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Anacystis nidulans is a rod-shaped, unicellular cyanobacterium which can be used
as indicator species for environmental contamination and ecotoxicology.
Cyanobacteria are excellent models for toxicity studies because as
photoautotrophs and primary producers deleterious effects on them will have
implications for higher organisms in the food chain. Ecosystem health depends
on a functional microbial community and adverse effects on microorganisms
present a serious problem.

Large quantities of heavy metals are released into the environment through
industrial discharges, agricultural run-off and sewage treatment. In minute
concentrations, they do not pose a threat and some may act as stimulants to
growth (Lee et al.1999). However, high concentrations can be deleterious or even
lethal. Microorganisms vary in their tolerance to heavy metals, based on exposure
(Zhang and Majidi 1994) and physiological and/or genetic mechanisms (Devars et
al. 1998).

Phytoplankton appear to be highly sensitive to mercury displaying greatest
sensitivity to this metallic ion. Previous studies using Anacystis nidulans have
shown that mercury is far more inhibitory than any of the other heavy metals
which have been tested (Lee et al. 1992). It is one of the more common toxic
contaminants with no known biological function. There are several different
forms: elemental, mercuric salts, and organic mercury. The phenomenon of
biomagnification of mercury through the aquatic food chain is well known.

Selenium is an essential micronutrient and is needed for the production of certain
cellular enzymes and the amino acid, selenocysteine which is directly involved in
catalytic reactions. As a nutrient, it acts as an antioxidant by working with
glutathione peroxidase to reduce peroxides (Rana and Boora 1992). The toxicity
of selenium depends on its chemical form which includes: elemental selenium,
selenite, selenate and selenide. Selenium enters the environment through coal-
fired power plants, smelting and combustion of fossil fuels (Cassarett and Doull,
1996). In seven species of microalgae tested all demonstrated strong growth
inhibition toward selenate and partial growth inhibition to selenite (Faragasova
1994). Selenate can be reduced to elemental selenium by microorganisms, leading
to its deposit in the cytoplasm, periplasmic space and on the surface of the cell
(Crist et al. 1988).

Correspondence to: L. H. Lee
900



There are two phases to uptake of heavy metal ions by microorganisms. First, a
passive, rapid phase in which the ions bind to the cell wall (Friis and Myers-
Keith, 1986). Second, a slower and metabolically dependent uptake into the
cytosol (Vymazal, 1990). Both of these processes involve removal of the ions and
may produce higher concentrations within the algae (Harris and Ramelow 1990).

Parizek & Ostadolova (1967) first reported an antagonistic effect of selenium on
mercury. However, additional studies have provided mixed results of this
phenomenon (Belize et al. 2001). This may be due to the species and its
environment, or to the experimental conditions used.

The objective of this study was to determine if an antagonistic effect exists
between selenium and mercury in Anacystis nidulans, and to determine the lethal
combinations of the two metals.

MATERIALS AND METHODS

Anacystis nidulans 625 cultures were obtained from Dr. Roy McGowan, New
York. They were grown in 100 ml sterile Mauro’s Modified Medium (3M) (Kratz
and Myers 1955) at pH 7.9. A stock solution of 10* mg/L HgCl, was diluted to
achieve final concentrations of 0, 0.1, 0.5, 1, 5, and 10 mg/L.. A stock solution of
10* mg/L SeO, was diluted to achieve final concentrations of 0, 0.1, 0.5, 1, 5, 10
and 20 mg/L. The flasks were then inoculated with 5 ml of Anacystis nidulans
cells to achieve a concentration of approximately 1 X 107 cells/ml. Four cultures
were prepared for each combined concentration used. Controls were prepared of
untreated A. nidiulans in 100 ml of 3M medium and grown under the same
conditions.

The cultures were grown under constant fluorescent light at ambient temperature
with continuous agitation at 100 rpm, until stationary phase was achieved. Growth
of the cultures was determined by two methods: 1. direct count using a Spencer
hemocytometer and 2. indirect turbidometric reading using a Beckmann
Spectronic 1001 spectrophotometer at 750 nm. Cultures were read every 3-4 days.
Cultures were checked for contamination by plating on nutrient agar. The pH was
measured at the start and end of the experiment.

Cultures which did not exhibit growth were, at the end of the experiment,
centrifuged, washed and resuspended in fresh medium without the heavy metal
ions. If the resuspended cultures exhibited growth, these concentrations were
determined to be cyanostatic. In those without growth, the concentrations were
considered to be cyanocidal.

At the end of the experiment, atomic absorption was used to determine the levels
of Hg and Se remaining in the media of 0.5mg/I. HgCL and 0.5mg/L SeO,
cultures. Cultures were centrifuged to remove cells and the supernatant retained,
allowing for comparison of inoculated and uninoculated samples. Stock standards
for calibration for atomic absorption of Hg were prepared by dissolving 0.1354 ¢
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of HgCl, in 75 ml of distilled water, adding 10 ml HNOj; and adjusting to 100 ml.
Stock standards for selenium were prepared by dissolving 0.1727 g of H>SO; in
deionized, distilled water and adjusting to 1000 ml. Atomic absorption for
mercury analysis followed USEPA method 245.1 (cold vapor technique) using a
Perkin Elmer 2380 Atomic Absorption Spectrophotometer, equipped with cold
vapor system. Selenium analysis followed USEPA 270.2 (Graphite furnace
technique) using a Perkin Elmer 5100 Atomic Absorption Spectrophotometer
(EPA 1979).

One-way ANOVA and Duncan’s Multiple range test were used to analyze the
data and to determine the differences between the various concentrations (SAS
Institute 1995).

RESULTS AND DISCUSSION

Anacystis nidulans is very sensitive to combinations of mercury and selenium.
The cells appear to be more sensitive to mercury than to selenium. Previous
studies indicated that the inhibitory concentration of SeO, was 50 mg/L, while
that of 5 mg/L. HgCl, was toxic with mercury (Lee et al 1992, 1999). Cells in all
treated cultures were smaller in size than the control.

Figure 1 shows that A. nidulans displayed a decrease in overall growth and lower
growth rate with 0.5mg/L of mercury and all concentrations of selenium
compared to the control. As seen on day 22, it also indicates that the growth
response displays three distinct clusters for optical density and cell number: 1)
control, 2) 0, 0.1, 0.5, 1.0 mg/L SeO, and 3) 5, 10 and 20 mg/L SeO,. There was a
delay in the onset of log phase from 4 days in the control to 10-12 days with
concentrations of 0.5mg/I. HgCl, and 0, 0.1, 0.5 and 1 mg/L SeO,. The levels of
growth with selenium and 0.5mg/L HgCl, were: control >0 > 0.5=1 >0.1 >> 5=10
=20 mg/L. SeO, as determined by optical density and control >0=0.1=0.5=1
>>5=10=20mg/L SeO; for cell number. Concentrations of 5 mg/L SeO, and
higher completely inhibited the growth of 4. nidulans.

Figure 2 shows that selenium did not have a significant beneficial effect when the
concentration of mercury was 1 mg/L. The overall growth and the growth rate
were severely inhibited by concentrations of 1 mg/L. HgCl. The growth response
of A. nidulans displayed two distinct clusters with optical density: 1) control, 2) 0,
0.1,0.5, 1, 5, 10 and 20 mg/L SeO, and three distinct clusters with cell number: 1)
control, 2) 0.1, 0.5, 1, 5 mg/L. SeO; and 3) 10, 20 mg/L SeO, The onset of log
phase was delayed to 11-15 days in cultures with 1 mg/L HgCl, and 0, 0.1, 0.5, 1
and 5Smg/L SeO,. This was more apparent as measured by cell number than
optical density. There was no growth in cultures with 10 and 20 mg/L SeO,. As
determined on day 22, levels of growth as determined by optical density were:
control>> 0> 0.5> 1> 0.1> 5> 10= 20 mg/L SeO, and for cell number
control>>0= 0.5= 1> 0.1> 5>>10= 20 mg/L SeO, Concentrations of 10 and 20
mg/L 8eO, with 1 mg/I. HgCl, were cyanocidal.
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Figure 1. Growth of Anacystis nidulans in 100mL of 3M medium containing
0.5mg/L, HgCl, with various concentrations of SeO; (0-20 mg/L). Error bars
represent standard deviations. Curves were fit by regression analysis. A) Mean
optical density with standard deviation. B) Mean cell number with standard
deviation. ¢~ 0Se0,/0.5HgCl, &— 0Se0,/0.5HgCl, [0- 0.18e0,/0.5HgCl,
¥— 0.58e0,/0.5HgCL H-1Se0,/0.5HgCl, @~ 5S¢0,/0.5HgCl, A—
10Se0,/0.5HgCl, O~ 208e0,/0.5HgCl,

Figure 3 shows that 5 mg/L HgCl, alone, or with combinations of SeO, ranging
from 0.1 to 20 mg/L, completely inhibit the growth of Anacystis nidulans. In
cultures with 5mg/L. HgCl; and 0.1, 0.5 and 1 mg/L SeO,, results showed that /2
the cultures recovered in fresh medium, indicating that these levels may be
cyanostatic. Concentrations of 5, 10 and 20 mg/L. SeO, were cyanocidal.
Concentrations of 10 mg/HgCl, completely inhibited the growth of the cells
regardless of selenium concentration, and all were cyanocidal (data not shown).

Statistical analysis performed on data from day 18, showed that the control was
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Figure 2. Growth of Anacystis nidulans in 100mL of 3M medium containing
1mg/L HgCl, with various concentrations of SeQ, (0-20 mg/L). Error bars
represent standard deviations. Curves were fit by regression analysis. A) Mean
optical density with standard deviation. B) Mean cell number with standard
deviation. - 0SeO,/1HgCl, A- 0SeO»/1HgClL O~ 0.1Se0,/1HgCl, %
0.5Se0,/1HgCl, M- 1SeO,/1HgCl, @- 5Se0,/1HgCl, A~ 10SeO,/1HgCl,
O-208e0,/1HgCl

significantly different from all other concentrations. Although 0.5 and 1 mg/L
SeO; had a slight effect in reducing the toxicity of HgCl, at concentrations up to
Img/L HgCl, as determined on day 15-18, this was not statistically significant.

The Cold Vapor Atomic Absorption (Table 1) obtained from uninoculated control
and two inoculated samples, shows that in three trials, 4.61% of the mercury
remained in the inoculated flasks compared with the control. While the cells were
not present for this analysis, during growth, A. nidulans may have removed Hg to
produce a volatile product. Reduction of Hg (II) to elemental Hg is a mechanism
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Figure 3. Growth of Anacystis nidulans in 100mL of 3M medium containing
Smg/L HgCl, with various concentrations of SeO; (0-20 mg/L). Error bars
represent standard deviations. Curves were fit by regression analysis. A) Mean
optical density with standard deviation. B) Mean cell number with standard
deviation. - 0SeO0,/1HgCl, A- 0Se0,/5HgCL - 0.1Se0,/5HgCL, *
0.5Se0,/5HgCl, M- 1Se0,/5HgCl, @- 5Se0,/5HgCl, A- 10Se0,/5HgCl,
O- 208¢0,/5HgCl,

of resistance found in bacteria, and may have been used by Aracystis. Graphite
Furnace Atomic Absorption Spectrophotometer data shows that approximately
82.77% of the selenium still remained in the media of the inoculated flasks. This
indicates that the cells are much less permeable to selenium since most of the ion
remained in the medium.

Table 2 shows that cultures with growth had a final average pH of 8.781 to 9.834.

Those without growth had an average final pH of 7.199 to 8.055. The pH in the
uninoculated flasks remained unchanged. The range of pH values is well within
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Table 1. The remaining Hg & Se concentration in cultures of Anacystis nidulans
compared to uninoculated flasks (mg/L) at day 18 as measured by atomic

absorption.
Conc. Of Hg Perce_nt‘age Conc. Of Se Percep tfige
remaining remaining
Uninoculated 0.1263 100% 0.370 100%
Trial I 0.0065+0.00016 5.18% 0.304+0.038 82.16%
Inoculated
Trial I1 0.005140.00014 | 4.03% | 0.313+0.047 | 83.38%
Inoculated
Mean of I & 11 0.0058 4.61% 0.309 82.77%

Table 2. Changes (= SD) in pH in Anacytis nidulans cultures with various SeO,
(0-20 mg/L) and HgCl, concentration (0-10 mg/L).

Day 1 Day 18
Control (OHg 0Se) 79 9597
Concentration 0.5 Hg Concentration 1 Hg Concentration 5 Hg
Se ny Day 18 | Se Df‘y Day 18 | Se ny Day 18
0 79 921440235 0 7.9 8.781+0464| 0 79
0.1 79 8911+0.266 0.1 7.9 9.348+0.113 |0.1 7.9 7.778+0.140
05 79 93360507 |05 79 9.534+0.059 | 0.5 7.9 7.66010.091
I 79 983440237 1 79 973240317 1 79 7.199+0.014
5 79 9.04030.940 79 9413+0921 ) 5 79 7.450+0.317
10 79 8.05510.005{ 10 7.9 7.667+0.438 |10 7.9 7.373140.134
20 7.9 8.055+0.035]20 7.9 747740.339 |20 7.9 7.368+0.107

those tolerated by A. nidulans. Previous research has shown that as growth occurs
in the cultures, the pH increases within the range of 8-10 (Lee 1991).

Combinations of ions may have a variety of effects on microorganisms acting
antagonistically or synergistically. Previous studies on the effect of selenium
andmercury performed on a variety of organisms indicate varied results. There are
positive correlations between mercury and selenium in the livers of marine
mammals according to Koeman et al. (1973), but Belize et al. (2001) showed that
levels of mercury were lower in perch collected from lake waters which are
located in areas of high selenium concentration. The results of our study show that
although low concentrations of selenium reduce the toxicity of mercury, selenium
does not produce a significantly beneficial effect on the toxicity of mercury in
cyanobacteria. Further study with other microorganisms will need to be
performed in order to determine if the combination of selenium with mercury can
reduce the toxicity of mercury on simpler organisms. Possible beneficial effect of
other combinations of metal ions with mercury should also be investigated.
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