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ABSTRACT

In the last few decades there has been a surge in the hazardous chemicals contamination in the
water bodies in various parts of India. Consequently bioremediation of these hazardous
chemicals by microorganisms has emerged as a lucrative option. However, remediation of a
cocktail of metals and pesticide have been poorly understood. Advancement in the various
physicochemical and robust molecular techniques such as 1D-SDS-PAGE followed by LC-
MS/MS analysis as well as metabolite identification by 'H-NMR can shed light on the various
cellular strategies adopted by a microorganism. However, these advanced techniques have
rarely been employed towards study of remediation of complex metal mixtures or metal
pesticide mixture.

With this background, the present thesis work consists of four chapters, aiming to understand
the complete process of metal/multimetal and pesticide mixture remediation by an isolated
fungus.The first chapter comprises of the literature review on the occurrence of heavy
metal/pesticide in the various water bodies in India. This section also comprises of various
bioremediating microorganisms used by researchers till date and the latest proteomic and
metabolomic tools available to study the mechanism of bioremediation.

The third chapter begins with a comprehensive tests for the analysis of the selected six heavy
metals (Cd, total Cr, Cu, Ni, Pb and Zn) and the physicochemical parameters of the samples
collected from the designated sites of the river Yamuna flowing across the peri urban and urban
points of Delhi for a period of one year covering various seasons of the year. The ten designated
sites had a consistent occurrence of Cd during the monitoring season of September, 2012.
Next, five fungal strains viz., Aspergillus terreus AMLO02, Paecilomyces fumosoroseus 4099,
Beauveria bassiana 4580, Aspergillus terreus PD-17, Aspergillus fumigatus PD-18, were
screened for simultaneous multimetal removal. Highest metal tolerance index for each
individual metal viz., Cd, Cr, Cu, Ni, Pb and Zn (500 mg/L) was recorded for A. fumigatus for
the metals (Cd, 0.72; Cu, 0.72; Pb, 1.02; Zn,0.94). Thereafter, the strains were exposed to
multiple metal mixture (Cd, Cr, Cu, Ni, Pb and Zn) of various concentrations (6, 12, 18, 30
mg/L).Compared to other strains, A. fumigatus had higher cube root growth (k) constants
indicating its better adaptability to multimetal stress. After 72 h, multimetal accumulation
potential of 4. fumigatus (27.59 + 0.09 mg/L) were higher than the other fungal strains at initial
multimetal concentration of 30 mg/L. The metal removal varied from 72-89 % for other tested
strains as compared to 91% for A. fumigatus. However, considering the post treatment

concentrations of individual metals in multimetal mixture (at all the tested concentrations), A.



fumigatus demonstrated exceptional performance and could bring down the concentrations of
Cd, Cu, Ni, Pb and Zn below the threshold level for irrigation prescribed by Food and
Agriculture Organization (FAO).Further, this strain was studied for its ability to uptake metals
in the simultaneous presence of 30 mg/L lindane pesticide. The performance of the strain with
the introduction of pesticide decreased to 67% metal removal and as a result the metals Cd, Ni
and Cu were not brought down below the permissible limits. An interesting observation was
that Pb and Zn uptake by A.fumigatus were enhanced in the presence of lindane.

The mechanism for removal of 30 mg/L each of individual metals, 30 mg/L of multimetal and
30 mg/L of multimetal along with 30 mg/L of lindane were investigated in a three fold manner
by various physiological, proteomic and metabolomic techniques. The different physiological
techniques comprised of SEM, TEM-EDX, FTIR, XRD and XPS. The SEM studies revealed
that the 30 mg/L individual metals exerted toxicity on the fungal strain when compared to the
biotic control. The mycelia in the metal treated cases were highly twisted and shrunk. The
TEM-EDX mapping along with the metal desorption study by cell disruption technique showed
~ 46 % PDb deposition on the cell wall and membrane and 51 % Cu, 51 % Ni and 54 % Zn in
the cytoplasm in case of 30 mg/L individual metals. The FTIR studies confirmed the roles of
carboxyl, hydroxyl and amide groups which are components of the fungal cell wall for metal
binding. The XRD study implicated the precipitation of the metals Cd and Ni as phosphates in
the fungal cell when exposed to the metals individually and at higher concentration than in the
case of the metals present in multimetal or at lower concentrations.

The proteomic study gave support for the expression of the proteomes related to the enzymes
responsible for the various metal uptake phenomena such as organic acid production for metal
chelation extracellularly, transporter proteins, molecular chaperones like Hsp70 responsible for
unfolding of folded proteins in case of metal stress. Enzymes responsible for production of
antioxidants viz. superoxide dismutase and various intracellular metal chelating molecules of
phytochelatin such as glutathione synthase were shown to be involved in the metal
detoxification process.

The metabolomic study revealed the production of primary metabolites which aid in reducing
the effect of contaminant stress in a fungus. The metabolite betaine which is an osmoregulant
was produced in case of all the exposures. Overall, this study demonstrated that the same
microorganism A.fumigatus has different strategies for removal of different metals and
pesticide individually as well as in combination.This understanding leads to the scope for
improvement and enhancement in a microbial remediating system for efficient contaminant

removal.



Thus this research work is novel as there are limited studies on the mechanisms of multimetal
as well as pesticide remediation by a fungus. Hence principally this work is a fundamental
study to elucidate the comprehensive mechanism of metal/pesticide remediation with the aim
to extrapolate the findings of this research work to various field applications such as design of
immobilised enzyme systems for remediation of contaminants or production of useful

metabolites under various contaminant exposures.
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