Iraqi Journal of Nanotechnology, synthesis and application 2 (2021) 44-53

IraqitJournalfofiNanotechnology;
synthesisfandlapplication

Journal Homepage : https://publications.srp-center.ig/index.php/ijn

Al-Sibd Center

for Research and Scholarly Publishing

Role of Nanoparticles Synthesized from Bacteria as Antimicroorganism: A Review

Shaimaa Jassim Alsultany”, Ameen Alwan Mohaimeed?

1-College of Science, University of Babylon, Babylon, Iraq
2-Directorate of Education Babylon, Ministry of Education, Iraq

*Corresponding author: shamajasm99@gmail.com

Keywords: Abstract
Nanoparticles Synthesis;
Bacteria; Nanoparticles are one of the most important technologies of today and the

Antimicroorganism. future. This groundbreaking technology is considered a very significant

domain among all the fields of science due to its tangible capacity in
improving products, treating diseases, serving mankind in all spheres of life,
and realizing future scientific revolutions in the fields of physics, chemistry,
biology, engineering, and other sciences. Therefore, it is truly necessary to
take advantage of the distinct properties of nanomaterials. Hence, synthesized
nanoparticles have been shown to be enjoying anti-proliferating antioxidant,
anti-migration, antioagulant and anti-cancer antipathogenic characteristics in
the laboratory. Accordingly, this study came to prominence in this field. The
biochemical equipment used in nanoparticle bacterial biosynthesis was
subsequently proven. Many of these biochemical types of equipment have
been used as part of a cellular detoxification resistance mechanism that
involves altering inorganic ions solubility by reducing and/or precipitating
soluble toxic to insoluble non-toxic nanostructures. Microorganisms, such as
bacteria, are used as an environmentally responsible strategy, and an
alternative in the method of chemical agents when nanoparticles are
synthesized. Extracellular as well as intracellular biocatalytic (including
possible excretion) synthesis involves mainly oxidreductase enzymes like
NADH dependent reductase nitrate NADPH, NADPH sulphite reductase alfa
(NADPH dependent on sulfite reductase) and cells.
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Introduction

The prefix (nano) was derivative of the Greek term 'Nanos," which significance (dwarf). 1 nm is 1 milliard from a M or 6
carbon atoms, and ten water molecules in weight. Hominid curls are around eighty thousand nanometers extensive plus
RBC i.e., about 7,000 nanometers in width, and with particles of less than 1 nanometer; however, a lot of particles are
composed of few proteins that begin from one nm to more [1]. The physical properties that belong to metal particles in the
nanometer size range were altered as of ions and neutral majority substance. It has been shown that notable things like
bigger catalytic action are owing to highly active morphologies. In restoring toxic metals by reducing metal ions,
microorganisms such as bacteria and fungus are now important [2]. Bifidobacterium bifidum is isolated as a marketable
TiO2 tablet and is capable of using various methods to analyze anti-microbial action counter to stool-isolated bacteria of
patients with acute diarrhea [3].

In the last few years, interest in the production metallic in nature materials has increased. Nanoparticles are used in a variety
of fields, such as medical, biological, agricultural, environmental and industrial fields. The importance of nanomaterials
has primarily arisen because their high surface ratio is related to their size i.e., smallness; this feature increases its contact
surface with other bodies [4]. Different techniques have been used to determine the inhibiting zone of microorganism after
being treated with nanoparticles. The techniques depend on determining the inhibiting region according to disc diffusion
test and minimum inhibitory concentration MIC and through using macrodiluting as well as microdiluting test, in addition
to minimum bactericidal concentration MBC. Finally, the period of killing and inhibiting zone is important in diffusion
tests which are generally favored. There are also some differences among M | C and M B C which are informal despite the

difficulties that combine the application which is related to the volume of bacteria dose [5].

Nanoparticles Production Approaches

1 - Extra cell and experiment bacteria were cultivated in a proper medium then protected at 150 rpm in an orbital
shaker at 37°C.

Bouquet was centrifuged following incubation; the supernatant was employed for nanoparticles production then it was
added to individual response containers which contain the ion. Besides, nanoparticles were incubated at appropriate
concentrations in seventy-two hours. Dye changes in the response mix suggest the occurrence of nanoelements and bio
reduction by using a UV visible spectrophotometer. The dye alterations at response mix suggest the occurrence of
nanoparticles and bio reduction by means of a UV visible spectrophotometer which is monitored in the solution by
collecting evaluating the absorbance spectra in an aqueous solution Silver's morphology and consistency of 3 distinct
bacterial groups biological synthesis a collection of nanoparticles 68 nanoparticles are studied by X-ray (XRD) and
scanning electron microscope (SEM) (SEM) diffracting, and by Fourier infrared spectroscopy, The interaction of protein
and AgNP is investigated. (FTIR) [6].

2 — The Intra cell Method.

The crop was growing in an appropriate fluid medium that is incubated at optimal heat with a shaker. Once the flask is
incubated, the biomass remains static so that the surfactant is discharged and then sterilized. Besides, disinfected water was
supplemented to wash the cells. Containers are maintained for thirty minutes to fix the biomass after being discarded from

the surfactant. This procedure must be recurrent three times. After that, the biomass is processed. centrifuged for 10 minutes
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by using sterile distilled water. The biomass is then centrifuged from sterilized distilled water for ten minutes. The misty
biomass was visible to fifty ml of aqueous filtered metal solution at different dilutions and incubated at the correct
temperature until changes in visual color appear. Color changes from pale yellow to brownish show that silver nanoparticles
have been produced, with the color shift from pale yellow toward pink, as well as the production of golden nanoparticles,
yellow shows the production of manganese and zinc nanoparticles [7]. Extra-cell nanoparticles contain catching and
reducing the metal ions in cells on the surface, with the existence of enzymes, whereas ions are transmitted into the
microbes’ cells during the existence of enzymes into nanoparticles [8]. The biotic nanoparticle synthesis was employed in
the treatment of cancer, DNA test, antimicrobial causes, biosensors, and imagery with magnet resonance. [9]

Bacteria that synthesize silver, the first proof of silver nanoparticles synthesizing bacteria, is identified by means of the
Pseudomonas stutzeri AG259 strain was isolated from the silver mine. Round about microbes are able to live and develop
under metal ion concentrations under such conditions, and their resistance to this metal is what makes it possible. Resistance
tools contain efflux systems, alterations in solubility and toxicity by reduction or oxidation, biomass absorption,
bioaccumulation, the development, or precipitation of extracellular complexes of metals and the absence of exact systems
for metal passage [10]. The production of Ag nanoparticles (AgNPs) is achieved by using Streptococcus pyogenes [11].
There is also another aspect to which their experience with higher concentrations of metal ions may induce toxicity even if
these organisms may grow at lower levels. The most commonly accepted 26 mechanisms of silver biosynthesis are the
presence of the enzyme nitrate reductase. The nitrate is converted into nitrite by the enzyme. In in vitro synthesis of silver
by bacteria, a Nicotinamide adenine dinucleotide phosphate-dependent nitrate reductase would delete the downstream
processing phase needed in other cases by alpha-nicotinamide adenine dinucleotide phosphate reduced form. Nitrate is
transformed into nitrite during reduction and the electron transfers to a silver ion, thus the silver ion (Ag+ to AgO0) is reduced
to silver. This was reported in Bacillus licheniformis known for secreting nicotinamide adenine dinucleotide phosphate and
NADPH-dependent enzymes such as nitrate reductase which changes Ag+ into Ag0 [12]. The appliance is additional
definite with the use of Fusarium Oxysporum. Silver Nitrate purified nitrate reductase along with NADPH in test tubes and
color, in the reaction mixture, is altered into brown. Further analysis has confirmed that silver nanoparticles are available
[13]. Cases have also shown that silver nanoparticles without the presence of enzymes are different to biosynthesize. It has
been found that the interaction of 27 of the silver ions with groups on the microbial cell wall has dried Lactobacillus sp.
A09 cells can reduce silver ions [14].

The management of infective illnesses had developed an important test for the health program as several micro-organisms
which are resistant to unoriginal antibiotics have increased. Progress in nanotechnology has had a strong impact on human
health on metallic NPs, with broad antimicrobial functionality. The physicochemical properties and biological activities of
nanoparticles (NPs) range in dimensions between 10 and 1000nm. Nanoparticles synthesized in microbial metals and metal
oxides usage many appliances to destroy and/or prevent the growing microorganisms that cause disease, as a result,
antimicrobials appear to be a viable option to develop the cure [15]. These NPs are stable in long-term storage and can
tolerate severe processing requirements that contain high temperatures and pH without being inactive [16].

Nanoparticles form and mass affect the antibacterial action of nanoparticles. Units of 1 to 10 nm in size have shown a
greater activity than their bigger counterparts in bactericide. Thus, in the biomedical field, small dimensions are widely
used with improved biocompatibility [17]. In addition, NP works on a variety of microbial goals to apply its antibacterial

methods. The cellular membrane should be directly interrupted or the cellular components might be indirectly damaged by
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free radicals, and this may harm the DNA, protein and other cell components and inhibit them from synthesizing. A cost-
effective and non-toxic nanoantimicrobial agent is good causes for using this method. In Iraq, biosynthesized ZnO NPs
with antibiotic activity have been shown to have antibacterial and antibiofilm activities combined and covered with medical
materials against multi-drug resistive bacteria. In biomedical, pharmaceutical, and other applications, these nanoparticles
may also be used as efficacy [18]. Biosynthesis of Streptococcus pyogenic silver nanoparticles is done at various
concentrations (20, 40, 6080 and100), pg/ml by agar well-diffused assay, and antifungal activity Candida species with
environmental Pseudomonas sp. and Enterobacter extracts, respectively [19].

The antibacterial effect of ZnO NPs generated by a simple and low-cost approach (sol-gel method) against several bacteria

groups Staphylococcus and E. coli was strong. ZnO-NPs. Agar diffusion tests were used to confirm antibacterial activity.

Application of Nanopatrticles

Because of its high antibacterial action, nanosilver (NS), which is made up of silver nanoparticles, is drawing interest for a
variety of medicinal applications. Recently, it was discovered that NS contains anti-inflammatory properties and enhances
wound healing, which could be used to develop better wound and burn dressings. The multiple methods through which NS
operates on germs is the key to its broad-acting and powerful antibacterial activity. To lower nosocomial infection rates,
this is used in antibacterial coatings on medical devices. Many new synthesis strategies for NS manufacture for medicinal
purposes have emerged and are being studied. The toxicity of NS is also critically discussed in order to reflect on potential

difficulties before its broad use in medicine [20].

1- Drug Distribution

A fundamental difficulty by means creation as well as the design of new medication delivery systems are delivering
medications correctly also care for their intended destination areas at the exact proper moment to provide a
regulated statement with extreme therapeutic efficacy. To reach target cells, targeted nanocarriers must pass
through blood-tissue barriers. They need to pass in goal cells through a particular Passage via endocytosis and
transcytosis processes across cellular barriers in order to engage cytoplasmic targets. [21].

The blood-brain barrier and the skin's tight epithelial contacts can be circumvented with nanoparticle medication
carriers. which ordinarily prevent medications from reaching their intended target. Second, nanocarriers have
superior pharmacokinetics and biodistribution of therapeutic drugs because of their large surface area to volume
ratio, and hence limit toxicity through preferring an increase in goal spot. [22]. They make hydrophobic substances
more soluble and hence appropriate for parenteral delivery. Furthermore, they improve the stability of peptides
and oligonucleotides, among other medicinal agents. [23].

Biocompatible Fe304 magnetite and Fe203 are two magnetic nanoparticles (maghemite). Directed tumor
treatment (magnetic hyperthermia), stem cell sorting and modification channeled medicine administration, gene
therapy also DNA analysis, and MRI have all been examined. [24]. the toxicity of magnetosomes from
Magnetospirillum gryphiswaldense on mice fibroblasts in vitro and originate that the purified and sterilized
magnetosomes were not hazardous. [25]. A recent study investigated the effect of natural bacterial magnetic
particles on the immunological response of mice lately. Ovalbumin was employed as an antigen in their

experiment, which was blended with full Freund's adjuvant, BacMps, and phosphate buffer solution to immunize
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BALB/C mice. Antiovalbumin (IgG) titers and subtypes (IgG1, 1gG2), T lymphocyte proliferation ability, and
expression of IL-2, 1L4, IL-10, and IFN-gamma were all measured after 14 days. The findings exposed that natural
BMPs have no effect on the immune response of mice and that magnetosomes have the potential to be exploited
as new medication or gene carriers in cancer therapy. [26]. Other researchers examine the anti-neoplastic effects
of DBMs on hepatic cancer in vitro and in vivo by loading with bacterial magnetosomes (DBMs) on H22 cells:
the magnetic bio-nanoparticles as drug carriers. In H22 cell-bearing animals, DBMs, DOX, and BMs showed
tumor suppression rates of 86.8%, 78.6%, and 4.3 percent, respectively. Following the administration of DBMs,
DOX, and BMs, the mortality rates were 20%, 80%, and 0%, respectively. Both DBMs and DOX efficiently
suppressed tumor growth, according to the pathological evaluation of hearts and tumors, however, DBMs had far
less cardiac damage than DOX. The DBMs were cytotoxic to H22 cells, causing cell growth and c-myc expression
to be inhibited, similar to DOX. DOX, DBMs, and BMs had IC (50) values of 5.309 +/- 0.010, 4.652 +/- 0.256,
and 22.106 +/- 3.330 microg/ml, respectively, in target cells. DBMs, like DOX, have anti-cancer properties in
vitro and in vivo [27].
Magnetotactic bacteria (MTB) MC-1 with magnetosomes was recycled to deliver the drug. Other scientists
employed magnetotaxis to adjust the orientation of each MTB implanted through a mixture of nanoparticles
magnetite and the flagella to steer through small-diameter blood vessels. [28] Golden complexes had extensively
been utilized by way of therapeutic mediators during human olden times thru the primary evidence reaching belong
to Egypt 5000 ages before. AuNPs offer a unique size and shape-dependent optical and electrical properties, in
addition to a high surface-to-volume ratio. The surfaces of AuNPs can also be easily changed using ligands
containing functional groups that have an affinity for gold surfaces, such as thiols, phosphines, and amines [29].
Golden nanoparticles had appeared such as a viable drug and gene delivery scaffold that can be used in conjunction
with more standard delivery vehicles.

2- Antimicrobial Activity
Silver nanoparticles are widely employed as a novel medicinal agent, with antibacterial, antifungal, antiviral, and
anti-inflammatory properties. Silver nanoparticles produced by Bacillus licheniformis have anti-angiogenic
properties, according to Kalishwaralal et al. [30]. Bovine retinal endothelial cells (BRECSs) were cured with various
drugs in the occurrence and lack of vascular endothelial growth factor (VEGF). Varying concentrations of silver
nanoparticles at twenty-four hours, with 500 nM (IC50) silver nanoparticle solution blocking BREC proliferation
and migration. A perfect increase in caspase-3 activity and the creation of DNA ladders were seen in the cells,
indicating that apoptosis had been induced. Silver nanoparticles reduce cell survival in BRECs via a PI3K/Akt-
dependent mechanism, according to the findings. [30].
The vast majority of NPs are capable of overcoming by minimum one of the most typical forms of resistance
outlined in the section (Antibacterial action of NPs) plus the bacterial membranes are disrupted, and this causes a
stumbling block of biofilm construction [31]. The bactericidal method of nanoparticles was dependent on their
particular physical and chemical features, which causes these effects. NPs, unlike typical antibiotics, have
characteristic diameters of less than 100 nanometers. Because of their unusually small size, they have innovative
qualities such as increased cell contact owing to a higher surface area-to-mass ratio, as well as a varied and

manageable submission [32].
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The ways that nanoparticles disorder bacterial membranes are covered in the Antibacterial method of nanoparticles

section; alternatively, this section discusses NP interactions with the cell wall and its membrane and bacterial

protein synthesis. The bacterial cell membrane is difficult to change with a few genetic mutations due to its

extremely preserved environment, limiting the chance of bacterial treatment resistance. [33].

The following are the primary advantages of NPs as a carrier for antibiotic delivery when compared to traditional

delivery systems:

=  Size: Nanoparticles (NPs) have an ultra-small and controlled size that makes them ideal for antibacterial
operations and fighting intracellular bacteria. Because antibiotics have limited membrane transfer,
treating infections produced by intracellular bacteria and drug-resistant strains is more difficult with
antibiotics. Intracellular microorganisms are thus unaffected by drugs of typical size. To circumvent this
issue, an altered usage technique consuming drug-loaded NPs as intermediaries has been proposed. Most
forms of NPs are so tiny that they are easily phagocytosed by phagocytes in the host. Furthermore, Most
forms of NPs have structures that are appropriate for loud drugs (for example, liposomal NPs, which have
one or more lipid bilayers neighboring sphere-shaped NPs), [34].and the elasticity of nanoparticles to
arrive at host cells by endocytosis allows furthermost of the drug to stay free intracellularly.
=  Protection: nanoparticles transporters dismiss aid to raise antibiotic serum levels and shield antibiotics

from target bacterium resistance. As the usage of nanoparticles in medicine grows, so does the number
of studies looking into their possible antibacterial actions [33]. Metal NPs, for example, can alter
bacteria's metabolic activities. This capability is a large positive in relation to eradicating microbes and
curative infections. The capacity of NPs to infiltrate biofilms also provides a realistic way for inhibiting

biofilm formation based on gene expression that has been blocked by Ag. [35].

NPs must come into interaction with bacteria parts appropriate to have an antibacterial effect. Contact is defined
as electrostatic attraction, van der Waals forces, receptor-ligand interactions, and hydrophobic interactions. The
NPs after that pass through the bacterial membrane and aggregate along the metabolic pathway, changing the shape
and function of the cell membrane. Following that, NPs interact with DNA, lysosomes, ribosomes, and enzymes
in the bacterial cell, resulting in oxidative stress, heterogeneous alterations, and changes in cell membrane
permeability, and electrolyte balance in the bacterial cell. Aside from disrupting bacterial membranes, preventing
the formation of biofilms is a crucial method, as biofilms play a key role in the development of bacterial resistance.
Bacterial biofilms have a particular composition and structure that provides shelter or protection to the germs
buried inside them, allowing them to evade most antibiotics. Furthermore, bacterial biofilms serve as a "breeding
habitat" for frequent resistance mutations, as well as the exchange and modification of these mutations among
bacteria. [35].

One of the most popular antibacterial active materials is metal oxide nanoparticles. ZnO is a novel antibacterial
active material with a unique electrical arrangement and appropriate characteristics. Researchers are currently
working hard to increase ZnQO's antibacterial properties by building a composite using very similar or altered
bandgap semiconductor materials and ion fixing. Capping agents including polymers and plant extracts that
influence the morphology and size of nanomaterials, as well as adjusting diverse circumstances, improve
antibacterial effectiveness. Doping and forming a nanocomposite minimizes electron/hole recombination,

49

©SRP 2021, DOI: https://doi.org/10.47758/ijn.vi2.41



https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi2.41

Sh. Jassim et al Iraqi Journal of Nanotechnology, synthesis and application 2 (2021) 44-53

enhances the surface area to volume ratio, and improves dissolving and corrosion stability. The antibacterial
activity mechanism is dependent on the release of antimicrobial ions, electrostatic contact, and the production of
reactive oxygen species (ROS). This paper also includes a detailed discussion of how to improve ZnO's
antibacterial activity by building a composite, doping, and optimizing several parameters. [36]. Silver and silver
salts have been used since the dawn of civilization, but silver nanoparticles (Ag NPs) have just lately been
discovered. They've been employed as antibacterial, antifungal, and antioxidants in agriculture and medicine.
Many bacteria, Bacillus cereus, Staphylococcus aureus, Citrobacter koseri, Salmonella typhi, Pseudomonas
aeruginosa, Escherichia coli, Klebsiella pneumonia, Vibrio parahaemolyticus, and Candida albicans are just a few
of the bacteria that can cause food poisoning. Have been shown to be inhibited in their growth and multiplication
by binding Ag/Ag+ to bio Ag NPs are thought to produce reactive oxygen species and free radicals, which cause
apoptosis, cell death, and hinder cell reproduction. Because Ag NPs are smaller than microorganisms, they diffuse
inside cells and breach the cell wall, as evidenced by SEM and TEM photos of a nanoparticle suspension containing
pathogens. It has also been demonstrated that [37].

3- Biosensor
Nanoparticles can be used in biosensor applications because of their appealing optical and electrical properties.
Zheng et al. discovered that yeast cells were employed to create Au-Ag alloy nanoparticles, which were then used
to fabricate a sensitive electrically chemical vanillin sensor. [38]. Furthermore, electrochemical investigations
exposed that a vanillin sensor based on Au-Ag alloy nanoparticles-modified glassy carbon electrode may boost
the electrochemical reaction of vanillin five times. Under optimal operating conditions, the oxidation climax flow
of vanillin at the sensor increased linearly with its condensation in the size between (0.2-50 M) with a tiny finding
limit of 40 nM. This vanillin sensor was used to determine the amount of vanillin in a vanilla bean and a sample
of vanilla tea. It's possible that it could be useful in vanillin-controlling systems. AuNP-based glucose oxidase
(GOx) biosensors were developed in a separate study based on observations revealing the enhancement of GOx
enzyme activity by Au-NPs. [39]. The glucose biosensor has a linear response range of 20 mM to 0.80 mM glucose
and a detection limit of 17 mM (S/N = 3). This type of biosensor was used to conclude the glucose content of

business glucose injections.

Conclusion

In many environments, bacterial genus exhibited synthesized AgNPs antimicrobial action counter to certain pathogens.
Eco-friendly bacteria can also be on a low-cost nanoparticle basis. Biosynthesized nanoparticles could be used in many
useful applications and many bacteria and fungi could produce nanoparticles and the studies must be continued in this
scientific field.
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