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Abstract

This study investigates the Chaetomorpha antennina (CA) seaweed-mediated biosynthesis of silver nanoparticles
(AgNPs). The synthesis process of silver nanoparticles was monitored over time with the help of an Ultraviolet-visible
spectrophotometer and further characterisation studies were also performed. Differential Light Scattering (DLS)
measurements revealed a mean particle size of approximately 103.5nm and a mean zeta potential value of -57.5mV
for AgNPs. The spherical shape and size of the AgNPs were confirmed through High-Resolution Transmission Electron
Microscopy (HR-TEM) imaging, while Energy Dispersive X-ray Spectroscopy (EDAX) analysis provided insights into the
elemental composition. The concentration of AgNPs was estimated using Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES). The antibacterial potential of AgNPs was evaluated against both gram-positive (Bacillus cereus,
Staphylococcus aureus and Bacillus subtilis) and gram-negative bacterial strains (Klebsiella pneumoniae, Escherichia coli,
Shigella dysentriae, Salmonella typhi, Pseudomonas aeruginosa and Proteus mirabilis) using the agar well diffusion method.
From the results, AgNPs exhibited significant antibacterial activity against B. subtilis and S. typhi among all the tested
concentration levels (25, 50, 75 and 100pl).
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1. Introduction

Synthesising Metal Nanoparticles (MNPs) stands out
as an emerging frontier in nanotechnology research.
Within this domain, researchers leverage a spectrum
of methods encompassing physical, chemical and
biological approaches to produce MNPs. Biological
methods are advantageous over the other methods
due to less reaction time, cost-effectiveness, eco-
friendliness, the stability of nanoparticles etc. In
the biological method, various resources such as
bacteria, fungi, terrestrial plants, marine sources’,
honey’, gripe water’, isolated phytoconstituents®
and Ayurvedic formulations® are used in the
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synthesis. Many of the plants and different parts
of the plants®® are exploited in metal nanoparticle
synthesis. Moreover, the AgNPs synthesised
from plant sources are also made into different

formulations”'?,

The ocean possesses enormous
sources of bioactive compounds. Recently, several
127 seagrasses,
mangroves'’, sponges', bivalves'” etc., were also
explored to synthesise AgNPs. Our review provides

a comprehensive analysis of the generation of silver

marine sources such as seaweeds

and gold nanoparticles using marine sources, along
with the various techniques employed for their

16

characterisation'®. Interestingly, except for a few

reports, marine algae are not thoroughly investigated
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in MNP synthesis. This aroused our interest in the
present research work.

Chaetomorpha antennina is a green marine alga
belonging to the family of Cladophoraceae. Polyherbal
preparations were made using C. antennina with
other marine plants and evaluated for antiplasmodial
activity'’. Petroleum ether extract of C. antennina
was prepared and screened for antibacterial activity
against various bacterial strains'®. The current research
employed an aqueous extract from green algae to
fabricate AgNPs. The AgNPs formed were characterised,
their concentration was determined with ICP-OES and
their antibacterial potential was determined.

2. Materials and Methods

2.1 Biofabrication of Silver Nanoparticles
(AgNPs)

The plant was obtained in the coastal area of
Rameswaram, Tamilnadu, India. The newly collected
seaweed was rinsed with seawater, followed by millipore
water to eliminate other extraneous matter. It was
left to dry in the shade for a duration of 10 to 15 days
and then coarse powder of the seaweed was prepared
using a mixer. An aqueous extract of the seaweed was
obtained by boiling the coarse powder with millipore
water. After centrifugation at 10,000 rpm, the extract
underwent filtration with Whatman filter paper No.
1 to achieve a clear solution. ImM silver nitrate was
prepared using millipore water and mixed with the CA
extract. The production of nanoparticles was visually
monitored in the initial stages.

2.2 Characterization of AgQNPs

UV-visible spectrophotometry (Shimadzu UV-2450,
Japan) was employed to monitor AgNP formation
at regular intervals, covering the spectral range of
300-800nm. The zeta potential and the size of the
nanoparticles were determined using a particle size
analyser (Horiba Scientific, SZ-100). HR-TEM (JEOL
3010) recorded the particle size, shape and internal
surface morphology of the AgNPs. EDAX (Oxford
Instruments) spectrum was also recorded to confirm
the presence of silver. ICP-OES (Perkin Elmer Optima
5300 DV) was employed to estimate the amount of
AgNPs present.
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2.3 Antibacterial Activity

The study evaluated the antibacterial properties of
CA-mediated AgNPs using the agar well diffusion
method'”? against a range of gram-positive bacteria
like B. cereus, S. aureus and B. subtilis and gram-negative
bacteria like K. pneumoniae, E. coli, S. dysentriae,
S. typhi, P. aeruginosa and P. mirabilis bacterial
strains. Nutrient agar medium was used for culturing
bacterial cultures. The bacterial culture was uniformly
distributed onto the solidified agar plates using a glass
spreader after sterile nutrient agar plates were made.
All the procedures were carried out in a laminar airflow
chamber. The bacterial cells had enough time to stick
together. Four wells of appropriate diameter were
created in the solidified agar with a cork borer. Utilising
a sterile micropipette, varying volumes of AgNPs such
as 25, 50, 75, and 100 pl were dispensed into the wells.
The plates were then placed in an incubator at 37°C for
24 hours. Later, each concentration’s zone of inhibition
was measured and reported.

3. Results and Discussion

This study explored CA-mediated simple, cost-effective,
eco-conscious synthesis of silver nanoparticles. At
room temperature, the marine algae extract prepared
with water was combined with a silver nitrate solution
(Figure 1la). The Biogenesis of AgNPs was initially
monitored by visual inspection. The colourless solution
turned to a pale reddish-brown colour (Figure 1b),
indicating the initiation of AgNPs formation. As time
progressed, theintensity of the colouralsoincreased. The
ultraviolet-visible spectra of the sample (Figure 2a) were

synthesis  of
Chaetomorpha antennina extract: (a) Control (b) Silver
nanoparticles synthesized using CA.

Figure 1. Green AgNPs  using
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captured, revealing a A, at 424.5nm, a characteristic
feature of AgNPs’'. Additionally, ultraviolet-visible
spectra were recorded at various time intervals and
the overlaid spectra were depicted for comparison
(Figure 2b). DLS studies were conducted to analyse
the average particle size and stability of the synthesised
AgNPs. The average particle size of silver nanoparticles
(Figure 3) produced through CA was determined to
be 103.5nm. Furthermore, the zeta potential of AgNPs
(Figure 4) was measured at -57.5mV suggesting a high
degree of particle stability*”. The existence of silver and
other elements was confirmed by the EDAX profile.
EDAX (Figure 5) results showed the presence of silver
with other elements, particularly carbon and oxygen.
Additional minor peaks were detected, possibly
attributed to organic material from the seaweed”’. The
morphology and size of the AgNPs were analysed using
HR-TEM and the results showed that the particles were
spherical (Figures 6a, 6b, and 6¢). In HR-TEM images,
a layer was found over the AgNPs, which may be due
to the presence of biomolecules from the seaweed,
which is in agreement with EDAX results. Using ICP-
OES, the concentration of AgNPs was determined to be
54.03mg/1 at a wavelength of 328.068nm.

The antibacterial activity was tested using six gram-
negative and three gram-positive strains of bacteria.
Figure 7 illustrates the antibacterial capacity of AgNPs
produced with CA across various concentration levels.
The zone of inhibition of AgNPs against various bacterial
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strains at four different concentration levels is shown
in Table 1. The findings of the study demonstrated that
AgNPs were effective against all the examined gram-
positive bacterial strains. In the case of gram-negative
strains, AgNPs were effective only against E. coli, S.
typhi and P. aeruginosa. It was ineffective against K.
pneumoniae, S. dysentriae and P. mirabilis. AgNPs were
effective against B. subtilis and S. typhi in all the dose
levels tested (Figure 8). Dose-dependent responses
were seen in both cases. AgNPs only demonstrated a
zone of inhibition at 75ul and 100ul against B. cereus,

Table 1. Antibacterial activity of AgNPs synthesised
using Chaetomorpha antennina
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B. subtilis 14 15 19 25
B. cereus - - 12 15
S. aureus - - 12 15
E. coli - - - 13
K. pneumoniae - - - -
S. typhi 15 17 20 23
S. dysentriae - - - -
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P.aeruginosa - - 10 13
| | | | %iiﬁéﬁ‘iﬁii?‘ﬂlﬁﬂi
e ansions
st

= Green_20+80_150218
[E=——JGreen_20+80_200118
[E——JGreen_20+80_240118
Green_20+80_290118
E——JGreen_20+80_300118
E=——=Green_20+80_301217 T

-0.090 1 1 1 1

300.000 400.000 500.000 600.000 700.000

(a)
Figure 2.

800.000

550.000
nm.

(b)

0.000!
300.000 800.000

(a). Ultraviolet-visible spectra of AGNPs synthesized using Chaetomorpha antennina, (b). Ultraviolet-visible

spectra of AgNPs synthesized using Chaetomorpha antennina at different time intervals.
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Figure 3. Distribution of particle size in AgNPs synthesized using CA.
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Figure 4. The measurement of Zeta potential for AgNPs synthesized using CA.
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Figure 5. EDAX profile of CA-mediated AgNPs.
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(b) (c)
Figure 6. (a), (b), (c). HR-TEM images of CA-mediated AgNPs at different scales (inset showing FFT view).
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Figure 7. Antibacterial activity of Chaetomorpha antennina-mediated AgNPs at different concentrations.

Figure 8. Antibacterial activity of Chaetomorpha antennina-mediated AgNPs against (a). B. subtilis, (b). S. typhi at 25,
50, 75 and 100 pl.
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S. aureus and P, aeruginosa. AgNPs were only shown to
exhibit antibacterial action against E. coli at the highest
tested dose level of 100ul.

4. Conclusion

In the present study, a simple, stable, efficient, nature-
friendly biofabrication of silver nanoparticles using C.
antennina was explored. Various spectroscopic and
microscopic analyses were employed to characterise
the synthesised nanoparticles. These characterisation
techniques offer complementary information about
the physical, chemical and structural properties of
synthesised nanoparticles, enabling a comprehensive
understanding of their characteristics. The AgNPs were
evaluated for their antibacterial efficacy, demonstrating
their significant potency against gram-positive bacterial
strains and effectiveness against selected gram-negative
bacterial strains. Increasing the concentration of the
AgNPs may elucidate their antibacterial potential
against a broader spectrum of gram-negative bacterial
strains. Nevertheless, CA-synthesized AgNPs may be
used alone or in conjugation with other antibiotics
for diseases caused by gram-positive organisms. The
exact biomolecule involved in the bioreduction process
can be identified in future studies and this can open
many avenues in the biomedical applications of silver
nanoparticles.
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