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Abstract

Nanotechnology is rapidly progressing and has been proven to be more successful than traditional water
treatment methods, allowing for the safe use of unusual water sources. Fungi are more versatile in terms
of proliferation and metal tolerance than bacteria. The goal of this study is to show that silver
nanoparticles may be synthesised outside of the cell. Penicillium Citreonigum Dierck and
Scopulaniopsos brumptii Salvanet-Duval are two filamentous fungi found in Lake Michigan. Burullus
uses UV-vis spectroscopy and transmission electron microscopy to study biosynthesized nano-silver
particles (TEM). Fourier transform infrared (FTIR) analysis was used to identify a functional group of
protein molecules surrounding AgNPs. At two doses (550.7 and 676.9 mg/l), test the bactericidal
effectiveness of biosynthesized silver nanoparticles, as well as their long-term interactions with bacteria
(15, 60 and 120 min). To eliminate dangerous microorganisms in contaminated water, polyurethane
foam was employed as a silver transporter and nano-silver solution. The AgNPs have exceptional
antibacterial efficacy against both Gram-positive and Gram-negative bacteria.
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Introduction

The arrangement of safe drinking water is presently a high need to compassionate objectives and stays
a fabulous worldwide challenge to the 21st century [1]. There is restricted chance of an increment in
the stock of new water due to contending requests of different monetary areas. Because of a scarcity of
fresh water, several countries are focusing on creating unconventional water sources such as
desalination, precipitation water collection, waste water treatment, and abrasive water use [2]. Shigella
spp., Salmonella spp., Vibrio spp., E. coli, and Cryptosporidium spp. are among the bacteria that can
cause sickness when discovered in water. (i.e., loose stools, gastrointestinal sickness) in water assets
[3]. According to the World Health Organization, all drinking water should be free of non-recognizable
trash and coliform levels [4]. The World Health Organization (WHO) has shown that organochlorine
sanitization procedures currently utilised in drinking water treatment may effectively control
microbiological germs, but has requested that elective cycles be tracked down to effectively accomplish
water sterilisation and contamination removal [5]. One of the most common applications of
nanotechnology is as a quick, low-cost, free of dangerous synthetic chemicals, and a green science
approach for mixing nanoparticles that is environmentally friendly [6]. The creation of materials with
a thickness of less than 100 nanometres is referred to as nanotechnology [7]. Due to increased water
demand, traditional water/wastewater treatment improvements are still unable of supplying ideal and
safe water, there is a pressing need to employ high-level and new applications water refinement
advancements such as nanotechnology to provide reasonable solutions to the challenges faced by water,
to give the chance to combat new water shortages by utilising unusual water sources to boost water
supply, as well as to deliver wastewater medications [1]. Because of their charge limit, nano-materials
such as silver, titanium, and zinc have been readied for use in the sanitization of various watery
infections caused by microbes for a long time [8]. Natural methods, as opposed to traditional made
compound and actual procedures, are now a superior arrangement of the union of nano-materials [9].
Chemical techniques, on the other hand, relied on the well-known borohydride and citrate reduction
processes, which are both toxic to the environment and promote nanoparticle aggregation quickly, as a
result, large particles with low monodispersity are produced [10]. Biological tactics for nanoparticle
formation, in contrast to earlier procedures, have attracted a lot of interest since they are safe (they don't
supply harmful combinations during the cycle), cost-effective, take the least amount of time, and are
close to natural norms [11]. Various live organic things, such as microorganisms, organisms, yeasts,
green growth, and higher plants, are used in the biomineralization process for the production of
nanoparticles. Silver, gold, platinum, manganese, selenium, iron, and other nanoparticles are
accelerated using these organisms [12]. Aspergillus flavus, a parasitic fungus, was created to aggregate
extracellular Ag nanoparticles [13]. As a result, analysts have viewed silver nanoparticles as a powerful
antimicrobial against both gramme positive and gramme negative microorganisms, infections, and other
creatures, which is primarily reliant on a high surface area to volume proportion with interesting
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physical, substance, and organic properties. It may also be readily stored on durable materials (for
example, Ag/sand, Ag/zeolite, and Ag/fibre) [14,15,16,17,4]. Because of their ability to release a huge
range of substances, parasites are the best up-and-comer in the metal nanoparticle combination,
financial decency, leniency, and metal bioaccumulation ability; release a huge number of proteins
downstream; Furthermore, different species develop fast and get polished as a result, and maintaining
them in the lab is quite straightforward [18]. A (NADH) subordinate reductase protein generated as an
optional metabolite is linked to the reduction of Ag+ to silver nanoparticles Ag. Fusarium oxysporum
generated silver nanoparticles in a simple protein test [19], although the results were inconclusive. The
current evaluation tries to accomplish four objectives. (1) The extracellular union of silver nanoparticles
was demonstrated using two filamentous organisms from wastewater, Penicillium Citreonigum Dierck
and Scopulaniopsos brumptii Salvanet-Duval. (2) UV-vis spectroscopy and Fourier change infrared
spectroscopy were used to examine biosynthesized nano-silver particles (FTIR). (3) In several focal
areas, investigate the antibacterial activity of biosynthesized silver nanoparticles. (4) Using
polyurethane foam as silver transporters and nano-silver solutions, remove hazardous microorganisms
from contaminated water.

Nanoparticle Synthesis by Bacteria

The use of prokaryotes as a source of metallic nanoparticles has been widely investigated. Bacteria are
abundant in the environment and have the capacity to adapt to a variety of situations. They're also easy
to cultivate and maintain, simple to nurture and manage. Temperature, for example, affects the rate of
growth. Controlling oxygenation and incubation time is simple. According to research, by changing the
pH of the growth medium was found by He et al. During incubation, nanoparticles of various sizes are
produced. [20] It's crucial to be able to control such attributes because they might change over time.

Nanoparticles of various sizes are required for many purposes, including optics, catalysts, and
antimicrobials are just a few examples, Palladium with zero valent has just been discovered. Bacillus
licheniformis has been discovered to generate AgNPs found within cells [21]. The culture's colour
following the inclusion of the presence of AgNPs caused silver ions to become a dark brown colour
[21].

Kalimuthu and colleagues demonstrated that the nanoparticles were formed of Ag and were well
diffused in solution. However, as a result of the intracellular creation of the nanoparticles, Kalimuthu
& al. they had to add an additional extraction stage to their procedure. Pugazhenthiran and colleagues
when they tried to make biological organisms, they got a similar outcome. Bacillus sp. was revealed to
create intracellular AgNPs, were sub-cultured in medium containing AgNO3. The reaction was gradual,
and it took 7 days to complete [22].

Nanoparticle Synthesis by Fungi

Fungi have sparked a lot of interest in manufacturing metallic nanoparticles since they have several
benefits over bacteria when it comes to nanoparticle creation. The simplicity with which scaling and
downstream processing may be accomplished, as well as the economic feasibility and presence of
mycelia, are all factors to consider, which gives a bigger surface area, are all important factors to
consider [23]. Mukherjee et al. further suggested that because fungi produce far more proteins than
bacteria, nanoparticle manufacturing productivity will rise [24].
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Fig.1 Extracellular Synthesis of Fungi by AgNPs

Silver nanoparticles (AgNPs)

Bacteria are known to produce both extracellular and intracellular inorganic components that can be
utilised to make silver nanoparticles [25]. The Pseudomonas stutzeri AG259 strain obtained from a
silver mine provided the first evidence for AgNP synthesis by bacteria [26]. AgNPs are made by
combining bacterial biomass with silver nitrate solution (AgNO3) under certain pressure and
temperature conditions. The method includes bacterial bio-reduction, in which reductase enzymes
convert silver ions to AgNPs either intracellularly or extracellularly, depending on where the silver ions
are reduced. It has to do with the NADH-dependent reductase enzyme receiving electrons from NADH
while also reducing Ag ions to AgNPs [27].

For biofilm-mediated production of proteins, both intracellular and extracellular mechanisms are
applicable. A metal-reducing bacteria, Geobacter sulfurreducens, uses it as both a terminal electron
acceptor and a metal-consuming capacity. For the purpose of breathing Electrons are delivered by C-
type cytochromes, periplasm to the cell wall's outer membrane. As a result of the reduction, nucleation,
and development of reduced atoms, in the production of nanoparticles [28].

Toxicity of AgNPs

AgNPs are a kind of metal nanoparticle that may be found in a wide range of applications. Because of
their broad-spectrum bactericidal, fungicidal, and antiviral action, they are used in a variety of consumer
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items as well as medicinal applications. AgNPs have been demonstrated to penetrate through biological
membranes and enter cells due to their tiny size, producing toxicity at various amounts depending on
the organisms impacted. Shape, size, concentration, aggregation, chemical coating, surface charge, and
the procedures utilised for their production (biological, physical, or chemical approaches) will all have
a direct impact on AgNP toxicity [29, 30]. The toxicity of AgNPs is also affected by the number of
targeted live creatures or test species, which is linked to the organism's defensive systems for removing
unwanted substances. Furthermore, the culture medium to which the organisms are exposed will alter
the response in toxicity testing [31].

Both AgNPs and Ag+ released from the nanoparticles are thought to cause toxicity [32] by causing
membrane damage, reactive oxygen species (ROS) production, protein oxidation and denaturation,
mitochondrial malfunction, DNA damage, and cell proliferation suppression [33,34]. Because silver
and sulphur have a high affinity, McShan et al. [35] suggest that the interaction of AgNPs with proteins
or other sulfur-containing macromolecules is a major toxicity mechanism, during the investigation [36].
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Fig. 2 Toxicity of AgNPs

Antimicrobial effect of silver Nanoparticles

Microbial species have become more prevalent as a result of their emergence and growth. With the
continued focus on health-care costs and resistance to various antibiotics, several researchers have
attempted to discover new, efficient antibacterial reagents that are both resistant and inexpensive. As a
result of such issues and requirements, the revival in the usage of antiseptics based on silver that might
be harmful connected to broad-spectrum activity and a far decreased likelihood to commit suicide.

Antibiotics are less likely to cause microbial resistance [37]. Antimicrobial surface coatings of Ag
nanoparticles with amphiphilic hyperbranched macromolecules have been shown to be effective
antibacterial agents by Mocking4 and colleagues [38]. Nanomaterials can also be changed for improved
performance [39], efficiency in order to ease their use in many domains’ biology and medicine, for
example. Our research in this study, a group of specialists from several fields has looked into the
antimicrobials.

Collection of samples
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For this experiment, fungi cultures were employed. To generate silver nanoparticles, two fungal species
(Scopulaniopsos brumptii Salvanet-Duval and Penicillium citreonigum Dierck) were grown in
Sabouraud dextrose agar (SDA) media (Khan et al., 2014) [40].

Source of organism and media for growth

From Lake Burullus, two fungal strains were isolated, Individual fungal colonies were chosen and
purified further by subculture on Sabouraud dextrose agar (SDA) and incubation at 28°C. The isolates
were discovered at Ain-Shams University's Faculty of Agriculture in Cairo, Egypt.

Preparation of AgNOs solutions with a concentration of 5 M

To prevent auto-oxidation of silver, 0.081 gm AgNO3 was dissolved to provide a precise solution of 5
M silver nitrate (Chemicals used were of Sigma grade, USA) in 100 ml of double sterile distilled water
and storing in a Yellow (amber) coloured container [41].

Biological extracellular synthesis of Silver Nanoparticles

The preparation of biomass for Penicillium Citreonigum Dierck and Scopulaniopsos brumptii Salvanet-
Duval were cultivated in a fluid medium comprising (in grammes per litre) KH,PO4 7.0, K:HPO, 2.0,
MgSO4 7H,0 0.1, (NH4)2SO4 1.0, yeast extract 0.6, and glucose 10.0. At 28 °C, a flask containing
medium was incubated for eight days. The biomass was extracted and cleaned with distilled water after
incubation. 6 g biomass was mixed with 100 ml deionized water and incubated for 72 hours. After
incubation, the suspension was filtered using Whatman filter paper No. 1 to get the supernatant[42].
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Fig. 3 Schematic diagram of the pilot-scale treatment system
Conclusion

It may be argued that one of the most significant aspects of nanotechnology is the development of
dependable, environmentally acceptable procedures for the production of nanomaterials. Penicillium
Citreonigum Dierck and Scopulaiopsos brumptii Salvanet were used to synthesise silver nanoparticles,
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which were found to be quite affordable, devoid of harmful chemicals, safe, and environmentally
friendly. For remote populations, this technology can provide full antimicrobial treatments. The number
of bacteria must be reduced to zero at a concentration of 676.9 mg/l and contact durations of 15 and
120 minutes. All sorts of bacteria, including gramme positive and gramme negative bacteria, may be
destroyed using nano-silver coated foam.
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