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SUMMARY

Thechromium remediation ability of Saccharomycescerevisiaewasstudied, asit isnon-pathogenic
and easily available as wastes from fermentation industries. Normal baker’s yeast, mutants and genetic
strainswith and without metallothioneinswereused in their immobilized forms. Their chromium
remediating ability was studied and their efficiencies were compared. Flame Atomic Absor ption
Spectr oscopy and diphenyl car bazide method wer eused to quantify chromium in the effluents. The
work also focused on determining whether mutagenesis enhances or lessens the organism’s ability to
remediate chromium and establishing ther ole of metallothioneins. The chromium content of the effluent
wasar ound 5600ppm befor eremediation, after which it reduced toaround 28ppm. Thebest activity was
observed in thegenetic strain containing multiple copiesof metallothioneinsand themutantswer e till
efficient in spite of the damage in the de novo pathway. Proteins isolated from the strains after
bioremediation showed asimilar banding patter nto metallothionein suggesting their activity in heavy

metal stress.

hromium is the most common pollutant

widely used inindustries, resultinginthe
discharge of large quantities into the
environment and thereforeits contaminationis
extensive (Bartlett, 1991). Waste water
containing chromium are generated by many
industriesparticularly metal finishingindustries,
petroleumrefineries, leather tanneries, iron and
steel industries, textile manufacturing industries
and others (German and Parrerson, 1974).

In the tanning industry large quantity of
chromium or basic chromium sulfate is being
used for chrome tanning (Pathe et al., 1995).
Chrome tanning needs large amount of waste
water to reduceresidual saltsasfar aspossible,
which otherwi se causes some problems during
finishing of leather products. About 5-6 L of
chromewastewater isproduced per kg of hide
and skin (Prasad and Nair, 1994). Spent chrome
tan liquor is acidic in nature and greenish in
color. Total suspended solidsand BOD ranges
were reported to be 1500 to 2400 mg/L and
800 to 3500 mg/L. The permissible limits of
Chromium has been fixed at 2.0 mg/L and for
industria effluent dischargedintoinland surface
water and public sewers, respectively.

Chromiumisan essential element, required
in trace amounts in the diet of some animals
and human beings. However, exposure to
chromium can damage cell membranes, alter
enzyme specificity, disrupt cellular functions
and damage the structure of DNA (Bruins et

al., 2000).
Thechromiumintheeffluentsisprimarily
in the hexavalent form as chromate and
dichromate. Hexavalent chromium is highly
toxic and carcinogenic (Mearns et al., 1976;
Nishiota, 1975; Petrilli and DeFlora, 1977;
Vennit and Levy, 1974). It activates p53 by
reactive oxygen species (ROS) mediated by
free radical reactions that occur during the
oxidative reduction of hexavalent chromium
withinthe cell. Oxidative damageis considered
to be an important mechanism in the
genotoxicity of Cr (V). Because Cr (VI) isa
powerful oxidizing agent, exposure can cause
irritation and corrosion. Wheninhaled Cr (V1)
is a respiratory tract irritant and causes
pulmonary sensitization. Chronic inhalation
increases the risk of lung cancer. The other
target organs of chromium arethe kidneys, liver,
skin and the immune system may also be
affected. Trivalent chromium also playsarole
inthe prevention of arteriosclerosis. It stabilizes
tertiary structure of proteins and the
conformation of thecell RNA and DNA (Zetic
et al., 2001). However, under certain extreme
environmental conditionsthetrivalent chromium
might get oxidized to the hexavalent form.
Hence, the need arisesto remediate chromium
into its harmlessform before being discharged.
The treatment of chromium bearing
effluent has been reported through several
methods such as reduction, precipitation, ion
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exchange, reaction with silica, electrochemical reduction,
evaporation, reverse osmosis, direct precipitation and
adsorption on activated coa , alum, kaoliniteand ash. These
conventional methods used for theremoval of hexaval ent
chromium uses chemical procedures, which areexpensive
and lack specificity (Katiyar and Katiyar, 1997). As an
alternative, biological approaches utilizing microorganisms
offer the potential for ahighly selective removal of toxic
metal s coupled with considerable operational flexibility,
hence they can be both in situ or ex situ in a range of
bioreactor configurations (Lloyd and Lovely, 2001).

Immobilized cellsasbiofilms, beadsor inert supports
have been found to be most effective in designing
bioreactors for heavy metal degradation (Bruce James,
2002). Immobilized non-living biomassand metal binding
compounds can aso be used to remove heavy metals
(Katiyar and Katiyar, 1997).

Chromium remedi ation studies have been carried out
with avariety of organismslike species of Pseudomonas,
Aeromonas, Bacillus, Micrococcus and Microbacterium
(Laxman and More, 2002). Of these, Pseudomonas
specieswere the most efficient but pathogenic. Fungi are
being exploited for heavy metal degradation as a result
of their various characteristics,; the most significant are
themetallothioneins (MT).

Chromium degradation occurs under both aerobic
and anaerobic conditions. Thefactorsthat affect therate
of chromium remediation are cell density, chromium
concentration, electron donor, dissolved oxygen level, pH,
temperature and the presence of other environmental
compounds. Saccharomyces cerevisiae proved to be
capabl e of accumulating chromium and cadmium (Brady
and Duncan, 1994) and other metals. The organism is
non-pathogenic and is a waste product of industrial
fermentation activities (Volesky et al., 1995; Krauter et
al., 1996). Hence, the present study exploited the
immobilized forms of Saccharomyces cerevisiae in the
remediation of chromium.

MATERIALS AND METHODS
Sample collection and pre-treatment:

Effluent from leather tanneriesin and around Karur
district of Tamil Nadu was collected. It was stored at
4°Cwiththeideaof arresting any biological activity. The
colour and appearance of the effluent was observed
followed by measurement of pH using a pH meter. The
chrome water obtained from the tanneries was filtered
by Whatmann No. 1 filter paper. The pH was adjusted to
< 2 using concentrated nitric acid.

Estimation of chromium:
[Asian J. Environ. Sci., Vol. 3 (2) (Dec., 2008)]

FAAS (FlameAtomic Absorption Spectroscopy) was
employed to analyze for trivalent and hexavalent
chromium. AAS Photometer, EMerck SQ118 and
“Spectragnant kit” was used. It was done in SITRA
laboratories (South IndiaTextile Research Association),
Coimbatore. Diphenyl carbazide method (Clesoari and
Green, 1995) wasfollowed for the |aboratory estimation
of chromiumwherediphenyl carbazide sol ution was added
for color development. Optical density was measured at
540nm using reagent water as reference and the value
was plotted against the standard graph to determine the
concentration of chromium in the effluent.

Microbial cultures:

Normal Saccharmyces cerevisiae wasrevived from
dried baker’s yeast, which is a commercially available
product. Two genetic strains of S. cerevisiae, one with
and the other without metall othioneins, numbered 308 and
309, respectively were obtained from MTCC (Microbial
Type Culture Collection), Chandigarh, India.

308- Genetic stock, mating type ‘a’, trp d ura 3, cup
1r (multiple chromosomal geneswith M T genes)

309- Mating type “a’, arg 4-8, leu 2-3, leu 2-112, his
7-2,trp 1-289, ura3-52, ade 5, cup 18 (M T gene del eted)

The strains were cultured and maintained on Yeast
peptone agar medium and sub-cultured oncein 15 days.
Their growth was aerobic, requiring a temperature of
30°C and an incubation period of 48 hours.

Mutagenesis and DNA analysis:

Hydroxylamine mutagenesis was carried out using
5M hydroxylamine hydrochloride (Yurgel and Michael,
2005) and MM S (M ethyl M ethane Sulfonate) using 1.5%
and 3% MM S according to the protocol by Gasch et al.
(2001). Plating the cells to analyze for auxotrophic
markers followed both the procedures.

DNA was isolated from Saccharomyces cerevisiae
(normal, mutant, 308 and 309) according to the protocol
by Sambrook and Russel (1989) followed by
electrophoresis on 0.8% agarose gel.

Immobilization and bioremediation:

To analyze the total chromium content, the pH of
the chrome water was adjusted to <2 with concentrated
Nitric acid. To analyze the hexaval ent chromium content,
the pH was made up to 8.0 with 1N sodium hydroxide
and distributed in 100ml conical flasks (30ml each) and
100mM glucose was added. The pH was adjusted to0 5.0
and incubated with theimmobilized beads (50¢g/L) at room
temperature for 72 hours. Chromium was estimated by
the diphenyl carbazide method at aninterval of 12 hours
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for three days. From the concentration of chromium
remediated, the percentage efficiency wasfound and the
strainswererated accordingly. Simple statisticswas used
to cal cul ate the coefficient of variation. Thiswasdoneto
rate the strainsin terms of consistency in their activity.

Viability testing:

Thecell viability of thetest organisms after treatment
with chrome water was assayed. The cells were revived
from theimmobilized state using 1% sodium citrate and
were crushed. The homogenate was centrifuged for
4000rpm for 3 minutes and the supernatant wasretrieved.
It was plated and its viability was checked on the basis of
its ability to form colonies on YPD (Yeast Peptone
Dextrose) agar.

RESULTS AND DISCUSSION
Analysis of chromium in the tannery effluent:

The collected tannery effluent contai ning chromium
was dark green in color with an acidic pH. The chrome
water was filtered and pre-treated to adjust the pH to
<2. When subjected FAAS, trivalent chromium was
estimated to be about 5671.7ppm and hexavalent
chromium to be about 2.3ppm and the total chromium as
5672.9ppm, which is the sum of the two former values.
The chromium content obtai ned by laboratory estimation
amounted to 5600ug/liter, smilar to theresult obtained by
FAAS. As set by the National Pollutant Dischargeable
Elimination System, the allowed dischargeable limit for
hexavalent chromiumisonly 11ppb. The Environmental
Protection Agency (EPA) has formulated the maximum
permissible limits of Cr (V1) into water bodies as 50ug/
dm3and in drinking water as 3pug/dm3and that of Cr (111)
as 100pg/ dm? (Lee and Lee 1998; Palmer and Puls,
1994). Hence, it was essential to evolve a method to
remedy chromium.

Microbial culture and maintenance:

For the present study, one type of normal strainwas
revived from dried baker’s yeast and two other genetic
strains 308 and 309 were obtained from MTCC. They
were cultured and maintained on Y PD agar with routine
sub-culturing oncein 30 days and were evaluated for their
remediation efficiencies.

Studieson the efficiencies of several microorganisms
and plants and the mechanismsinvolved in remediation
have been considered asafundamental and potential study
for in situ and ex situ conservation technol ogies, as well
as to scavenge these heavy metals. Several
mi croorganisms accumul ating specific heavy metalshave
been characterized. Microorganismsinteract with metals
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ig. 1: Chromium remediation by saccharomyces cerevisiae

by anumber of processesincluding transport, biosorption
to cell biomass, entrapment in extra cellular capsules,
protein-DNA adduct formation and induction of stress,
precipitation and oxidation reduction reactions and binding
by cytosolic molecules (Gadd 1990; L ovely and Coates,
1997; Ksheminska et al., 2003). A process of an initial
rapid accumul ation that isindependent of metabolismand
temperature has demonstrated bi oaccumul ation of metal
cations, and by aprocessthat internalizesthe cation into
thecell. Energy- independent uptake of metal cationshas
been described with influx being dependent on the
electrochemical proton gradient across the plasma
membrane (Katiyar and Katiyar, 1997). Guptaand Ahuja
(2002) reports that the chromium remediation potential
of fungi isattributed to themetal biosorption activity, which
may also be the case with Saccharomyces cerevisiae.

Mutagenesis of Saccharomyces cerevisiae:
Mutagenesis was carried out using both
hydroxylamine and MMS. The cells when plated after
hydroxylamine mutagenesis, an auxotrophic marker for
phenylalanine was obtained on exposure to 3ml of the
mutagen for 3 hours and two other auxotrophic markers
for isoleucine and tryptophan were obtained on exposure
to 4ml of the mutagen for 3 hours. Following MMS
mutagenesis, mutant colonies exhibiting a different
phenotype was observed on plates containing
phenylalanine and methionine (Fig. 2). Cellsexposed to
1.5% of MMS, when plated on medium containing
phenyl alanine and methi onine, produced colonies, which
possessed a red sector within the raised moist colony
(Fig. 2). Thisisdueto mutation in the ade?2 marker gene.
Mutation was carried out in order to analyze whether
DNA damage can alter the chromium remedial activity
of the organism. Although the genetic material of most
organismsisreplicated and maintained with remarkable
fidelity, it isacommonplace observation that mutations
occur both spontaneously and in response to treatment
with chemicals. The mutant allele accumulates a red
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Fig. 2 : Mutant saccharomyces cerevisiae

pigment when homozygous but is recessive when
heterozygous. This is due to mitotic recombination
(reciprocal crossing over and non-reciprocal gene
conversion), which can be induced to exposure to DNA
damaging agents (Prakash et al., 1976; Bunsick et al.,
1973; Christopher, 1970). Thereare several waysinwhich
mutants sensitiveto MM Scould result inincreased mitotic
recombination (Prakash and Prakash, 1997). The mutant
could be deficient in repairing single stranded breaks.
Mutation may be induced at spontaneously occurring
apurinic and apyrimidic sites or single strand breaks may
be produced in excessin these mutants, the unpaired single

strand breaks could then stimulate recombination and
make the mutants hyper recombinants. Else, the mutants
would exhibit enhanced mitotic recombination dueto an
indirect effect a decreased rate of DNA synthesis. This
hasbeen better implied for the explanation of theformation
of red sector, which is due to the accumulation of ared
pigment caused by the mutation in the enzymesinvolved
in the de novo pathway of purine synthesis in the
organism.

Genomic DNA was isolated and analyzed on 0.8%
agarose gel. Bands were observed under UV and their
mol ecular wei ghts were determined by comparison with
the known mol ecular weight of the DNA ladder (Lambda
DNA isolated with Hind I11) that was used. The DNA
bands of the four test organisms possessed a mol ecular
weight of 23,130 base pairs. The mutant organism also
exhibited asingle band indicating that mutagenesis using
MM Sdid not lead to any DNA fragmentation and thereby
produced only point mutations that altered a de novo
pathway (Fig. 3).

Immobilization of Saccharomyces cerevisiae:
Baker’s yeast, the mutants, strains 308 and 309 were
immobilized. Immobilized cells have been reported to be
very effective in heavy metal removal. Heavy metal
toxicity and other extreme properties of waste effluents
may limit the use of living cell systems. Freely suspended
microbial biomass has disadvantages that include small
particle size and low mechanical strength (Katiyar and
Katiyar, 1997). Immoabilized bioreactorsusing Bacillus
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564
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Fig. 3 : DNA-isolated from cells after remediation
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coagulans have been tested for Cr (VI) reduction.
Pseudomonas species, Streptomyces species and
Citrobacter species immobilized on PV C have been
reported to be very effective in heavy metal removal,
namely vanadium, cadmium, copper, lead with high
efficiency (Katiyar and Katiyar, 1997).

Chromium remediation:

All theimmobilized formsof thetest organismswere
effectivein chromiumremediation. The gradual reduction
in the absorbance value indicates the reduction in
chromium concentration each hour. In 72 hours the
immobilized beads of baker’s yeast reduced the
concentration of chromium in the effluent from 5600ug/|
to 600ug/l, the mutants reduced the concentration to
37ug/l and metallothionein containing (308) and
metallothionein-lacking strains (309) of S. cerevisiae
reduced it to 28ug/l and 50ug/l, respectively. Their
percentage efficiency was cal cul ated to be 89.2%, 99.3%,
99.5% and 99.1%, respectively, from which it was
concluded that the metall othionein containing strainswere
the most efficient followed by the mutants (Table 1 and
Fig. 1). It has beenillustrated that resistanceto the toxic
effects of copper ionsin S. cerevisiaeis mediated by the
induction of a 6573 Da cysteine-rich protein, copper-
metallothionein (Cu-MT). Sincethe proteinisinducible
only by copper it is referred to as Cu-MT.
Saccharomyces cerevisiaecontainsasingle Cu-MT gene,
present inthe CUPL locusthat islocated on chromosome
VI, 42 centimorgans distal to the centromere. Thebasic
repeat units codesfor two genes, one of which codesfor
a 246-amino acid protein denoted as protein X as yet.
The smaller ribonucleic acid (RNA) transcribed by the
CUP1 locus encodes for a 61-amino acid cysteine rich
protein, the yeast MT. Of the two genes present on the
CUPL1locus, only theMT geneistranscriptionally induced
after the addition of copper to the cells. A similar

Tablel: Chromium remediation by the test organisms

mechanism might be working in case of Chromium also.

M Tsfunction as detoxifying agents by sequestering
toxic metals and in the regulation and/ or metabolism of
essential heavy metals (Hunt et al., 1984). Hence, the
high efficiency of chromium remediation could be
attributed to the presence of metallothionein, which causes
the sequestration of chromium. Due to the formation of
this complex it can be termed as Cr-metallothioneins.
Further, the second best remedial organismwasfoundto
be the mutant, which illustrates the fact that the
metallothionein gene does not get mutated due to
hydroxylamine mutagenesis and thereby doesnot interfere
with the Cr sequestering ability of the organism.

Alternatively, the strains lacking metallothioneins
were also capable of efficient remediation and wererated
third. Thisillustratesthefact that S cerevisiae has other
metal degradation mechanismsto remove chromium that
is further enhanced in the presence of metallothioneins.
Katiyar and Katiyar (1997) have reported that many fungi
have high chitin content in their cell wall, which is an
effective metal and radionuclide biosorbent. Fungal
phenolic polymers and melanins contain phenolic units;
peptides, carbohydrates, aliphatic hydrocarbons and fatty
acids possess many potential metal-binding sites. In
Saccharomyces cerevisiae Uranium is deposited as a
layer of needlelikefibrils on the cell wall reaching up to
50% of the dry weight of individual cells.

Studies on Pseudomonas species in remediation of
chromium indicated an enzyme-mediated mechanism. The
enzyme Cr (V1) reductase converts Cr (V1) to Cr (I11)
(Alvarezet al., 1999). However, thismay not be the case
with S cerevisiae.

Coefficient of variation analysis was done to rate
the organism’s abilities in terms of consistency. It was
found to be least for the yeast revived from baker’s yeast
(44.4) and highest for the metallothionein containing
strains. However, this does not influence the remedial

Name of the Initial concentration Concentration of
immobilized ] chromium after 72 Percentage Coefficient of Rank interms  Rank in terms of
: of chromium g S - .
test organism hours efficiency variation of efficiency consistency
(D) |
(ug/ 1)
Norma
. 5600 600 89.2 44.81 4 1
S cerevisiae
Mutant
. 5600 37 99.3 89.16 2 3
S cerevisiae
S cerevisiae
5600 28 99.5 94.26 1 4
308
S cerevisiae
309 5600 50 99.1 63.56 3 2
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efficiency of the strains.

Cell viahility:

In the viability assay, the cells obtained from baker’s
yeast, mutant and metall othionein containing strainswere
beyond countable limits and for the strain lacking
metall othionein the number of colonies were 256. The
excellent viability of metall othionein containing and mutant
strains after treatment enhancesits potential for useasa
bioremedial agent against chromium.

In summary, the study establishesthe efficiency of S.
cerevisiae in immobilized forms and the role of
metallothioneins in chromium remediation. In situ
bi oremedi ati on with biostimulation and bioaugumentation
may proveto be highly efficient in chromium remediation.
Theroleof metallothioneinsin eliciting enhanced response
against heavy metal stress could be employed to engineer
super bugs for chromium remediation. Pseudomonas sp.
duetotheir pathogenicity islesspreferred asabioremedial
system. Hence, further studies are needed in an attempt to
fuse the gene coding for Cr (V1) reductase enzyme e and
the metall othionein genes that would lead to new strains
that arehighly efficient and stablein chromiumremediation.

Authors’ affiliations

R. SUGANTHI AND M. PADMINI POOJA, School
of Biotechnology, Dr. GR. Damodaran College of
Science, Civil Aerodrome Post, COIMBATORE (T.N.)
INDIA

REFERENCES
Alvarez, A.H., Moreno-Sanchez, R. and Cervantes, C. (1999).
Chromate efflux by means of the ChrA chromate resistance

protein from Pseudomonas aeruginosa. J. Bacteriology, 181:
7398-7400.

Bartlett, R.J. (1991). Chromium cyclingin soil and water: links,
gaps and methods. Environ. Health Perspective, 92 : 17-24.

Brady, D. and Duncan, J.R. (1994). Bioaccumulation of Metal
Cations by Saccharomyces cerevisiae. Appl. Microbio. and
Biotechnol., 41 : 149-154.

BruceJames, R. (2002). Chemical transformation of chromium
insoil research. J. Chem. & Environ., 6 (2) : 46-48.

Bruins, M .R., Kapil, S. and Oechme, F.W. (2000). Microbial
resistance to metallothionein in the environment. J. Environ.
Microbiol., 45 (1) : 46-48.

Brusick, D.J. and Vernon Mayer, W. (1973). New devel opments
in mutagenicity screening with Yeast. Environ. Health
Perspectives, 12 : 83-96.

[Asian J. Environ. Sci., Vol. 3 (2) (Dec., 2008)]

Christopher, W. Lawrence (1970). Mutagenesis in
Saccharomyces cerevisiae. Ann. Review of Genet., 4 : 173-204.

Cleseari, C. and Green, A.F. (1995). Standard M ethodsfor the
Examination of Water and Wastewater (19th Ed). Eds. A.D.
Eaton. APHA, AWWA, WEF. 3-65: 3-80.

Gadd, G.M.. (1990). Heavy metal accumulation by Bacteriaand
other microorganisms. Experentia, 46 : 834-840.

Gasch,A.D., Huang, M., Metzner, S., Bolstein, D., Elledge, S.T.
and Patrick, O. Brown (2001). Genomic expression responses
to DNA damaging agents and the regulatory role of the Yeast
ATR Homolog Meclp. Mal. Biol. Cell, 12 (10) : 2987-3003.

German, J.E. and Parrerson, K.E. (1974). Plating and Cyanide
water. J. Water Pollution and Control, 46 : 1301-1315.

Gupta, R. andAhuja, P. (2002). Meta removal by cyanobacterial
biomass to upgrade industrial effluents, the role of microbes.
Management of Environ. Pollution, 6 (2) : 151.

Hunt, C.T., Boulanger, Y., Fesik, SW. and lan, M. Armitage
(1984). NMR analysis of the structure and metal sequestering
properties of Metallothioneins. Environ. Health Perspectives,
54:135-145.

Katiyar, S.K. and Katiyar, R. (1997). Microbes in control of
heavy metal pollution. Advances in Microbiol. Biotech.,19 :
330-344.

Krauter, P, Martinelli, R., Williams, K. and Martins, S. (1996).
Removal of Cr (VI) from ground water by Saccharomyces
cerevisiae. Biodegradation, 7(4) : 277-286.

Ksheminska, H., Jaglarz, A., Fedorovych, D., Babyak, L.,
Yanovych, D., Kaszycki, P. and Koloczek, H. (2003).
Bioremediation of chromium by the yeast Pichia
guilliermondii: toxicity and accumulation of Cr (I11) and Cr
(V1) and theinfluence of riboflavin on Cr tolerance. Microbiol.
Res., 158 (1) : 59-67.

Laxman, R.S. and More, S. (2002). Reduction of hexavalent
chromium by Streptomyces griseus. MineralsEngg., 15 (11) :
831-837.

Lee F.G. and Lee, A.J. (1998). Timely scientific opinions.
Evaluation of the potentia water quality significanceof Cr (VI)
asatoxic and in the Sacramen to river watershed. Setac News,
18(4): 22.

Lloyd, J.R. and Derek Lovely, R. (2001). Microbid detoxification
of metals and radio nuclides. Current trendsin Biotechnol ogy,
12:248-253.

Lovely, D.R. and Coates, J.D. (1997). Bioremediation of metal
contamination. Current Opinion in Biotech., 8 : 285-289.

Mearns, A.J., Oshida, P.S., Sherwood, M.J., Young, D.R. and
Reish, D.J. (1976). Chromium effects on coastal organisms. J.
Water Pollution & Control, 48 : 1929-139.

Nishioka, H. (1975). Mutagenic activities of metal compounds
inbacteria. Mutation Res., 31 : 185-190.

*HIND INSTITUTE OF SCIENCE AND TECHNOLOGY*



EFFICIENCY OF IMMOBILIZED Saccharomyces cerevisiae IN REMEDIATION OF CHROMUM 103

Palmer, C.D., Pulsand R.W. (1994). EPA Ground Water | ssue.
Natural Attention of Hexavalent Cr in Ground Water and Soils.
pp.87-90.

Pathe, P.P., Nandy, T. and Kaul, S.N. (1995). Properties of
chromium sludge from Chrome Tan Wastewater. Indian J.
Environ. Protect., 15 : 81-86.

Petrilli, F.L. and DeFlora, S. (1977). Toxicity and mutagenicity
of hexavalent chromium on Salmonella typhimurium. Applied
Environ. Microbiol., 33 : 805-809.

Prakash, L. and Prakash, S. (1976). Isolation and
characterization of MM S sensitive mutants of Saccharomyces
cerevisiae. Genet., 86 : 33-35.

Prakash, L. and Prakash, S. (1996). Increased spontaneous
mitotic segregation in MMS sensitive mutants of
Saccharomyces cerevisiae. Genet., 87 : 229-236.

Prasad, B.G. S. and Nair, B.C. (1994). Recovery and recycling
of regenerated chromium from spent chrome liquor. Indian J.
Environ. Health, 36 (4) : 267-273.

Sambrook, J. and Russel, P. (1989). Molecular cloning: A
laboratory manual, Cold Spring Harbour, New York.

[Asian J. Environ. Sci., Vol. 3 (2) (Dec., 2008)]

Vennit, S. and Levy, L.S. (1974). Mutagenicity of chromatesin
bacteria and its relevance to carcinogenesis. Nature, 250 :
611-617.

Volesky, G.R., Leung, J.O., Plotnick, E.K., Susan Dosch, F.
(1995). Isolation and characterization of vanadate resistant
mutants of Saccharomyces cerevisiae. J. Bacteriol., 164 (2) :
611-617.

Yurgel, S.N. and Michael Kahn, L. (2005). Sinorhizobium
meliloti dctA mutants with partial ability to transport
dicarboxylic acids. J. Bacteriol., 187 (3) : 1161-1172.

Zetic, V.G, Thomeas, V.S. and Damur Kozlak (2001). Chromium
uptake by Saccharomyces cerevisiae and isolation of glucose
tolerance factor from yeast biomass. J. Biosciences, 26 (2) :
217-223,

*HIND INSTITUTE OF SCIENCE AND TECHNOLOGY*



