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Responses of Rhodotorula sp. Y11 to cadmium
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Abstract Some aspects of the cellular responses to
cadmium were extensively investigated in the yeast
Rhodotorula sp. Y11. Scanning electron microscopy
indicated that accumulation of cadmium in the Y11
did not cause any visible effects on cell morphology.
More than 20% yeast cells still showed viability after
15h of cadmium accumulation under 100 mg 1~
cadmium concentration, and transmission electron
microscopy analysis showed that plasmolysis and
thickened cell wall were not observed in all of the
cells. In the presence of cadmium, the activities of
superoxide dismutase (SOD) and catalase (CAT)
were all greater than the control, but the increase was
in a dose-independent manner. Changes in SOD and
CAT activities were also dependent on the time of
exposure. Therefore, it suggests that antioxidative
defenses play an important role in cadmium tolerance
in Rhodotorula sp. Y11. Nondenaturing polyacryl-
amide gels revealed only one SOD isoforms in Y11
even under exposure to cadmium.
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Introduction

Pollution by heavy metals is now widespread and it is
causing serious ecological problems in many parts of
the world. Amongst these heavy metals, cadmium,
which becomes a serious pervasive environmental
pollutant commonly generated from mining, smelt-
ing, electroplating, and painting is attracting
increased concern, since it ultimately reaches and
accumulates in animal and human tissues throughout
the food chain (Sanita di Toppi and Gabbrielli 1999;
De Sil6niz et al. 2002).

Conventional physicochemical treatments meth-
ods, which have been practiced for several decades
for the removal of toxic heavy metals from waste-
waters, may be ineffective or very expensive. These
disadvantages become more pronounced at metal
concentrations less than 100 mg 1™' (Kapoor and
Viraraghavan 1995). The potential of using bioaccu-
mulation or biosorption, which have been used for the
removal of heavy metal ions by microorganisms, has
become an attractive subject over the past decade.
Many microbial biomasses have been screened for
their biosorption capabilities (Kapoor and Viraragh-
avan 1995; Vieira and Volesky 2000). Despite the
known potential of yeasts for the removal of heavy
metal cations from aqueous solutions (Blackwell
et al. 1995), there is little information relating to the
relationship between cadmium and Rhodotorula sp. It
is recently reported Rhodotorula spp. are able to
accumulate cadmium and lead and some heavy metal
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accumulation mechanisms were also suggested (Sali-
nas et al. 2000; Cho and Kim 2003; Li and Yuan
2006; Li et al. 2008). However, detailed information
by which Rhodotorula sp. can survive and grow in
the presence of potentially toxic concentrations of
cadmium has to be fully characterized further.

Nonviable biomass has several advantages for
metal biosorption. Nevertheless, application of active
and growing cells is also a better option sometimes
due to its unique advantages, such as their ability of
self-replenishment and continuous metabolic uptake
of metals after physical adsorption (Malik 2004).
Resistance mechanisms to heavy metals by microor-
ganisms is important issue when removal of metals
by growing biomass is considered. Metal resistance
of microorganisms is a complex process and the
mechanisms of metal ion accumulation and resistance
differ according to microorganisms and metal ions.
So an overall analyses of the metal tolerance in the
same isolate needs to be performed (Blackwell et al.
1995; Nies 1999; Pereira et al. 2006). In this way, we
could better understand how different mechanisms
may interact together to enhance heavy metal resis-
tance (Pereira et al. 2006). Furthermore, the
understanding of the heavy metal tolerance mecha-
nisms can also be of great value to design efficient
techniques for heavy metal removal.

Several heavy metal-resistance mechanisms have
been proposed in yeast, including sequestration of
heavy metals by metallothioneins through their high
cysteine content, adsorption of heavy metal cations to
the cells and ion exchange (Kierans et al. 1991;
Blackwell et al. 1995; Suh et al. 1998; Gomes et al.
2002; Cho and Kim 2003). Particularly the yeast
vacuole is considered to be a site for cadmium
storage (Volesky et al. 1993). Superoxide dismutases
(SOD) have also been described for its response to
heavy metals. SOD is involved in the dismutation of
superoxide anion to dioxygen and hydrogen peroxide,
which is subsequently detoxified by catalases (CAT)
or peroxidases (Adamis et al. 2004; Schmidt et al.
2007). Since metals in the natural environment can
exacerbate the levels of reactive oxygen species
(ROS), which are responsible for most cellular
injuries, any cell exposed to heavy metal stress has
to cope with ROS and the induction of antioxidant
enzymes is of great importance (Adamis et al. 2004;
Schmidt et al. 2007). It is reported that expression of
SOD is involved in high tolerance to copper in the
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deep-sea yeast, Cryptococcus sp. N6 (Abe et al.
2001; Miura et al. 2002). The manganese and iron
SODs protect Escherichia coli from heavy metal
toxicity (Geslin et al. 2001). In the vanadate-tolerant
yeast Hansenula polymorpha, vanadate and copper
induce overlapping oxidative stress responses in
terms of the induction of SOD and CAT activity
(Mannazzu et al. 2000).

In preliminary experiments, Rhodotorula sp. Y11
showed higher tolerance to cadmium and physiolog-
ical parameters response to cadmium have been
partly elucidated (Li and Yuan 2006; Li et al. 2008).
However, the effects of cadmium on morphology,
viability and antioxidant defence systems of Y11
have not been studied. Therefore, in this study, these
aspects of the cellular responses of Y11 are
determined.

Material and methods
Microorganism, medium and culture conditions

The strain Rhodotorula sp. Y11, isolated from mine
soil could survive under 2000 mg1~' cadmium
(Wang et al. 2004). Rhodotorula sp. Y11 was main-
tained and activated in YPD medium comprising of
glucose, 20 g 17!, yeast extract, 10 g 17'; peptone,
20 g 17", The pH of the medium was adjusted to 5.8.

The cells were grown in 500 ml Erlenmeyer flasks
containing 100 ml of media. Flasks were incubated
on an rotary shaker at 150 rpm for 20 h at 28°C
unless stated otherwise. The biomass was harvested
by centrifugation at 4,000g for 5 min. Once har-
vested, the biomass was washed twice with deionized
distilled water and used for the experiments directly.

Cadmium uptake and cell viability

Biomass (30 mg dry weight) prepared from cadmium
free medium was added to 20 ml 100 mg 1~ cad-
mium solutions with natural pH at 28°C on an rotary
shaker at 150 rpm. After incubation, cells were
separated at defined intervals of time by centrifuga-
tion at 12,000g for 20 min. The biomass in deionized
distilled water without cadmium was used as control.

Extracellular and intracellular cadmium was deter-
mined according to the method of Li et al. (2008).
Samples were withdrawn from the culture flasks at
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defined intervals harvested by centrifugation at
4,000 rpm for 5 min. The pellet was washed three
times with distill water and the pellet was divided
into two portions. One portion was washed three
times in 0.02 M EDTA (10 min each time). The
amount of cadmium associated with the cell biomass
was removed as the EDTA washable fraction present
at the cell surface, thereby allowing only intracellular
cadmium to be measured. Another portion was
washed by distilled water under the same condition
as control and the total cadmium adsorbed by cells
was measured in this portion. The concentration
of cadmium was determined by inductively-coupled
plasma atomic emission spectrophotometry (ICP-AES,
IRIS Advantage).

The viability of the cells taken at defined intervals
was assessed by the classical spread-plating method
to assess the cadmium toxicity (Soares et al. 2002).

Small-scale preparation of cell extracts, enzyme
assay and activity staining

The cells grown in cadmium-supplemented medium
(0-200 mg 17') were harvested by centrifugation at
6,000 rpm for 5 min and washed with 20 mM
potassium phosphate (pH 7.8). Following resuspen-
sion in 0.4 ml of the same buffer, cells were disrupted
with 0.45 mm glass beads by vibrating for 15 pulses
of 1 min each in Eppendorf tube on a vortex mixer,
with 1 min intervals on ice between pulses. Cell
debris was removed by centrifugation at 12,000g for
15 min at 4°C. Cell extracts were stored at —20°C to
be used for CAT and SOD analyses. Protein was
estimated by the dye-binding method of Bradford
(1976) with bovine serum albumin as a standard
protein.

SOD activity in extracts was determined by using
the modified pyrogallol autoxidation method, as
described previously (Marklund and Marklund
1974). One unit of SOD enzyme activity is defined
as the amount of enzyme that inhibits the autoxida-
tion rate of pyrogallol by 50%. Gradient native
polyacrylamide gel electrophoresis (PAGE) was
stained for SOD activity by the photochemical nitro
blue tetrazolium reaction as described previously
(Beauchamp and Fridovich 1971). Fifty microgram
protein were loaded per lane. CAT activity was
measured spectrophotometrically as a decrease in
H,0, absorbance at 240 nm using an absorption

coefficient of 0.039 mM~'cm™' from an initial
H,0, concentration of 3 mM (Aebi 1983). One unit
CAT activity is defined as the amount of enzyme that
decomposed 10 pmol H,O, in 1 min at 25°C.

All solutions of Cd(NOs3), used were diluted by
distilled deionized water from the stock solutions. All
experiments were repeated two or more times and the
results reported in this article are the average
values + SD value. The significant differences
between two samples were calculated using Student’s
t-test wherever applicable.

Electron microscopy observation

Scanning electron microscopy (SEM) assay was
carried out as described by Srivastava and Thakur
(2006). Biomass growing in medium without or with
cadmium (100 mg 17") was harvested and placed in a
phosphate-buffered glutaraldehyde fixative (2.5%)
overnight. The fixative was removed with two
15 min washes with ice-cold 0.1 M phosphate buffer
(pH 7.3). The phosphate buffer was removed and the
sample was washed at 10 min intervals with ethanol
solutions ranging from 30 to 100% (v/v). The ethanol
was decanted and the sampler was washed at 20 min
intervals with 75:25 ethanol:amyl acetate, 50:50
ethanol:amyl acetate, 25:75 ethanol:amyl acetate
solutions, and pure amyl acetate. The samples were
then coated with a thin layer of gold and assayed
using a SEM (Hitachi S-570). Transmission electron
microscopy (TEM) observation was conducted as
previously described (Yuan et al. 2007). Biomass
prepared from cadmium free medium was added to
100 mg 1" cadmium solutions with natural pH and
incubated on an rotary shaker at 150 rpm for 15 h at
28°C. After incubation, cells were separated by
centrifugation at 12,000g for 20 min. The biomass
in deionized distilled water without cadmium was
used as control. The cells prepared fixed with 2.5%
glutaraldehyde in 0.1% phosphate-buffered saline
(PBS), washed in 0.1% PBS for four times and post-
fixed in 1% osmium tetroxide. The samples were
dehydrated in a graded acetone series and embedded
in Spurr with equal volume of acetone and then in
pure Spurr resin each for 24 h. Sections of 50 nm
were cut with a LKB-V ultramicrotome. TEM
(JEOL-100S) was used to examine the cadmium
precipitation in the cells.
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Results
Effect of cadmium on yeast cell morphology

Assessment of morphological changes of Y11 in
response to cadmium was observed by SEM. Fig-
ure la shows the cells grown in medium without
cadmium exposure. It was observed that the usual
cells shapes range from round to oval and the length
from 3 to 4.5 um. No ring shaped bud scars could be
clearly seen on the surface of mother cells. The
presence of 100 mg 1~ cadmium in the medium did
not induce significant changes of morphological
properties of yeast cells (Fig. 1b).

Cadmium uptake and cell viability

The total cadmium uptake and cell viability during
cadmium accumulation by living cells is shown in
Fig. 2. As total cadmium fast accumulated on the
cells with little intracellular cadmium during the first

Fig. 1 Scanning electron microphotographs of Rhodotorula
sp. Y11 grown in medium without (a) and with cadmium (b)
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Fig. 2 Cadmium uptake and cell viability. Data from three
replicate determinations are shown mean £ SD values
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45 min, cell viability showed similar decrease com-
paring with the control. Even when some cadmium
penetrated into the cytoplasm at 2 h, it did not cause
significant reduction of cell viability as compared to
the control (P > 0.05). Whereas the viability of yeast
cells exposed to cadmium decreased fast and dra-
matically in comparison with the control after 2 h due
to the toxic effect of cadmium (P < 0.05). After 15 h,
23% of cadmium treated cells was still alive.

TEM was performed for the identification of
cadmium accumulation within cells in order to
investigate the cadmium accumulation mechanisms
of Y11. Figure 3a shows the original Y11 cell which
was not exposed to cadmium solutions. There was
essentially no cadmium on the cell surface, cell
membrane, and in the cytoplasm. It was observed that
the cell wall was shown as a dark and the cell wall of
Y11 had a tendency to wrinkle. Organelles within the
cell could be distinguished. However, when samples
of biomass exposed to cadmium solutions for 15 h,
significant darkening of the cell inner occurs, which
may be due to cadmium staining the components
inside the cell. Even so normal organelles are still
observed (Fig. 3b). No evident cadmium granular
deposits were observed to accumulate along the outer
surface of the cell wall and within the cell. Further-
more, plasmolysis of some cell was often observed by
TEM after 15 h exposure to cadmium (Fig. 3c), and
consequently it was impossible to distinguish organ-
elles within the cell. It was found that the cell wall
thickened and were slightly light compared with that
of the normal cells. The formation of electron-dense
granules was found in and around inner cell walls.

Effect of cadmium on the levels of SOD and CAT

The levels of SOD and CAT activities in the red yeast
Rhodotorula sp. Y11 cells during growth exposure to
0-200 mg 1" cadmium were determined for up to
34 h. In the present study, cadmium accumulation in
Rhodotorula sp. Y11 resulted in a significant changes
in the activity of the two enzymes (Table 1). In
general, it was observed that Y11 grown in medium
amended cadmium contained about 1.5 and 1.2 times
higher relative abundance of SOD when compared
with normal amount of SOD of cells grown in
medium without cadmium at 10 and 20 h of the
growth phase, respectively (P < 0.05). Especially,
the SOD activity increased more than twofold upon
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Fig. 3 Transmission
electron microphotographs
of Rhodotorula sp. Y11
without (a) and with
cadmium (b, ¢)

Table 1 Effects exerted by cadmium on antioxidant enzyme levels in Rhodotorula sp. Y11

Time (h) Cadmium (mg 1=
0 50 100 200
SOD (U mg~"' protein) 10 2.1 £0.13 32 +£0.25 3.3 +0.28 4.39 £+ 0.20
20 3.8 £0.19 4.6 + 0.25 4.7 £0.14 4.8 £ 046
34 5.8 £0.87 5.9 £ 0.06 58 £0.11 5.6 £ 0.16
CAT (U mg™" protein) 10 48.5 £ 3.2 142.6 £+ 6.5 140.0 £ 7.1 152.6 £+ 10.6
20 2004 £ 5.8 306.6 £ 17.9 3413 £ 214 340.4 £ 16.5
34 273.8 £ 214 430.8 £+ 14.6 477.1 £ 25.6 467.5 £ 17.3

Data are shown as mean £ SD of three independent experiments

treatment with 200 mg 17! cadmium at 10 h. Despite
all that, different cadmium concentration induced
comparable increments in the levels of specific SOD
activity. Therefore, cadmium highly significantly
stimulated the SOD production at the mid (10 h)
and late (20 h) of the exponential growth phase, but
SOD increase was not in a cadmium dose-dependent
manner. Whereas cadmium had no significant effect
on SOD activity in Rhodotorula sp. Y11 compared
with the controls at 34 h. CAT activity in the cells
exhibited a similar increase pattern as SOD except
that significant increase (more than 1.5-fold) was also
observed further at 34 h when compared to the
control (P < 0.05). This means CAT still play an
important role in the scavenging of the potentially
harmful oxidant at 34 h. The obtained results show
that in the samples treated with cadmium induced the
antioxidative defence systems, which play a protec-
tive role against the toxicity of ROS.

Activity patterns under nondenaturing PAGE

The SOD was tested by activity staining to elucidate
their response to cadmium. Nondenaturing PAGE

Fig. 4 Staining for SOD activity of Rhodotorula sp. Y11 in
absence (a) and presence (b) of cadmium (100 mg =Y

analyses shows the SOD activity profile of Rhodo-
torula sp. Y11 (Fig. 4). Basically, only a single kind
of SOD isoenzyme electrophoretic band pattern was
seen at normal culture conditions. To check if there
were cadmium-induction SOD enzymes in Y11, an
induction experiment was performed by adding
cadmium at final concentration of 100 mg1~'. In
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contrast, the electrophoretic pattern of Y11 remains
unaltered with only a single band revealed at the
same distance of migration (Fig. 4). Inhibition studies
indicated that the SOD isoenzyme in Rhodotorula sp.
Y11 was Mn-SOD (data not shown).

Discussion

The presence of 100 mg 1~ cadmium in the medium
was in the range of cadmium concentration
(0-150 mg 1™') having no significant effect on Y11
growth (Li et al. 2008), The SEM results further
confirm the resistance of Y11 to cadmium. It has been
found that raising concentrations of copper affected
both morphology and physiological parameters of the
viable yeast (De Siloniz et al. 2002). Doshi et al.
(2007) showed that the difference in the surface
morphology of Spirulina sp. was evident after
cadmium uptake. Morphological properties of yeast
cells Candida intermedia were not changed under
1 mM chromium (III), but ten times higher concen-
tration of chromium (III) in the medium affected the
cell shapes as well as their budding pattern (Pas et al.
2004).

The delayed intracellular cadmium accumulation
means the cell wall may act as a barrier against
cadmium into the cytoplasm and the following
intracellular cadmium uptake reveals in the cell there
are intracellular mechanisms that help to cope with
metal stress. During heavy metal accumulation by
Saccharomyces cerevisiae NCYC 1190, there was
about 99% loss of viability of copper-treated cells in
the first 20 min, and a less pronounced lethal effect
was detected after 1 h of contact with cadmium or
lead (Soares et al. 2002). Cadmium showed a
dramatic effect on S. cerevisiae cell viability.
Although no loss of viability was observed at
50 uM cadmium concentration, there was approxi-
mately 90% loss of viability at 500 pM after 5 min
contact with cadmium (Gadd and Mowll 1983).

TEM demonstrated that the cell wall and inner
parts of these cells play a major role in cadmium
accumulation. The increased cell wall thickness of
the Acremonium pinkertoniae myceliar walls in
response to copper was clearly visible, which
preventing the toxic ions from reaching the interior
of the cells (Zapotoczny et al. 2007). The thicker
mannan layers seemed to contribute to the high
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cadmium uptake capacity of S. cerevisiae ATCC 834
in comparing with S. cerevisiae ATCC 24858 (Park
et al. 2003). Volesky et al. (1993) reported that
cadmium was mainly deposited in the vacuoles of
S. cerevisiae, but Suh et al. (1998) showed that
cadmium accumulated both on the cell surface and
inside the cell of S. cerevisiae. Perkins and Gadd
(1993) indicated that majority of lithium accumulated
in S. cerevisiae X2180-1B was located in the
vacuoles and the enlarged vacuoles observed during
lithium loading may be associated with an intracel-
lular toxic response. There was little evidence for
intracellular accumulation of silver and the majority
of cell-associated silver was present as electron-dense
granules within and around cell walls, or sometimes
associated with extracellular polysaccharide as in
Rhodotorula rubra (Kierans et al. 1991). In Kluyver-
omyces marxianus, the outer cell wall surface
concentrate uranium, the significant darker inner
cellular matrix implies a role for inner cellular mass
in biosorption of uranium by this form of biomass
(Bustard et al. 1997).

From the results, it also suggested that not all of
the cells showed the same contribute to the cadmium
accumulation. A similar phenomenon was observed
for uranium accumulation by S. cerevisiae and silver
deposits in bacterial populations (Strandberg et al.
1981; Goddard and Bull 1989). Kierans et al. (1991)
also observed uneven accumulation of silver, as
indicated by the formation of electron-dense granules
in and around cell walls. In A. pinkertoniae, the
younger mycelia developing on the culture border
were always white which was similar to those
growing on control media with trace amounts of
copper. Only in the oldest parts of the culture
the crystalloids were eventually fully exposed
(Zapotoczny et al. 2007).

The average value content of cadmium uptake by
spectrophotometric data do not take the role of every
cell in cadmium detoxification into account. The
TEM gives us more detailed knowledge on the cell
heterogeneity. It was suggested that this was either
due to population heterogeneity in respect of metal
uptake capacity and/or attrition during growth in the
bioreactors (Kierans et al. 1991). The latter hypoth-
esis was discounted in by fixing and embedding yeast
colonies in situ (Kierans et al. 1991). Furthermore,
S. cerevisiae NCYC 1190 cells propagated under
defined laboratory conditions, stopping the growth at
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the same time, were believed to be always in the
same physiological state (Soares et al. 2002). So,
from a evolutionary perspective, the profound signi-
fication under the uneven metal uptake ability may
represents a resistance mechanism to heavy metals
rather than a simple population heterogeneity. During
the process of heavy metal accumulation, the ability
of some cells to accumulate more metals, which
reducing the concentration of bioavailability of heavy
metals in the surrounding microenvironment,
increases the probability of any remaining cells to
survive. Although the process is deleterious to
individual cell, the group is still able to persist in
heavy metal environments without killing the entire
population.

SOD play a primary defence mechanism in the
scavenging of the potentially harmful superoxide
radicals and represent a critical enzyme of the
antioxidant defence system (Fridovich 1983; Fujs
et al. 2005). It is clearly important to establish
whether the exposure of Y11 to cadmium causes a
detrimental or stimulatory effect on the enzymes
involved in this detoxification process. Although
redox inactive metals ion, such as cadmium, nickel,
and zinc, do not directly generate ROS, microorgan-
isms exposed to these elements often accumulate
ROS and undergo oxidative stress. Some possible
relationship between cadmium and oxidative stress
was suggested (Vido et al. 2001). There have been
previous studies that have examined the effect of
cadmium on SOD and CAT activity in microorgan-
isms. A fourfold increase in SOD activity is induced
by copper in the marine yeast, Debaryomyces hanse-
nii (Orozco et al. 1998). Cu, Zn-SOD activity of
S. cerevisiae is stimulated in the presence of copper,
while it is lightly inhibited in the presence of
cadmium (Romandini et al. 1992). In E. coli, the
absence of SODs was associated with an sensitivity to
cadmium, nickel and cobalt ions, which suggests that
intracellular generation of superoxide by cadmium,
nickel and cobalt is toxic in E. coli. It also supports
the sod genes in the protection of E. coli cells against
metal stress (Geslin et al. 2001). In the vanadate-
tolerant strain of H. polymorpha, the presence of both
vanadate and copper in the growth medium caused a
significant increment in the activity of the two
antioxidant enzymes SOD and CAT. Interestingly,
while vanadate and copper induced comparable
increments in the levels of SOD activity, dramatic

differences were observed in the effects of the two
metal ions on CAT activity, which showed an 8.4 and
1.7-fold increment by vanadate and copper, respec-
tively (Mannazzu et al. 2000). Interestingly, no clear
increase of SOD activity in Streptomyces subrutilus
P5 was observed on addition of lead ions to the
medium, and it is concluded that the strain
S. subrutilus PS5 precipitate of lead ions by the
extracellular SOD, which might reduce the intracel-
lular generation of superoxide radicals caused by
metal toxicity, hence relieving the protective task of
intracellular SODs and confering a biological advan-
tage for survival over the other microorganisms in a
highly lead-polluted environment (So et al. 2001).
CAT level in S. cerevisiae remains almost unchanged
in the conditions tested (Romandini et al. 1992). The
CAT activity of the Candida albicans cells treated
with 1 mM cadmium first decreased, and then rose at
24 h to about 2.6 times that of the controls. The
increase of peroxisomes and CAT activity following
cadmium stress gives credence to the hypothesis that
cadmium toxicity is related to its potential to induce
oxidative stress in cells (Chen et al. 1995).

Since the carotenogenic yeast, like Rhodotorula
mucilaginosa, has been reported to contain only
Mn-SOD and the absence of Cu, Zn-SOD in a
pigmented yeast has been accepted as a general rule
(Moore et al. 1989). However, Hernandez-Saavedra
(2003) reports the presence of an active Cu, Zn-SOD
after copper induction in pigmented yeast Udeniomy-
ces puniceus. It suggests that the absence of Cu, Zn-
SOD in pigmented yeast is complemented by the
presence of carotenoproteins that act as an extra
mitochondrial antioxidant (Moore et al. 1989). Mn-
SOD is present only in the mitochondrial (Moore
et al. 1989; Schroeder and Johnson 1993), therefore,
it is thought to be a major scavenger of reactive
oxygen metabolite(s) in the mitochondrial matrix,
like Cu, Zn-SOD in the cytoplasm. Hwang et al.
(2003) found that mitochondrial Mn-SOD is impor-
tant for stress responses in C. albicans. In the present
study, a possible explanation to the comparable level
of SOD and CAT at different cadmium concentration
could be due to the limited induction level by ROS
and there must be other molecular approaches, like
carotenoids, to improving ROS tolerance.

Abe et al. (2001) suggest SOD have a role in the
defensive mechanisms against high concentrations of
Cu in the yeast Cryptococcus sp. N6. The activity of
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SOD in cell extract was markedly stimulated from <1
total protein to 25.8 and 110 mU pg~' total protein
by 1 mM CuSO4 and 10 mM CuSO,, respectively.
Further study showed that Cryptococcus sp. N6. have
two distinct SOD activity bands one band, with
higher mobility, appeared when the cells were grown
without CuSQ,, and the other band appeared when
the cells were grown in presence of 10 mM CuSO,
(Miura et al. 2002). Schmidt et al. (2007) reported
that the response of Streptomyces acidiscabies E13
on heavy metal stress seems to rely rather on Ni-SOD
induction while Fe, Zn-SOD expression is unchanged
or even repressed under heavy metal stress.

Conclusion

In conclusion, Rhodotorula sp. Y11 could tolerate
high cadmium concentration without changing cell
morphology. There was still approximately 23% of
cells without loss of viability after 15 h contact with
100 mg 1" cadmium. TEM confirmed that not all of
the cells showed the same response and contribution
to the cadmium accumulation. Antioxidative defence
systems was an important factor compensating cad-
mium stresses in Y11. Active staining revealed that
only one kind of SOD enzyme exist in Y11, whether
in presence or absence of cadmium. Yeast response to
heavy metal stress was a complex phenomenon and
superior antioxidative defenses could not fully
explain the higher cadmium tolerance of Y11. It
was that different mechanisms acting together confer
the higher levels of tolerance observed. Cadmium
tolerance of Rhodotorula sp. Y11 showed significant
potential for the decontamination of toxic metals
from contaminated wastewater.
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