dry weight obtained by drying at 105 °C
for 8 h. Measurements of metals that remained in
the growth medium after cultivation were performed
spectrophotometrically [16].

RESULTS AND DISCUSSION

The results show that K,Cr,O, affected all the fungi
tested depending on a concentration used. Neverthe-
less, the lowest, 0.2 mM, chromium concentration
had no negative effect on the development of Alfter-
naria alternata, Trichoderma viride and Ulocladium
sp. Low sensitivity at this concentration was showed
by T koningii, Cladosporium sp., Talaromyces luteum
(Table 1). The highest inhibition (51.7-57.7%) was
excerted on the genus Penicillium fungi: P lilacinum,
P. decumbens, P. claviforme and P, viridicatum. When
the concentration of chromium was raised to 0.5 mM,
the fungi that were not affected by the previous
K,Cr,O, concentration also exhibited high resistance.
The lowest growth inhibition was 21.8-25.7% and
the highest reached even 85.7-87.5% (P decumbens,
P lilacinum and P paxilli). The rest micromycetes
were also inhibited significantly (50.0-87.5%). When
the chromium content reached 1 mM, inhibition evi-
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Table 1. Suppression of fungal growth (colonial extension) on the medium supplemented with K,Cr,0,, after a
5-day cultivation, %
. Concentration of chromium, mM
Fungi

0.2 | 0.5 | 1.0 1.5 | 20
Acremonium sp. 275 £ 53 715 £ 25 100 100 100
Alternaria alternata 0 0 925 * 113 95.6 = 103 100
Aspergillus niger 85 = 3.0 305 £ 43 9.1 = 0.8 984 * 153 100
Cladosporium sp. 75 £ 1.7 21.8 = 1.7 484 + 8.2 89.8 = 8.7 100
Fusarium sp. 154 = 2.7 588 = 5.7 87.7 = 9,0 100 100
Mucor plumbeus 29.0 = 25 50.8 = 4.7 81.7 = 87 100 100
Paecilomyces carneus 36.5 = 49 63.6 = 11.3 87.0 = 10,3 974 = 85 100
Penicillium decumbens 535 = 84 85.7 = 10.0 100 100 100
P funiculosum 513 = 103 875 = 12.8 89.8 * 11.3 95.8 * 10.5 100
P chrysogenum 417 = 5.2 65.7 = 83 81.7 £ 6.5 932 = 7.7 975 = 15.7
P lilacinum 438 = 6.5 63.6 = 103 87.7 = 9.7 975 = 83 100
Pclaviforme 56.8 = 6.7 789 = 8.0 89.2 = 113 98.5 + 143 100
P paxilli 29.0 = 4.2 858 = 7.7 913 = 143 100 100
P, viridicatum 575 = 85 78.8 £ 45 849 = 73 97.7 £ 103 100
Rhizopus nigricans 9.8 = 2.1 25.7 = 1.7 843 = 12.8 972 = 8.7 100
Rhizopus arrhizus 55 £ 15 459 + 3.7 91.6 = 11.3 948 = 9.5 100
Talaromyces luteum 73 = 2.1 545 £ 63 813 + 123 955 £ 125 100
Trichoderma koningii 13 + 05 195 = 15 85.8 = 8.0 88.8 = 9.3 100
T. viride 0 0 834 + 6.5 87.7 = 7.0 959 + 143
Ulocladium sp. 0 0 834 + 8.7 88.0 = 13.2 100

dently increased — even up to 100% in some fungi
(Acremonium sp. and P decumbens) and most of
the fungi were suppressed by 80-90%. At 1.5 mM
chromium growth of Fusarium sp., Mucor plumbeus
and P paxilli was completely inhibited. The highest
resistance was manifested by 7. viride, T koningii
and Ulocladium sp. (suppression 87.7-88.8%). Only
two of the fungi (Trichoderma viride and P chryso-
genum) were able to develop on the medium sup-
plemented with 2.0 mM chromium, however, their
growth was very slow, with no conidiogenesis and
with obviously altered morphology (Figure).

As the results showed the growth of the most
sensitive fungi (Acremonium sp., P decumbens) was
inhibited completely at 1.0 mM chromium in the
medium. Some more resistant fungi were not affec-
ted up to 0.5 mM Cr concentration (A4. alternata, T.
viride, Ulocladium sp.). The genus Penicillium fungi,
in comparison with other micromycetes, were affec-
ted rather considerably at low concentrations. Ne-
vertheless, at high chromium concentrations the sen-
sitivity of most of these fungi did not differ from
other micromycetes; moreover, P chrysogenum was
able to develop on the medium in the presence of
2 mM chromium.

The negative effect of K ,Cr,O, was considerable
in the initial period of fungal growth. If the deve-

Trichoderma viride

E 50 /f
I3
8 40
8 30 )//
5 20 -
e
2 10
8

0+

0 1 2 3 4 5
Days

Penicillium chrysogenum

Colonial extention, mm

Figure. Colonial growth of Trichoderma viride and Penicil-
lium chrysogenum on Czapek medium amended with

K,Cr,0,
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Table 2. Chromium accumulation by fungal biomass on 3-day growth in the medium containing 0.2 mm K,Cr,0,

Fungi Total biomass, g

Accumulated chromium, m L
am " gle pH after cultivation

dry weight dry biomass weight
Penicillium chrysogenum 0.055 = 0.012 224 = 0.15 4.7
Trichoderma viride 0.042 = 0.007 1.52 = 0.08 6.9

lopment of fungi in a chromium-free medium was
observed after a day, K,Cr,O, prolonged the lag-pha-
se depending on the concentrations used. Even the
lowest concentration of potassium bichromate slo-
wed down the development of the quite resistant 7.
viride for 1-2 days if compared to the control (Fi-
gure). The growth of P chrysogenum at these con-
centrations was suppressed more considerably also
during the whole period of its growth. Development
of the both fungi on a medium with 2 mM chro-
mium was observed only after 3-4 days. Not only
the growth of the fungi, but also their conidiogene-
sis was slowed down or even did not occur at 1.5-
2 mM Cr in the medium throughout the experi-
ment.

Further studies were done to elucidate the pos-
sibilities of most resistant fungi to accumulate chro-
mium in their biomass. Penicillium chrysogenum and
Trichoderma viride were chosen as those capable of
tolerating 2 mM, the highest chromium concentra-
tion used. The results revealed that the both fungi
grown in the medium with addition of 0.2 mM chro-
mium accumulated chromium (Table 2). The uptake
of the metal by P chrysogenum was higher and after
3 days reached 2.24 mg/g of dry fungal biomass,
Trichoderma viride accumulated a slightly smaller
amount — 1.52 mg/g. Biomass growth was also more
efficient in P chrysogenum (0.055 g) than in T viri-
de (0.042 g). Differences in the uptake, even if not
high, could be determined by the different biology
(physiological properties, cell wall composition, etc.)
of these fungi belonging to different genera.

The experiment showed that the fungi that were
rather resistant to K,Cr,O, were able to accumulate
chromium by their biomass. It has been reported
that Cr(VI) could be sorbed by microorganisms,
especially fungi, on the cell wall [5]. The cell wall
of the fungi due to its structure can bind consider-
able amounts of metals. The high binding potency
is attributed to amino amides, hydroxyl, carboxyl,
sulphydryl and phosphate groups [6, 7, 14]. Some
works have also demonstrated the ability of bacteria
and yeast to uptake chromium inside the cell by
reducing of Cr®* to Cr’* as less toxic and less harm-
ful to the cell [8, 9, 11, 13].

Based on the obtained results, the ability of fungi
to develop in the medium supplemented with chro-
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mium suggest that fungi can be able to some extent
to resist the presence of this metal in natural sur-
roundings. Obviously, the toxicity of Cr(VI) depends
on many factors of the surroundings (pH, organic
mater, other ions, etc.) [3, 6]. The ability of the
fungi to accumulate chromium and grow, as the ex-
periment has demonstrated, help more resistant fungi
to survive in a polluted environment.
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Loreta Levinskaité
DIRVOZEMIO GRYBU REAKCIJA I CHROMA (VI)
Santrauka

Tirtas i§ dirvoZemio i8skirty gryby atsparumas 0,2-2 mM
chromui (VI), naudojant K,Cr,0,. I8 visy tirty mikromi-
cety jautriausi buvo Acremonium sp. ir Penicillium de-
cumbens, kuriy vystymasis visiSkai nuslopintas, | terpe pri-
déjus 1 mM chromo. Atsparesni grybai nebuvo veikiami
iki 0,5 mM chromo koncentracijos terpéje, o patys atspa-
riausi Trichoderma viride ir Penicillium chrysogenum vyste-
si esant 2 mM metalo terpéje. Metalo kaupimo tyrimai
parodé, kad abu chromui atspariausi grybai 7. viride ir P
chrysogenum sukaupé atitinkamai 2,24 ir 1,52 mg chromo
/g sausos biomasés svorio.

Raktazodziai: grybai, atsparumas chromui, metaly
akumuliacija
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