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ABSTRACT

Characterization of nanoparticles is an essential and crucial step in gaining a deep understanding of their
physical and chemical properties. This process not only confirms the successful synthesis of nanoparticles but
also provides a detailed insight into their morphology, size, composition, and structure. To achieve this, a range
of advanced techniques including transmission electron microscopy (TEM), infrared (IR) spectroscopy, and
energy-dispersive spectroscopy (EDS) are employed. TEM is particularly valuable for observing the shape and
size of nanoparticles at a nanometric scale, producing high-resolution images that reveal intricate structural
details. IR spectroscopy helps identify the various chemical functionalities present on the surface of
nanoparticles, essential for understanding their reactivity and stability. EDS complements these analyses by
offering precise information on the elemental composition of nanoparticles, identifying the elements present and
their distribution. These studies are not only critical for verifying the proper fabrication of nanoparticles but
also play a significant role in predicting and evaluating their biological behavior. By understanding how these
nanoparticles interact with living systems, scientists can anticipate their toxicity, biodistribution, and efficiency
in biomedical applications such as drug delivery or gene therapy.
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INTRODUCTION

The long-range effects of the produced lung field, which are absent or restricted in a nanostructure oxide, are a crucial
consideration when addressing with the electrical characteristics of a bulk oxide surface. When transitioning from big
periodic structures to small clusters or aggregates—which must essentially be considered to be somewhat modest for
ionic solids while much larger for covalent ones—metal oxides exhibit a rearrangement of charge. However, in systems
with partly ionic or covalent character, the degree of iconicity or covalence in a metal-oxygen bond might greatly rely
on size. It has been suggested that the ionic component of the metal-oxygen bond should rise as the size decreases.
These methods have been incorporated to provide a rapid prototyping method that is crucial for the industrial
development of the present smallest feature sized semiconductor integrated circuits. The high cost of laborers and
equipment, as well as high-temperature reaction conditions, are the main problems that high throughput fabrication
laboratories currently confront. As a result, the production of these devices has, however, come at a significant cost.
But more crucially, as they stockpile harmful chemicals, manufacturers are developing in this way at the price of the
environment. Researchers in the semiconductor sector have been looking for alternatives to passivity in both the rate of
production and the cost of spending for decades. Biology is the most readily available source for the production of
useful materials in natural environments. Systems in biology continuously show that they are capable of applying a
rigorous process of natural selection to develop efficient solutions to multidimensional, real-world challenges, from
highly organized nanostructures to genetically controlled reactive surfaces.

The tremendous breadth of biology's applications motivates scientists to create modified synthetic compounds
borrowed from nature. Thus, the field of biomimetics or bioinspired research, which includes alternative methods for
creating nanomaterials with industrial applications, has successfully incorporated their discoveries. Biomimetics, which
integrates structural biology with engineering, materials science, physics, and chemistry, is primarily inspired by the
patterns, systems, and actions seen in nature. In order to control the synthesis of artificial materials, biomimetics
implies the manipulation and imitation of natural designs and processes of biologically created minerals. For instance,
recent modifications to the virus's design have made it possible to synthesize a number of useful molecular cargoes as
containers for one of the planet's most prevalent living species. Particularly, the spatially restricted metal oxide
nanoparticles have been formed in the positively charged interior of the cowpea chlorotic mottle virus (CCMV).
Versatile techniques for substrate adaptation have been devised on a wider and more intricate scale by taking direct
inspiration from the surface-intervening mineralization of bioactive organisms.

The proteins from the egg shell medium of Chinese soft shell turtles, which are largely made of aragonite (CaCQ3),

were extracted and showed characteristics that are essential for embryonic survival. The interfacial energy of the
eggshell may have been changed by the matrix proteins, which are thought to have pelovaterin peptides as their main
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component. The successful fabrication of functional two-dimensional (2D) reactive surfaces with less nonspecific
adsorption might be achieved by applications of such controlled mineralization. In reality, the majority of methods used
to include natural systems into engineered materials are not directly relevant, necessitating the use of alternate synthetic
methods to incorporate non-natural components with useful nanoscale qualities, such as barium, nickel, copper, or
aluminum.

2. OBJECTIVE OF THE PRESENT WORK

o Solgel technique for the synthesis of zinc oxide doped with cobalt and nickel.

e Investigation of a biological activity of metal oxide nanoparticles. Characterization of metal oxide nanoparticles
with various spectroscopic and microscopic techniques.

3. EXPERIMENTAL TECHNIQUES FOR MATERIAL CHARACTERIZATION

The most important parts of coordination and nano-chemistry research are the synthesis and characterisation of
coordination complexes and their nanostructures. From an application standpoint, it is essential to create fresh
coordination complexes and their nanostructures, which can be identified using a variety of methods. The technique
chosen affects the quality of the coordination complex (single crystal and nanostructure). Depending on the synthesis
technique employed, the morphology of the structure, optical, and thermal properties will vary. The sonochemical
method is used to synthesise nanostructures, while the traditional method is utilised to synthesise coordination
complexes (single crystal/bulk). Several techniques, including Infrared spectroscopy (IR), Nuclear magnetic resonance
(NMR), X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM),
dynamic light scattering (DLS), thermal gravimetric analysis (TGA), density functional theory (DFT) framework, in
addition, were used to characterise the coordination complexes (bulk and nanostructure).

MATERIAL AND METHOD

We utilised chemicals of analytical grade (from Merck) without further purification. A probe sonicator (type Ultrasonic
processor Sonopros PR-1000MP) with a 10 mm diameter probe, running at 20 KHz with a 20% output frequency of
500W at room temperature, was used to create nanomaterials.

PHYSICOCHEMICAL AND ANALYTICAL CHARACTERIZATION

The newly synthesized complexes were physicochemically analyzed in two ways.
(i) Elemental analysis

(ii) Melting point determination.

ELEMENTAL ANALYSIS
Standard technique 1 was used to estimate cobalt and chloride. A Perkin ElImer CHNS-O Analyzer, Flash-EA-1112
series, was used to acquire the elemental analysis of C, H, and N.

MELTING POINT
With the aid of a Gallen Kamp electrically heated device, the melting points were calculated.

SPECTROSCOPIC CHARACTERIZATION
INFRARED SPECTROSCOPY (IR)

The most widely used spectroscopic method is FTIR spectroscopy, which identifies a sample's chemical makeup by
determining the frequencies at which it absorbs light. A molecule's various functional groups absorb radiation at
different frequencies, which aids in their identification. The appearance of a signal in the IR spectrum is caused by a
change in dipole moment caused by molecule vibration, which interacts with an oscillating electric field associated
with electromagnetic radiation. Shimadzu's IR Affinity-1S Spectrometer was used to record the IR spectra of the
recently synthesised complexes in the 4000-400 cm-1 region.

RESULT AND DISCUSSION

The expression of a new metal binding protein in P. putida KT2440 (Wt) and recombinant E. coli-BL21 (DE3)
following exposure to 100 M concentrations of zinc, chromium, and cadmium. when mid-log cultures are exposed to
metal ions (Zn, Cd, and Cr) for 3h, a representative RT-PCR examination of metal ion regulated gene is conducted. By
comparing transcript levels to those from cultures treated with no additional metals, one can estimate the fold induction
of mreA transcripts. Error bars represent standard deviations from the means of three separate samples. More
significantly, transcript levels for mreA demonstrated a strong metal ion (Zn, Cd, and Cr) dependent induction,
supporting the idea that these genes are involved in a coordinated response to Cr>Cd>Zn toxicity by P. putida KT2440
(Wt) and recombinant E. coli-BL21 (DE3).
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CREATION OF MREA SITE-DIRECTED MUTANTS (SDMS)

To address the metal binding/accumulation specificity of Zn, Cr, and Cd, we have created three site-directed mutants
(SDM) of MreA based on the previous wet lab and insilico results. Using Ni-NTA column chromatography, mutant
proteins were purified. The expression pattern of each mutant protein was evaluated using 15 percent SDS-PAGE, and
the results are presented in Figure 4.10.A. We used anti-MreA-rabbit antibodies to use western blotting to examine the
expression profile of MreA in whole cell extracts from both the wild-type and mutant strains as part of metal induction
experiments (Figure 4.10.B). It is evident that amino acids (C40, H65, and C69) are very important for obtaining metal -
induced expression of MreA at both the transcriptional (data not shown) and translational levels. The wild type strain
displayed prominent MreA expression, whereas mutants failed to do so during metal stress (Zn, Cd, and Cr). In order to
maintain the homeostasis of Zn, Cd, and Cr metals, amino acids are therefore primarily involved in metal binding or
sequestration.

ATOMIC ABSORPTION SPECTROSCOPY

The effectiveness of wild type P. putida KT 2440 and recombinants E. coli-BL21-DE3 expressing PP 2969 (MreA) in
accumulating or binding metals (Zn, Cd, Cr, Cu, Co, and Ni) during the metal treatment was tested as part of a
preliminary metal binding investigation. The outcome is shown in Figure 4.11, where Zn, Cd, and Cr had the highest
binding efficiencies. Additionally, competition experiments between these three metals (Zn, Cd, and Cr) were carried
out, with the findings displayed in Figure 4.12. Finally, the efficiency of recombinant E. coli-BL21-DE3 strains
expressing PP 2969 (MreA), MreA mutations (SDM5, SDM6, and SDM7) was evaluated (Zn, Cd, Cr)
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FIGURE: METAL ACCUMULATION EFFICIENCIES OF P. PUTIDA KT2440 AND E. COLI BL21 (DE3)-
PET32A-MREA STRAINS.

P. putida KT2440 and E. coli BL21 (DE3)-pET32a-MreA strain cultures were cultivated in LB until exponential phase,
and then 100mM of Cr2+, Cd2+, Zn2+, Ni2+, Cu2+, and Co2+ were added as a supplement. After three hours, cells
were collected, and the pellet was floated in Millipore water with an OD600 of 1.0 (0.5 mg dry weight). Through the
process of acid digestion, cellular metal was removed. Atomic absorption spectroscopy was used to evaluate the overall
metal accumulation efficiency (i.e. metal concentrations of Cr2+, Cd2+, Zn2+, Ni2+, Cu2+, and Co2+) of the
aforementioned strains. The numbers displayed are the average results from three distinct trials ( SD).
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FIGURE: METAL ACCUMULATION EFFICIENCIES OF P. PUTIDA KT2440 AND E. COLI BL21
(DE3)-PET32A-MREA STRAINS DURING METAL COMPETETION.

P. putida KT2440 and E. coli BL21 (DE3)-pET32a-MreA strain cultures were cultivated in LB until exponential phase
and then 100mM of Cr2+, Cd2+, and Zn2+ were added as a supplement. After three hours, cells were collected, and the
pellet was floated in Millipore water with an OD600 of 1.0 (0.5 mg dry weight). Through the process of acid digestion,
cellular metal was removed. Atomic absorption spectroscopy was used to measure the overall metal accumulation
efficiency (i.e. metal concentrations of Cr2+, Cd2+, and Zn2+) of the aforementioned strains. The numbers displayed
are the average results from three distinct trials ( SD).
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FIGURE: METAL BINDING (ACCUMULATION) EFFICIENCIES OF E. COLI BL21 (DE3)- PET28A-
MREA (WT), SDM-5, SDM-6 AND SDM-7 DURING METAL STRESS (I.E. ZN, CD AND CR 100MM
METAL IONS CONCENTRATION).
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SDM-5, SDM-6, and SDM-7 strains of E. coli were cultivated in LB until exponential phase and then 100mM of Cr2+,
Cd2+, and Zn2+ were added as a supplement. After three hours, cells were collected, and the pellet was floated in
Millipore water with an OD600 of 1.0 (0.5 mg dry weight). Through the process of acid digestion, cellular metal was
removed. Atomic absorption spectroscopy was used to determine the overall metal accumulation efficiency (i.e. metal
concentrations of Cr2+, Cd2+, and Zn2+) of the aforementioned strains. The numbers displayed are the average results
from three distinct trials ( SD).

From the g-DNA of Pseudomonas putida KT2440, a gene called PP 2969 that encodes a 95-amino-acid putative metal
binding protein Nre-A type protein has been identified. Increased amounts of mreA (MBP) transcripts were found in
WT P. putida during heavy metal stress after real-time PCR analysis. Compared to control cells, E. coli cells expressing
mreA showed increased metal ion buildup. As shown by higher m-RNA transcript and protein expression as well as
improved metal binding efficiencies as compared to the control, over-expression of mreA in recombinant E. coli led to
increased cadmium, chromium, and zinc accumulation and binding. In comparison to the mutants, Wt-MBP from
recombinant bacteria expressing mreA revealed larger accumulations of Cd, Cr, and Zn ions. Under stressed and
unstressed conditions, there were notable variations in the m-RNA and protein levels of the metal binding protein in the
MBP-Wt, mutants, and control bacteria. According to the Atomic Absorption Spectroscopy investigation shown here,
the protein displayed metal binding in the order Zn>Cr>Cd. QRT-PCR and a western analysis served to further
demonstrate and validate this. Metal binding capacities of wild-type proteins in comparison to MBP site-directed
mutants produced through primer-based Alanine amino acid substitution. Using quantitative Real-Time PCR, western
blotting, and AAS in the presence and absence of ligands, wild type and mutant strains were subjected to
transcriptional, translational, and metal accumulation examination as part of in-vivo analysis (i.e. metals ions).

CONCLUSION

The above-mentioned gene was amplified from the g-DNA of Pseudomonas putida KT2440 by PCR as part of cloning
and overexpression research, cloned into pET-32a & 28a expression systems, and further over expressed into E. coli
BL21-DE3 host systems. The overexpressed protein was purified using Ni-NTA metal chelate affinity chromatography,
and the results were verified by anti-his antibodies. In order to produce polyclonal antibodies, rabbits were injected
with purified protein. Peptide maps and some of the peptides' sequences were used to determine the apparent molecular
weight of the recombinant protein using LC-MS/MS. QRT-PCR and western analysis were used to investigate metal
induction investigations in wild-type, recombinant, and mutant bacterial systems. Increased amounts of mreA (MBP)
transcripts were found in WT P. putida during heavy metal stress after real-time PCR analysis. In contrast to the
control, MreA over-expression in recombinant E. coli boosted metal binding efficiencies, protein and m-RNA
transcript expression, as well as zinc, cadmium, and chromium accumulation and binding. Recombinant bacteria that
express mreA showed greater Zn, Cd, and Cr ion accumulations in Wt-MreA compared to the mutants. Under stressed
and unstressed conditions, there were notable variations in the m-RNA and protein levels of the metal binding protein
in the MreA-Wt, mutants, and control bacteria. Overall, the data show that MreA significantly increases metal stress
tolerance by assisting in the homeostasis of Zn, Cd, and Cr metal ions. The isolation, characterisation, and functional
validation of MreA in heterologous systems are the topics of this work, the first of its type. As a result, MreA may be
used as a possible candidate for improving metal tolerance and accumulation in a variety of organisms, which will be
investigated in the realms of environmental and medicinal biotechnological applications.
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