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INTRODUCTION might offer a safer alternative approach for nanoparticle
production, they are not preferred due to the excessive use of

Among nanomaterials, silver nanoparticles (AgNPs) are one of the equipment and high cost [2].

the metal nanoparticles that have been extensively investigated

for various purposes. Silver nanoparticles have become quite Considering these issues, green synthesis stands out as
useful due to their physicochemical and biological properties, an eco-friendly approach to produce nanoparticles. Also,
large surface-to-volume ratio, ease of modification with aggregation and stability of the produced nanoparticles by this
different types of ligands, antimicrobial effects, effective green synthesis are the significant factors in determining its
cytotoxicity against cancer cells, etc. suitability for practical applications. The rapid production of

nanoparticles produced by this method, especially bacteria-

Different methods can be used in the production of assisted green synthesis, along with the production of ready-

AgNPSa. including physical, chemi.cal, and biolggical [1]. to-use nanoparticles and the natural presence of substances that
Pyrolysis, tube furnace (evaporation-condensation), laser provide stabilization of the nanoparticle makes this method
ablation, gamma-irradiation, and microwave processing are even preferable [2-6].

among the physical methods. Chemical methods include the
Sol-Gel method, co-precipitation, chemical vapor deposition,
etc. In these methods, heat application and, the use of toxic

In the production of AgNPs, bacteria are quite interesting
among different types of organisms. For example, one study
. ti k at 420 in UV-Vi tra of
and secondary, tertiary chemicals creates harmful effects on fzported an absqrp 1on peax & i v 1S spectra

) . . . eNPs synthesized using S. maltophilia (S54), which falls
humans and the environment. The chemicals used in particles o . .

. ; ) o within the characteristic range expected for classical AgNPs
synthesized through chemical methods along with the toxicity [7]. They synthesized spherical AgNPs with sizes of 15-50
of the particles, and their .react1V1ty, and the by-products nm. In another study stated that they synthesized AgNPs with
forrped could create negative effe(.:ts on hurn.ans and the sizes of 2-20 nm using recombinant chitinase enzyme obtained
environment. On the other hand, while the physical methods from S. maltophilia [8]. AgNPs with sizes ranging from 40-60
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nm and a heterogeneous distribution were synthesized using
bacterial supernatant of Stenotrophomonas sp. [9].

In another report, showed that nanoparticles with
an average size range of 12-27 nm obtained from the S.
maltophilia NS-24 had antimicrobial effects on pathogenic
bacteria such as Escherichia coli, Enterococcus faecalis,
Streptococcus pneumoniae, and Staphylococcus aureus
[10]. In a study keratinase from S. maltophilia R13 was
used as a reducing agent for the synthesis of AgNPs. They
showed that AgNPs had the highest antimicrobial effect
against Klebsiella pneumonia with an inhibition zone of
15.6 mm [11].

Synthesis of AgNPs can be carried out under different
temperature conditions and it is known that temperature
conditions influence the shapes and sizes of nanoparticles. For
example, a study carried out the synthesis of AgNPs at room
temperature (20 °C), yielding spherical particles with sizes
ranging from 1.9 to 14.1 nm [5]. In another study, it was shown
that the tested bacteria synthesized particles with sizes of 30-
75 nm at 27 °C [12]. A study showed the synthesis of AgNPs
by bacteria at 22 °C [13]. In another study conducted at 25 °C,
35 °C, and 40 °C to produce AgNPs, it was observed that the
optimal temperature was 35 °C [14].

AgNPs have the potential to be used for a wide range of
purposes. One of the potential applications of AgNPs is the
removal of bacterial biofilm. Bacteria synthesize biofilm
to protect themselves from adverse conditions and provide
biofilm formation. Nanoparticles, especially AgNPs are used
as an environmentally friendly approach to combat biofilm
producing drug-resistant bacteria [15, 16]. In addition to their
use in biofilm removal, their high photocatalytic activity is
one of the most notable properties that broadens their potential
applications. When previous studies were examined, it was seen
that biogenic AgNP synthesis was performed using different
bacteria, however, studies determining the photocatalytic
activities of these nanoparticles were limited. In a study
conducted to investigate the potential of AgNPs obtained from
Lacticaseibacillus rhamnosus in photocatalytic applications;
they observed an increase in dye removal over time in the
presence of 20 mg AgNPs in the medium containing 10 mg/L
MB under visible light [17]. When the photocatalytic effect
of AgNPs synthesized intra- and extracellularly by Bacillus
cereus was examined, researchers stated that extracellularly
synthesized nanoparticles had more photocatalytic activity. In
that study, at 50 mg/L. MB 100% dye removal was observed in
80 minutes with the application of extracellularly synthesized
AgNPs [18].

In addition to their antibiofilm and high photocatalytic
properties, AgNPs are considered important for cancer
treatment due to their strong cytotoxic effects [19]. Several
in vitro studies using AgNPs have demonstrated their strong
anticancer efficacies in a variety of cancer cells [20, 21].
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AgNPs with varying sizes, shapes, and zeta-potentials may
exhibit distinct anticancer effects, owing to differences in
membrane permeability and electrostatic interactions with the
cell membrane. Therefore, it is crucial to assess the anticancer
effect of each distinct formulation of AgNP individually, due
to their varying physicochemical properties.

Despite extensive studies on biogenic AgNPs, the
relationship between bacterial metal resistance traits and
their influence on nanoparticle formation, biomolecular
capping, and resulting multifunctional bioactivity remains
insufficiently explored. In this study, Stenotrophomonas
maltophilia, a previously reported heavy metal-resistant
bacterium with high extracellular polymeric substance
(EPS) production capacity, was selected. Compared to many
conventional bacterial systems, its strong metal tolerance and
enhanced biomolecule secretion profile provide a favorable
environment for efficient extracellular nanoparticle synthesis
and stabilization. These characteristics make S. maltophilia
a promising biological platform for controlled and stable
AgNP production.

The synthesized biogenic AgNPs were characterized using
UV-Vis spectroscopy, transmission electron microscopy
(TEM), and ATR-FTIR spectroscopy. In addition, their
multifunctional properties were systematically evaluated,
including antibacterial, antibiofilm, photocatalytic, and
cytotoxic activities.

This study highlights the relationship between bacterial
metal resistance traits, biomolecular capping, and the
multifunctional performance of AgNPs. The integrated
evaluation of synthesis conditions, structural characteristics,
and functional activities provides a comprehensive assessment
of AgNPs produced by metal-resistant S. maltophilia. In
particular, the observed photocatalytic efficiency broadens the
functional scope of these biogenic nanoparticles, suggesting
their potential relevance not only for antimicrobial applications
but also for nanoremediation under in vitro conditions.

MATERIALS AND METHODS

AgNP production by S. maltophilia

S. maltophilia was obtained from the culture collection of
Bioremediation Research Laboratory, Department of Biology,
Faculty of Science, Ankara University (Ankara, Tiirkiye) [22].
For AgNP production, S. maltophilia was grown in 100 mL
NB medium for 3 days. At the end of the incubation period,
centrifugation was performed at 6000 rpm for 10 minutes to
remove the biomass (Hermle, Germany). The supernatant
(5 mL) was transferred to a 1 mM AgNO, (pH 7) solution
prepared in 45 mL in brown bottles. This mixture was
incubated statically at room temperature (20 = 2 °C) and 37



°C at 150 rpm with shaking for 24, 48, and 72 hours [23].
The synthesized AgNPs were centrifuged at 10.000 rpm for
15 minutes to separate the supernatant from the pellet. The
resulting pellets were dried overnight at 80 °C in glass petri
dishes; the obtained powder was then recovered and stored in
a cool, dry conditions.

AgNP Characterization

UV-Vis spectrophotometric analysis

Optical characterization of biogenic AgNPs was performed
using a UV-Vis spectrophotometer (BioDrop, UK). Absorption
spectra of the synthesized AgNP solution were scanned in the
range of 300-600 nm.

TEM (Transmission Electron Microscope)

The size, shape, arrangement, elemental composition, and
purity of the synthesized AgNPs were characterized using a
transmission electron microscope (TEM, JEOL JEM 100 CXII,
Tokyo, Japan). The diameters of the produced nanoparticles
were measured using the ImageJ software (version 1.53n)
based on at least 100 measurement points.

Attenuated Total Reflection Fourier transform Infrared
Spectroscopy (ATR-FTIR) analysis

Five microliters from each sample were used for FTIR
spectroscopy measurements. A spectrometer (Thermo-
Scientific, Nicolet 6700) equipped with attenuated total
reflection (ATR, ConcentratIR2, Harrick) accessory with ten
internal reflections was utilized. Samples were first dried by a
gentle stream N, gas for 15 min to remove excess water. Silver
nanoparticles, in powder form, obtained as described above,
were directly placed on the ATR diamond. The absorbance
spectra were then recorded by collecting and averaging 120
scans at a resolution of 4/cm. Spectra were ATR-corrected
using the instrument software OMNIC (version 8.2.388)
and used for the visuals presented in this study without
further pre-processing. Difference spectra were obtained
by subtracting two area-normalized absorbance spectra
from each other. The area area-normalization eliminates the
concentration differences to a large extent. A subtraction
factor is determined interactively using the display window
until the resulting spectrum shows positive and negative
peaks distributed around the zero line.

Determination of Antibacterial Activity

Disk diffusion method was used to determine the
antibacterial activity of the AgNPs [24]. For this purpose,
E. coli ATCC 10536, P. aeruginosa ATCC 27853, S. aureus
ATCC 29213, Bacillus subtilis ATCC 6633 were used as
standard bacterial strains. These strains were obtained from
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the culture collection of Bioremediation Research Laboratory,
Department of Biology, Faculty of Science, Ankara
University (Ankara, Tirkiye). After overnight growth in
liquid medium, the bacterial suspensions were standardized
to the 0.5 McFarland turbidity and inoculated into Nutrient
Agar plates using sterile swabs. 40 ul AgNP (10 mg/mL) was
applied to sterile discs placed in the inoculated petri dishes.
The Petri dishes containing the discs were incubated at 37
°C for 24 hours. Discs loaded with antibiotic (streptomycin)
were used as positive controls. The antibacterial activity of
nanoparticles was evaluated by measuring the inhibition
zones in millimetres.

Determination of Antibiofilm Activity

Dried AgNPs were used to investigate antibiofilm activity
[25]. Biofilm-producing P. aeruginosa [26] grown in NB
medium was incubated for 24 hours at 37 °C in a 96-well
microplate containing increasing AgNPs concentrations,
with a total volume of 200 pL. P. aeruginosa was obtained
from the culture collection of Bioremediation Research
Laboratory, Department of Biology, Faculty of Science,
Ankara University (Ankara, Tiirkiye). At the end of the
incubation period, the wells were washed with sterile distilled
water and left to dry at room temperature. Then, fixation was
performed using 100 pL of ethanol. After fixation, 200 pL of
crystal violet solution [(0.1% (w/v)] was added to the wells.
A washing step was then carried out to remove crystal violet
from the wells. As the final step, 200 pL of 33% glacial acetic
acid was added [27, 28] to the wells and the absorbance
was measured at 590 nm using a microplate reader (BMG
Labtech, Spectrostar Nano).

Determination of Photocatalytic Activity

A 24W xenon lamp was used as a light source to determine
photocatalytic activity. 75 mL of distilled water containing
20 mg/L Methylene Blue (MB) was prepared in 150 mL
Erlenmeyer flasks as the working solution. 25 mg AgNP
was added to this medium and stirred in the dark for 30
minutes. The working solution that reached equilibrium was
continuously stirred under a light source and experiments
were carried out. Samples (2 mL) were collected at 10, 20, 40,
80, 160, and 320 min, then centrifuged (Hangzhou Yooning,
Minil 0K+ Mini Centrifuge) at 10.000 rpm for 10 min, and the
supernatant was collected. The amount of dye remaining in the
obtained supernatant was measured at 664 nm [29]. Control
experiments (dye-only under light, dye + AgNPs in dark, and
dye-only in dark) were performed to exclude adsorption and
photolysis effects.

Determination of Cytotoxic Activity

Cytotoxic potential of the AgNPs was determined through
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
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bromide) analysis, which assessed the mitochondrial
metabolic activities of the cells. Human breast cancer
(MCF-7, ATCC HTB-22), non-small cell lung cancer
(A549, ATCC CCL-185), and murine melanoma (B16-F10,
ATCC CRL-6475) cell lines were used for this assay. The
cells were grown in 75 cm? cell culture flasks with DMEM
medium supplemented with 10% FBS (Sigma, USA) and
1% penicillin/streptomycin (Sigma, USA) and incubated
at 37 °C in a humidified atmosphere with 5% CO,. Upon
reaching 70-80% confluence, cells were harvested using
0.25% trypsin-EDTA solution (Sigma, USA), then seeded
into 96-well cell culture plates at a density of 5.000 cells
per well and incubated overnight. After incubation, the cells
were treated with different concentrations of AgNPs (0-100
pg/mL) for 24 hours. The cells cultured in DMEM medium
without AgNPs were used as the negative control. Following
the 24-hours AgNP treatment, the cells were incubated with
MTT solution (5 mg/mL, Sigma, USA) for 4 hours. Then, the
medium in the wells was removed, and formazan crystals at
the bottom of the wells were dissolved with 100 uL dimethyl
sulfoxide (Serva, USA). Cell viability was determined by
measuring the absorbance of the formazan products at 570
nm using a microplate reader (BioTech, USA). Experiments
were performed in triplicates, and the concentration of
AgNPs that can induce 50% of cytotoxicity was determined

254 AgNO,
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using GraphPad Prism software (version 9.0.2). All cell lines
used in this study were authenticated, and routine testing
confirmed that they were free of mycoplasma contamination.

All experiments were performed in at least biological
triplicates with technical replicates where applicable. Data
are presented as mean + standard deviation (SD). Statistical
significance was evaluated using one-way ANOVA followed
by Tukey’s multiple comparisons test, as indicated in the figure
legends, with p < 0.05 considered statistically significant.
Dose-response curves and ICso values were calculated using
nonlinear regression analysis.

RESULTS AND DISCUSSION

In the experiments, when AgNP was produced, the brown color
was observed, and the presence of particles was evaluated
using UV-Vis spectroscopy. To determine the formation of
extracellular AgNP, samples collected from the mixtures were
monitored over the specified time interval by scanning UV-
Vis absorption spectra in the range of 300-700 nm. The UV-
vis analysis revealed that S. maltophilia produced AgNPs at
a concentration of 3.1x10® M, as indicated by a prominent
absorption peak at 428 nm in Fig. 1.
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Fig. 1. UV-Visible spectra of AgNPs produced by S. maltophilia

1
700
at room temperature (20 =2 °C) and 37 °C
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The morphologies of AgNPs at room temperature (20
+ 2 °C) and 37 °C were determined by examining TEM
micrograph images. The morphologies of AgNPs synthesized
using cell-free supernatant were observed to be spherical.
In 24-hour samples incubated at 37 °C, the particle size
was found 6.8 £ 1.8 nm; while it was 7.6 £ 2.2 nm at the
48" hour and 8 + 2.2 nm at the 72" hour of incubation as
shown in Fig. 2 (a, ¢, e). The average particle size after 24,
48, and 72 hours of incubation at room temperature (20 = 2
°C) was determined as 9.1 + 2.6, 9.4 £ 2.6 and 17.2 = 3.2
nm, respectively as shown in Fig. 2 (g, 1, k). According to
a previous study on AgNP production with S. maltophilia,
the sizes of nanoparticles obtained from the supernatant of
S. maltophilia strain NS-24 were in the range of 12.56 nm
to 27.32 nm and the average size was 18.06 nm through
TEM analysis [10]. In another study, AgNPs obtained
with Stenotrophomonas sp. were mostly spherical and the
average particle size was determined as 40-60 nm [9]. In the
current study, it was observed that particle size increased
as incubation time increased, regardless of temperature,
consistent with the findings of, where particle size was shown
to increase with incubation time [30]. Additionally, a study
showed that the effectiveness of the investigated activities,
such as antibacterial potential, increased with decreasing
particle size [31]. Therefore, since the particles obtained at
37 °C in the 24-hour samples were smaller, the experiments
were continued under these conditions.

The observed increase in nanoparticle size over time
may be explained by several well-known mechanisms. One
possible explanation is Ostwald ripening, where smaller
particles dissolve and redeposit onto larger ones, leading
to gradual growth in average particle size [32]. In addition,
particle aggregation driven by reduced surface stabilization
over time may contribute to size increase [33]. Furthermore,
continued nucleation and growth processes during synthesis
could also influence the final particle size distribution [34].
These mechanisms collectively may explain the time-
dependent increase in particle size observed in this study.
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The silver nanoparticles formed in the cell-free medium
of S. maltophilia were analysed in dry form using ATR-FTIR
spectroscopy. When the spectrum of the cell-free medium
and the AgNPs formed in this medium are compared in
Fig. 3, it is observed that most of the principal peaks exist
in both, proving that the molecules in the cell-free medium
stabilize and surround the AgNPs. The peaks at 1637/cm and
1542/cm assigned to amide I and 11, respectively, confirm
the existence of proteins as part of capping molecules. Two
peaks at 1396 and 1333/cm are assigned to C-H bending of
aldehydes and C-O stretching vibrations, respectively. The
fingerprints of carbohydrates are seen in the range of 1200-
900/cm. The peaks at 1143, 1085, 1044, and 979/cm are
mainly due to C-O stretching modes and are clear fingerprints
of polysaccharides [35, 36]. The peaks observed in the 3000-
2800/cm range are attributed to C-H stretching modes.
While C-H vibrations are a component of lipid spectra, the
absence of the characteristic four-peak fingerprint (ascribed
to specific CH, and CH, vibrational distributions) indicates
that these signals originate from other organic structures.
Therefore, the spectral profile does not support the presence
of lipids, and these modes are attributed to non-lipid C-H
containing species.

Although UV—Vis, FTIR, and TEM analyses were used
for characterization, DLS and zeta potential measurements
were not performed due to instrumental limitations. These
analyses would provide additional insight into the colloidal
stability and dispersion behavior of the nanoparticles.
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Fig. 2. TEM images and corresponding histograms of AgNPs synthesized by S. maltophilia at

37°C Room temperature (20 + 2 °C)
(A) Histogram after 24 hours of incubation (G) Histogram after 24 hours of incubation
(B) TEM image (H) TEM image
(C) Histogram after 48 hours of incubation (I) Histogram after 48 hours of incubation
(D) TEM image (J) TEM image
(E) Histogram after 72 hours of incubation (K) Histogram after 72 hours of incubation
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Fig. 3. Infrared spectrum of NB (black) and cell-free supernatant (red) of S. maltophilia grown in NB

Antibacterial activity of AgNPs

The antibacterial activity of AgNPs was tested against
Gram-negative and Gram-positive bacteria. The highest
antibacterial activity was found against S. aureus ATCC
29213 with a 17 £ 0.2 mm inhibition zone. The inhibition
zone was measured as 15 mm against E. coli 0157:H7
ATCC 35150. AgNPs showed an antibacterial effect against
P aeruginosa ATCC 27853 with a 14 mm inhibition zone,
while the inhibition zone against B. subtilis ATCC 6633
was 16 = 0.2 mm showed that Table 1 and Fig. 4. In this

study, the highest antibacterial activity of biogenic AgNPs
was found against Gram-positive S. aureus ATCC 29213.
The antibacterial activity in this study was assessed using the
disk diffusion method as an initial screening approach. While
this method provides comparative evidence of antimicrobial
activity, quantitative parameters such as MIC and MBC, as
well as comparative evaluations with AgNOs and bacterial
supernatant, were not included. Therefore, the results reflect
the antibacterial response under the tested conditions.

Table 1 Inhibition zone diameters (mm) of AgNPs synthesized by S. maltophilia showing antibacterial activity

Bacteria Inhibition zone (mm) Inhibition zone (mm)
AgNP Antibiotic

P aeruginosa ATCC 27853 14.0+0 12.0+0

E. coli 0157:H7 ATCC 35150 15.0+£0 19.0+0.1

S. aureus ATCC 29213 17.0+0.2 18.0£0.2

B. subtilis ATCC 6633 16.0+0.2 23.0+0
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Fig. 4. Antibacterial activity of AgNPs against (A)
P aeruginosa ATCC 27853, (B) E. coli 0157:H7 ATCC 35150,
(C) S. aureus ATCC 29213, (D) B. subtilis ATCC 6633

The antibacterial action of AgNPs operates through seven
key mechanisms: Compromise of cell wall and membrane
integrity, ribosomal denaturation and inhibition of protein
synthesis, disruption of ATP production and energy metabolism,
membrane damage induced by reactive oxygen species (ROS),
inhibition of DNA replication, genetic disruption, membrane
protein denaturation, and functional loss, and membrane
perforation with increased permeability [37].

100 -
B
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Concentration of AgNPs (pg/ml)

Inhibition of biofilm formation (%)

In previous studies, metal-based nanoparticles have been
reported to have different antibacterial effects against Gram-
negative and Gram-positive bacteria. Some researchers have
shown that the antibacterial effect of AgNPs is greater on
Gram-positives [38], while others have shown that it is more
effective on Gram-negatives [37, 39]. Researchers attribute this
situation to differences in the membrane structures of bacteria.
In addition, Gram-negative strains are more sensitive than
Gram-positive strains because positively charged AgNPs are
attracted to the surface of negatively charged Gram-negative
bacteria. The differences in the results of previous studies can
be attributed to the dispersion medium, solubility, surface
charge of NPs, geometric shape of NPs, and the nature of the
tested bacterial strain. In the present study, higher antibacterial
activity was observed against Gram-positive bacteria, which
may be attributed to differences in cell wall composition.
This trend is consistent with previously reported studies on
biogenic AgNPs.

Antibiofilm activity of AgNPs

The antibiofilm effect of AgNPs obtained from S. malto-
philia against P. aeruginosa was investigated. Increasing
AgNP concentrations were adjusted between 0.5-500 pg/mL.
Biofilm inhibition increased with the increase in nanoparticle
concentration. The highest antibiofilm activity was found 84%
at 500 pg/ml concentration. Antibiofilm activity was deter-
mined as 17%, 28%, and 54% against P. aeruginosa at 0.5, 5
and 50 pg/mL concentrations, respectively as shown in Fig 5.
The antibiofilm activity in this study, assessed by crystal violet
staining, reflects total biofilm biomass reduction; however, it
does not allow differentiation between biofilm inhibition and
eradication due to the absence of viability-based assays.

80
60 —
40 —
1B
0,5 5 50 500

Concentration of AgNPs (ug/ml)

Fig. 5. The antibiofilm activity of AgNPs on P. aeruginosa (a) plate photo showing biofilm producer and antibiofilm activity of

AgNPs (b) Antibiofilm activity (%) of AgNPs



Nanoparticles are recognized for their ability to inhibit bio-
film formation. They possess the potential to interfere with the
establishment and maturation of bacterial biofilms, which are a
major concern in the treatment and prevention of bacterial in-
fections. Consequently, nanoparticles are considered promis-
ing agents for disrupting biofilm integrity, thereby preventing
bacterial adhesion, colonization, and proliferation.

To give a few examples of the antibiofilm activities of bio-
genically synthesized AgNPs, a study showed that green syn-
thesized AgNPs with an average size of 10.8 nm were effective
on biofilm-producing strains [40]. In the same study, they re-
ported that biofilm inhibition percentages ranged from 2% to
89%. In another study, it was stated that green synthesized Ag-
NPs had strong antibiofilm activity against P. aeruginosa 1149
[41]. AgNPs cause increased permeability of the bacterial cell
membrane, induction of oxidative damage by reactive oxygen
species; and damage to the cell membrane and intracellular
proteins by interacting with phosphates in DNA. Thus, the bio-
film production mechanism quorum-sensing is blocked, and the
bacteria are prevented from producing biofilm [42]. The AgNPs
tested in this study exhibited antibiofilm activity, which may be
associated with the proposed mechanism described in this work.

Photocatalytic activity of AgNPs

The use of AgNPs in methylene blue (MB) removal was in-
vestigated under UV light. Photocatalytic activity of AgNPs and
MB (20 mg/L) removal percentages are shown in Fig. 6. While
the removal rate was observed as 56% in the first 10 minutes,
the highest color removal was obtained 57% at the end of 20
minutes. Dye removal was nearly constant after contact time
of 40 and 80 minutes. Dye removal slightly decreased with in-
creasing contact time. Negligible dye degradation was observed
under control conditions (dye under light without AgNPs and
dye with AgNPs in dark), indicating that the observed dye re-
moval occurred predominantly under photocatalytic conditions.

Y S

20 minof 10 20 40 S0

160

darkness time (minute)

Fig. 6. Photocatalytic activity of AgNPs (C : 20 mg/L; AgNP:
25 mg/75 mL; T: 20 + 2 °C; Stirring speed: 200 rpm)
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AgNPs are among the promising, efficient, and low-cost
metal oxides used as photocatalysts for sustainable environ-
mental remediation [43]. The narrow band gap makes Ag-
NPs a suitable photocatalyst for the degradation of organic
dyes under visible light irradiation [44, 45]. The stability
of AgNPs is one of their interesting properties, which re-
sults in high photocatalytic activity. A study reported that a
partial formation of metallic Ag occurred on the surface of
Ag O during the photocatalysis of organic substances, which
helped maintain the stability of the nanophotocatalyst [46].

Metallic Ag also participates in the photodegradation of
organic pollutants, thereby enhancing the efficiency of the
photocatalysis process. During the photo-induced process,
the adsorption-desorption equilibrium was established in the
absence of light to ensure that MB was fully adsorbed onto
the catalyst surface. This suggests that the dye molecules
underwent minimal adsorption or degradation under these
conditions [47]. A key consideration in the removal of MB
using AgNPs is whether the AgNPs are capped during syn-
thesis. Coated AgNPs provide increased stability, preventing
nanoparticle agglomeration and enhancing their efficiency
in MB removal [48]. During AgNP synthesis, capping can
occur either naturally or through artificial means, with the
photocatalytic performance of the nanoparticles being influ-
enced by the specific capping material used. For instance,
previous studies have shown that the photocatalytic remov-
al of MB using polyethylene glycol (PEG)-capped AgNPs
reached 63.78% within 80 minutes [49], whereas uncapped
AgNPs achieved complete degradation within the same du-
ration [18]. However, it was also reported that the photocata-
lytic activities of intracellular and extracellular AgNPs differ,
and a higher degree of capping may reduce the photocatalytic
efficiency of AgNPs.

In this study, the highest removal percentage was ob-
served within the first 20 minutes, after which the adsorp-
tion-desorption equilibrium between MB and AgNPs was
likely reached. The synthesized biogenic AgNPs are capped
with biomolecules, which may contribute to surface satura-
tion during the initial stage. Following equilibrium, the con-
tribution of photocatalytic activity to additional dye remov-
al was limited, suggesting that adsorption plays a dominant
role in the early phase of the process, while photo-induced
enhancement remains relatively minor under the tested con-
ditions.

Cytotoxic activity of AgNPs

The anticancer activity of biosynthesized AgNPs using
S. maltophilia extracts was evaluated via MTT assay, which
assesses mitochondrial activity as an indicator of cell viabil-
ity. The results demonstrated a significant, dose-dependent
reduction in cancer cell viability after 24 h of AgNPs treat-
ment (Fig. 7).
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In MCF-7 cells, treatment with 1 pg/mL AgNPs resulted
in a 26% decrease in viability (p < 0.0001), while the high-
est concentration (100 pg/mL) led to a 98% reduction (p <
0.0001). A549 cells showed heightened sensitivity, with even
the lowest dose (1 pg/mL) reducing cell viability by 53% (p
<0.0001). Although B16-F10 cells were less responsive com-
pared to the other lines, cell viability decreased between 18%
(»<0.001) and 96% (p < 0.0001), depending on the concentra-

tion. Furthermore, ICso values determined from the MTT assay
were found as 25.84 pg/mL for MCF-7, 6.54 pg/mL for A549,
and 30.07 pg/mL for B16-F10 cells. These findings suggest
that AgNPs exhibit potent cytotoxic activity across different
cancer cell lines, even at low concentrations. The inclusion
of a normal mammalian cell line would further strengthen the
evaluation of selective cytotoxicity.
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Fig. 7. Cell viability of MCF-7 (A), A549 (B), and B16-F10 (C), following 24-hour AgNPs treatment, as assessed by the MTT assay.
Statistical analysis was performed using one-way ANOVA followed by Tukey’s multiple comparisons test Data are presented as
mean + SD. ns indicates non-significant differences; *: p<0.05; **: p<0.01; ***: p<0.001; ****: p<0.0001

Cancer is a major health concern, responsible for millions
of deaths each year. Traditional treatment methods, such as ra-
diotherapy, chemotherapy, and immunotherapy, often fail to
provide adequate results, making the development of novel
therapeutic approaches increasingly essential [50]. In recent
years, nanotechnology has emerged as a promising field with
the potential to revolutionize cancer treatment. Nanomateri-
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als, particularly metal-based nanoparticles such as gold, silver,
iron, zinc, titanium, nickel, copper, magnesium, and calcium,
have attracted significant attention in cancer research due to
their therapeutic potential [51]. AgNPs are particularly prom-
ising candidates for alternative cancer therapies, as they have
demonstrated potent anticancer effects in both in vitro and in
vivo studies [52-54].



In the present study, the cytotoxic effect of AgNPs synthe-
sized via a green method using S.maltophilia as the bacterial
source were evaluated on MCF-7, A549, and B16-F10 cancer
cells, and their anticancer potential was evaluated. Similar
findings have been reported in a previous study, where Ag-
NPs derived from S. maltophilia showed significant cyto-
toxic activity against HeLa cervical cancer cells [55]. Addi-
tionally, a study observed a dose-dependent reduction in the
viability of A549 lung cancer and HeLa cervical cancer cells
after 48 hours of treatment of AgNPs derived from E. coli
[56]. It was reported that AgNPs exert their anticancer effects
by inducing apoptosis or necrosis through disruption of cell
structures, as well as by generating reactive oxygen species
(ROS) that cause DNA damage [57]. Moreover, AgNPs may
enhance cancer cell death by activating specific enzymes
and altering key signalling pathways and gene expression. A
recent study demonstrated significant morphological chang-
es in A549 lung cancer cells treated with AgNPs, as well as
cell cycle arrest at the G2/M phase, leading to inhibition of
cell proliferation [58]. Furthermore, AgNPs increased the
expression of cytochrome c, initiator caspase 9, and execu-
tioner caspase 3, which are involved in the intrinsic apoptosis
pathway, while suppressing the expression of anti-apoptotic
genes in cancer cells. In another study, AgNPs synthesized
from Acinetobacter sp. were shown to inhibit cell prolifera-
tion in HeLa cervical cancer cells due to accumulation in the
subG1 phase [59]. These studies collectively highlight the
significant potential of AgNPs, owing to their high cytotox-
icity against various cancer cell lines.

CONCLUSION

In this study, extracellular synthesis of AgNPs using
S. maltophilia was successfully achieved at both room
temperature (20 + 2 °C) and 37 °C, offering a potentially cost-
effective production approach. The obtained nanoparticles
were predominantly spherical, with smaller average sizes
observed at 37 °C compared to room temperature based on
TEM analysis. ATR-FTIR results indicated that biomolecules
such as proteins and polysaccharides likely played a role in
nanoparticle stabilization.

The synthesized AgNPs demonstrated antibacterial activity,
particularly against S. aureus ATCC 29213, and exhibited
notable antibiofilm effects under the tested conditions. In
addition, moderate MB removal efficiency was observed
within a short contact time. Cytotoxicity assays indicated a
dose-dependent response in the tested cancer cell lines.

Overall, these findings suggest that biogenically
synthesized AgNPs from S. maltophilia may have
multifunctional properties relevant to antimicrobial and
environmental applications. However, their potential and
practical applicability should be interpreted considering
the need for detailed mechanistic understanding, toxicity
evaluation, and validation under in vivo conditions.
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