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ABSTRACT

Here, we present a review of the antibacterial effects of metal nanomaterial. Proposed
antibacterial mechanisms and possible toxicity to bacterial cells. Nanoparticles (NPs) are
increasingly used to target bacteria as an alternative to antibiotics. Nanotechnology may be
particularly advantageous in treating bacterial infections. Currently accepted mechanisms
include oxidative stress induction, metal ion release, and non-oxidative mechanisms. There is
some evidence that nanoparticles can directly damage bacteria cell membranes, leakage of
cellular content and disruption DNA replication. In this review, we discuss the antibacterial
mechanisms of NPs against bacteria and the factors that are involved. We mainly emphasize on
zinc, gold and cobalt material their synthesis and mechanism of bactericide.
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INTRODUCTION
Bacterial infections are a major cause of
chronic infections and mortality. Antibiotics
have been the preferred treatment method for
bacterial infections because of their cost-
effectiveness and powerful outcomes®?.
However, several studies have provided direct
evidence that the widespread use of antibiotics
has led to the emergence of multidrug-resistant
bacterial strains®. In fact, super-bacteria have
the super resistance gene called NDM-1°.
These bacteria are resistant to nearly all
antibiotics have recently developed due to
abuse of antibiotics®. The major groups of
antibiotics that are currently in use have three

bacterial targets: the cell wall synthesis,
translational machinery, and DNA replication
machinery’. Unfortunately, bacterial resistance
can develop against each of these modes of
action®. Most of the antibiotic resistance
mechanisms are irrelevant for nanoparticles
(NPs)®.The mode of action of NPs is direct
contact with the bacterial cell wall, without the
need to penetrate the cell. For this hope that
NPs would be less prone to promoting
resistance in bacteria than antibiotics™. Now a
day’s attention has been focused on new and
exciting NP-based materials with antibacterial
activity.
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Antibacterial agents are very important in the
textile industry, water disinfection, medicine,
and food packaging'’. Organic compounds
used for disinfection have some disadvantages,
including toxicity to the human body,
therefore, to overcome the toxicity the interest
in inorganic disinfectants such as metal oxide
nanoparticles (NPs) is increasing. This
review focuses on the properties and
mechanism of tuned nanostructured materials
to the bacterial cells and their surface
modifications, with good antimicrobial
activity. Such improved antibacterial agents
locally destroy bacteria, without being toxic to
the surrounding tissue. We also provide an
overview of opportunities and risks of using
NPs as antibacterial agents. In particular, we
discuss the role of different NP materials. As
the field of Nano medicine emerges; there is a
deficiency of research surrounding the topic of
nanoparticle  (NP) toxicity, particularly
concerned with mechanisms of action. NPs
have increasingly been used in industry over
the past few decades with usages varying from
food additives™ to drug administration **°.
The continuous emergence of bacterial
resistance has challenged the research
community to develop novel antibiotic
agents'®. Among the most promising of these
novel antibiotic agents are metal NPs, which
have shown strong antibacterial activity in an
overwhelming number of studies. Generally,
antibiotic-resistant bacteria appear in a
relatively short period of time even when new
antibiotics are released into the market.
However, it is hypothesized that NPs with
antibacterial activities have the potential to
reduce or eliminate the evolution of more
resistant bacteria because NPs target multiple
biomolecules at once avoiding, the
development of resistant strains. In this review
we discuss mechanisms of antibacterial action
of different NPs. In addition, we discuss their
involvement in the production of reactive
oxygen  species (ROS), biomolecule
interaction and regulation, and membrane
interaction. Several types of metal and metal
oxide NPs such as CuO, CaO, Ag and Ag20,
Au, Zn0O, and MgO have been investigated for
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their antibacterial effects.in this review we
discuss on ZnO, Au and CO nanoparticles.
ZnO Nanomaterials:

Application of Zinc oxide nanoparticles in
food system may effecting at inhibiting certain
food borne pathogens'’. ZnO NPs possess
strong antibacterial activity against Listeria
monocytogenes, Salmonella enteritidis and
Escherichia coli(0157:H7)[18-19].ZnO NPs
are toxic on mesophilic and halophilic bacteria
like Enterobacter sp.,Marinobacter sp.,and
Bacillus subtilis,.the nontoxicity is more
pronounced on Gram negative bacteria®.
Nanotoxicity towards Gram positive cells due
to the thicker peptidoglycan layer toxicity is
less from gram negative bacterial species®.
Antibacterial  activity of zinc  based
nanoparticles is enhanced by their
morphological characteristics ~ synthesis
process size of nanoparticles in table-1(a),from
different literature survey. Binding of
nanoparticles to the bacterial cells mostly due
to the positive surface charge of metal that
binds to the negatively charged surface of
tested bacteria’’. Regardless of the used
synthesis method, zinc oxide or cobalt doped
ZnO nanostructures with low toxicity have
shown an important antibacterial effect and
can be used as a suitable alternative in
pharmaceutical  industries”®.  Researchers
studied the contribution of the soluble zinc
species regarding antimicrobial activity of
ZnO on microbial cultures in broth medium?,
The mechanism of tuning of ZnO with the
bacterial cells still now not clear but main
cause might be:1.Zn2+ released in the broth
significantly contributed to the overall
antibacterial  effect of  zinc  oxide
nanoparticle?®. 2.Direct contact of ZnO with
the bacterial cells walls®. The tuned
nanoparticles causes destructing bacterial cell
integrity®, 2.liberation of antimicrobial ions
mainly Zn2+ions?’ and ROS formation®,
Soluble zinc species and ZnO powders
possessing larger specific area showed
specificity with respect to the microbial
strains®. In figure 1(b),there are certain
mechanism of ZnO towards the gram positive
and gram negative bacterial species. However,
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the toxicity mechanism varies in various media
as the species of dissolved Zn may change
according to the medium components besides
the physicochemical properties of ZnO-NPs.
Gold nanoparticle:

Gold nanoparticles present a higher stability
when in contact with biological fluids®.
AUNPs has antibacterial activity against both
Gram positive and Gram negative bacteria. It
shows antibacterial effect against Escherichia
coli, Staphylococcus aureus, Bacillus subtilis
and  Klebsiella ~ pneumonia®.  Gold
nanoparticles generating holes in bacterial cell
walls thereby increasing permeability of cell
wall ,resulting in the leakage of cell contents
and also cell death®. Although the thickness of
the bacterial wall, gold nanoparticles induce
intracellular antibacterial activity against
C.pseudotubercu-losis®. The size of AuNPs
governs the properties of the nanoparticles and
the applications for which they are used. Small
size. AuNPs (2 nm-15 nm) are used in
applications such as immunohistochemistry,
microscopy (light and high magnification
TEM) and biomarkers. Medium size AuNPs
(20 nm-60 nm) are used in environmental
detection and purification, drug delivery,
biomarkers, chemical sensors, DNA detection.
Large size AuNPs (80 nm-250 nm) are used in
forensic science, electronic device,
manufacture, optical mammography etc. There
are many synthesis process: Biosynthesis
Polysaccharide, Chemical reduction, Green
biosynthesis(plant Extract) describes in table
2(a). Chemically synthesized and stabilized
gold nanocolloids are effective against most
potent bacterial strain®*. The antibacterial
activity of the gold nanoparticles might be
because of generation of Reactive Oxygen
Species (ROS) which causes increase of the
oxidative stress of microbial cells in form of
vacuole formation as an indication of potent
activity™®. Au-NPs polarizes with opposite
charges at the core and the surface which
creates a dipole oscillation among several
other modes of Plasmon resonances at other
wavelengths and (2) excitation of Au-NPs at
particular wavelengths leads to surface charge
exchange with the fluorophore (FL). The
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mechanism behind the enhancement is due to
the opposite charge dipole  moment
oscillation®. Au-NPs have the positive charge,
and the E. coli cells have the negative charge
on its outer membrane. Mechanism against
bacteria Gold nanoparticles are reported to
have weak antibacterial activity of varying
degrees compared to the other metal
nanoparticles mentioned®’. AuNPs treated S.
aureus had enhanced bactericidal effect when
exposed to laser energy.

Cobalt Antibacterial properties:

More recently, the oxide nanoparticle cobalt
(1) based ligand complexes have been found
to possess both antiviral and antibacterial
activities®™. A large number of reports on the
antibacterial properties of cobalt complexes
have appeared in the literature, with Co (1)
complexes being the most studied, presumably
due to their aqueous stability, availability, and
case of synthesis. As the small and ultra-small
fractions of CoFe204 NPs possess especially
strong antimicrobial activity against all tested
microorganisms®. There are several methods
of fabrication of small size nanoparticles®.
Cobalt ferrite nanoparticles (Nps) fabricated
by co-precipitation approach in several
average sizes, in particular, 15.0, 5.0, and 1.65
nm*. Green synthesis process employed to
prepare cobalt /cellulose Nano composites
with  cubic  structure  cobalt.  This
nanocomposite cobalt shows antibacterial
property towards gram positive and gram
negative bacterial cells®. In table 3(a), there
are some methods of synthesis and the
antibacterial effect to some bacterial cells.
Antibacterial activity was measured using
simple zone inhibition techniques and activity
was found to be less than the control
antibiotics tetracycline and kanamycin (using
ug of antibiotic per unit volume). However the
same complex showed no activity towards
Staphylococcus aureus or the Gram-negative
bacteria Escherichia coli and Enterobacter
fecalis. It has been reported that the
antibacterial activity of a complex is
influenced by its stability. The lower stability
of the amino acid complex, the greater is the
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antibacterial activity. This is probably because
they have more free ions in the solution, which
can enhance the cooperative interaction
between the metal ions and the ligands. This
can explain the different antibacterial activity
of the copper and cobalt complexes depending
on the amino acid type. Another possibility is
linked to the fact that the activity in the
chelated complex, the positive charge of the
metal is partially shared with the donor atoms
present in the ligands and there is m-electron
delocalization over the whole chelate ring.
This in turn increases the lipophilic character
of the metal chelate and favors its permeation
through the lipoid layers of the bacterial
membranes. Apart from this, other factors such
as solubility, conductivity and dipole moment
may also be the possible reasons for increasing
this activity in the case of Bacillus cereus that
free salts.

Zn** -
Zn>* Zn7”

)
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Int. J. Pure App. Biosci. 6 (6): 789-797 (2018)

ISSN: 2320 — 7051
CONCLUSION

NPs are a viable alternative to antibiotics and
appear to have high potential to solve the
problem of the emergence of super bacterial
strain. The current in-depth review of the
antibacterial mechanisms may contribute to
the development of efficient antibacterial NPs
and to the prevention of NP cytotoxicity. The
mechanism of antibacterial activity was found
to be size- and dose-dependent. It was more
influential against Gram-negative bacteria. In
Conclusion, standardized technique in NP
fabrication should be considered for binding to
the bacterial cells, which should include a
cytotoxicity analysis and an inflammatory
response.  Advanced quality  research,
dedicated efforts, successful application, and
commercialization of antimicrobial
nanomaterial will help fulfill the need to
improve the quality of life.
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Figure :1 (a) Mechanism of antimicrobial activity of ZnO nanoparticles

Table 1: Synthesis process and antimicrobial activity of ZnO nanoparticles

method(using plant)

like structure

Type of ZnO, reference | Process of synthesis Morphology Bactericidal activity
Zn0o® sol-gel Thorn like Bacillus subtilis,
Escherichia coli

Zn0o%¥ hydrothermal method nanorods Escherichia coli

Zn0o?% Biological Nano-flowers S. aureus ,
method(plant extract) S.marcescens, P.
Chemical(Zinc nitrate mirabilis, C. freundii
based)

Zno® Biological Agglomeratised flower | S.aureus ATCC

4163,E.coli ATCC
25922,P.aeeruginosa
ATCC 6749

ZnO nanoparticles™

Inframat Advanced
Materials LLC
(Manchester, CT)

Rod shape

Salmonella enterica,
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Figure: 2(a) mechanisms of antimicrobial activity of AU-NP nanoparticles

Table 2. Synthesis process and antimicrobial activity of AU-NP nanoparticles

Type of AuNPs, reference | Process of synthesis Morphology Bactericidal activity

AuNPs® co-precipitation spherical shape C. pseudotuberculosis
protocol

AuNPs*® Green spherical in shape Escherichia coli,
biosynthesis(plant along with a few rod, Klebsiella pneumoniae
Extract) triangular,

truncated triangular
and hexagonal shaped
nanoparticles
AuNPs® Citrate stabilize Spherical Bacillus Calmette-Guerin
(BCG),Escherichia
Coli(E.coli)

ROS

OHPs 0H3

CoO

OH H,0,

Figure: 3(a) Mechanisms of antimicrobial activity of CoO nanoparticles

Table 3. Synthesis process and antimicrobial activity of Co nanoparticles

Type of AuNPs, reference Process of synthesis | Morphology Bactericidal activity

Co304-NPs” microwave cubic phase Escherichia coli
irradiation method

C0304-NPs™ urea-based thermal Escherichia coli ATCC-
decomposition 35218, Escherichia coli
method ATCC-25922, Enterococcus

faecalis ATCC-29212, and
Bacillus subtilis NCTC-
10400 and five Gram-
negative bacteria
Staphylococcus aureus
ATCC-29213, Pseudomonas
aeruginosa ATCC-27853,
Shigella sonnei ATCC-
11060, Salmonella
typhimurium ATCC-13311,
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and Proteus vulgaris ATCC-
6380))

precipitation method

Cobalt nanoparticle® Green synthesis Cubic S.aureus,E.coli,A.baumannii,
P.aeruginosa

Co doped ZnO*® Chemical synthesis wurtzite Escherichia coli, Vibrio
cholerae

Co-doped Sn0O2*" simple and cheap co- | tetragonal shape Escherichia coli, Bacillus

subtilis
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