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Abstract

Antibiotics are extensively utilized across various domains including medicine, agriculture,
aquaculture, and animal husbandry. In recent years, there has been a significant global increase
in both prescribed and unprescribed antibiotic usage. However, due to the poor absorption of
antibiotics in living organisms, substantial quantities of antibiotics and their metabolites end
up in wastewater. Moreover, wastewater originating from healthcare and pharmaceutical
industries further adds antibiotic load to the environment through their effluents. The presence
of antibiotics in aquatic environments has a notable impact on both human and aquatic
organisms, even at nano or microgram concentrations. The situation is exacerbated by the
transfer of antibiotic-resistant genes (ARGSs), leading to the emergence of multiple drug-
resistant (MDR) bacteria. The escalating issue of antibiotic pollution has raised serious
concerns regarding its remediation in recent years. The escalating threat of antibiotic pollution
and antimicrobial resistance (AMR) necessitates innovative and sustainable remediation
strategies. Based on the above background the present thesis investigates the potential of -
lactamase from Bacillus tropicus EMB20 in mitigating antibiotic contamination and vis-a-vis

AMR.

B. tropicus EMB20 genome spans approximately 5.8 megabases (Mb) and contains 5,593
coding DNA sequences (CDSs). The CDSs encode a variety of proteins that contribute to the
bacterium's metabolic capabilities and adaptability to different environments. One of the
notable features of B. tropicus EMB20 is its ability to produce B-lactamase, an enzyme that
confers resistance to B-lactam antibiotics. B-lactamase catalyzes the hydrolysis of the B-lactam
ring, a core structural component of B-lactam antibiotics, rendering them ineffective. This
enzymatic activity is important because it helps the bacterium survive in environments

contaminated with p-lactam antibiotics and also has potential applications for the

Vi



bioremediation of antibiotics. The degradation of B-lactam antibiotics by B. tropicus EMB20

thus highlights its potential role in mitigating antibiotic pollution.

Building on this foundation, the study explores the application of B-lactamase from Bacillus
tropicus EMB20 for in-vitro remediation of B-lactam antibiotics. The enzyme efficiently
hydrolysed high concentrations of ampicillin, amoxicillin, and meropenem, demonstrating its
capability to degrade different classes of B-lactam antibiotics, including carbapenems. The
hydrolysed products were analyzed and found to be non-toxic, ensuring that the breakdown of

these antibiotics does not produce harmful by-products.

To enhance the practical applicability of -lactamase, the enzyme was immobilized onto
magnetic nanoparticles (FesO4). This immobilization not only stabilized the enzyme but also
facilitated its easy separation and reuse. The enzyme nanoconjugate demonstrated high
removal efficiency for various antibiotics, including the simultaneous removal of multiple
antibiotics from real aquaculture wastewater. Remarkably, the immobilized enzyme retained
significant activity over multiple cycles of use, underscoring its practical viability for treatment
processes. However, the enzyme immobilized onto magnetic nanoparticles was not suitable for
scale-up due to the very small size of the nanoparticles and poor packing properties. Therefore,
for further advancing the remediation techniques, a sustainable method was developed by
entrapping B-lactamase within agarose discs. The enzyme entrapped in agarose efficiently
hydrolyzed doripenem and other B-lactam antibiotics in both batch and continuous treatments.
In a practical application, the fixed-bed column bioreactor setup, using these agarose discs,
successfully treated synthetic hospital wastewater. This demonstrated the potential for large-
scale applications, offering a feasible method for treating wastewater streams from healthcare

facilities, which are significant sources of antibiotic contamination.
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Complementing these practical approaches, the metallo-p-lactamase gene from B. tropicus
EMB20 was cloned and expressed in Escherichia coli BL21(DE3) at various temperatures,
resulting in the formation of inclusion bodies. These aggregates were solubilized and purified,
then evaluated for their biological activity and structural characteristics. The recombinant
enzyme displayed an enhanced activity over the native enzyme. Notably, B-lactamase activity
within the inclusion bodies indicated proper protein folding. Lower expression temperatures
correlated with reduced amyloid content and enhanced biological activity. The purified B-
lactamase inclusion bodies effectively removed f-lactam antibiotics in vitro, highlighting their

potential for environmental remediation.

Finally, the study addressed the broader issue of antimicrobial resistance (AMR) by exploring
the development of meropenem-based nanoflowers (MmNFs). These nanoflowers were
synthesized by co-precipitating meropenem with metal ions, forming nanoflower structure with
high surface area. The mNFs demonstrated significant antibacterial and anti-biofilm activities
against Pseudomonas aeruginosa PAQOL, Klebsiella pneumoniae, and Staphylococcus aureus.
The effective inhibition of biofilm formation and reduced bacterial viability, by mNFs, offers
a promising therapeutic solution for biofilm-associated infections, which are notoriously
difficult to treat and are often resistant to conventional antibiotics. This innovative approach

provides a new avenue for combating AMR.

The present thesis collectively emphasizes the diverse applications of B-lactamase enzyme
from B. tropicus EMB20 in addressing antibiotic pollution and AMR. Overall, the work paves
the way for new bioremediation strategies and therapeutic interventions, showcasing the
potential for these approaches to make a significant impact on public health and environmental

sustainability.
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