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Chapter 1

Introduction

In recent years, there has been significant interest in Nickel(Il) oxide nanoparticles (NiONPs)
due to their unique physical and chemical properties, as well as their potential applications in
various fields [1][2]. These nanoparticles possess notable redox activity, catalytic behavior,

and a high surface area, making them attractive for use in electronics, energy storage, and

environmental remediation [3][4].

However, concerns have been raised regarding the potential impact of NiONPs on biological
systems and environmental ecosystems [5]. Specifically, their effect on microbial growth and
ecosystem balance has come under scrutiny [6]. Brevibacillus brevis, a Gram-positive
bacterium commonly found in diverse environments such as soil, water, and plants, has
emerged as a model organism for studying the influence of nanoparticles on microbial growth
[7]. The sensitivity of B. brevis to environmental stressors and its ecological significance make

it an ideal candidate for investigating the effects of NiONPs [8].

Comprehending the interactions between NiONPs and B. brevis is crucial for evaluating the
potential risks associated with nanoparticle exposure and ensuring their safe utilization in
various applications [9]. By studying the impact of NiONPs on B. brevis, researchers aim to
gain insights into the specific mechanisms through which these nanoparticles may affect

microbial growth and ecosystem dynamics [10].

Understanding the potential risks associated with NiONPs and their effects on B. brevis will
contribute to informed decision-making regarding their application in technology and
environmental contexts . It will help ensure the responsible and sustainable use of NiONPs
while minimizing potential adverse effects on microbial populations and ecological systems
[11], [12]. By elucidating the interactions between NiONPs and B. brevis, scientists can
provide valuable information for risk assessment and the development of guidelines or

regulations governing the use of NiONPs in various fields[11], [12].

The impact of nanoparticles on different classes of bacteria can vary significantly, and the

specific mechanisms behind their toxicity are not yet fully understood [13]. Additionally,
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factors such as the methods used for nanoparticle synthesis, the shape, size, composition, and
the presence of stabilizing agents can lead to divergent conclusions, even when studying
closely related nanosuspensions [14],[15]. Given these uncertainties, there is a critical need for
a comprehensive study to address these gaps in knowledge. This study aims to investigate the
effects of Nickel(II) oxide (NiO) nanoparticles on the growth of Brevibacillus bacteria. By
examining the growth response of Brevibacillus bacteria in the presence of NiO nanoparticles,
we hope to gain insights into the specific interactions and potential impacts of these
nanoparticles on bacterial growth and viability. The findings of this study will contribute to a
better understanding of the effects of NiO nanoparticles and help elucidate their potential
implications in various applications, including bioremediation, where Brevibacillus bacteria

play a significant role.

The study was initiated by conducting a thorough examination of bacterial growth patterns,
meticulously observing any changes influenced by the nanoparticles. Additionally, a
comprehensive microscopic analysis was performed to detect and document any alterations in
the bacteria's morphology caused by the nanoparticles. By delving into these investigations,
my primary objective was to utilize the knowledge acquired from this study to explore and
exploit potential biological applications. The aim was to uncover novel possibilities and deepen
the comprehension of the intricate realm of nanobiotechnology. By unraveling the effects of
nanoparticles on bacterial growth and morphology, this research contributes to the broader field
of nanobiotechnology and paves the way for innovative advancements in biomedical and
biotechnological applications. The findings of this study hold the potential to open new avenues
for research and development, leading to the design of improved nanoparticle-based

technologies with enhanced effectiveness and safety profiles.

Thus, within this captivating journey through the realm of nanotechnology, I tirelessly explore
its profound implications, navigating uncertainties, and pushing the boundaries of knowledge.
Their endeavors pave the way for transformative advancements in medicine, diagnostics, and

ultimately, the well-being of humanity.

In this captivating exploration of the vast domain of bioremediation, 1 have embarked on a
tireless quest to unravel its profound implications, continually pushing the boundaries of
knowledge while navigating through uncertainties. Throughout this journey, my efforts have

been focused on unearthing the transformative advancements that nanotechnology holds for
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Chapter 2

Review of Literature

U, P e a1 e ot e N . Vo
Nanoparticles have gained significance in bioremediation due to their unique properties that
can enhance the efficiency and effectiveness of the process [16]. Here are some key reasons

why nanoparticles are beneficial in bioremediation:

Increased surface area: Nanoparticles have a high surface area-to-volume ratio, providing a
Jarger contact area for interactions with contaminants. This increased surface area allows for
enhanced adsorption, binding, and degradation of pollutants by microorganisms, thereby

improving the overall bioremediation efficiency [17].

Enhanced reactivity: Nanoparticles exhibit increased reactivity due to their small size and
high surface area, allowing for more efficient interactions with contaminants. This increased
reactivity facilitates the degradation of various pollutants, including organic compounds, heavy

metals, and persistent organic pollutants (POPs) [18].

Carrier for nutrients and microbial cells: Nanoparticles can act as carriers for essential
nutrients, such as carbon, nitrogen, and phosphorus, which are crucial for microbial growth and
activity. They provide a protective environment for microorganisms, ensuring the sustained

release of nutrients and creating favorable conditions for their survival and degradation

capabilities [19].

Targeted delivery of enzymes and biomolecules: Nanoparticles can be functionalized with

specific enzymes or biomolecules involved in pollutant degradation pathways. This

functionalization enables targeted delivery of these biocatalysts to contaminated sites,

increasing their effectiveness in breaking down pollutants [20].

Contaminant immobilization: Nanoparticles can immobilize contaminants by adsorption or

precipitation, preventing their migration and minimizing their bioavailability. This

immobilization reduces the risks associated with contaminant exposure and allows for

subsequent controlled degradation or removal [21].

Synergistic effects: Nanoparticles can exhibit synergistic effects when combined with
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Remediation of recalcitrant pollutants: Nanoparticles have demonstrated potential in the
remediation of recalcitrant pollutants that are resistant to conventional bioremediation
approaches. They can facilitate the breakdown of complex organic compounds, such as
polychlon'nated biphenyls (PCBs) and chlorinated solvents, which are typically challenging to

degrade using traditional methods [23].

Minimization of environmental impacts: The use of nanoparticles in bioremediation has the
potential to minimize the release of harmful pollutants into the environment. By improving the
efficiency of pollutant degradation, nanoparticles can accelerate the remediation process,
reducing the duration and extent of environmental contamination.

While nanoparticles offer numerous advantages in bioremediation, it is important to consider
potential risks and environmental implications associated with their use. Further research is
necessary to better understand nanoparticle behavior, fate, and potential toxicity to ensure their

safe and responsible application in bioremediation practices [24].

2.1 Importance of Brevibacillus bacteria in bioremediation

Brevibacillus bravis bacteria, which are gram-positive, rod-shaped bacteria belonging to the
Firmicutes phylum, can be found in various habitats such as soil, water, plants, and the
gastrointestinal tracts of animals [8]. One notable characteristic of Brevibacillus species is their
capacity to form resilient endospores, enabling them to survive in challenging environmental
conditions [25]. Their significance in bioremediation stems from their versatile metabolic

abilities and their capability to break down diverse contaminants. Here are several key aspects

underscoring the relevance of Brevibacillus bacteria in bioremediation:

a) Versatility in contaminant degradation: Brevibacillus bacteria exhibit an impressive

range of enzymatic capabilities that equip them with the ability to degrade a diverse

array of pollutants. These microorganisms have been extensively studied and have

shown remarkable efficiency in breakin

organic compounds and heavy metals [26],

g down various classes of pollutants, including

[27].
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effective.ly degl'ad.ed by Brevibacillus bacteria, Furthermore, the complex structure of
polycyclic aromatic hydrocarbons (PAHSs) is no challenge for these versatile bacteria,
as they possess the necessary enzymatic machinery to break them down, Even
pham]aceutical compounds, which often find their way into wastewater and natural
ecosystems, can be successfully degraded by Brevibacillus bacteria [28].

In addition to their proficiency in degrading organic compounds, Brevibacillus bacteria
also play a role in the degradation of heavy metals. Heavy metals, such as chromium
and arsenic, are persistent environmental pollutants that can cause severe harm to
ecosystems and human health [29]. Brevibacillus bacteria employ multiple mechanisms
to participate in the degradation of these metals. Reduction, where the bacteria convert
the toxic forms of the metals into less harmful forms, is one such mechanism.
Precipitation, where the metals are transformed into insoluble forms that can be easily
removed from the environment, is another strategy employed by these bacteria.
Additionally, volatilization, in which the bacteria facilitate the release of heavy metals
into the atmosphere, aids in reducing their environmental impact [29].

The versatility of Brevibacillus bacteria in pollutant degradation can be attributed to
their diverse enzymatic machinery. These bacteria possess a wide range of enzymes
that target specific pollutants, allowing them to efficiently break down different classes
of contaminants [28]. The enzymatic machinery enables the bacteria to metabolize and
transform the pollutants into less harmful substances or completely mineralize them.
Overall, Brevibacillus bacteria have proven to be valuable organisms in the field of
bioremediation due to their ability to degrade various classes of pollutants. Their
enzymatic diversity and efficiency in degrading organic compounds, such as
hydrocarbons, pesticides, PAHs, and pharmaceuticals, highlight their potential in

. : icipati in the
cleaning up contaminated environments. Moreover, their participation 1in

degradation of heavy metals like chromium and arsenic through reduction,

. 5 5 . in
Precipitation, and volatilization further underscores their significance 1n addressing

. i inery of
metal pollution. Continued research and exploration of the enzymatic machinery

icati i vironmental
Brevibacillus bacteria hold promise for future applications in en
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remediation efforts [28], [29].

ility to harsh environmental conditions. ey
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‘ S bacteria are known
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al conditions, maki
, making them

for th
highly suitable for biorer\nedi-atmn i‘n a. wide range of contaminated sites [30], These
pacteria can thrive and iu:Tctlon effectively in extreme temperatures, pH levels, and
salinity, providing them with the versatility needed to address diverse environmental
challenges [31 I

One of the key advantages of Brevibacillus bacteria is their ability to tolerate and
flourish in extreme temperatures. They have been found in environments with both high
and low temperatures, including hot springs, cold soils, and even permafrost. This
thermal tolerance enables them to survive and carry out bioremediation processes in
contaminated sites where temperature fluctuations are prevalent, such as industrial
wastewaters and oil spills. Their capability to thrive across a wide temperature range
allows them to adapt and degrade pollutants effectively in various thermal conditions.
Furthermore, Brevibacillus bacteria exhibit a notable ability to withstand extreme pH
levels. They have been isolated from environments with both acidic and alkaline
conditions, such as acid mine drainage sites and alkaline soils. This pH tolerance is
advantageous for bioremediation efforts in environments with highly acidic or alkaline
pollutants, such as acidic mine tailings or alkaline industrial effluents. Brevibacillus
bacteria's resilience in the face of extreme pH levels enhances their potential as effective
bioremediation agents.

In addition to temperature and pH, Brevibacillus bacteria have demonstrated the
capacity to tolerate varying salinity levels. They have been found in saline
environments, including salt lakes and coastal areas. This adaptability to salinity
enables them to thrive in saline-contaminated sites, such as brackish water bodies or
saltwater-impacted soils. Their ability to function under different salinity conditions
makes them suitable candidates for bioremediation efforts in coastal or industrial sites
Where salinity can pose a challenge to other organisms.

The adaptability of Brevibacillus bacteria to extreme temperatures, pH levels, and
salinity greatly expands their potential applications in bioremediation. Their ability to

i i inated
thrive in diverse environmental conditions allows them 0 be deployed in contami

] ¢ isti ial
Sltes that exhibit a wide range of physical and chemical characteristics. Industri

i i ated
Wastewaters, which can vary in temperature, pH, and salinity, can be effectively tre
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environments, making them valuable tools for bioremediation strategies. :
The versatility of Brevibacillus bacteria in adapting to extreme temperatures, pH levels,
and salinity positions them as promising candidates for bioremediation in a wide range
of contaminated sites. Their ability to tolerate and function effectively under such
challenging conditions expands the scope of their application, enabling them to address
diverse environmental pollutants. Further research and exploration of the unique
adaptability mechanisms of Brevibacillus bacteria can unlock their full potential in

bioremediation efforts worldwide [30], [31].

Production of specialized enzymes: Brevibacillus bacteria are renowned for their
production of a diverse array of extracellular enzymes, such as lipases, proteases,
esterases, and oxidases. These enzymes play a crucial role in breaking down complex
contaminants, transforming them into simpler and less toxic compounds that can be
easily metabolized by the bacteria themselves or other microorganisms in the
environment [32].
Lipases hydrolyze lipids and ester bonds, aiding in the degradation of hydrocarbons and
pesticides. Proteases break down proteins into smaller peptides and amino acids,
facilitating the mineralization of organic contaminants.
Esterases catalyze the hydrolysis of ester bonds found in pesticides and other organic
compounds. :
Oxidases participate in oxidation reactions, converting complex organic molecules into
aptability of

less toxic forms, The production of these enzymes reflects the ad

Brevibacillus bacteria to respond to diverse pollutants.
get various organic compounds,

The enzymatic diversity enables the bacteria to tar |
nment. The production of

Promoting their detoxification and removal from the enviro
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Biofilm formation and attachment: Brevibaci|lug bacteria have the remarkable ghjj
| | ¢ abilit
0 form biofilms, which are complex and organized communities of microgrgan: y
‘ : - rganisms
inat adhere t0 surfaces. These biofilms play a critica] role in the survival and persist
sistence
Ims, Brevibacillus bacteria

create 2 protected microenvironment that offers numerous advantages for bacteri 1
a

of the pacteria in polluted environments. By forming biofi

growth and the colonization of contaminated surfaces[33].

Biofilm formation begins when individual bacteria attach to a surface and multiply,
gradually forming a structured community. The bacteria within the biofilm are
embedded in a self-produced matrix composed of polysaccharides, proteins, and DNA,
which provides structural support and protection. This matrix acts as a shield,
safeguarding the bacteria from various environmental stresses, including fluctuations
in temperature, pH levels, and nutrient availability. The protective nature of the biofilm
matrix enhances the survival of Brevibacillus bacteria in polluted environments that
may pose challenges to their growth and persistence [34].

The biofilm structure also facilitates the colonization of contaminated surfaces. The
matrix allows the bacteria to firmly adhere to surfaces such as soil particles, sediments,
and industrial equipment, preventing their washout or dispersion. This attachment
mechanism promotes the long-term presence of Brevibacillus bacteria in contaminated
areas, enabling them to establish and maintain a population capable of degrading
pollutants over an extended period.

Furthermore, biofilms enable close proximity and interactions between bacterial cells,
promoting cooperative behavior and the exchange of genetic material. Within the
biofilm, Brevibacillus bacteria can communicate through a process known as quorum
sensing, where they release and detect signaling molecules. This communication
system allows the bacteria to coordinate their activities, such as the production of

enzymes for pollutant degradation, optimizing their overall effectiveness.

, . ot of
MOreovCr, the proximity of bacterial cells within the biofilm facilitates the transfer o
pollutant degradation.

genetic material, including the exchange of genes involved in
d evolution of

This horizontal gene transfer contributes to the adaptation an
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Figure 2: Secondary culture with Nickel(II) oxide nanoparticle treated bacterial

suspension
3.7. Data Analysis:

a) Generate growth curves for each concentration of nanoparticles and the control group
by plotting the optical density (OD) values against the duration of incubation.

b) Examine the growth patterns and determine growth parameters, including growth rate,
duration of the lag phase, and duration of the log phase, through analysis of the growth

profiles.

3.8 Total enzyme activity
The FDA hydrolase activity assay was conducted to evaluate the breakdown of FDA into
fluorescein, The procedure involved the following steps:
a. Preparation of Culture Samples:
* Transfer 2 ml of the B. brevis culture to an appro .
te container.

* Transfer 2 ml of the B. brevis_ NIONPS culture to a separa

priate container.

* Prepare positive and negative controls:

e container.
* Positive control: Place 2 ml of the B.

brevis culture in a separat

16
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