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Investigations of cadmium toxicity to microorganisms are now more
concerned with the interactions of cadmium with different environ-
mental factors and other metals. The interactions are complex and
have not been thoroughly studied yet. Metal interactions may assu-—
me the form of synergism characterized by increase in toxicity,but
also of antagonism in which one metal reduces the toxicity of
another.

Apart from cadmium interactions with such toxic metals as mercury
and lead (Stratton and Corke 1979 ; Wong et al. 1980; Devi Prasad
and Devi Prasad 1982), interactions of cadmium with the essential
trace elements seem to be very interesting because it has been
assumed that algal cells take up cadmium by the system +transport-
ing these elements (Broda 1973).

The previous paper (Skowroriski 1986a) showed that cadmium?_iransport
into Stichococcus bacillaris cells was inhibited by Mn®' ions.
Thus, it can be supposed that there exist some possibilities of
using those ions antagonistic to cadmium as counterpoison. Showing
those possibilities was the aim of the present paper.

MATERTALS AND METHODS

Stichococcus bacillaris NHg. was obtained from the Institute of
Microbiology, Warsaw University.The alga was cultivated as descri-—
bed previously (Skowroriski 1984). The effect of manganese on
cadmium toxieity was studied as follows. The medium of the composi-
tion: urea~ 0.3 g, KH PO, - 0.135 g, MgSO, x 7H?I§) - 0.5 g,FeS0, x

2

7H,0 - 0.003 g, C-H-O Na, x 0 - 0.0057 g, H,BO., -2.137 mg,
MACL, x 4H,0 - 1653 711:8 Znsﬂgi x 7H0 ~0.22 md, > (NH,J Mo0, -
0.002"mg, CuS0,x S5H,0~ 0.07 mg, Co(N63) X 6H20 - 0.08 'mg, Nﬁ4V03‘
0.01 mg and 1 L deicnized water, was gnoculated with the algae
(100 mg dry weight/L) taken from a 48-hr old culture. Different
doses of (CdCl 2H20 and/or Mn012x4H20 were added to the algae
suspension at “the beginning~of “the experiment. Restoration of
the cadmium treated cultures was studied by the addition of
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MnCl. x#H,.0 to the alga culture after 48 — hr growth in the cadmium
cont@inifig medium. The levels of both metals were selected from
the previous studies of cadmium uptake and toxicity to_Stichococcus
bacillaris (Skowrorski et al. 1985; Skowroriski 1986a). pH of the
medium was adjusted to 6.5 and corrected every 24 hr. Algae were
cultivated in glass tubes (medium volume of 300 mL) at the tempera—
ture of 28°C in the fluorescent light (6,000 lux). Air containing
1% CO, was constantly bubbled through the medium. Estimation of the
toxic“effect of cadmium was based on measurements of dry weight and
chlorophyll a content and on the number of living cells in cultures.
Dry weight was determined by filtering algae on Whatman GF/C filter
followed by a wash with distilled water, pH 5.5 and drying at 105°C.
The chlorophyll a content in the cultures was determined according
to Golterman and Clymo (1971). The number of living cells in cultu-
res was determined by fluorescent microscopy. The effect of both
metals on the growth rate of algae was calculated according to
Wong et al. (1983):

k

% inhibition = (1 - . ) x 100
2
where k,] = growth rate in the presence of both metals
k. = growth rate in the control

The grovzvth rate (k) was calculated according to Guillard (1973) on
the base of alga dry weight. Statistical data are expressed as
mean + standard error of the mean. Analysis of variance was carried
out according to Ahrens (1970).

RESULTS AND DISCUSSION

Table 1 shows that cadmium in the absence of manganese inhibits the
growth rate of 5. bacillaris and the percentage of living cells.
The addition of manganese had an antagonistic effect on the toxicity
of cadmium. This was shown by an increase in growth rate and the
percentage of living cells when manganese was added to medium con -
taining cadmium.In the culture with 0.09 mM of Cd the living cells
constituted only 28 % whereas in that with a 10 — fold higher con -
centration of manganese 80 %. These observations are confirmed by
the factorial experiment of the type 4 x 3 in which the range of
manganese concentration was widened (Table 2). As can be seen man -
ganese alone at the concentration to 1.8 mM caused slightly inhibi-
ting effect on biomass level in the cultures. Cadmium alone caused
algal growth inhibition as in the earlier experiments (Skowroriski
et al. 1985) and 0.09 mM of Cd inhibited algal growth almost
completely. In the cultures to which cadmium and manganese were
added, dry weight and chlorophyll a content were greater than in
the cultures with cadmium only. The experimental combination with
0.045 mM of cadmium and 1.8 mM of manganese is especially specta —
cular. In this case a 40 — fold higher dose of manganese complete—
1y neutralized (comparing with the combination: Cd — 0, Mn - 1.8
mM)toxic effect of cadmium. In the studied range of concentrations
of both metals, cadmium toxicity decreased with the increase of
manganese concentration in the medium. Comparing dry weight and
chlorophyll a content in the cultures it can be seen that addition
of manganese resulted also in the increase of chlorophyll a
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Table 1. The effect of Cd and ¥Mn on the growth rate of S.bacillaris
( % inhibition) and content of living cells after 4 days
of cultivation ( % )

Cd and Mn added (mM) % inhibition % living cells

Cd Mn

- - - 100

- 0.450 0.06 100

- 0.900 0.02 100
0.045 - 27.70 80
0.045 0.225 21.30 a3
0.045 0.450 13.80 98
0.090 - 44,70 28
0.090 0.450 38.30 66
0.090 0.900 34.00 80

content in biomass. The higher concentration of manganese in the
culture medium, the higher chlorophyll a content in algal cells.
For example, chlorophyll a content in the algal biomass in the
presence of 0.045 mM Cd was 0.53 %, while in the experimental
combination: 0.045 mM Cd and 1.8 mM Mn — 1.51 %, reaching the
level close to the control. The results included in Table 2 were
subjected to the analysis of variance (Ahrens 1970), and showed
that dry weight and chlorophyll a content in the cultures signifi -
cantly depended on Cd and Mn concentrations (statistical proba —
bility — 99.9 %).

Upitis et al. (1973) stated that growth of Chlorella in culture
medium containing cadmium was greater when the medium had been
enriched with Mn, Zn or Fe. Experiments carried out with S. bacil -
laris showed that toxicity of even very high doses of cadmium
(e.g. 0.09 mM) might be considerably reduced after adding appropria—
te doses of manganese.

S. bacillarisziakes up Cd by adsorption and energy—dependent trans-—
port. Mn~ ions evidently affect both processes. They reduce
the amount of Cd adsorbed due to the competition for cadmium bin —
ding sites on the cell surface (Skowroriski 1986b). However they
reduce the amount of Cd taken up by means of2$nergy—dep§51dent
transport as well, which may result from Mn and Cd~ ion com —
petition - for their common transport system (Skowroriski 1986a).
Cadmium may be toxic a.fterzintering a cell. Thus, inhibition of Cd
transport to cells by Mn~ ions may account for lower Cd toxicity
in the media containing higher Mn level as shown in the paper.

The above results concern the experimental combination in which
both elements were simultaneously added into the growth medium. It
also seemed interesting to study the effect of manganese on algal
cultures treated with cadmium earlier. Fig.1 presents the experi -
mental results when manganese was added just after 2 day incuba —
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Table 2. Simultaneous influence of Cd and Mn on dry weight and
chlorophyll a content in algal cultures after 4 day

cultivation
Mn

0 0.045 mM 0.9 mM 1.8 mM

cd

Dry weight (mg/L)

4] 1813487 1633452 1867+18 1753413
0.045 mM 723+22 1220475 1680+10 1707453
0.090 mM 220415 300+12 108047 1517+

Chlorophyll a content (pg/L)

0 29360478 232804590  24960+788 263504237
0.045 mM 38004266 126954331 210504803 25790+681
0.090 mM 9704135 1180« 62 109704672 16790866

Data are expressed as a mean + standard error of the mean, N = 3

tion of algae with cadmium. During the first 48 hours cadmium
toxic action caused biomass and chlorophyll decrease in S.bacilla -
ris cultures. However, after addition of manganese whose concen —
tration was 20 — fold higher than cadmium molar concentration,
significant increase both in dry weight and chlorophyll a content
in the cultures took place in comparison with the manganese free
cultures. After five day incubation, algal dry weight content in
the cultures with manganese was three times as large as that in
the manganese free cultures. Thus manganese acted as a detoxicant
and restored S. bacillaris culture. This effect can be explained
by manganese competitive inhibition of cadmium +transport into
algal daughter cells. It should also be taken into consideration
that = after penetration into the cells, manganese could protect
photosynthetic apparatus against harmful action of cadmium as in
the case of higher plants. Baszyriski et al. (1980) studying
photosynthetic activities of cadmium-treated tomato plants
stated that addition of manganese into the growth medium
caused not only chlorophyll synthesis increase and chloroplast
structure restoration, but also restoration of photosystem II
activity.
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Figure 1. Detoxic effect of manganese to cadmium-treated cultures
of Stichococcus bacillaris. A — algal dry weight in the cultures,
B - chlorophyll content in the cultures @ — without Cd and Mn;
@ - 0.045 mM Cd + 0.9 mlf Mn; @ - 0.045 m! Cd; (O) — 0.09 mM
Cd + 1.8 m¥ Mn; (@ - 0.09 mM Cd. The arrow indicates the addition
of manganese. Data are expressed as a mean + standard error of the
mean, N = 3. If SE is not denoted, it is smaller than the symbols
in the Figure.
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