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ABSTRACT

Growth of axenic cultures of Tetrehymena furgasoni W is known to be inhibited
by the heavy melal ions of cadmiun, chromium and copper. This study was conducted
to determine whether the concentration of organic matter in the growth medium
could significantly alter the toxicity of these metals. The media used herein were
enriched proleose peptone (Dobra et ¢l., 1980} and proteose peptone in a phosphate
buffer (Bergeuist & Bovee 1976). Each medium was used both [ull strength and diluted
1:10. Results obtained indicate that for cach metal tested, inhibition of growth by
the metal is greatest in the most dilute media and the least in the most concentrated
media. Populations that had reduced pepulation growth purameters also had an
increased mean number of contractile vacuole pores.

INTRODUCTION

It is generally accepled that heavy metal toxieity in axenic cultures of ciliate proto-
zoans is caused by the presence of the free ions in the supporting medium (Bovee
et al., 1079). However, Ramamoorthy and Kushner (1975) cstablished Lhat certain
toxic, heavy-metal ions (e.g., Cd.*2 Cu*?) bind to specilic microbiological medium
components, including those containing proteose peptone and veast extract, Although
there are numerous reports in the literature of the toxic elfects of metal ions on proto-

Lauthar to whom reprint requests should he addressed.
“This investigation was supparted by (he committee on organized research at Northeastern Wlinois
University

225



226

zoans (Nyberg, 1974; Nyberg & Bishop 1983; Nyberg & Bogar 1986; Tingle et al.,
1973; Hutner, 1964; Dunlop & Chapman, 198]; Persoone & Dive 1978), little cffort
has been expended to date in determining the effect of the growth medium on the
availability of these ions. As a consequence, the relative toxicity of bound versus free
ions is still debated.

In addition, wide ranges in the concentrations of organic nutrients in media are
noted in the literature. Some studies used strongly fortified nutrient media {Bergquist,
1974; Bovee, 1975), whereas others have used only distilled water as the agent deliv-
ering the dose (Carter & Cuameron, 1973). Thus, to compare the toxicity data among
the studies that have been done in these various media will require more knowledge
of the effects of the organic materials on heavy metal toxicity.

This study was undertaken to determine the effects of the ions of the heavy metals
cadmium, copper, and chromium (administercd as chromate) on the ciliate protozoarn,
Tetrahymena furgasoni W when these toxic hcavy metal ions were administered in
varying concentrations of the supporting proteose peptone-based media that are
commonly used with Tetrahymena,

Because the number and position of the contractile vacuole pores (CVPs) are
important taxonomic characters, (Nanney 1967; Frankel 1972}, it is useful to know
if the number of CVPs remains stable under environmental stress. This investigation
also includes some preliminary information on the use of the number of cortical con-
tractile vacucle pores {CVPs) as a possible cyvtological indicator of the metal-induced
cytotoxic stress,

MATERIALS AND METHOQODS

Tetrahymena furgasoni W (formerly T pyriformis W) was obtained from C.F.
Ehret at Argonnc National Taboratory, Argonne, Il. The nutrient medium selected
for growing the control culture was enriched protcose peptone (EPP) (Dobra et al.,
1980). For toxicity testing, EPP was prepared and used either full strength or as a
1:10 dilution (0.2% EPP). All other media containing proteose peptone (PP) were
based on the medium of Sims (Bergquist & Bovee, 1976). These latter media con-
tained 0.1% dibasic sodium phosphate and 0.1% sodium citrate. Proteose peptone
was added to make final medium concentrations of 2%, 1%, 0.2% and 0.1% PP.
All dissolved media were autoclaved at 121° C for 15 minutes at 15 psi in 100 ml
aliquots in 250 m] Erlenmeyer flasks. The trace metals that were tested were su pplied
as cadmium chloride (CdCl,}, copper chloride (CuCl) and potassium chromate
(K,Cr0,). Solutions werc prepared to produce stock concentrations of 1000, 500,
and 100 mg/L cadmium: 10,000, 1000 and 100 mg/L chromium, and 160,000, 10,000
and 1000 mg/L copper. Two to threc drops of concentrated HCI were added to the
mast concentrated copper solution to facilitate dissolution. This had no significant
effect on the pH of the final solution. These stocks were autoclaved (15 psi for 15
min, 121° C), and the same sterile solutions were used for the duration of the experi-
wents. The volumetric addition of one ml. of metal stock solution to 100 mT, of EPP
yielded final concentrations of 1, 5 and 10 mg/L cadmium, 1, 10 and 100 mg/L chro-
mium and 10, 100 and 1000 mg/L copper.

After the metal additions were completed, each flask containing 100 mL of hroth
was inoculated with a logarithmically growing population of T. furgasoni W to an
initial cell concentration of approximately 1600 cells/ml.. These were incubated in
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duplicate {lasks at 25° C in a Labline Instruments Co. Environ-Shaker. A rotation
speed of 70 rpm and a 12:12 LD (light-dark) cycle continucd throughout the testing
period. Cells were harvested by withdrawing 1.0 mL by sterile pipette at six hour
intervals, and fixed in 0.1 N perchloric acid. These samples were used for counting
with a Coulter model F particle counter. The mean cell density per mL of the cultures
at each sampling point was calculated by averaging six cell counts. The estimates
of the initial cell concentrations were made by counting an aliguot of the inoculating
cultures.

For each combination of media and metal ion concentration, growth rates were
compared by linear least squares fits of time against the logarithm of cell number.
In addition, Student’s one-tailed t-test was used to ecompare cell concentration after
30 hours of growth among the metal-ion treatments within each medium concentra-
tion. A significance level of p= 0.05 was used in each analysis,

CVPs were enumerated from cells grown in 2% EPP at 30 and 860 hours. Samples
were taken from flasks containing the control, 5 mg/L Cd*2, 10 mg/L Cr* and 100
mg/L Cu*?®. Ten mL of these cultures were centrifuged, fixed in 4% OsO,, and then
washed and post-fixed with Dafane’s solution. The fixed cells were stained by the
Frankel and Heckmann (1968) modification of the Chatton-Lwoff silver impregna-
tion technique. Cells were scored for number of CVPs at 1000X magnification, using
a light microscope.

One way analysis of variance {fANOVA} was performed on 250 cells from each
treatment. When the F value for the ANOVA test (p = 0.05) exceeded the given value
tor the degrees of freedom of the data, the Student-Neuman-Keuls (SNK) test was
employed to determine which metal treatments were significantly different from the
control (Zar, 1974).

RESULTS

The results of the typical experiment are summarized in Table 1. Figures 1 through
3 arc selected growth curves with the lines of best fit superimposed.

Figure I depicts the growth of T, furgasoni W in EPP and 0.2% EPP, with and
without added cadmium. This heavy mctal on, as seen in Table 1, strongly inhibits
growth in all media at a level of 2 10 mg/L. A maximum population and growth
rate which did not differ significantly from the control were obtained at 5 mg/L only
in the concentrated EPP solution. Although growth was not inhibited significantly
at 1 mg/ml. Cd*? in any of the concentrated media, i.e, EPP, 2% PP and 1% PP,
all of the diluted media showed a pronounced inhibition of cell growth.

Figure 2 shows some of the effects of the chromate ion on the maxiumu popula-
tion size obtained by Tetrahymena grown in 2% PP and 0.2% PP media. Table |
indicates that growth was strongly inhibited in all media containing 100 mg/L

CrO,7? 1Inhibition in the 10 mg/L solution was significant in all cases, but had its
minimal effect in EPP. In this medium, a high cell density was still attained. A level
of I mg/L CrO, ?in 0.2% PP and 0.1% PP exhibited an inhibition of the popula-
tion’s growth rate,

Figure 3 presents growth data for copper-containing 1% and 0.1 % PP. Inhibition
of the growth rate and population density by copper {also see Table 1) were shown
in all redia at 1000 mg/L and 100 mg/I, Cu®. Growth rate and peak population
concentration were reduced by 10 mg/LL Cu-2in 0.2% PP and 0.1% PP.
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The statistical analvses of the number of CVPs are presented in Table 2, The
ANOVAs of both the 30 hour and the 60 hour samplings showed significant differ-
ences among the treatments. The SNK test indicated that at 30 hours the only statisti-
cally significant different among the treatments wus between the control and those
containing copper, which had an increased mean number of CVPs. At 60 hours, the
contrels and cells treated with Cd' 2 had no detectable change in the variance in the
number of CVPs. There were significant (p € 0.05) increases in the number of cells
with supernumerary CVPs (... more than the 2 CVPs that are tvpical {or this species)
between the control populalion and the cells treated with CrO, * and Cu'?®

DISCUSSION

The information obtained from these studies showed that the inhibition of growth
of Tetrahymena furgasoni W by cxposure lo metal was affected by the amount of
organic compounds in the medium. In all media concentrations tested, the growth
of the controls displayed no statistically significant differences. For all metals used,
the growth wus inhibited at the highest metal concentrations in all media. Generally,
higher metal coneentrations were less toxic in the higher concentrations of PP, as
judged by the growth of the culture.

The literature has numerous studies on the toxicity of heavy metals to protozoa
{Persoone & Dive, 1978, Slubbert et al., 1983; Smith-Sonnueborn 1983). Tetrahymena
and Paramecium have received special attention in such toxicological research.
Although this has generated a wealth of new information, the use of many different
media has caused confusion in comparing the results of these studies.

Methods that measure {oxicity by describing changes in a culture over several
generations have been developed to estimate the toxic response of ciliates to metals.
These include cell size characters (Nemeth & Csik, 1963}, feeding behavior based
upon comparative prey density (Bringmann & Kuhn, 1959}, clone viability {Heaf
& Lee, 1971: West et af., 1962) and comparative growth curves (Apostal, 1973}
Smith-Sonneborn (1983} used the autogamaous species Paramecium tetraurelia to lest
the rate of genetic damage caused by toxic and carcinogenic agents.

Nyherg and Bishop (1983) used bacterized Cerophyl to test 48-h mean tolerance
limit (1L-50) to Cd*?, CrO-? and Cu?. Carter and Cameron {1973} used a bio-
assay procedure with distilled water over a 24-h interval to ascertain a TL-50 of 1.67
myg/ L for Cd* Yamaguchi (et al., 1973) employed a 0.2% PP medium to determine
that 0.44 mg/L Cd** was inhibitory to growth. Bergquist ({1974) used 2% PP to
measure growlh inhibition using Cd -2 Bovee (1975) did his studies in a 1% PP simi-
lar to the above four growth inhibition studies for Cd* Cu-? and Cr-¥. Beecause
these investigations and widely different toxicity testing procedhures and media concen-
trations, the results were noncompatable or contradictory.

Il is clear thal there should be some standardizalion of media and lesting proce-
dures accompanyiny toxicological studies of the ciliates. For bioassay work, Schultz
et al. (1980} advocate the use of a medium similur to the EPP used here. As this study
demonstrates, additional organic components in the media decrease the toxic effect
of the metal ions examined. For Tetrahymend. we recommend that the effects of
a toxin on growth rate and maximum population levels in 0.14% PP be reported with
other data as a comparative measure because we observed a marked protection of
cells from the toxic effects of heavy metals as the concentration of peplone incrcased.
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This recommended concentration of proteose peptone has the following advantages:
1} it supports a population equivalent to that seen in 1% proteose peptone. 2) it is
buffered {pH is known to aller toxicity <Wakatsuki et al., 1984>}, 3) it is eusier to
prepare than defined media and 4) growth inhibition by metal fons is more clearly
visible here than in higher concentrations of peptone. Cerophyl {0.25% ) bacterized
with Kiebsiella aerogenes (Nyherg & Bishop, 1983} is recommended for Paramecium
and other hymenostomes that are not routinely grown axenically. Growth rate and
population density are recommended as common points of comparison,

In many of the cultures in which the metal concentration was strongly inhibi-
tory to growth, an initial doubling of the cell density was noted. Differences in cell
number among the treatments became manifest between 12 and 18 hours. Using 0.1 %
PP in distilled water, Ramamoorthy and Kushner {1975} found that additions of 20
my/L copper resulted in an 86 % binding of the metal to the medium after 30 minutcs,
as measured by a selective free ion probe. Similarly, the addition of cadmium resulted
in 57% binding. A solution of 0.1% ycast extract bound 98% of the added copper,
but onuly 11% of the cadmium ions. Therefore, the differences in growth rates that
were detected between 12 and 18 hours. as indicated by the regression analysis, were
not due to [urther reductions in [ree metal jons.

Suar and Weber {1979) found that cadmium bound to fulvic acids. Babich and
Stotzky (1977} were ahle to relate the reduced toxicity of cadmium toward microor-
ganisms directly to the cation capacity of clays added to growth media. These lines
of evidence indicate that the interaction of organic matter and metals in the growth
medium in protozoans may be of concern to the environmentalist as well as the Jabora-
lory toxicologist. Again, care must be exercised in the comparison of toxicity data
from studies conducted in differenl media.

Few morphological effects are known to be caused by heavy melal toxicity. Food
vacuole formation shows intense stimulation in both number and increased size in
response to copper {ons (Nilsson 1981). Cells increase the number of refractile granules
in the cytoplasm (Nilsson 1981} and the normal trajectory followed by cell volume
changes through the modes of growth can be altered by toxins (Nemeth & Csik 1963).

In Tetrahymena. the complex cell surface, the cortex, ranks among the most
intensly studied featurcs of the cell. Due to its stable structure cortical characters are
important as a taxonomic indicator (Frankel, 1972, 1974). Among the better taxono-
mic features in Tetrahymena are the number and position of the contractile vacuole
pores (CVPs), which are the external opening to the contractile vacucle (Nanney,
1967). Factors that alter the mean number of position of the CVIs are therefore of
interest to systematists. ‘

Bergquist (1974) reported that cells treated with Cd'? developed enlarged
CVPs, Loefer et al., (1966); indicated that with unstressed T. furgasoni W, approxi-
malcly two-thirds of the cells contained 2 CVPs, and one-third had 3 CVPs. A few
cells had a single CVP and they did not report any strain with four or more.

We [ound supernumerary CVPs in association with two of the metal solutions
tested. These were not believed to be duc to the osmotic or ionie stress caused by
the addition of ions to the medium. The changes in the osmotic and ionic strength
were minute compared to the effect of the medium concentration. The increased inci-
dence of supernumerary CVPs was seen only in cultures which exhibited a signifi-
cant reduction in both growth rate and maximum cell count. Thus, the mean number
of CVPs may represent a potential measure of physiological stress.
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Table 2. Statistical analysis of conlractile vacuole pore number data [tom cells grown
in EPP for 30 h and 60 h.

30 hour counts

Treatment Number of CVPs Per Cell Mean CVP Number Stand. Error
1 2 3 4 5

Control 6 152 83 7 O 2.37 0.037

Cadmium, S5ppm 1 139 97 12 1 2.49 0.035

Chromium, 10ppm 3 156 & 7 0 2.36 0.038

Copper, 100ppm 7 102 132 8 1 2.58 0.040

One way ANOVA among metal Treatments

Source DY Sum Mecan f
Treatments 3 814 271 7.65
Error 096 353.26 0.35

Total 999 361.40

probability <0.01

Comparison of Treatment Means By the Student-Neuman-Keuls (5-K-Nj Test

Contral vs cadmium- NS Cadmium vs chromium- NS
Control vs chromium- NS Cadmium vs copper- N§
Control vs copper- p < 0.05 Chromium vs copper- NS

60 hour counts

Treatment Number of CVPs Per Cell Mean CVP Number Stand. Error
I 2 3 4 3

Contro! 39 165 42 4 2.04 0.039

Cadmiam, Sppm 20 164 64 0 2 2.20 0.039

Chromium, 10ppm 20 143 88 10 1 2.42 0.041

Copper, 100ppm 6 115 115 14 O 2.55 0.041

One way ANOVA among metal Treatments

Source DF Sum Mean f
Treatments 3 38.12  12.70  31.87
Error 996 397.08 .40

Total 949 435.19

probability <0.01

Comparison of Treatment Means By the Student-Neuman-Keuls (8-K-N) Test

Control vs cadmium- NS Cadmium vs chromium- p € 0.03
Control vs chromium- p € 0.05 Cadmium vs copper- p € (1L.03
Control vs copper- p £ 0.01 Chromium vs copper- NS

NS = not significant
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Fig. 1. The growih of T. furgasoni in full strength enriched proteose peptone (EPP} (2.0%) and in diluted
EFP either alone or with 1-10 mg/L. eadmiwm added.
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Fig. 2. The growth of T. furgasoni in similar media dilutions to the above, but with the addition off
from 1 to 100 mg/L chromate.






