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Introduction of heavy metal compounds like chromium, lead, arsenic and mercury into the environment
generally induces morphological and physiological changes in the microbial communities hence
exerting a selective pressure on the microorganisms. Generally, sites which are contaminated with
heavy metals are the sources of metal resistant microorganisms. This paper describes the bioreduction
of Cr® to Cr®* by a novel strain Rhodotorula mucilaginosa (MTCC 9315). The yeast is very efficient in
Cr® reduction. It is shown that the reduction of Cr®* to Cr®" species occurs extracellularly by analyzing
the supernatant of the yeast extract peptone sucrose medium (YEPS) thus supporting the assumption
about the existence of an extra-cellular pathway of Cr® reduction. Furthermore, it is demonstrated that
R. mucilaginosa cells are salt tolerant. It is thus suggested that isolated yeast biomass can be used as
sources of Cr® reducer, and the resin formulated in the present study may be used as biofilter to filter
out Cr® ions. The yeast can also be a good supplier of Cr-chelators with potential pharmacological
applications.
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INTRODUCTION

Chromium, one of the most common elements on earth,
forms a wide range of stable compounds in trivalent Cr**
and hexavalent Cr®* states, being unstable in the forms of
the intermediate valences Cr’* and Cr*". Cr®* species are
extremely toxic, whereas Cr** compounds are much
safer; furthermore, they can be found in many kinds of
food and are widely used as pharmaceuticals and dietary
supplements (for example, chromium picolinate,
chromium polynicotinate, chromium chloride) to prevent
diabetes, lipoprotein abnormalities, and cardiovascular

*Corresponding author. E-mail: sikha_bu_bot@yahoo.com. Tel:
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Abbreviations: PDA, Potato dextrose agar; NA, nutrient agar;
YEPD, yeast extract peptone dextrose; YEPS, yeast extract
peptone sucrose; YEPM, yeast extract peptone maltose; EPS,
exopolymeric substances.

diseases (Porter et al., 1999). While the molecular
mechanisms of Cr’* as a microelement are still unclear,
experimental evidences have been obtained in support of
the important role of this metal for the normal signal
transduction pathway through the insulin-stimulated
insulin receptor (Yamamoto et al., 2004).

Although Cr®* supplements are widely used (for
example, products containing chromium picolinate
Cr(pyc)3 have annual sales of $500 million), they
possess some serious disadvantages which include: (1)
poor solubility of chromium picolinate and chromium
polynicotinate limits their low absorption up to 2 to 5%,
and chelation of chromium chloride with large
biomolecules restricts its consumption (Vincent, 2003);
(2) the previous-mentioned salts and complexes have
been shown to possess some deleterious effects, for
example, they cause the damage of chromosomes in the
Chinese hamster ovary cells (Stearns et al., 1995) and
pathological ocular changes in rats (Amany et al., 2006).
The synthesis of novel Cr*" containing complexes, as
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well as microbial production of such compounds, is one
of the possible ways of overcoming this problem. Taking
into account significant kinetic inertness of cr* salts in
the formation of even thermodynamically stable
complexes, it is promising to produce such complexes by
using microbial cells capable of reducing cr®* (chromate,
dichromate) to cr¥* biocomplexes (Puzon et al., 2005;
Ksheminska et al., 2008). Although, the genetic and
biochemical aspects of this process have been
insufficiently studied, it is known that chromate anions are
transported into the cells through sulfate specific
permease (s) coded, in the case of baker’s yeast, by the
genes SUL1 and SUL2 (Cherest et al., 1997) and can be
reduced as a powerful oxidative agent to cr** by cellular
reducing systems which can include enzymatic and non-
enzymatic pathways.

Glutathione and cysteine can be regarded as the most
powerful non-enzymatic chromate reductants for
microbial cells and ascorbate-for higher organisms. The
bacterial reduction of chromate is well established. It runs
through the different enzymatic pathways which function
under aerobic and anaerobic conditions with the use of
hydrogenase, cytochrome c¢ dependent electron transfer
chains, nitrate reductase, flavin reductase, ferric
reductase, some flavoproteins and nicotinamide adenine
dinucleotide (NADH) and nicotinamide adenine dinucleo-
tide phosphate (NADPH) H-dependent reductases
(Ksheminska et al., 2006). For eukaryotic microbial cells
and primarily yeasts, the data on the chromate reducing
systems are more ambiguous. It is generally unknown
which system enzymatic or non-enzymatic, intracellular
or extra-cellular one plays a leading role in the chromate
detoxification process. Many yeasts like, R. pilimanae D-
76, and Pichia guilliermondii ATCC 201911 have been
reported for their reduction of Cr®* to Cr** (Ksheminska et
al.,, 2008). Many yeasts have been known for their
reduction ability of Cr®* to Cr** (Muneer et al., 2009).

Yeasts are ubiquitous unicellular microorganisms in
natural environments or in industrial effluents and
exposed to a variety of environments with respect to
nutrient availability, temperature, pH, osmotic pressure,
access to oxygen and water, etc., all of which induce
stress responses (Hohmann and Mager, 1977); to which
yeast cells have developed the mechanisms to adjust,
with certain limits of environmental stresses. Elemental
chromium (Cr) does not occur in nature, but is present in
ores, primarily chromite (FeOCr,0O3) (Hamilton and
Wetterhahn, 1988).

Only two of the several oxidation states of chromium,
Cr (Ill) and Cr (VI), are reviewed in this report based on
their predominance and stability in the ambient
environment and their toxicity in human beings and other
animals. Chromium plays a key role in glucose and
cholesterol metabolism and is thus an essential element
to man and animals (Schroeder et al., 1962). Non-
occupational exposure to the metal occurs through the
ingestion of chromium-containing food and water,
whereas occupational exposure occurs through inhalation
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(Langard, 1982; Pedersen, 1982). Workers in the
chromate industry have been exposed to estimated
chromium levels of 10 to 50 pg/m3 for Cr (lll) and 5 to
1000 pg/m3 for Cr(VI); however, improvements in the
newer chrome-plating plants have reduced the Cr(VI)
concentrations 10 to 40-fold (Stern, 1982).

Chromium (lll) is poorly absorbed, regardless of the
route of exposure, whereas chromium (V1) is more readily
absorbed (Hamilton and Wetterhahn, 1988). Humans and
animals localize chromium in the lung, liver, kidney,
spleen, adrenals, plasma, bone marrow, and red blood
cells (RBC) (Langard, 1982; ATSDR, 1989; Bragt and
Van Dura, 1983; Hamilton and Wetterhahn, 1988). There
is no evidence that chromium is biotransformed, but Cr
(VI) does undergo enzymatic reduction, resulting in the
formation of reactive intermediates and Cr (lll) (Hamilton
and Wetterhahn, 1988). The main routes for the excretion
of chromium are through the kidneys/urine and the
bile/feces (Guthrie and Langard, 1982).

Animal studies show that Cr (VI) is generally more toxic
than Cr (lll), but neither oxidation state is very toxic by
the oral route. In long-term studies, rats were not
adversely affected by ~1.9 g/kg/day of chromic oxide [Cr
(1] (diet), 2.4 mg/kg/day of Cr (lll) as chromic chloride
(drinking water), or 2.4 mg/kg/day of Cr (VI) as potassium
dichromate (drinking water) (lvankovic and Preussmann,
1975; MacKenzie et al., 1958). The respiratory and
dermal toxicity of chromium are well-documented.
Workers exposed to chromium have developed nasal
irritation (at <0.01 mg/m®, acute exposure), nasal ulcers,
perforation of the nasal septum (at ~2 pg/m?, subchronic
or chronic exposure) (Hamilton and Wetterhahn, 1988;
ATSDR, 1989; Lindberg and Hedenstierna, 1983) and
hypersensitivity reactions and "chrome holes" of the skin
(Pedersen, 1982; Burrows, 1983; U.S Air Force, 1990).
Among the general population, contact dermatitis has
been associated with the use of bleaches and detergents
(Love, 1983). Compounds of both Cr (VI) and Cr (lll)
have induced developmental effects in experimental
animals that include neural tube defects, malformations,
and fetal deaths (lijima et al., 1983; Danielsson et al.,
1982; Matsumoto et al., 1976). Considering the
ecological benevolence of microorganisms  for
bioremediation of heavy metals, our interest has
prompted us to use R. mucilaginosa isolated from
industrial  effluent of  Chittaranjan  locomotive,
Chittaranjan, Burdwan, and West Bengal, India for
reduction of Cr* to Cr**.

MATERIALS AND METHODS
Isolation and characterization

The organism was isolated from the effluent of Chittaranjan
locomotive workshop effluent samples (50 ml) from Chittaranjan
locomotive workshop, Burdwan; these were collected and analyzed
for isolation of microorganisms. Sample (1 ml) was diluted upto 10
dilutions. 100 pl of each of different dilutions were plated separately
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on potato dextrose agar (PDA) medium (pH 5.5) and nutrient agar
(NA) medium (pH 7.0), incubated for 3 days at 30 + 1°C for growth
of fungal isolates and 2 days at 37°C for growth of bacterial
isolates, respectively.

Developed colonies were randomly picked, isolated and cultured
on fresh PDA and/or NA for growth of fungi and bacteria,
respectively. The number of fungal colonies was more on PDA
plates than the number of bacterial colonies on NA plates. Thus,
the fungal isolates grown on PDA plates were selected for further
experiments. Pure cultures of the isolates were obtained by
streaking the colonies repeatedly on various media like PDA
medium, yeast extract peptone dextrose medium (YEPD), yeast
extract peptone sucrose medium (YEPS) and yeast extract peptone
maltose (YEPM) medium. The isolated dominant colony was
identified and characterized to the genus level on the basis of
macroscopic characteristics (colony morphology, colour of the
colony, appearance and shape of the colony) and on the basis of
different microscopic characteristics (shape of the cells, diameter
and texture of conidia, shape of the conidia).

Different biochemical tests were also performed and it has been
confirmed that the isolate was yeast. The identification was also
carried out to the genus and species level with 26S rDNA
sequencing of D1/D2 domain of 629 nucleotide bases by using
primers NL1 and NL4. Different restriction sites were pointed out
using NEB cutter online software. Micrograph images were taken
with a high resolution bright field microscope (Leica DMLB, Japan)
and Scanning electron microscope (Nikon S530 Hitachi, Japan).
Nucleotide sequencing was done at Institute of Microbial
Technology, Chandigarh, India and deposited at IMTECH, MTCC,
Chandigarh (MTCC number-9315) and at the National Center for
Biotechnology Information (NCBI) (Accession number-GU074381).

A  Varian (Spectra AA 55) flame atomic absorption
spectrophotometer (FAAS, Australia) was used for measuring
concentration of chromium species. All measurements were
performed using integrated absorbance (peak area). Hollow
cathode lamp for Cr was operated at 7.0 mA at wave length 357.9
nm and at a slit width of 0.2 nm. Air and acetylene flow rates were
maintained at 3.5 and 1.5 L min™, respectively. Cr** and Cr®" stock
solutions were prepared from Cr(NO3)3.9H20 (Merck) and K,CrO4
(Merck), respectively. These solutions, 50 mg L™ for Cr** and 5 mg
L™ for Cr®", were prepared in 0.5 mol L™ HNO; and double distilled
water, respectively. These solutions were standardized against
standard stock solutions of Cr** (1000 mg L™) supplied by Solutions
plus inc. (Missouri, USA) which was tested against NIST SRM #
3108a using AAS.

Determination of optimum pH, temperature for yeast growth

Yeast cells were grown in media containing YEPS. 1 ml (10°
cells/ml) of 24 h grown R. mucilaginosa cells was inoculated into
every 25 ml (25 ml x 5) of YEPS medium and incubated at different
temperature like 20, 25, 30, 35 and 40°C keeping pH 5.5 as
constant and same experiment was repeated with different pH like
4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0 containing YEPS medium
(25 ml x 5) keeping temperature 30°C constant for 24 h. All the
experimental flasks were kept for random shaking at 120 rpm. After
incubation, cells from every flask were centrifuged at 8000 rpm for
10 min, the pellet was collected, dried and dry biomass weighed.

Exopolymer extraction

For exopolymer extraction, 1 ml (10® cells/ml) of 24 h grown R.
mucilaginosa cells was inoculated into YEPS medium (pH 5.5) and
kept for incubation at 30°C for 72 h with constant shaking at

120 rpm. After incubation, cells were centrifuged at 8000 rpm for 10
min. Pellet was then treated with boiling water and 0.1 N HCI, again
centrifuged at 8000 rpm for 10 min, pellet was discarded and in the
supernatant double volume of 96% (v/v) chilled ethanol was added
for 24 h at 4°C to precipitate exopolymer (Doughlas et al., 1988).
Centrifugation process was repeated again for 10 min and
supernatant was discarded. The ethanol precipitate was dialyzed
for three days, freeze dried confirmed by Dubois et al. (1956)
method and the rest of the sample was kept for further structural
investigation.

Determination of salt stress tolerance of the yeast

It has been reported that the yeast cells having salt stress tolerance
generally possess uronic acids or negatively charged molecules in
the exopolymeric substances (EPS), and the number of uronic
acids is directly proportional to the heavy metal chelation (Dae and
Eui, 2003). So, trials were being made to determine the salt
tolerance capacity of the yeast strain, for which 1 ml (10® cells/ml) of
yeast cells were inoculated into YEPS medium supplemented with
different concentrations of NaCl (1, 2, 3, 4, 5, 6, 7, 8, 9 and 10%) at
30°C and incubated for 72 h with shaking at 120 rpm. After
incubation, cells were centrifuged at 8000 rpm for 10 min, the pellet
was collected, dried and dry biomass was weighed. At the same
time, yeast growth was measured spectrophotometrically at 540 nm
(Abdel and Moghaz, 2010).

Column preparation and stability of the resin

Air dried resin (1.0 g) was immersed in deionised water and allowed
to swell for 24 h. A glass column (10 x 1 cm) was packed with
swollen beads to a bed volume of 2 ml. Before starting the
experiment, the resin bed was thoroughly washed with 0.1 mol L™
HNO; followed by deionised water till the effluent was free from
acid. Then, the resin bed was pre-conditioned by washing with
buffer solutions of appropriate pH. Sorption and desorption
characteristics for Cr** and Cr®" in the column were studied at the
optimum flow rate. Any adhering metal ions (not adsorbed) were
completely washed out using solutions of appropriate pH. The
sorbed Cr** and Cr®* were completely eluted by 10 ml of 2 mol L™
and 6 ml of 3 mol L™" HNOs, respectively, at a flow rate of 5 ml
min~'. Concentration of each chromium species thus eluted was
measured by FAAS. 250 mg of resin was shaken with 100 ml of
acid or alkaline solutions of different ionic strengths (0.5 to 5 mol L™
HNO; and NaOH solutions were used for stability experiments) for
7 days then, filtered and washed with deionised water to remove
acid or alkali and finally dried under vacuum. The metal ion
exchange capacity was measured. The thermal stability of the resin
was studied by thermogravimetry.

Chromium ion uptake as a function of pH

A batch technique was used, taking metal ion in excess to the resin.
Capacities were determined in the pH range 2.0 to 10.0. To a glass
stoppered centrifuge tube (diameter 2.0 cm) containing 30 mg of
the dry resin in basic form, 10 ml of the desired pH solution was
added. After equilibration of this mixture, 25 ml of 50 gm L™ for Cr®*
and 5 gm L™ for Cr®" metal ion solutions were added. The mixture
was shaken for 24 h. The pH of the equilibrating solution was
adjusted by appropriate buffer solution. After 24 h, the solutions
were filtered under suction and washed with deionised water to
remove adhering metal ions. To confirm that the resin adsorbs
chromium species, Fourier transform infrared (FTIR) spectra as well
as scanning electron microscopy (SEM) images of the Cr** loaded
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Figure 1. Rhodotorula mucilaginosa grown on yeast extract peptone sucrose agar.

resin were recorded (Das et al., 2010). The sorbed metal ion was
eluted with suitable eluting agent. The concentration of the eluted
metal ions was measured by flame atomic absorption spectroscopy
(FAAS) using air-acetylene flame.

Bio-reduction of Cr® to Cr** by yeast species

The yeast species isolated was used to reduce Cr®* to Cr**. The pH
dependent separation of Cr species was performed using a resin
which has been synthesized in the Department of Chemistry,
Burdwan University, Burdwan (Figure 6). At first, 1 ml (10° cells/ml)
of yeast cells was cultured in peptone sucrose medium at 30°C for
72 h (Li et al.,, 2008). Several standard potassium dichromate
solutions of varying strengths (2, 4, 6, 8 ug mi™*) were prepared by
dilution method (50 ml of each). Then, 1 ml (10® cells/ml) of 24 h
grown R. mucilaginosa was added to all solutions and kept for 72 h
at 30°C. After that, 30 ml of culture medium was centrifuged at
8000 rpm for 10 min, and pH of the supernatant for every strength
of potassium dichromate containing yeast culture was adjusted to
2.0 using appropriate buffer solution, and passed through the pre-
conditioned resin column (Figure 6). Any Cr® produced in the
solution will be retained by the resin in the column, and only Cr®
will come out. Cr** was desorbed from the resin bed with 2.0 mol L™
HNO; and measured by flame atomic absorption spectroscopy
(FAAS). The percent bioreduction of Cr® to Cr** by the R.
mucilaginosa was calculated.

RESULTS AND DISCUSSION

The yeast strain was identified as R. mucilaginosa by
26S rDNA partial gene sequencing (accession no.
GUO074381, NCBI) and with various restriction sites,
(Figure 7) exhibited optimum growth on YEPS medium

containing 2% sucrose (Figures 1 and 8). An increase in
concentration of sucrose (3 to 4 and then 5%) decreases
the yeast biomass but otherwise increases the EPS
production (Figure 9). YEPS, YEPD and YEPM media
were proved to be better for growth of the yeast isolate
than PDA medium. The optimum pH and temperature for
the growth of the yeast were recorded to be 5.5 and
30°C, respectively (Figures 10 and 11). It was evident
from the results that the yeast strain possesses stress
tolerance property against the salinity stress (NaCl). NaCl
stress at 1% concentration supplied with YEPS medium
appeared to be the best for optimum biomass production
(Figure 12) by the yeast cells, and after the foregoing
said concentration, biomass production decreased. R.
mucilaginosa cells were normally grown in YEPS broth
(Figure 2) and with 0.5 mM of potassium dichromate
containing YEPS broth (Figure 3) whereas the bursting
out of intracellular materials forms a thin film in the
presence of 8 mM of potassium dichromate on which the
deformed yeast cells were observed under scanning
electron microscope (Figure 4) studies. Budding R.
mucilaginosa cells were observed under Leica
microscope (Figure 5).

R. mucilaginosa was very effective to reduce Cr®
toxicity by converting potentially toxic Cr® to relatively
non-toxic Cr’* species as shown in Table 1 and Figure
13. Thus, it may well be referred to as green method for
reducing Cr®" toxicity. The chemically synthesized resin
acted as an important chelator for Cr**. The
functionalities present in the solid polymeric matrix (resin)
contain carboxylate anion; tertiary nitrogen (from amino
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Figure 3. Scanning electron micrographic images of budding Rhodotorula mucilaginosa grown in yeast extract peptone sucrose
broth with 0.5 mM of potassium dichromate.

Figure 4. Scanning electron micrographic images of deformed Rhodotorula mucilaginosa grown in yeast extract peptone
sucrose broth with 8 mM of potassium dichromate.
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Figure 6. Structure of chemically synthesized resin.

acid part) and nitrogen from pyridine moiety may possibly
be responsible for binding of Cr** at specific pH (Figure 6)
(Das et al.,, 2010). It has been found that percent
conversion of Cr®" to Cr** was more in 2 pg mi™
potassium dichromate treated R. mucilaginosa cells
(26.6%) and least in 8 pg ml™ potassium dichromate
treated R. mucilaginosa cells (6.13%). Further experiments

suggests that as the concentration of Cr increased from 2
to 8 mM, the percent reduction of Cr** to Cr*" also
decreased as shown in Table 1 and Figure 13. This might
be due to the toxicity imposed by the higher
concentration of Cr®* to the yeast cells and inhibited
enzymatic reduction of Cr®* to Cr**. The pH of the metal
solution also plays a crucial role in the passive microbial
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Table 1. The percentage reduction of Cr®" to Cr** by Rhodotorula mucilaginosa.

Number of Concentration of Cr®* (ug mI™) Cr® (mmol) present after cr®* (mmol) Percentage of Cr®*
observation originally present in the solution treatment with yeast formed to Cr** conversion
1 2.0 0.2182 0.058 26.6
2 4.0 0.14423 0.01278 9.90
3 6.0 0.4028 0.0299 7.43
4 8.0 0.5961 0.0365 6.13
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Figure 13. Percentage of Chromium reduction from Cr®*to Cr** by Rhodotorula mucilaginosa.

biosorption (Pardo et al., 2003). Affinity of anionic species
towards the functional group present in cellular surface is
affected by pH. At low pH values, cell wall functional
groups are protonated and compete significantly with
metal binding. As the pH increased further, the overall
surface charges on the cells could become negative
biosorption reduction. In general, these data indicate that
the sorption capacity increased with increasing the initial
metal ion concentrations corresponding to metal ions on
the biomass surface. This sorption characteristic
indicates that the surface saturation is dependent on the
initial metal ion concentrations. At low concentrations,
adsorption sites took the available metal more quickly
(Fourest and Roux, 1992). However at higher
concentrations, metals need more time to diffuse into the
biomass surface by intra particular diffusion and greatly
hydrolyzed ions will diffuse at a slower rate (Khambhaty
et al., 2009; Bai and Abraham, 2001; Park et al., 2006;
Tewari et al., 2005).

The present study demonstrated that this novel strain,
R. mucilaginosa (MTCC 9315), effectively reduced Cr®* to
cr® from industrial effluent and also exhibited salt stress
tolerance. The same strain (R. mucilaginosa, MTCC
9315) is also capable of higher concentration of lead
bioadsorption (Chatterjee et al., 2011). This investigation

is reporting for the first time a chemically synthesized
resin for separation of Cr®" and Cr*". However, further
studies with respect to metal-resin specificity, molecule
responsible for conversion of chromium, chromium
chelators applicability to various other types of metal-
laden effluents and role of pigments if any in bioreduction
of heavy metals will help in fine-tuning the bioremediation
technology for large scale application.
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