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ABSTRACT

A cadmium resistant fungal strain belonging to the genera penicillium was obtained by carrying out successive
enrichments from soil samples collected near a metal processing industry in Mumbai. The culture demonstrated
resistance to 1.4 mg/ml cadmium. Optimum pH and temperature growth conditions for the isolate were determined.
Sudy of growth pattern of this culture revealed a low specific growth rate, with an extended lag period in the
presence of cadmium. Screening for resistance to other heavy metals showed significant tolerance to zinc, lead,
nickel and copper. The isolate was found to remove 67%, 84%, and 95 % of cadmium from solution after 48, 72 and
96 hours respectively. This study highlights the important role that penicillium cultures exhibiting high metal
tolerance, could play in bioremediation of polluted environments.
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INTRODUCTION

Several investigators have reported contaminatibsod and natural aquatic receptors due to heaeyals in
effluents generated from various industries [1, R§lease of heavy metals into the environment, awmittproper
treatment, poses a serious threat to public haadttause of their persistence, biomagnificationt@adccumulation
in the food chain. A number of studies have elatear@n the toxic effects of heavy metals on animalentsand
humanhealth [3, 4].

Cadmiumis extensively used in industry f@ number of applications, including electroplatigd stabilizing
plasticsand batterieslt is considered to be the third most dangerows/fenetal in water by the Environmental
Protection Agency. Cadmium can get deposited iamsdike kidneys, pancreas & liver, resulting idriéy necrosis
and vomiting.

Conventional wastewater treatment technologies very expensive and have several disadvantage$, as
unpredictable metal ion removal, high reagemnjuirements and generation of toxic sludge, whighoften difficult
to dewater and require extremsaution duringdisposal [5]. Another major drawback is the ladkability for
removal of heavy metals in low concentrations, eglg when the concentrations are in the 1-100Lnnghge

It has been observed thaticrobial populations in metal polluted environmeaidapt to toxic concentrations of
heavy metals and develop resistance T8js ability of the microorganisms to growtime presence of heavy metals
has a potential use in bioremediationpafluted waters [7]Recently microbial systems like fungi, bacterial an
algae have been explored for their role in the rexh@f heavy metals from polluted environments €,
Mycoremediation is a form of bioremediation usingdi to degrade or sequester contaminants in thieogment.
Fungi are present in aquatic sediments, terrestabltats and water surfaces and play a signifipant in natural
remediation of metal and aromatic compounds. Fafgp have advantages over bacteria since theiragyphn
penetrate contaminated soil, to reach heavy mdbaspite the abundance of such fungi in contaméhatehes,
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penicillia in particular have received little attention irotemediation and biodegradation studies. Additignal
studies conducted with different strains of impetiféungi, Penicillium spp. have demonstrated their ability to
tolerate heavy metals and could be potentiallyré@stiing for the development of economically feasitlocesses for
pollutant transformation.

In the present investigation, we isolated an indayess fungal strain from a polluted site, througltcassive
enrichments and evaluated its resistance to cadmgimell as other heavy metals. The cadmium remedvidity of
the fungal culture was assessed. This isolate waselr characterized to evaluate the optimum pHtangperature
conditions for its growth.

EXPERIMENTAL SECTION

Study area and sample collection

Soil samples were collected near a metal processidgstry located near Dockyard Road in south Mugnba
Maharashtra, India (Figurel). From each site, §amples of the upper soil layer (not exceedinghdef 5 cm)
were taken and mixed to form a composite samplehvhias transferred into a sterile container and ediiately
transported to the laboratory for further studies.
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Fig 1: Location of the sampling sitein Mumbai.

Culture media

Fungal strains were isolated from the soil sampigisg yeast extract-peptone-dextrose (YEPRD&dium. The
medium was prepared by dissolving 1 g of yeastekt0.5 g peptone, and 0.2 g glucose in 100-mitilldis water;
pH was adjusted to 7.2-7.5 and 1.5 g agar addesinfddium was autoclaved at 121°C, 15 Ib pressurgSanin.

I solation of cadmium resistant fungal culture

The conventional plate method was used to isola@mium-resistant fungal strains. Soil suspensiomsew
inoculated intoYEPD broth amended witl.05 mg L* cadmium. Cultures were incubated on a rotary shaker
30°C, 180 rpm for 3 - 7 days and then spread on glgses supplemented with cadmium. In order ttaigostrains
with high cadmium tolerance, successive enrichmeet® carried out by gradually increasing the catregion of
cadmium in the medium froh00 mg L*to 2000 mg [*. The fungal culture showing highest cadmium rasis¢
was selected for further study.

Identification of the Fungal I solate
The isolated fungal culture was identified basednamphological characteristics and microscopic olzt@n.

Deter mination of Optimum Growth conditions

For determination of optimum growth temperaturés & tubes containing 5 mL YEPD broth were inotedawith
0.1ml of the fungal isolate. These tubes were iatedh at 4°C, 25°C, 37°C, and 55°C. After incubatfion48 h,
absorbance was measured at 530 (fErma Inc. Colorimeter ).

Optimum pH for the growth of the fungal isolate wietermined by inoculating tubes of YEPD broth vitie pH
ranging from 4 to 10. After an incubation period4@fh, absorbance was measured at 530 nm.
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Growth Curve of the fungal isolate

Effect of cadmium on the growth of the fungal ig¢elavas determined by inoculating it in YEPD medium
supplemented witl850 mg L™ of cadmium (sub lethal concentration). These flaskse incubated at 30°C on a
shaker at 60-80 rpm. Aliquots of the culture wemket at regular intervals over a period of 96 hoamd
absorbance measured at 530 rbmntrols were maintained and consistedirafculated medium without the
supplementation of cadmium ions.

Cross M etal Resistance assays

Cross heavy metal resistance of the fungal isal@te determined using stock solutions of 4 mgf different
metal salts (cadmium chloride, copper sulfate, lagdte, nickel chloride, mercuric chloride, patiasn dichromate,
and zinc sulfate)Various dilutions of the stock solution were preggthusing YEPD broth and 0.1 ml of 48 hr old
culture added. Tubes were incubated for 48 hrstamdowest concentration of the heavy metal thdtrdit show
growth corresponded to the minimum inhibitory camtcation. Positive and negative controls were nadied.

Estimation of Cadmium Processing Ability of the Yeast | solate

The metal processing capability of the yeast isolmas checked by adding €t a concentration df00 ppm in
the defined culture medium (gram per liter): D-glse 30; yeast autolysate 7.5; peptone 7.5;QNI19; KH,PO,
2.75; MgCh-2H,0 2; FeSQ7H,0, 0.002; KHPO, 5.2; (pH 7.2-7.5); to minimize the complexationtioé heavy
metal ions [10]. A control culture medium contaipithe same concentration of cadmium as in theddeane, i.e.
100 ppm but without the yeast isolate was also taaiad. Cultures were incubated at 30°C for 9énk, faom each
medium (control and treated), 5 mL culture was taken ontler sterile conditions after 48, 96, and 144 h,
respectively. Cultures were centrifuged at 3,000 fpr 5 min. The pellets [acid digested, 0.2 N HNQ3L)] and
supernatants were used for the estimation of cadnily atomic absorption spectrophotometer (AAS 7000,
Shimadzu. In the present study, metal uptake values weterchined from the difference in the final metal
concentration between control flask without celsl aest flask with cells at different time periodfie amount of
metal in the pellets and supernatants was detediyeusing a standard curve. The percentage decinathe
amount of cadmium in the medium was calculated.

Experiments were performed in triplicate and repeaihree timedMlean values have been reported.
RESULTSAND DISCUSSION

Release of heavy metals into the environment, haeased globally due to rapid industrializationsipg a
significant threat to the environment and publialtte

Heavy metals contaminating soil and water includdngium, lead, chromium, copper, mercury and nicaklpf

which are extremely toxic to biological systems dmoaccumulate in them [11,12]. Today, numeroussoarer
products have also been reported as a source oy meatal exposure to human beings. [13] Among heaeyals
that have a long biological half-live, cadmium,garticular, constitutes a major problem in indwadized nations
[14]. Cadmium is highly toxic to organisms evervaty low concentrations. It inhibits DNA replicatig15] and
appears to make it more susceptible to nucleotteck [16].Cadmium exhibits a strong affinity to glutathioneda
sulfhydryl groups in proteins and can cause celldéanage.

Generally, pollution of soil or water by heavy nisteesults in a decrease in the resident micrgimalulation. The
imposition of environmental stress, leads to thiénekon of sensitive species and acts as selegtigesure for the
development of metal-resistant variants. Thesecathonous microbes, which are extremely versatig have
survived in polluted environments can be isolated explored for bioremediation of heavy metals. dd¢tudies
have shown that strains isolated from contaminatekes have an excellent ability to remove sigaificquantities
of metals from aqueous solutions [17]. The rem@fdbxic heavy metals to an environmentally safeslén a cost
effective and environment friendly manner usingigetious microorganisms has assumed great import&nogi
are known to be more tolerant to metals and hakiglzer surface to volume ratio than bacteria oinaatycetes.
Fungi are not only a major component of the bigtasoils and mineral substrates, but also underaicert
environmental conditions (low pH), can be efficidribgeochemical agents and bioaccumulators of solahd
particulate forms of metals. Some fungi which haveviously been isolated and explored for bioreiaéalh of
cadmium includePhanerochaete chryssporium [18, 19], Penicillium oxalicum var. Armeniaca, Tolypocladium
species [20] andpecies ofAspergillus and Rhizopus [21]. Among these fungal isolates, belongingpénicillium
spp. have been described as prominent ones [22].

The current study was carried out to obtain a heaetal resistant fungal strain from contaminateilastd test its
potential for removal of cadmium from solution. Vdbtained a fungal culture which showed resistaicé.4
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mg/mL of cadmiunby carrying out successive enrichments. Fungalmesogrowing on YEPD agar amended with
cadmium after 4 days had green filamentous myesichdisplayed delayed conidiogenesis. They wenatifte as
belonging to the geneRenicillium based on morphological characteristics and micqusaabservation.

With increasing concentration of cadmium in the faed the time required for the fungus to grow irased
significantly. This was evident from the patternttoé growth curve obtained by growing the culturghie presence
of sub-lethal concentration of cadmium (g§0ml) and comparing it with the control culturevitnich no metal ions
were added. The lag phase of temicillium isolate was significantly extended in cadmium tedamedium. A
reduction in the growth rate is a typical respoatéungi to toxicants [23], though a lengtheningtbé lag phase
may not always occur. Jones and Hutchinson (1988) feported an increase in the lag time amongeudifit
Basidiomycete species cultivated on zinc and cadmium amendedanedtiile other investigators have reported the
absence of any correlation of cadmium concentratiitin the lag time for other fungal cultures [25] .

In the pH range studied! (to 10), optimum growth wasbserved around pH 6. The optimum temperaturetfer t
growth of the isolate was found to be aboUt@&vhich was slightly higher compared to the terapee used when

enriching and isolating the culture, suggesting tha selection of these isolates was influencethbypresence of

the heavy metal in the medium and not by the teatpes used in the isolation procedure.

Since microbiota isolated from co-contaminated emunents have been reported to exhibit resistamoeore than
one metal ions [26], tolerance experiments to olfemvy metals like lead, copper, mercury, nickel anromium
were also conducted. The wide resistance to heatglais of importance in view of fact that it cdwontribute to
better application of the fungal culture for bioesiration of polluted environments.

The isolate possessed marked resistance to zi@cnfg/ml), lead (2mg/ml), mercury (1.2mg/ml) and pep
(2.2mg/ml). Low tolerance of the isolate was obsedrtowards nickel (0.8 mg/ml) and chromium (lesantl®.4
mg/ml). The order of resistance to heavy metal eatration was Zn > Pb > Cd > Cu = Hg > Ni > Cr. ion in
heavy metal tolerance iPenicillium species has also been reported by other investigi®@] and may be due to
the presence of different types of resistance nm@shes exhibited by this culture.

In order to allow for a better understanding of gwential of thePenicillium isolate, for in-field bioremediation
processes, the culture was tested in a setting ngimeal environmental exposure by inoculating iimedium

supplemented with 100 ppm of cadmium. The extemeéofoval of the heavy metal from solution was deteed at

various time intervals by atomic absorption spestopy.Total cadmium uptake (adsorption aabsorption) was
67, 84, and 95 mg L-1 from the medium after 48ai@ 96 hours respectively .In our study peaicillium isolate

could remove 95% of cadmium from the medium af@h%f incubation In the same context, Hemambiket Bl

(2011) [28] reported the potential pénicillium species isolated from Tamil Nadu, India to rem&e21% of

cadmium after immobilization.

In conclusion, our study suggests that the isolatmitillium culture showed a high level of resistance to nodst
the heavy metals tested, which could make it aaaive potential candidate for further investigas, for removal
of heavy metals from contaminated environments.
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