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Anacystis nidulans is arod-shaped, unicellular cyanobacterium and an obligate
photoautotroph with a photosynthetic apparatus similar in function to the
eukaryotic chloroplast. Chlamydomonas reinhardtii isaunicellular green algae
frequently found in fresh water environments. The cell contains a single nucleus,
chloroplast, contractile vacuoles, and two anterior flagella. These organisms can be
described as desirable indicators of contamination because they are simple,
sensitive, and ubiquitous. Since these organisms are primary producers in the food
chain, the metabolic and morphological effects on them by environmental toxicants
play an important role in assessing aquatic ecosystems' responses to heavy metal
contamination. The EPA has listed major toxic target contaminants, and these
contaminants have been used in previous studies with A. nidulans and C.
reinhardtii as models for heavy metal toxicity (Lee et a. 1991, 1994; 1999;
Lustigman et al. 1997).

Thallium is a soft, bluish-white metal, which commonly occurs in trace amountsin
potash and other mineral compounds. Its useis limited to alloys and certain
applications in electrical circuitry. The sulfate, nitrate, and carbonate forms are
water-soluble, and the sulfate was formerly used as a pesticide. Thallium isotopes
are currently used in cardiac scanning. Thallium enters the environment primarily
from coal burning and smelting, in which it is a trace contaminant of the ores.
Although thallium is a highly toxic metal, it has been the focus of |ess research than
cadmium, mercury, and lead. Studies of contaminant concentration levels in Lake
Erie showed that the level of thallium was higher than cadmium (Cheam et al.
1996). Human exposure to thalium can result in extremely harmful health effects
including death (Klaassen 1996). Within the cell, it can substitute for potassium, as
in the sodium potassium ATPase pump. It has a strong attraction to sulfhydryl
groups, thereby inhibiting and inactivating enzymes (Collins and Stotzky 1992).

In this study, direct count and turbidity were used to determine the effect of
various concentrations of thallium nitrate (TINO,) on the growth of A. nidulans,
while turbidity and chlorophyll concentration were used to determine the effect on
C. reinhardtii. Light microscopy was used to study morphology.
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MATERIALS AND METHODS

The culture of A. nidulans was obtained from Dr. McGowan, Brooklyn College,
N.Y. and the C. reinhardtii culture was obtained from Carolina Biological Co.
Burlington, N.C.,USA. The cells were grown in 250 ml sterile shake flasks
containing 100 ml Mauro’s Modified Medium (3M) (Kratz and Meyer 1955). For
C. reinhardtii, avitamin mix was added which contained thiamine, biotin, and B.,.
The cultures were grown under constant fluorescent light at ambient temperature
with continuous agitation (100 rpm) until stationary phase was achieved. The
flasks were inoculated with either approximately 1 X 10"cells/ml of A. nidulans or
1 X 10°cells/ml of C. reinhardtii. Growth of the cultures was determined by two
methods for A. nidulans: 1. direct count using a Spencer hemocytometer, and 2.
indirect turbidometric measurement using a Beckmann Spectronic 1001
spectrophotometer at 750 nm. For C. reinhardtii, growth was determined by: 1.
chlorophyll extraction and measurement by spectrophotometer at 663 and 645 nm,
and 2. indirect turbidometric measurement as indicated above. Chlorophyll
extraction was performed following a modification of the method of Aron (1949).
In the modification for unicellular algae, 3 mls were removed from the flasks and
treated with 100% ethanol. Direct counts were not possible because the cells form
clumps when exposed to the heavy metal ions, but microscopic evauation of the
cells was performed.  Cultures were read every 3-4 days for 21 days. Cultures
were checked for contamination on nutrient agar.

The stock solution of TINO,was prepared at a final concentration of 10,000 mg/L.
For A. nidulans, series dilution with final concentrations of 0, 5, 10, 15, and 20
mg/L TINO,were used to study the effect of thallium on growth. Previous studies
have shown that ethylene diamine tetraacetic acid (EDTA) can reduce the toxicity
of some heavy metal ions for A. nidulans (Lee et al. 1991, 1994, 1999), so another
set of experiments was carried out with the same protocol as described above, but
without EDTA. For C. reinhardtii, concentrations of 0, 0.10, 0.25, 0.50, 0.75, and
1.00 mg/L TINO,were used. Chlamydomonas is unable to grow in medium
without a chelator, such as EDTA. Four flasks were prepared for each
concentration of TINO,. For each experiment, a control was prepared of untreated
Anidulans and C. reinhardtii in 100 ml of 3M medium, with or without vitamins,
grown under the same conditions. Culture pH was read at days 1 and 22.

Comparisons for each pair using Tukey-Kramer HSD were performed to analyze
the data and to determine the difference between the various concentrations using
JMP computer statistic software (SAS Institute1995).

RESULTS AND DISCUSSION
For A. nidulans, growth was similar in all flasks of each concentration, and the
standard deviation within each concentration was very small (Fig. 1). At 5 mg/L

there was a delay in the onset of log phase until days 11- 15 compared to the rapid
onset at day 3 for the control cultures, and cell growth never reached the same
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Figure 1. Growth of Anacystis nidulansin 100 ml of 3M medium containing
TINO,at different concentrations (O-20 mg/L). Error bars represent standard
deviations. Curves were fit by regression analysis.
mg/L C) 10mg/lL. D) 15 mg/L E) 20 mg/L

A) O mg/L
O Represents mean cell numberm

B)5
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Figure 2. Growth of Anacystis nidulansin 100 ml of 3M medium containing
TINO,at different concentrations (0-20 mg/L) without EDTA. Error bars
represent standard deviations. Curves were fit by regression analysis.
A)OmglL  B)5mglL C)10mg/L D)15mgl E)20 mg/L

O Represents mean cell number. m Represents mean optical density (OD).
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Figure 3. Growth of Chlamydomonas reinhardtii in 100 ml of 3M medium
containing TINO,at different concentrations (0-1.0 mg/L) with EDTA. Error bars
represent standard deviations. Curves were fit by regression analysis.

A) 0 mg/L B) 0.1 mg/L C) 0.25 mg/L D) 0.50 mg/L E) 0.75 mg/L F) 1.00
mgl Represents mean total chlorophyll. m Represents mean optical density
(OD).
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vaues as the control. Growth was completely inhibited at 10, 15, and 20 mg/L
TINO,. The results of statistical analysis using Tukey-Kramer HSD (p = 0.05)
indicate that control growth of A. nidulans cultures with EDTA was significantly
greater than any of the other concentrations as measured by turbidity and direct
count. Growth at 5 mg/L TINO, was significantly less than the control and greater
than al other concentrations. There was no significant difference in growth levels
between the 10, 15, and 20 mg/L TINO,, but they were significantly different from
0 and 5 mg/L TINQ,levels, Results for 0 and 5 mg/L TINO,were significantly
different from each other. Observations of the cells revealed that control cells
displayed normal morphology and blue-green color. At 5 mg/L TINO,. the ceils
were smaller, more dender, and pale, while at 10 mg/L and higher, they were
colorless.

In order to determine if EDTA was acting as a chelating agent for thallium,
cultures were prepared without EDTA. Results were similar to the cultures with
EDTA (Fig. 2). At 5 mg/L TINO,. the onset of log phase was delayed until days
11-15 with a sharp decrease by day 21. Values were never as great asin the
control. Growth was completely inhibited a concentrations of 10, 15, and 20
mg/L TINO,. Results using Tukey-Kramer HSD (p = 0.05) indicate that the
control was significantly different from all other cultures. Results for 0 and 5 mg/L
TINO,were significantly different from each other. Cultures with 5 mg/L TINO,
displayed significantly greater growth than the other values. At 10, 15, and 20
mg/L TINO,results were not significantly different from each other, but were
different from the control and 5 mg/L TINO,. Cells in the cultures displayed
morphology similar to those with EDTA, and at 10 mg/L and higher they were
colorless. These results indicate that at 5 mg/L TINO,, EDTA has some effect in
chelating thallium, since a sharp decrease in growth was observed at day 21 in the
absence of EDTA.

Determination of thallium effects on growth of the chlorophyte Chlamydomonas
reinhardtii shows that it displays much greater sensitivity to thallium than was seen
with the cyanobacterium, Anacystis nidulans. Growth was reduced at 0.1 mg/L
TINQ,, (Fig. 3). At 0.25 mg/L TINQ,, the optical density began to increase a days
11-15, but chlorophyll concentration remained low. This was similar to the results
seen with the 5Smg/L TINO,cultures of A. nidulans. At 0.5, 0.75 and 1.0 mg/L
TINQ,, growth was severely inhibited, but at 0.5 mg/L TINO,cultures, optica
density showed a dight increase at days 15-21. Using Tukey-Kramer HSD (p =
0.05), as determined by optical density, results show that the control had
significantly greater growth than al of the treatment cultures. At 0.10 and 0.25
mg/L TINO,growth was significantly less than the control, but significantly
greater than 0.5, 0.75 and 1.0 mg/L TINO,. Results at 0.5, 0.75, and 1.0 mg/L
TINO,were not significantly different from each other, but were different than 0,
0.1 and 0.25 mg/L TINO,. Results a 0.1 and 0.25 mg/L were not significantly
different from each other. Statistical analysis of chlorophyll concentration indicates
that the control was significantly different from al other values. Results at 0.1
mg/L TINO,were not significantly different than 0.25, but were different from the
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Table 1. Time dependent changes (+ SD) in pH in A. nidulans cultures with
different TINO,concentrations (0-20 mg/L)

EDTA No EDTA

TINO;

(mg/L) Day 1 Day 22 Day 1 Day 22

0 79 9.29+0.15 79 9.2940.11
5 79 837+0.22 7.9 8.1410.03
10 7.9 7.87+0.06 7.9 7.81+0.01
15 7.9 7.87£0.04 7.9 7.8310.02
20 7.9 7.88+0.02 7.9 7.85+0.04

Table 2. Time dependent changes (+ SD) in pH in C. reinhardtii cultures with
different TINO,concentrations (0-1.0 mg/L)

mg/L Day 1 Day 22

0 7.94+0.14 10.07+0.17
0.10 8.03%£0.12 10.15+0.15
0.25 8.01+0.13 9.78+0.55
0.50 7.99+0.10 8.50+0.51
0.75 7.80+0.11 7.95%£0.11
1.00 7.80+0.05 7.931+0.09

control and 0.5, 0.75, and 10 mg/L TINO,. Results at 0.25, 0.5, 0.75, and 1.0
mg/L TINO,were not significantly different from each other.

Control cultures were deep green in color and cells did not form clumps. At 0.10
mg/L TINO,, cultures were also deep green but had clumps of cells. As the
concentration of thallium increased, the cells became increasingly paler and
displayed greater clumping (0.25 and 0.50mg/L TINO,). At 0.75 and 1.0 mg/L
TINO,, cells were colorless. The difference between the results of optical density
and chlorophyll measurements were confirmed by observations using light
microscopy in which cells at 0.25mg/L TINO,were intact, but had lost their green
color. The results at 0.50, 0.75, and 1.0 mg/L TINO,show loss of chlorophyll in
these cells, reduced number of cdlls, and increased cellular debris. Growth at 0.25
mg/L TINO,aso displayed a delay in the onset of log phase, until days 11-15,
similar to the results seen with A. nidulans at 5mg/L TINO..

After 21 days the cultures were centrifuged, washed, and resuspended in 100 ml
3M medium without TINO,. Regrowth of the cultures in new media indicated that,
545454546for  A. nidulans, 10 mg/L TINO,is cyanostatic and 15 mg/L is
cyanocidal, both with and without EDTA. The same procedure was followed for
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C. reinhardti except for the addition of vitamins to the medium. Results indicate
that 0.50 mg/L was agastatic and 0.75 mg/L was algacidal.

Measurement of pH indicates an increase from the initial pH of 7.9 in flasksin
which growth was sustained (Tables 1 and 2 ) for both A. nidulans and C.
reinhardtii. These results are consistent with previous experiments in which pH
vaues increase when growth occurs, but not in cultures without growth.

There are considerable differences in the lethal concentrations of thallium towards
the two organisms. These differences may be due to variations in the morphology
and physiology of prokaryotic and eukaryotic microorganisms, as well as the
ability of the microorganisms to either exclude or detoxify thallium.
Microorganisms also differ in their ability to adapt to conditions of toxicity.
Microbial growth can vary due to the concentration of the metal ions (Wood
1974). Alterations in the species of microagae present in water bodies occur
because of the impact of toxicants on their nutrient sources. This, in turn, will
adversely affect zooplankton and herbivore grazing populations (Havens and
Heath 1991).

Microorganisms are capable of coding for enzymes that can immobilize and
detoxify toxic heavy metals from their cdls. Specific enzymes have been identified
that are capable of reducing toxic heavy metds to forms that are non-toxic (Abbas
and Edwards 1989, Tsai and Olson 1990). Metallothionein-like compounds have
been identified in severa types of microorganisms which function in reducing the
toxicity of heavy metals, These compounds act by binding cysteine and lysine to
heavy metals (Hamer et a 1985), thereby providing a mechanism by which the ions
are incapable of adversaly interacting with essential metabolic enzymes. Another
detoxification mechanism employed by some microorganisms is conformational
changes in the cell wall that will trap the heavy metal ions and prevent them from
entering the cdll (Zhag and Majidi 1994). Various functiona groups have been
identified that are responsible for the binding of heavy metals to the cell surfaces of
microorganisms (Gardea-Torresday et a 1990). Several genes have also been
isolated that provide for resistance to heavy metals, in particular mercury in
bacteria (Tsai and Olson 1990) and cadmium in Chlamydomonas (Nagel and
Voight 1989). In procaryotic organisms, plasmids which code for mercury and
cadmium resistance have also been isolated (Kondo et a 1974).
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