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Abstract Sulphite at a concentration of 1 mM did not
strongly affect the growth of mycelium. Higher concen-
trations of 5–20 mM almost completely inhibited the
growth of mycelium and superoxide dismutase (SOD)
[EC.1.15.1.1.] activity. The activity of this enzyme was
not detectable on polyacrylamide gels. The lack of in-
duction of SOD and the resulting oxidative stress may
in part be responsible for the growth inhibition caused
by high concentrations of sulphite.
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Introduction

Sulphur dioxide (SO2) is the main component of the
gaseous pollutants contributing to the formation of acid
rain. It dissolves in water and penetrates into cells as
the sulphite ion, where it exerts a very marked effect.
In plant cells, the products of its hydration and disso-
ciation are trapped in the cytoplasm and must be re-
moved to avoid impairment of metabolism (Ghisi et al.
1990). Oxygen radicals formed in the presence of SO2

and its oxidation products through a chain reaction of
free radicals are believed to be a major cause of the
decline of forest trees (Wingsle et al. 1991). SO2, O3

paraquat, and various metals can induce oxidative
stress via free radicals (Daza et al. 1993).

Sulphite oxidation within higher plants is carried out
mostly by green tissues in connection with photosyn-
thesis (Miszalski and Niewiadomska 1993). In green

leaves in light, chloroplasts are capable of oxidizing sul-
phite and dealing effectively with oxygen radicals
(Laisk et al. 1988; Miszalski and Ziegler 1989). Plants
can also protect themselves against SO2-induced oxy-
gen toxicity by using scavengers of active oxygen such
as superoxide dismutase (SOD) [EC.1.15.1.1], the me-
taloenzyme that catalyses the dismutation of O2˙P (Ta-
naka and Sugahara 1980; Madamanchi and Alscher
1991; Miszalski and Ziegler 1992).

According to Høiland (1993), the effects of SO2 on
ectomycorrhizal symbiosis are mainly secondary and
due to inhibition of photosynthesis. The fumigation of
plants with SO2 had no effect on the frequency of my-
corrhizae formation on Pinus strobus or Betula papyri-
fora (Dighton and Jansen 1991). However, Shafer and
Schoenberger (1991) reported a 65–85% reduction in
the respiration of mycelia in pure cultures of mycorrhi-
zal fungi after a 1-h exposure to 500 ppb SO2. SO2 very
strongly affects spore germination in many species of
fungus (Magan 1994), and for many years this gas has
been used to inhibit the growth of fungi (Smilanic et al.
1990).

It has been reported that sulphite oxidase is present
in fungi (Wellburn 1988), but it is not known whether
SO2 stimulates SOD, thus inducing resistance to oxida-
tive stress. The aim of the present work was to test
whether a selected strain (A2) of the mycorrhizal fun-
gus Rhizopogon roseolus, which is resistant to other en-
vironmental stress factors (Turnau et al. 1995), reacts to
sulphite-induced oxidative stress by increased SOD ac-
tivity.

Material and methods

Fungal culture

R. roseolus (Corda in Sturm) Th. M. Fries strain A2 was obtained
from the Institute of Botany of the Jagiellonian University in Cra-
cow. Modified MMN liquid medium according to Kottke et al.
(1987) was used for its culture. In some experiments, as indicated
in the text, thiamine was omitted. Culture flasks were sealed with
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aluminium foil, and after 4 days of culture at room temperature
(about 25 7C) in experiments with thiamine, or after 6 days in ex-
periments without thiamine, sulphite was added to concentrations
of 1, 5, 10 and 20 mM. All measurements of growth and the effect
of sulphite on SOD activity were carried out after 24 h incubation
in the presence of sulphite.

SOD activity

Approximately 0.5 g of fresh material was ground at 4 7C with
sand in 1.5 ml of 0.1 M phosphate buffer at pH 7.8 containing
1 mM EDTA in a precooled mortar and then centrifuged for
20 min at 12000 g. SOD activity was assayed in 50- to 200-ml ali-
quots of the supernatant at room temperature (Elstner and Heu-
pel 1976). Dismutated oxygen radicals were quantified using buf-
fer containing 0.01 mM xanthine, 0.1 U mlP1 xanthine oxidase,
and 0.5 mM hydroxylamine. The reaction was started by addition
of xanthine and stopped after 30 min in darkness with 30 mM sul-
phanilamide in 5% HCl. N-1-naphthylethylene-diamine was ad-
ded to a final concentration of 0.25 mM and SOD activity deter-
mined by measuring nitrite formation at 540 nm. In some experi-
ments, the crude extract was precipitated with 90% ammonium
sulphate or 20% polyethylene glycol 4000 at 4 7C for 30 min, stir-
red for 5 min and then centrifuged at 40000 g for 20 min. The pre-
cipitate was dissolved in the homogenization buffer and aliquots
assayed for SOD. Protein content of the extracts was measured
according to Bradford (1976).

Polyacrylamide gel electrophoresis

Electrophoresis was performed in a vertical slab apparatus on 7%
polyacrylamide gels. Approximately 10 mg of protein in 50 ml of
extract was loaded in each lane. Electrophoresis was carried out
at 4 7C with a constant voltage of 180 V in 0.1 M Tris-glycine buf-
fer at pH 8.3. The SOD isoenzymes were visualized on gels by the
negatively stained photochemical procedure in natural light ac-
cording to Beauchamp and Fridovich (1971), using 30 min prein-
cubation in darkness with 0.1 M phosphate buffer at pH 7.8,
2.45 mM nitro blue tetrazolium, 1 mM EDTA, 0.028 mM riboflav-
in, and 28 mM N,N,N,Nb-tetramethyl-ethylene-diamine.

Results and discussion

The addition of thiamine (100 mg lP1) to the medium
stimulated the growth of R. roseolus, but its presence
was not essential (Figs. 1, 2). The addition of sulphite at
a concentration of 5, 10 or 20 mM strongly inhibited the
growth of mycelium, but at 1 mM it slightly stimulated
growth if added in the presence of thiamine (Fig. 1).

The activity of crude extracts from R. roseolus in re-
moving O2˙P decreased after the addition of 5 mM sul-
phite to the medium (Fig.3), and the activity was re-
duced to about 33% of the control by 10 mM sulphite.
Sulphite at 1 mM was slightly inhibitory. The activity
detectable in crude extracts cannot be attributed solely
to SOD, since other low molecular weight substances,
such as vitamin C, glutathione, and tocopherol, are also
active in removing O2˙P.

In experiments using proteins purified after 90%
ammonium sulphate precipitation, the data indicate
that SOD activity was also inhibited by sulphite (Fig.
4). However, SOD activity was always very low in both
the ammonium sulphate and the PEG precipitates
(data not shown).

Fig. 1 Fresh weight of Rhizopogon roseolus mycelium on the 5th
day after inoculation in 30 ml medium with thiamine. Sulphite
was added on the 4th day, 24 h before weighing (control without
sulphite). The values are the means of five series of experiments.
Bars show standard deviations

Fig. 2 Fresh weight of R. roseolus mycelium on the 6th day after
inoculation in 30 ml medium without thiamine. Sulphite was ad-
ded on the 4th day, 48 h before weighing (control without sul-
phite). The values are the means of five series of experiments.
Bars show standard deviations

Fig. 3 The ability of crude extracts of R. roseolus to remove
O2˙P. The mycelium was cultured for 5 days with thiamine. Sul-
phite was added on the 4th day, 24 h before weighing (control
without sulphite). The values are the means of five series of ex-
periments. Bars show standard deviations
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Fig. 4 The ability of the 90% ammonium sulphate precipitate of
crude extracts of R. roseolus to remove O2˙P. The mycelium was
cultured at different sulphite concentrations (control without sul-
phite). The values are the means of at least five independent ex-
periments

Fig. 5 Uniform (7%) polyacrylamide gel electrophoresis of su-
peroxide dismutase extracted from R. roseolus treated with 1 or
5 mM sulphite (control without sulphite) . Each well was loaded
with approximately 10 mg of protein (crude extract)

After gel electrophoresis (Fig. 5), SOD activity was
identified in the control (without sulphite) and after ex-
posure of mycelium to 1 mM sulphite, but after treat-
ment with 5 mM sulphite no activity was detectable on
the gels. Thus, most of the activity removing free radi-
cals in crude extracts after treatment with 5 or 10 mM
sulphite was probably due to the presence of low mo-
lecular weight compounds.

Ranieri et al. (1992) demonstrated an increase in
SOD isoforms due to SO2 action in different cultivars
of wheat, and in experiments with white and green
parts of Chlorophytum leaves, a much higher SOD ac-
tivity was measured after exposure to SO2 (Niewiad-
omska et al. 1995). Absence of the induction of either
new isoforms or a higher SOD activity in the present
experiments with R. roseolus may explain, at least in
part, why this fungus is sensitive to oxidative stress.
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