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Abstract

When bulk materials are converted to the range of 1 to 100 nm, the material phase change occurs accompanied with
wide range of possible applications from nanoscale optics, sensors, electronics to Nano- medicine and quantum
phenomena which focuses on metal nanoparticles and nanostructures with their conspicuous properties. The
synthesis of nanoparticles of different compositions, sizes, shapes and controlled dispersing is an important aspect of
nanotechnology. Generally, there are two nanoscale preparation either top-down physical, or bottom- up paths in
chemical, and biological method when nanoparticles interact with microbes, algae, agro wastes or higher-order
animal. The biosynthesized nanoparticles exhibit superior bioactivities; antimicrobial, cytotoxic, and catalytic
anticancer, and antioxidant.

Keywords: Biogenic Synthesis, Nano particles

Introduction

Several breaking methods of materials either physically by pyrolysis, ultraviolet irradiation, lithography, laser
ablation, ultrasonic fields, or chemical techniques have been used successfully to produce nanoparticles, (1,2). Sono-
chemical, non-hydrolytic methods are expensive and the use of toxic chemicals can’t be avoided causing adverse
environmental effects, (3-5). Hence, the biological synthesis of NPs is preferred. Many microbes are known to
produce metallic nanoparticles with similar properties to the chemically synthesized ones. Biosynthesis of
nanoparticles is confirmed by impressive natural sources of reductants like plants and microorganisms because of
their low cost, and exchanging impact, (6). Other metal NPs such as metal oxide -, metal sulfide -, and even
bimetallic or alloy NPs were reported. Size, shape and applications of NPs are determined by their source. The
microorganisms- assisted metal nanoparticles synthesis may be either intracellular or extracellular, (7). In the
intracellular mechanisms ions are absorbed within the cells where transformed enzymatically to mobilized metal
ions, (8). This molecular synthesis passes via several cellular, biochemical steps that mediate transportation,
regulation and binding metal ions. Cellular enzymes and proteins result in complex bimetallic nanoparticles, which
are difficult to produce with normal chemical and physical processes, (9). In extracellular mechanisms, metal ions
were seized on the cellular surface and were enzymatically reduced due to functionalizing surface groups such as —
OH, -NH2, —SH2, —-CHO, and —COOH in proteins present on the cell wall or the periplasmic space thus providing
binding sites to metal ions and stabilize them leading to their reduction which produces biosynthetic nanoparticles,
(10).

The attachment of nanoparticles to bacteria depends on several factors, such as the particle composition, and the cell
-particle surface characteristics which determine the sign and magnitude of the interaction forces between
electrostatic tendencies, (11). Multidrug resistance and lack of new antibiotics direct towards metals having
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antimicrobial property in the form of different nanomaterials, (12). The outer membrane of Gram-negative bacterial
cells controls the permeability of many molecules in and out of cells and so become resistant to chemical agents than
Gram-positive cell, (13). The metal-, metal oxides and fullerene nanoparticles were shown to be effective
bactericides by affecting bacterial signal transduction, loss of bacterial cell membrane and causing leakage, or
depleting intracellular ATP levels, (14,15).

Classification of Nanoparticles

There are many ways to classify nanoparticles. NBs can be metallic, semi-conducting, insulating, or hybrid type.
Carbonaceous composite, inorganic- and organic nanoparticles as cellulose and chitosan NBs are examples. Bottom
up and top-down approaches depending on starting material of nanoparticle is another approach (2, 16).
Nanoparticles can also be classified to zero, one-, two- and three-dimensional nanoparticles. One-dimensional
nanoparticles include thin films used in electronics and sensor devices. Two-dimensional nanoparticle includes
carbon nanotubes which have high adsorption ability and stability. Three-dimensional nanoparticles contain
dendrimers, quantum dots... etc., (17). Regarding morphology nanoparticles may be flat, spherical and crystalline in
structure. Also, they may be present in single form or in composites. Nanoparticles can further be classified as oxide
-, sulfide - and magnetic nanoparticles.

Biological Production of Metal and Nonmetal Nanopatrticles

Microorganisms are known for their capability to bio-sorb and bio-reduce metal ions to corresponding nanoparticles.
Various eco-friendly precursors for the synthesis of NPs such as bacteria, fungi, yeast, algae, waste materials, plant
and extracts plants (5, 18 -22) are documented. Both metallic- and non-metallic nanoparticles are of specific sizes,
shapes with controlled mono-dispersion but the microbial surface differs significantly in their attraction, e.g., silica
nanoparticles are associated with microbes in the following order: fungal spores larger than the microalgae and
bacteria. This depends on the interaction of capping agent; biomolecules with a particular facet of a metal or metal
oxide crystal, (2,23).Binding biomolecules to nanoparticle with the average particle size ranging between 1 and 50
nm result in their cytotoxicity ,antibacterial, electrical, magnetic, mechanical, and chemical features.(24,26) .The
interaction of biomolecules especially peptides on the metal surface proceed in the stabilization of nanostructures ,
and its adsorption on the surface of a particle and hence, improving their suitability as sensors in biomedical devices
and electronics. Due to Nanoparticles' dissolution, agglomeration and the reduced grain size, i,e, increased surface
area to volume ratio that result in various melting points at the surface atom which affects chemical and physical
properties responsible for cytotoxicity that affect oxidative stress to cell functions, consequent damage and cell
death. (27, 28). The secondary metabolites flavonoids and terpenoids present in the Chaetomorpha linum algae
extract were found to be effective capping stabilizing agents and resulted in the poly dispersed and spherical
formation of metallic Ag NPs, (29). Ag—CaCO3 Nano Composite was constructed by this microalga as a bio-
template applying efficient, biomimetic access. (30), (31) demonstrated that the bacterium Ochrobactrum sp. used to
convert toxic tellurite oxy -anions into useful TeNPs. Also, biosynthesis of gold, silver, gold-silver alloy, selenium,
tellurium, platinum, palladium, silica, zirconia, quantum dots, magnetite and uraninite nanoparticles by S-layer
bacteria, actinomycetes, plant residues, fungi, yeasts, bacteria, viruses were reported (7,32-35).

Noble Metal Nanoparticles Bio Synthesis

Au, Ag, Pt, Ru, Rh, Os, Ir and Pd NPs biosynthesis from noble metal salt precursors is important due to their
electronic properties, high stability, easy synthesis, tunable surface functionalization and compatibility with bio-
materials, (36) .Electrochemically active biofilms of the bacterial strain Shewanella loihica PV-4 were used to
synthesize Pt and PdNPs , (37).Gold nanoparticles are widely studied as model metal nanoparticles due their
electrical, thermal, chemical and optical properties, (38) . Gold nanoparticle clusters were fastened to the bacterial
cell wall possibly at sites that were rich in negatively charged functional group. The piercing gold nanoparticles
appeared to have different shapes than the original spheres, (11). The bacterial species for the synthesis of AgNPs
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include Escherichia coli, Lactobacillus sp., Bacillussp) Acinetobacter sp., Pseudomonas sp., Corynebacterium sp.
and Klebsiella pneumonia, (39, 40).

Impact of Nanomaterials on Health and Environment

Microbes might cause nanoparticle aggregations as negatively charged nanoparticles could hide positively charged
solids, thus further inhibiting the electron transfer process, (11). i.e., block electron transfer from the cell membrane
to solid electron acceptors by physical hindering direct contact between cells and electron acceptors. In iron-
reducing bacterium, Shewanella putrefaciens, microbial cells coated by nanoparticles, and this coating separated
solid ferri-hydrite from bacterial cells, thus inhibiting the electron transfer efficiency. The electron transfer process
can be helped by electron shuttling compounds, such as anthraquinone-2, 6-disulfonate (AQDS). In the absence of
these shuttles, direct contact is the main mechanism. This direct contact may be broken off if other solids are present
in the system, such as nanoparticles. Also, the microbes become physically deprived from approaching nutrients.
Nanoparticles act scavenging of heavy metals on their surfaces, may be beneficial to microbes in aquatic
environments.

Role of Capping Agents in Nanoparticles Synthesis
Controlled monodispersed nanoparticles using microorganisms is an emerging target, (41), Alkaloids, flavonoids,
proteins, reducing sugars, polyphenols play role as reducing, stabilizing capping agents (37,42) that act as a potential
precursor for the synthesis of novel metallic nanomaterials. Similarly, peptides, poly-amino acids, poly hydroxyl
alkanoate, polysaccharides, and other biological macromolecules used as stabilization matrix. The charged interfaces
could be lipid membranes, mica, colloids, metal oxides, actin molecules, proteins, or even cells. Other bioactive
compounds are DNA (43), canonical membrane proteins, Nicotinamide Adenine Dinucleotide (NADH) and
Nicotinamide Adenine Dinucleotide Phosphate (NADPH) dependent enzymes acting as a driving force for the
designing of greener, safe and environmentally benign protocols capping agents that prevent the overgrowth and
coagulation of NB. Controlling morphology, and NBs surface results in a separation of the dispersed phase from the
continuous phase and consequently the ability of NPs to bind with organic compounds to form a stable complex
stabilizing/capping agents. (44, 45). The energy and growth rate of a crystal is controlled by the introducing a
suitable templating agent or a surfactant which lowers the interfacial energy, (46, 47). Many surfactants have been
reported to be used as capping agents for altering the desired shape and size of the NPs but they are difficult to
remove, to degrade and are hazardous to the environment (48, 49). However, despite their stability, biological
nanoparticles are not monodispersed and the rate of synthesis take several hours. To overcome these problems,
several factors such as microbial cultivation methods, the extraction techniques and the combinatorial approach such
as photo biological methods have to be optimized (50). Mycogenic nanoparticles produced by fungal biomass play
an important function in defending plants against pests and pathogenic genera. Actinomycets, diatoms, yeasts, (51,
52) and viruses assisted NBs have been also reported. The nanoparticles catalysts are more popular than common
catalysts due to their unique properties and high available active specific surface. The controlled growth of NPs in
solution is believed to be kinetically controlled process where low energy faces of any crystal results into a
particular shape. The most important driving forces for biomolecule adsorption on a source are electrostatic
interactions, van-der-Waals interactions, hydrogen bonds, and hydrophobic interactions, (53).

Apart from metal NPs, bacteria have also been used to biosynthesize metal oxide NPs, such as Ag20, CuO, ZnO,
TiO2, MnO2, MgO and Fe203, which have a wide range of applications in the food industry, therapeutic,
diagnostic, and delivery agents in Nano-medicine, (54).

Characteristic Features of NBs

Particle surface area play critical roles in controlling Nano size magnetic dimensions. The physicochemical,
optoelectronic, and electronic properties of nanoparticles are determined by their surface energy, chemical potential,
oxidation process, and catalysis, (55). As physical properties were caused by the large surface atom, large surface
energy, lattice parameter, spatial confinement and reduced imperfections hence the formation of antimicrobial
agents.
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The unique NBs biological and morphological properties based on size, shape, density and crystallinity facilitate the
successful separation of polymerases into monodisperse fractions. The characterization of purified nanoparticles can
be done by Fourier-Transform Infrared Spectroscopy(FTIR), dynamic light scattering (DLS), atomic force
microscopy (AFM), (56), X-ray Crystallography (XRD), Energy-dispersive X-ray Spectroscopy (EDX), Scanning
Electron Microscope (SEM), Transmission Electron microscopy (TEM) and UV-Visible spectroscopy , (57) .TEM
was used as a complementary technique to examine nanoparticle—microbe associations., (14) .The adsorbed
biological molecules on NP surface lead to the so “called protein-corona” PC complex formation change bio
distribution, efficacy, and prolonged retention time at the targeted place of delivery. NPs are not simple molecules
itself and therefore composed of three layers i.e. the surface layer, which may be functionalized with a variety of
small molecules, metal ions, surfactants and polymers. Mostly small molecules are used because it forms a covalent
bond with surface particles and contains groups which can carry a charge, the shell layer is the outer layer of
inorganic NMs which is chemically different material from the core in all aspects, and the core, which is essentially
the central portion of the NP and usually refers the NP itself. In particular properties of NMs are depending upon
core composition. The core will play a key role in NMs toxicity but this doesn't mean that the environmental
behavior of NMs will depend on core composition, (58).

Collective Factors Influencing the Synthesis of Nanoparticles

The shape, micelle growth, arrangement symmetry, composition of NPs can be governed by the environmental
conditions such as culture medium, reactant concentrations, reaction time, biomass and the metallic salt to be
reduced, (59, 60). Also, pressure, temperature, concentration of metal ions plays an important role in optimization of
synthesis, (61,62) i.e. the surrounding conditions have an impact on the physical chemistry of the nanoparticles or
availability of organic functional groups on the cell wall of bacterium which initiate/induce the reduction of metal
ions.

Application in Agriculture and Medicine

Besides biomedical waste management, nanoparticles have solved the problem of cell resistance to the drug
providing a new field in medicine industry, and in cosmetics (63, 64). In medicine, non-metallic nanoparticles
commonly used are derived organic biomolecules. The C- mediated NBs-; silica, carbon nanotubes interact with
RBCs, platelets, and plasma proteins including albumin in coagulation factor and immunoglobulin, (65). Copper
nanoparticles are invested in wound dressings to give them biocidal properties. Because of their high surface area
NBs have beneficial impacts on the environment in removal of chemical contaminants. The mobility and sportive
capacity of natural or human-made nanoparticles make them potent carriers’ vectors in the transport of chemical
pollutants as phosphorus from sewage in sanitation processes but still there are some adverse effect or health hazard
concerns due to their uncontrollable use and their discharge to natural environment especially in case of heavy
metals. The difficulty in estimation of nontoxicity is due to an absence of appropriate guidelines for NPs use in
ecological topography. Biocompatibility, solubility, non-toxicity, and chemical stability, are major factors for the
applicability of NPs as biosensors, optoelectronics, sunscreens, nano superconductors, semiconductors, batteries,
light ceramics, flame retardants and food packaging. NBs are capable of combating abiotic and biotic stress in
agriculture and the bio stimulant capacity of NMs upon plant growth was reported, (66, 67). Some nanoparticles are
able to reduce the functioning naturally occurring microbial communities, in industrial and textiles processes,
(68,69). Furthermore, copper nanoparticles have potential industrial use such as gas sensors, catalytic processes,
environmental remediation, and wastewater treatment, (70).

Toxicity of Nanoparticles in Biomedical Application

The in vivo fate of NPs or whether they have undesirable effects on the body is not known, since they change their
performance in terms of absorption. Nanoparticles easily enter the body due to their small size and reach very
sensitive organs through different routes. Some were observed to penetrate the cell membrane possibly causing cell
death and leaking of the internal contents of the cell. Cell lysis would account for the decreased bacterial growth
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observed in the presence of nanoparticles, (71). Nanoparticles can also affect health as exposure to some quantities
can cause cellular damage in the lungs.

Based on potential toxicity NB are classified into CMAR, fiber- like and bio persistent granular. The adverse effects
of NB happened because they can very easily perforate and move into biological systems through the cell walls and
membranes, and can remain inside long enough to perform their desired activities. They can delay or prolong the
toxicity effects, that are normally hard to predict, (72,73) Nano toxicology provides information for the safety
estimation of nanoparticles and helps to develop Nano medicine by giving data about their undesirable properties
and ways to avoid them, (74).

Conclusion

The bio-synthesis of noble metal nanoparticles lead to beneficial impacts on the environment and appear to
contribute to all natural processes. More research includes locomation delivery robot and others must be performed.
Various biological applications to bring the development of bio-synthesized nanoparticles into more advanced steps
and application in all life aspects must be done.

References

[1]. Jadoun, S., Chauhan, N.P.S., Zarrintaj, P. et al.2022. Synthesis of nanoparticles using microorganisms and
their applications: a review. Environ Chem Lett 20, 3153—-3197.

[2]. Jamkhande, P., Ghule, N., Bamer, A., & Kalaskar, M. 2019. Metal nanoparticles synthesis: An overview on
methods of preparation, advantages and disadvantages, and applications. Journal of Drug Delivery Science
anD Technology: 101174

[3]. Urumese A et al. 2016.Colloidal europium nanoparticles via a solvated metal atom dispersion approach and
their surface enhanced Raman scattering studies. J. Coll Inter Sci.

[4]. Chakrabartty I, Mohanta YK, et al. 2022. Exploration of Lamiaceae in cardio vascular diseases and
functional foods: medicine as food and food as medicine. Front Pharmacol; 13:894814.

[5]. Singh, J., Dutta, T., Kim, KH. et al. 2018. ‘Green’ synthesis of metals and their oxide nanoparticles:
applications for environmental remediation. J Nano-biotechnol 16, 84.

[6]. Dobson, P. Jarvie, H and King, S. 2024, "nanoparticle". Encyclopedia Britannica. microbe-mediated
biosynthesis of nanoparticles: applications and future prospects.

[7]. Deepali S, Suvardhan K, Krishna B, 2019, Biogenic synthesis of nanoparticles: A review, Arab J of Chem
12, 8, 3576-3600,

[8]. Alfryyan, N., Kordy, M.G.M., Abdel-Gabbar, M. et al. 2022. Characterization of the biosynthesized
intracellular and extracellular plasmonic silver nanoparticles using Bacillus cereus and their catalytic
reduction of methylene blue. Sci Rep 12, 12495.

[91. Anindita B 2020. Metal nanocomposites in Nano therapeutics for oxidative stress-Induced metabolic
disorders .1st edition 2023, 438pp. med., mat. Sci.CRC Press.

[10]. 10-Lahiri D, Nag M, et al 2021. Microbiologically-synthesized nanoparticles and their role in silencing the
biofilm signaling cascade. Front Microbial. 12:636588.

[11]. 11-Niu, B, and Gengxin Z. 2023. "Effects of Different Nanoparticles on Microbes" Microorg. 11, 3: 542.

[12]. 12-Hetta HF, Ramadan YN, Al-Kadmy IMS, et al. 2023. Nanotechnology-based strategies to combat
multidrug-resistant Candida auris Infections. Pathog.; 12(8):1033.

[13]. 13- SunJ., Rutherford S T. Silhavy, T. J., & Huang, K. C. 2021. Physical properties of the bacterial outer
membrane. Nat. Rev. Microbiol. 20(4):1-13.

[14]. 14-Guilger-Casagrande M, de Lima R. 2019.Synthesis of silver nanoparticles mediated by fungi: A
Review. Front Bioeng Biotechnol.; 7:287.

[15]. 15-Augustine R, Mamun AAI, Hasan A, et al.2021. Imaging cancer cells with nanostructures: Prospects of
Adv. in Col. and Interf. Sci. 294 ,102457.

[16]. Wenbin Fu, Enbo Zhao, 2018. Iron fluoride—carbon nanocomposite nanofibers as free-standing cathodes
for high-energy lithium batteries. Adv. Funct. Mat. 28, 32 1801711.

D

4 N\ Chemistry Research Journal

‘a&

2

F—>

233



Gad AS

Chemistry Research Journal, 2024, 9(3):229-236

[17].
[18].
[19].
[20].
[21].
[22].
[23].
[24].
[25].

[26].

[27].
[28].

[29].

[30].

[31].

[32].

[33].

[34].
[35].
[36].
[37].

[38].

D)

Verma C, Goni LKMO, et al.2023. A. Polymeric surfactants as ideal substitutes for sustainable corrosion
protection: A perspective on colloidal and interface properties. Adv. Coll. Interf. Sci.318:102966.

M. Ovais,. Khalil RT,et al.2018, Biosynthesis of metal nanoparticles via microbial enzymes. A mechanistic
approach. Inter. J, of mol. Sci.19 (12).4100.

Adebayo EA, Azeez MA Alao MB, et al .2021. Fungi as veritable tool in current advances in nano-
biotechnology. Heliyo.; 7(11): e08480.

Gour A, Jain NK. 2019. Advances in green synthesis of nanoparticles. Artif Cells Nanomed Biotechnol
;47(1):844-851.

Chaudhary R,.khan A, Nawaz K et al. 2020. An overview of the algae-mediated biosynthesis of
nanoparticles and their biomedical applications. J.Biomol, 10, 1498.

Sinha S. N., Paul D., et al. 2015 - Green synthesis of silver nanoparticles using fresh water green algae
Pithophora oedogonia (Mont.) Wittrock and evaluation of their antibacterial activity. Appl. Nanosci.. 2014;
5(6):703-709.

Antonio-Pérez A, Duran-Armenta LF, et al. 2023. Biosynthesis of copper nanoparticles with; 14(10):1882.
Ghani S, Rafiee B, Sadeghi D, Ahsani M (2017). Biosynthesis of iron nanoparticles by Bacillus
megaterium and its anti-bacterial properties. J. Babol Univ. Med. Sci 19(7):13.

Adebayo-Tayo BC, Popoola AO (2017) Biogenic synthesis and antimicrobial activity of silver nanoparticle
using exopolysaccharides from lactic acid bacteria. Int. J. Nano Dimens 8(1):61-69.

Emami Moghaddam, S, A. Ghadam P., 2024.A proposed metabolic pathway mechanism along with
Lactobacillus acidophilus growth modeling in a novel semi-artificial bio hybrid system based on CdS-NPs
J, of Photochem. and Photobiol. A Chem. 425, 115534.

Egbuna C, Parmar VK, Jeevanandam J. et al. 2021. Toxicity of Nanoparticles in Biomedical Application:
Nanotoxicology. J. Toxicol.;:9954443.

Nikzamir, M, Hanifehpour, et al. 2021. Applications of Dendrimers in Nano medicine and Drug Delivery:
A J Inorg and Organomet Polys. and Mat,31,16.

Magdy G., Aboelkassim E. et al .2024. A comprehensive review on silver nanoparticles: Synthesis
approaches, characterization techniques, and recent pharmaceutical, environmental, and antimicrobial
applications Microchem J, 196, 109615.

Gareev KG, Grouzdev DS, et al.2022. Biomimetic Nanomaterials: Diversity, Technology, and Biomedical
Applications. Nanomaterials (Basel).; 12(14):2485.

Zonaro, E., Piacenza, E, et al. 2017. Ochrobactrum sp. MPV1 from a dump of roasted arsenopyrites can be
exploited as bacterial catalyst for the biogenesis of selenium and tellurium nanoparticles. Microb. Cell Fact.
16:215.

Boomi P, Ganesan RM, Poorani G, et al. 2019, Biological synergy of greener gold nanoparticles by using
Coleus aromaticus leaf extract. Mat Sci & engi. C, Materials for Biol Appl.; 99:202-210.

Gupta, K. Chundawat T.S, 2019. Bio-inspired synthesis of platinum nanoparticles from fungus Fusarium
Oxysporum: its characteristics, potential antimicrobial, antioxidant and photocatalytic activities. Mat. Res.
Exp ,6(10).

Agceli GK, Hammachi H, Kodal SP et al. 2020. A novel approach to synthesize TiO2 nanoparticles:
biosynthesis by using streptomyces sp. HC1. J Inorg. Organomat. Polym. Mater. 30:3221-3229.
Almatroudi A. 2020. Silver nanoparticles: synthesis, characterization and biomedical applications.Open
Life Sci. ; 15(1): 819-839.

Tan, P., Fu, H., and Ma, X. 2021. Design, optimization, and nanotechnology of antimicrobial peptides:
From exploration to applications. Nano Today, 39, 101229.

Kassinger SJ, Van Hoek ML. 2020. Biofilm architecture: An emerging synthetic biology target. Synth.
Syst. Biotechnol; 5(1):1-10.

Kok Bing Tan,Daohua Sun et al. 2020 ,State of Arts on the Bio-Synthesis of Noble Metal Nanoparticles
and their Biological Application.Ch J of Chem, Eng. 30.

4\ Chemistry Research Journal

o

?JA

X

234



Gad AS

Chemistry Research Journal, 2024, 9(3):229-236

[39].

[40].
[41].
[42].
[43].
[44].

[45].

[46].

[47].
[48].

[49].

[50].
[51].
[52].
[53].
[54].
[55].
[56].
[57].

[58].
[59].

[60].

[61].

D)

Abd El Aty AA, Zohair MM 2020. Green-synthesis and optimization of an eco-friendly nano biofungicide
from Bacillus amyloliquefa-ciens MH046937 with antimicrobial potential against phytopath-ogens. Env.
Nanotechnol. Monit Manag

Koul, B., Poonia, A. K., Yadav, D., Jin, J.-O. (2021). Microbe-mediated biosynthesis of nanoparticles:
Applications and future prospects. Biomol., 11(6), 886.

Massironi A and Morelli A et al. 2019. Ulvan as novel reducing and stabilizing agent from renewable algal
biomass: Application to green synthesis of silver nanoparticles, Carb poly, 203,310-321.

Shuyi S, Tan L, Shaowei S et al .2021. Nanoparticle surfactants and structured liquids. Col and Poly Sci
299.523-536

Marslin G, Siram K, et al. 2019. Secondary Metabolites in the Green Synthesis of metallic nanoparticles.
11, 940. Mater (Basel); 12(5):806.

Takeshima T, Tada Y, et al. 2015. DNA/Ag Nanoparticles as antibacterial agents against Gram-negative
bacteria. Nanomat. (Basel). 5(1):284-297.

Vineeth Kumar CM, Karthick V, Kumar VG, et al. 2022. The impact of engineered nanomaterials on the
environment: Release mechanism, toxicity, transformation, and remediation. Environ Res.; 212(Pt
B):113202.

Saada NS, Abdel-Maksoud G, Abd EI-Aziz MS, Youssef AM 2021. Green synthesis of silver
nanoparticles, characterization, and use for sustainable preservation of historical parchment against
microbial biodegradation. Biocatal. Agric. Biotechnol. 32:101948.

Huang, C., Forth, J., Wang, W. et al.2017. Biocontinuous structured liquids with sub-micrometer domains
using nanoparticle surfactants. Nature Nanotech 12, 1060-1063.

Javed, R., Zia, M., Naz, S. et al2020. Role of capping agents in the application of nanoparticles in
biomedicine and environmental remediation: recent trends and future prospects. J Nanobiotechnol 18, 172.
El-Naggar NEA, Saber WEIA, Zweil AM, Bashir SI, 2022.An innovative green synthesis approach of
chitosan nanoparticles and their inhibitory activity against phyto-pathogenic Botrytis cinerea on strawberry
leaves, Sci. Rep. 12 (1), 3515.

Narayanan KB, Sakthivel N. Biological synthesis of metal nanoparticles by microbes. Adv Colloid
Interface Sci. 2010 Apr 22;156(1-2):1-13.

Gupta A, Singh D, et al. 2019. Chap. 10. Role of actinomycetes in bioactive and nanoparticle synthesis in
Role of plant growth promoting microorganisms in sustainable Agric. and Nanotechnol. 163-182.

Parodi A., Molinaro R.,et al, 2017. Bio-inspired engineering of cell- and virus-like nanoparticles for drug
del. Biomat.; 147:155-168.

Migliorini E, Weidenhaupt M, and Picart C. 2018. Practical guide to character.Biointerph, 13, 06D303.
Nikalje AP (2015). Nanotechnology and its Applications in Medicine. Med. Chem. 5: 081-089.

Gomathi, T., Rajeshwari, K., Kanchana, et al. 2019. Impact of nanoparticle shape, size, and properties of
the sustainable nanocomposites. In: Inamuddin, Thomas, S., Kumar Mishra, R., Asiri, A. (eds) Sustainable
polymer composites and nanocomposites. Springer, Cham.

Zhang XF, Shen W, Gurunathan S. 2016. Silver nanoparticle-mediated cellular responses in various cell
lines: An in vitro model. Int J Mol Sci.; 17(10):1603.

Sanju Singh, Jaya V. Gade, Dakeshwar Kumar et al 2024. Exploring ZnO nanoparticles: UV-visible
analysis and different size estimation method Optical Materials152, 115422.

Khan, I Saeed K. Khan I. 2019. Nanoparticles: Properties and toxicities ArabJ of Chem 12(7):908-931.
Pandit C, Roy A. et al. 2022. Biological agents for synthesis of nanoparticles and their applications. | of
King Saud Univ. Sci. 34, 3, 1018609.

Yang, E. C.., Divine, R., Miranda, M.C. et al. et al. 2024. Computational design of non-porous pH-
responsive antibody nanoparticles. Nat. Struct. Mol. Biol. https://doi.org/10.1038/s41594-024-01288-5.
Abid A., Khan A M. et al., 2022. Synthesis of nanomaterials using various top-down and bottom-up
approaches, influencing factors, advantages, and disadvantages Adv in Col.and Inter. Sci 300(15): 102597.

4 N\ Chemistry Research Journal

o

Z)

2

—

235



Gad AS

Chemistry Research Journal, 2024, 9(3):229-236

[62].
[63].
[64].
[65].
[66].
[67].

[68].

[69].

[70].
[71].

[72].
[73].

[74].

[75].

D)

Mandal S, Pu S, He L, et al., 2020. Biochar induced modification of graphene oxide & nZVI and its impact
on immobilization of toxic copper in soil. Env. Pol. 259, 11385.

Mohammadzadeha. V., Barani M. Amiri MS et al., 2022 - Applications of plant-based nanoparticles in
Nano medicine: Sust. Chem. and Pharm. 25, 100606.

Llop, J. Lammers T (2021). Nanoparticles for cancer diagnosis, radionuclide therapy and theranostics, ACS
Nano, 15 (11), 16974-16981.

Sajid M, Plotka-Wasylka J, 2022. Green analytical chemistry metrics: Talanta

238, 2, 123046.

Mikheenko p. 2020, Nano superconductivity and quantum processing of information in living organisms.
IEEE Inter.Conf. on “Nanomat: Appl. & Prop.” (NAP-2020).

Juarez-Maldonado A., Ortega-Ortiz, H. et al.2018 -. Nanoparticles and Nanomaterials as Plant
Biostimulantsint J Mol Sci 4, 20(1)-162.

El-Bendary MA, Afifi SS, Moharam ME, et al. (2021) Biosynthesis of silver nanoparticles using isolated
Bacillus subtilis: characterization, antimicrobial activity, cytotoxicity, and their performance as
antimicrobial agent for textile materials. Prep Biochem Biotechnol 51(1):54-68.

Rizwan Arif, Rahis Uddin 2021. Developments in the biosynthesis of silver nanoparticles and its
biomedical applications, Med. Dev. Sens..; 4: e10158.

Samanta HS, Das R, Bhattachajee C.2016.Influence of nanoparticles for wastewater treatment. Envir Scie,
Mat Sci, Chem, Corpus ID: 251284765.

Niu B, Zhang G. 2023. Effects of Different Nanoparticles on Microbes. Microorg.; 11(3):542

Gao, H and Jiang, X. M. 2017. Perspective on Strategies to reduce the neurotoxicity of Nanomaterials and
Nano medicine. Corpus ID: 138467117.

Saxena G, Kishor K et al. 2020. Chapter 17 - Environmental contamination, toxicity profile and
bioremediation. Technol. for treat and detox. of textile eff., 415-434.

Zanganeh S, Spitler R, et al. 2016. Protein corona: Opportunities and challenges. Int. J Biochem Cell Biol.;
75:143-7.

4\ Chemistry Research Journal

o

?/A

X

236



