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Abstract
Nanotechnology could be particularly useful in the treatment of bacterial illnesses. Silver nanoparticles (AgNPs) are
progressively being employed to target bacteria, as a substitute to antibiotics. Escherichia coli (E. coli) is a gram-
negative bacteria present in the environment, foods, and intestines of animals and humans. Some of its strains have the
potential to cause illness in humans, some roots diarrhea, while others cause pneumonia, lungs illness, urinary tract
infections, and a number of other problems. The antibacterial activity of AgNPs against E. coli has been widely
documented in the literature. The biocidal activity of Silver nanoparticles is dependent on their size, stability, and
concentration given to the growth medium, as this allows for a longer period of interaction between bacteria and
nanoparticles. As a result, the particle size has a significant impact on the functional activities of nanoparticles.
Although the mechanism of action of AgNPs on bacterial membranes is yet unknown, morphological and structural
alterations in bacterial cells have been postulated as a probable mechanism of action. As a result, the attachment of
AgNPs to bacterial surfaces is crucial in the dispute over NPs bacterial cytotoxicity. Structural changes in bacterial
cell membrane have been observed by many researchers. Bacterial cells leads up to damage and eventual cell death after
AgNps treatment. Novel biocidal agents have been developed as a result of recent breakthroughs in nanotechnology,
specifically the ability to manufacture highly ordered AgNPs of any size and shape. The aim of this review paper was to
highlight the microbial activity of silver nanoparticles on E. coli.
Keywords: Nanotechnology, Silver nanoparticles (AgNPs), Escherichia coli (E. coli), Antibacterial, Minimum
inhibitory concentration (MIC), Zone of inhibition (ZOI)

INTRODUCTION

NANOTECHNOLOGY AND NANOPARTICLES (NPS)
Richard P. Feynman in 1959 presented Nanotechnology in his illustrious speaking ““There’s Plenty

of Room at the Bottom” (1). This ground has seen a variety of inventive developments (2). Nanotechnology
is the development, composition, and management of NPs (elements) with sizes ranging from 0.1 to 100 nm.
Because of their nanoscale dimensions and great surface to volume relationship, NPs have exclusive
physical and chemical properties (3). The ocular and physicochemical characteristics of these particles can be
changed by simply modifying their size. For example, the luminescence emulsion properties of Cadmium
selenide (CdSe) NPs may be altered by changing their size; a particle with a size of 2 nm emits blue light,
whereas a particle with a size of 6 nm emits red light (4). These materials can be 0D, 1D, 2D, or 3D
depending on the overall shape (5).

CLASSIFICATION OF NPS

NPs can be classified into numerous classes based on their compositions, physical shapes, and

dimensions (5).
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Metal NPs (made of metal precursors such as copper, silver, and gold), polymeric NPs (organic

based), ceramic NPs (inorganic nonmetallic solids), and fullerenes (nanomaterials which are composed of
spherical resonating enclosure for example, allotropes of carbon) are the different types of NPs (6).

APPLICATIONS OF NANOTECHNOLOGY

The inimitable properties of NPs and other nanomaterials have been used by medical and biological
research societies for a variety of applications over the last few decades. For example, NPs are used for

contrasting effects in animal cell imaging and in the medical field for cancer treatment (7).

New promises and opportunities for nanotechnology exploration have emerged as a result of many
unique expressions. Biology and nanotechnology have a natural relationship. Nanotechnology has enabled
the expansion of overprovision of particles with various belongings (electrifying, magnetic, and optical). By
combining NPs or nano elements with different structures and bio molecules, we can add different
capabilities to them. For example, magnetic NPs combined with the antibody Herceptin are used in cancer
treatment. These NPs are employed as a contrast agent for tumour cell imaging (Herceptin directs the
magnetic NP towards the tumour cells, while the magnetic NPs make a gesture to represent detection) (8).
The combination of biology and nanomaterials is guiding advances in the development of a variety of
different agents, diagnostic equipment, diagnostic tools, therapies, and drug delivery vehicles (9). Hirsch et
al., 2003 have pioneered the use of metallic nanostructures in cancer treatment (10). There have been
numerous advancements in the usage of nanomaterials in cosmetics. Cosmetics with nanomaterials have
better stability and sensory qualities (11). Nanotechnology has novel uses in domains such as molecular
biology, genetics, and forensic science. Nanotechnology is employed in the prevention, analysis, and
treatment of several ailments, furthermore, in the treatment of water and drug delivery (12).

Nanotechnology offers a viable alternative for developing new antibacterial materials or bactericides (13).
SILVER NANOPARTICLES (AGNPS)

AgNPs are one of the most widely utilized NPs, they are used as antibacterial agents for medical
applications (14). Nanosilver is a novel class of material having different physiochemical and biological
properties than bulk materials, these properties include improved optical, electromagnetic, catalytic, and
antibacterial activity (15). Cryochemical production, solution radioactivity, electrochemical reduction and
spark discharging have all been used to turn metallic silver into ultrafine particles, resulting in nanosilver.
Nanosilver particles are typically less than 100 nm in size and contain between 20 to 15000 silver atoms.
AgNPs come in a variety of forms, including cubes, spheres and rods. Nanostructures can also be created as

wires, films and tubes (16).
USES OF AGNPS

Because of their exceptional optical, microbiological, electrical, and chemical capabilities, the
application of AgNPs is quickly growing in the twenty-first century. Drug delivery, pathology, bioscience,
pathogen detection, catalysis, tumour detection, diagnostics, wound healing, and antimicrobials are just a
few of the applications for AgNPs (17, 18). Aspect ratio, crystal size, crystalline density, and shape all
influence the characteristics of NPs (19, 20). Because of their greater aspect ratio, uniformly distributed and
narrow sized NPs have better chemical and physical characteristics (21). Regardless of the synthesis
procedure, AgNPs have a very high aspect ratio, which influences surface attributes such as solubility and
stability. AgNPs with a high aspect ratio are required for a variety of applications, including catalysis,
microbial resistance, and so on (22). The use of AgNPs in medicine can be classified into two categories:
diagnostic and therapeutic. Lim et al, discovered that AgNP-based Surface Enhanced Raman Spectroscopy
(SERS) can be utilized to diagnose cancer in a non-invasive manner. In the not-too-distant future, this
method of cancer diagnosis will become an unavoidable aspect of cancer detection. AgNPs are now
commonly used in medical research. Wound dressing, scaffolds, eye treatment, and dental hygiene (23), as

well as bone substitute biomaterials (24).
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Textile companies are now using nanomaterials commercially (25). NPs are either woven into the
material or coated on it. T-shirts, athletic clothing, undergarments, and socks are among those things that
contain AgNPs (26).

Optical purposes are likewise served by AgNPs. Solar cells, medical imaging, optical limiters,
plasmonic devices, and more applications employ it. AgNPs are also used in LCDs, high-intensity LEDs,
and touch screens (27).

AgNDPs are commonly employed in the food business due to their antimicrobial properties and lack
of preservatives. Human cells are unaffected by low concentrations of AgNPs, while the majority of viruses
and bacteria are killed. As a result, it is widely utilized in the purification of food and water in daily life, as
well as an infection resistive in medicine. Food packaging contains NPs. One of the commercially available
bags with AgNDPs is the Sun River industrial Nano silver fresh food bag (27). Because of their antifungicidal
and antibacterial properties, AgNPs are frequently utilized in consumer products such as soaps, food,
plastics, pastes, and textiles (28). The biocidal effect of several nanomaterials such as titanium alginate,
copper, zinc, and AgNPs has been studied, with AgNPs demonstrating the strongest antibacterial activity
against viruses, bacteria, and a variety of other microorganisms (29). AgNPs are employed to kill germs
because of their bactericidal properties. These particles penetrate bacteria's cell membrane and form a tight
bond with the thiol groups of active enzymes, deactivating them (30, 31). Experimental research suggests
that when bacteria are exposed to AgNPs, they lose their ability to replicate. AgNPs cause changes in the
structure of the bacterial cell membrane, resulting in the formation of small electron-dense pieces (32, 33).
According to nanotechnologists, nanosilver products are particularly effective against microorganisms due
to the effects of nanosilver elements such as: Nanosilver kills 99 percent of bacteria and roughly 650 types of
dangerous/harmful germs in 30 minutes, which is 2 to 5 times faster than conventional forms of silver (15).
Because of the large fraction of Ag-atoms present on the surface of AgNPs and the highly precised surface
areas, AgNPs have a strong antibacterial activity, whereas silver in metallic form has a lower antibacterial
activity (29). The antimicrobial potency of AgNPs may be influenced by the characteristics and individuality
of some bacterial classes. Gram-negative and gram-positive bacteria devour various structural and physical
alterations in their cell membranes; the key difference is the viscosity of the murein coating, and this is the
cause for AgNPs limited efficiency against Staphylococcus aureus. However, because of the electrostatic
interaction between NPs (which have a positive charge) and bacteria's cell membrane, the positive (+ive)
charge on silver ion is critical for its antibacterial activity (which has negative (-ive) charge on it) (29). The
biocidal action of AgNPs against bacteria is reliant on their concentration. AgNPs penetrate the bacterial
membrane, causing the membrane to become permeable and the cell to die. Metallic depletion in the outer
membrane causes random creation of shaped pits, and Ag-NPs alter the membrane's permeability (34). As
AgNPs collect in the bacterial cell, a less molecular weight region forms in the middle, and the bacteria
attempts to protect its DNA from the Ag ions. When silver ions are liberated from Ag-NPs, they boost
antibacterial activity. The bactericidal efficiency of NPs is determined on the particle's shape. NPs in a
truncated triangle form inhibit bacteria with a silver content of 1 g, whereas spherical NPs require the
complete silver amount of 12.5 g. When particles are rod-shaped, a silver content of 50 to 100 ug is
necessary. As a result, different types of Ag-NPs have diverse impacts on bacteria (29). The bactericidal
activity of NPs on bacteria may be attributed to the breakdown of the organism's enzymes or plasma
membrane. Cell death is caused by a reduction in metabolic pathways and the outflow of cytoplasm content
into the surrounding environment (16). According to Zhang XF et al. (2016), the reduced size of AgNPs can
root additional pathogenicity to bacteria and have a stronger antimicrobial result than bigger particles since

they have a higher surface area (35).
ESCHERICHIA COLI (E. COLI)

E. coli is a gram negative bacterium which is present in the environment, foods, and the intestines of
both animals and humans. Different strains of E. coli exist. Some of its strains have the potential to make us
sick. Some varieties induce diarrhea, while others can cause pneumonia, respiratory sickness, urinary tract
infections, and a variety of other disorders (16). E. coli is a naturally occurring bacterium found in the birds,
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guts of people, and other animals which are warm blooded, and is commonly used as a marker for faecal
pollution of water. It's a tough microbe that can adapt to environmental challenges genetically and has been
shown to survive and multiply in the wild (36, 37).

Discussions have been upraised in current years about E. coli's classification as a faecal indicator
microbe, based on the foregoing (38). Despite the fact that most E. coli strains are interdependent, harmful E.
coli strains can include a number of virulence factors and cause a variety of diseases (39). Infectious E. coli
can be categorized as extraintestinal pathogenic E. coli (ExXPEC) or intestinal pathogenic E. coli (InNPEC) based
on the presence of certain virulence factors. EXPEC strains are related to infection of the urinary tract,
septicaemia and meningitis in newly born babbies, because they can root problems in the areas which are
outside of the intestine. EXPEC can make colonies in the intestinal tract without causing any problem, just as
commensal E. coli. On the other hand InPEC strains can root diverse kinds of infectious diarrhea and can be
distributed into 6 groups: enterohaemorrhagic (EHEC); enteropathogenic (EPEC); enteroaggregative
(EAEC); enterotoxigenic (ETEC); enteroinvasive (EIEC) and diffusely adherent E. coli (DAEC). Every form of
InPEC possesses its own set of infection processes and symptoms (40).

The number and severity of foodborne ailment epidemics connected to pathogenic E. coli, is on the
rise (41). Consequently, E. coli is recognized as a developing pathogen. Contaminated irrigation water is the
most prevalent way because of which this microbe can be introduced to vegetables. The World Health
Organization (WHO) and the South African Department of Water Affairs (DWA) have fixed a suggested
edge of 1000 faecal coliforms/100 mL for water which is used for irrigation of the fresh crops (vegetables),
recognising the possible threat (42, 43). When E. coli passes in the water system, its spread is influenced by a
number of geohydrological parameters, including the volume of particles present and the rate of flow (44).
Current research has revealed that when E. coli is present in the atmosphere, it is proficient of multiplying in
a variety of situations (45). E. coli appears to be capable to develop in limited places and persist when the
atmosphere is augmented with faecal material (46, 47). Since they turn as numerous reservoirs where
irrigation or rain water can serve to reinstate faecal pollutants into the nearby surrounding, the occurrence
and perseverance of E. coli in the atmosphere increase weighty distresses in pursuing the distribution design
through ailment epidemics. Because of this, E. coli trait is also concerning the feast of antibiotic
confrontation. Antibiotic conflict to minimum one disinfectant was found in 24 percent of the 600 isolates
tested in a research of water sources related with cattle farming, and many were resistant to multiple
antimicrobial agents (48). Because of the extensive incidences of illness eruptions linked to water sources
polluted with harmful forms of E. coli, the occurrence of E. coli in the surrounding offers both instant and
long-term distresses about the organism's persistence as it narrates to the spread of antibiotic confrontation
(49).

EFFECT OF AGNPS ON E. COLI

The biocidal activity of AgNPs against Gram-negative bacteria is reliant on their concentration.
AgNPs penetrate the bacterial membrane, causing the membrane to become permeable and the cell to die.
Metallic depletion in the outer membrane causes random creation of shaped pits, and Ag-NPs alter the
membrane's permeability. When E. coli is exposed to AgNPs, its membrane structure deteriorates (34).

Morones et al. (2005), identified that AgNPs work against Gram-negative bacteria (E. coli) in three
ways: (i) NPs in the size array of 1-10 nm confer to the surface of cell membrane and significantly disrupt its
appropriate function, such as penetrability; (ii) They have the ability to breach inside bacteria and inflict
additional destruction by reacting with sulphur and phosphorus-containing molecules like DNA; (iii) NPs
produce silver ions, that contribute to the bactericidal effect of AgNPs like those described by Feng QL (32,
50).

The use of AgNPs as an antibacterial agent was confirmed against selected Gram-negative bacteria
including E. coli on liquid media and agar plate. The results disclosed that the tested bacteria might utterly
obstruct by AgNPs in a squatter time at low-slung concentration. This could be because of Gram-negative

bacteria's cell wall construction. Gram-negative bacteria have a unique cell wall construction that differs
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from Gram-positive bacteria. Gram-negative bacteria have a cytoplasmic membrane, a thin peptidoglycan
layer, and a lipopolysaccharide-based outer membrane (51).

Many researchers have investigated the antibacterial properties of AgNPs in contradiction of
multidrug resistant bacteria, and it has been confirmed that AgNPs are useful against multidrug resistant
bacteria such as multidrug resistant E. coli (52, 53).

Ansari MA et al. (2013), used SEM to examine the ultra structural changes in the cells of E. coli
(before and after their interaction with AgNPs). Damage to the cell surface was not identified in natural E.
coli, which was normally of rod shape with a plane superficial layer. In the AgNPs-treated group, however,
irregular fragments emerged instead of normal rod-shaped cells. The treated E. coli cell was rigorously
smashed, with multiple depressions and indentation, and the original rod like shape had inflated to a larger
size; considerable damage of membrane reliability was also examined, indicating cell membrane and cell
wall damage (54). When observed by High resolution transmission electron microscopy (HR-TEM),
Untreated E. coli cells looked to have an ordinary internal structure, with a multifaceted cell surface
comprised of an external membrane, a peptidoglycan layer in the periplasmic region, and a cytoplasmic
membrane. Temporarily, the cells of bacteria looked to be severely harmed after being exposed to AgNPs.
The cells had an abnormal shape, cracking and rupturing. Around injured bacterial cells, electron-dense
particles called precipitates were also discovered. The detachment of the cell membrane from the cell wall in
smashed cells was localized or widespread. In the injured cells, cellular deterioration was supplemented by
electron-translucent cytoplasm and cellular disintegration. The NPs anchor the cell in multiple locations and
cause damage to the membrane at various locations, perhaps leading to cell death (54).

In order to assess AgNPs antibacterial action against Gram-negative bacteria, the growth kinetics of
E. coli were examined by Eloise I. Prieto and Analiza A Kiat, (2017). AgNPs had antibacterial action that was
dosage dependent and inhibited the development of cultured cells (55).

Many scientists have studied AgNPs and their antibacterial efficacy against E. coli. The minimum
inhibitory concentration (MIC) was also analyzed. Zone of inhibition can be also measured by inoculating E.
coli on Muller Hinton agar (MHA) and applying AgNPs by disk diffusion/ Kibry—-Bauer method and well
diffusion method. MIC can also be examined by dilution method (Table I and II).

Table I. Effect of AQNPs on E. coli

S.No TEM size of Doses of Escherichia coli Strain Effect Reference
AgNPs (nm) AgNPs
(ug/ml)
1 100 60 Escherichia coli ATCC/15224 Inhibit 56
2 20-30 3.3nM Escherichia coli ATCC/43890 Inhibit 57
3 10 1 Escherichia coli ATCC/43888 Inhibit 58
4 40-72 30 Escherichia coli MTCC/443 Inhibit 59
5 7-11 100 Escherichia coli ATTC/25922 Inhibit 60
6 18-34 7.95 Escherichia coli ATCC/25922 Inhibit 61
7 15-25 14.1 Escherichia coli MTCC/1302 Inhibit 62

TEM: transmission electron microscope

CONCLUSION

AgNPs have revelatory antimicrobial activity against the selected Gram-negative bacteria specially
E. coli. These particles are the most marketable nanomaterial due to their well-established broad range
antibacterial capabilities and decreased tendency to produce microbial resistance. As a result, AgNPs could
be a promising candidate for developing as an antibacterial agent against multidrug-resistant bacteria.
AgNPs could lead to important discoveries in a variety of fields, including medical devices and antibacterial
systems.
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Table Il. Effect of AQNPs on E. coli (on MHA)

S.No Size of AgNps Concentration Method by Organism Z01 MIC Reference
or dose of which AgNPS diameter In  of AgNPs
AgNPs applied mm)
1 24nm NR Well diffusion E. coli 12 NR 63
2 NR 0.2-33nM Disk diffusion  Escherichia. coli ATCC43890 8 >3.3 nM 64
(20 pL)
3 NR 1mM Disk diffusion E. coli 15 7.8 (ug/mL) 51
(10 L)
4 30-80nm NR Disk diffusion E. coli 0.9+0.15 NR 65
5 150nm NR Disk diffusion E. coli 14+02 NR 65
6 25-70 NR Disk diffusion E. coli 1.1+0.35 NR 65
7 15-50 NR Disk diffusion E. coli 1.5+0.3 NR 65
8 30-200 NR Disk diffusion E. coli 0.7+£0.3 NR 65
9 85.07 = 10 L Disk diffusion E. coli 17.1 NR 66
10 12.86nm 1mM Disk diffusion E. coli 35 NR 67
11 NR 3mM Disk diffusion E. coli 35 NR 67
12 NR 5mM Disk diffusion E. coli 3 NR 67
75nm

NR: NOT REPORTED
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