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Currently, algae are being used in field and laboratory phytotoxicity tests for
environmental monitoring and assessment of pollution (Fargasová 1996; Fernan-
dez-Leborans and Novillo 1996; Lawrence et al. 1989; Tadros et al. 1994;
Vymazal 1987; Wang and Freemark 1995). In this context, the responses of
several algae to toxic metals is being investigated as the mechanism of tolerance
seem to be dependent on the algal species, strains within a particular species and
the metal involved. Tolerance to cadmium and zinc in Euglena gracilis and
Chlorella sp., was attributed to reduced accumulation of metal. Mercury
resistance in Chlorella sp., is associated with the capacity of the cells to volatilize
the metal. Sequestration, synthesis of metal binding complexes (=phytochelatins)
or precipitation of toxic metals has been reported in a number of algae (Gekeler
et al. 1988). Cyanidium caldarium (green alga, thermophilic and acidophilic)
precipitates Fe, Cu, Ni, Al and Cr on its cell wall. Copper tolerant strains of
Chlorella secretes organic material which induces a decrease in the concentration
of free copper ions in the medium. Thus, diverse mechanisms are involved in
conferring defense against heavy metal toxicity in algae, yet very a little is known
about the manifestations of these resistant mechanisms (Collard and Matagne
1994; Wood and Wang 1983). However, isolation of mutant strains and genetic
analysis of metal resistant stains of Chlamydomonus reinhardtii was reported
earlier (Collard and Matagne 1990). Toxic heavy metals are available to biota
from various sources (Prasad 1997), and have been reported even in Antarctica.
Cadmium is one of the most toxic heavy metals and unlike some forms of copper,
it is not essential for metabolism of organisms.

The present study had three objectives, I) to investigate the toxic responses of
excess Cd and Cu as a function of population growth and cell volume in C. reinh-
ardtii wild-type (WT 2137) having a cell wall deficient mutant strain (CW 15),
2) to assess the intensity of toxicity of Cd and Cu as a function of C h l
accumulation/degradation, 3) the role of cell wall in conferring tolerance to
excess Cd and Cu.
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MATERIALS AND METHODS

C. reinhardtii wild-type (WT 2137) with cell wall deficient mutant (CW 15)
without cell wall which were obtained from Dr. Itzhak Ohad, Hebrew University,
Department of Biological Chemistry, Givet Ram, Jerusalem, Israel, and were
grown in the light in high salt medium (Harris 1989). Wild-type (WT 2137) and
cell wall deficient mutant (CW 15) cells were aseptically cultured in Erlenmeyer
flasks in a growth chamber at 22±2 °C under continuous light (8000 lux) using
fluorescent lamps. All solutions were prepared using double distilled water and
acid-cleaned glassware. WT and CW strains were treated with Cd and Cu
(50 and 100 µM for both the tested metals) in the form of CdCl 2 and CuSO4 with
respective controls. Osmotic stress in CW mutant cultures was alleviated with
mannitol. Growth was determined as a function of cell density over time. The cell
number was determined using hemocytometer glass cavity slide in which 2 µl sub-
samples were taken using micropipette and at least 200 cells were counted. The
cellular volume was calculated by approximation to a sphere measuring their
dimensions with an ocular micrometer at chosen intervals of growth (Fernandez-
Leborans and Novillo 1996). Data for Chlorophyll ( Chl ) a and b and cell
multiplication rate were scored daily over a period of 10 days (except on 6th and
7th day). However, the cell volume of the treated cells was recorded on the 10th
day. Chl a and b were analyzed spectrophotometrically (Specord M 40, Zeiss,
Jena, Germany). About 25 ml samples were gently centrifuged and total Chl was
extracted with 80% acetone. After centrifugation (3500 g, 15 minutes) the
supernatant was spectrophotometrically analyzed (APHA 1989). All the
experiments were repeated twice with 3 replicates both times. The results were
statistically evaluated by student’s t-test at P = 0.05.

RESULTS AND DISCUSSION

The cell volume of untreated WT cells was larger compared to untreated CW
cells. Upon treatment with Cd and Cu, there was marked reduction in the cell
volume (Fig. 1). Cell volume of WT and CW strains decreased in all the tested
concentrations of Cd and Cu. Cu being more toxic than Cd. The observed
reduction in cell volume might be due to the metabolic cost of metal detoxification
as was reported earlier (Fernandez-Leborans and Novillo 1993; Lawrence et al.
1989).

In all the treatments of Cd and Cu, the trend of population growth of WT and
CW cell types is rather sigmoid (Figs 2A and 2B). However, the cell density of
treated cells decreased over a period of 10 days. The order of decrease was CW
(100 µM Cd/Cu) > WT (100 µM Cd/Cu) > CW (50 µM Cd/Cu) > WT (50
µM Cd/Cu) (Figs 2A and 2B).
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Figure 1. The cell volume of Cd and Cu treated WT, CW and respective control
cells. Each point represents the mean (± S.E) of six samples (3 replicates x 2).

Thus, Cu had more pronounced effect than Cd on the growth rate i.e., cell
multiplication rate. Chl a and b accumulation gradually declined with increasing
duration in WT and CW cells stressed with Cd and Cu. Compared to 50 µM, 100
µM Cd caused reduction of Chl a linearly in both cell types i.e., WT and CW.
The reduction of Chl a in 50 µM and 100 µM treated WT cells was 14, 25, 42,
41, 39, 36, 18 and 28 % ; 16, 33, 51, 57, 70, 70, 72 and 76 % , respectively. The
trend of Chl b reduction upon Cd treatment was bimodal in both the cell types
(WT and CW). Chl b reduction in 50 µM and 100 µM Cd treated WT cells was
8, 17, 41, 47, 61, 38, 22 and 35 %; 12, 33, 56, 65, 68, 68, 69 and 60%
respectively. Compared to WT, the CW cells showed pronounced effect (Figs 3A
and 3C).

Cu toxicity towards Chl degradation was higher compared to Cd. Chl a and b
reduction in WT and CW cells was linear for the first 4 to 5 days, then plateaus
(Fig. 3B and 3D). Total Chl a degraded completely in WT and CW cells with
100 µM Cu by 4th or 5th day. However, Chl b reduction was about 80% in WT
cells and 100% in CW cells. The toxicity order, based on Chl a and b, is Cu-CW
> Cu-WT > Cd-CW > Cd-WT.
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Days after metal treatment

Figure. 2A. The cell population growth of Cd-treated WT and CW strains and
respective controls. 2B. Cu-treated WT and CW cells and respective control cells.
Hollow symbols = WT and Solid symbols = CW. Circles = control, Triangles
= 50 µM and Squares = 100 µM. Each point represents the mean (± S.E) of six
samples (3 replicates x 2).

Chlorophyll in most algal cells constitutes about 2 % of the dry weight and can be
quantified easily and accurately. Thus, changes reflected in Chl a and b,
besides cell number and volume are reliable tools for monitoring of toxic metals
using algal bioassays (Fargasová 1996). The cell wall appears to be serving as
barrier for the entry of Cd and Cu into cytosol, conferring tolerance to wild-type
cells. Both the WT and CW strains when exposed to Cd containing medium,
synthesized cadmium-binding complexes of -24 kDa (data not shown) and
apparently serving as a detoxification mechanism and these are absent in the
unexposed cells. Exposure of WT and CW strains to copper failed to induce
detectable metal-binding complexes (data not shown). Thus, the cell wall and
induced metal-binding complexes might be of defensive function against heavy
metal toxicity in C. reinhardtii.

309



Days after metal treatment

Figure.3A and B. Chl a accumulation and degradation pattern in Cd and Cu-
treated WT and CW cells respectively. 3C and 3D. Chl b accumulation and
degradation pattern in Cd and Cu-treated WT and CW cells respectively. Each
point represents the mean (± S.E) of six samples (3 replicates x 2). Hollow
symbols = Cd and Solid symbols = Cu. Triangles = 50 µM and Squares = 100
µM. Each point represents the mean (± S.E) of six samples (3 replicates x 2).
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