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Abstract

Alzheimer's is the most common age-related neurodegenerative disease, characterized by amyloid plaques
and intraneuronal neurofibrillary tangles. Nowadays, researchers are considering the use of nanoparticles
in the treatment of skin diseases, various injuries and burns, bacterial and fungal infections, and digestive
diseases. This research aims to biosynthesis of gold nanoparticles using Bacillus cereus PTCC 1015 and
investigate their antioxidant and anti-amyloid effects on bovine serum albumin as a model protein. The
properties of the synthesized nanoparticles were investigated using UV-vis, FTIR, XRD, TEM, SEM and
EDX analyses. The antioxidant and anti-amyloid activities of the synthesized nanoparticles were also
evaluated using DPPH and Congo red tests, respectively. Based on electron microscopy images, the
synthesized nanoparticles had a spherical morphology with sizes ranging from 20 to 70 nm. The DPPH
assay results showed that the synthesized nanoparticles effectively inhibited DPPH free radicals in a
concentration-dependent manner, with an I1Csq value of 0.8 pug/ml. Furthermore, the anti-amyloid activity
results showed that the synthesized nanoparticles have significant potential to inhibit amyloid fibrils, and
the highest percentage of inhibition was observed at a concentration of 3.2 ug/ml. The present study
demonstrated that B. cereus PTCC 1015 is an effective option for the synthesis of gold nanoparticles.
Considering the antioxidant and anti-amyloid activities of the synthesized gold nanoparticles, this study
represents an important step for further in vivo research.
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Introduction:

Reactive oxygen species (ROS) such as nitric oxide (NO), hydroxyl radicals (OHe), superoxide anions
(Oz¢-), and hydrogen peroxide (H20,), are produced during mitochondrial respiration. An imbalance
between pro- and antioxidants leads to oxidative stress. These highly reactive and toxic compounds, when
produced in excess, can damage lipids, DNA, carbohydrates and proteins, leading to various diseases.
Many diseases , including diabetes, hypertension, atherosclerosis, chronic obstructive pulmonary disease
(COPD), cancer and Alzheimer's, are associated with oxidative stress. Increased production of ROS is
directly linked to increased levels of inflammatory cytokines. Antioxidants are crucial in preventing
oxidative stress cell and DNA damage and reducing the risk of chronic diseases such as cancer and heart
disease. Alzheimer's disease is an age-related neurodegenerative disorder that affects two-thirds of the
population over the age of 65. The abnormal accumulation of amyloid beta protein outside nerve cells and
tau protein inside these cells are two key features of the disease, known as amyloid plaques and
neurofibrillary tangles, respectively. Gold nanoparticles have wide applications in biological imaging,
drug delivery and other fields due to their low toxicity, catalytic properties and unique surface plasmon
resonance property. In addition, previous studies have identified their antimicrobial, anticancer,
antioxidant, anti-inflammatory and analgesic activities. These nanoparticles also have the ability to bind
to the protein human serum albumin (HSA). Biological synthesis of nanoparticles using plant extracts and
microorganisms is a preferred method for producing nanoparticles due to its simplicity, cost-
effectiveness, biocompatibility and lack of need for high pressure, elevated temperatures or hazardous
chemicals. Green synthesis of nanoparticles can be carried out by plants and a wide range of organisms
including cyanobacteria, fungi, actinomycetes and bacteria. The present study focuses on the synthesis of
gold nanoparticles using Bacillus cereus PTCC 1015 and the investigation of their antioxidant and anti-
amyloid effects on human serum albumin.

Materials and Methods:

The biological synthesis of gold nanoparticles was carried out using B. cereus PTCC 1015 and 1 mM
HAuUCI, solution. The physicochemical properties of the synthesized gold nanoparticles were
characterised by UV-vis, FTIR, XRD, TEM, SEM and EDX analyses. The antioxidant properties of gold
nanoparticles were evaluated using the DPPH assay. Briefly, 2 ml of 1.5 mM DPPH solution was added
to 2 mL of different concentrations of gold nanoparticles and incubated at 37°C for 30 min in the dark.
The absorbance of the samples was then measured at 517 nm using a spectrophotometer. The anti-
amyloid potential of gold nanoparticles was measured using the Congo red assay. Different
concentrations of gold nanoparticles were added to 400 pl of bovine serum albumin solution and stirred
on a magnetic stirrer for 48 hours. Then 100 pl of amyloid samples prepared in the presence of gold
nanoparticles were combined with 1900 pl of Congo red buffer. After incubation for 10 minutes at room
temperature, the absorbance of the samples was measured using a spectrophotometer in the 400 - 600 nm
range.

Results:

The colour change of the HAUCI, solution from pale yellow to purplish-red after the addition of B.
cereus extract confirmed the formation of gold nanoparticles, with a strong absorption peak observed at
560 nm. According to electron microscopy images, the synthesized nanoparticles exhibited spherical
morphology with sizes ranging from 10 to 15 nm. In addition, energy dispersive X-ray analysis revealed
the presence of gold atoms in the 1.5 keV range, and the absence of other elements indicated the purity of
the gold nanoparticles. According to the DPPH assay, the antioxidant activity of gold nanoparticles was
concentration dependent, with the highest inhibitory effect on DPPH radicals (98.12%) observed at a
concentration of 1pg/ml. In addition, the 1Cs values for the gold nanoparticles and glutathione (control)
were 0.8 and 0.6 pg/ml, respectively. To investigate the anti-amyloid activity of the synthesized gold
nanoparticles, we measured the absorption intensity of amyloid fibrils in the presence of different
concentrations of nanoparticles. The anti-amyloid activity of the nanoparticles was concentration
dependent , with the highest activity observed at 3.2 pg/ml.
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Discussion and Conclusion:

The green synthesis of nanoparticles has increased in recent years due to their efficacy in medicine and
biological sciences. In the present study, the biological synthesis of gold nanoparticles was achieved by
the reduction of HAuUCI, by B. cereus PTCC 1015 after 48 h. UV-vis spectrophotometry confirmed the
presence of an absorption peak at 560 nm, indicating the synthesis of gold nanoparticles. The study by
Kang et al. (2023) also reported an absorption spectrum at 560 nm, which is consistent with the results of
the present study. Oxidative stress is a condition in which oxidants damage macromolecules, including
proteins, nucleic acids and lipids. In the present study, the ability of gold nanoparticles to inhibit DPPH
free radicals was evaluated. According to the results, the inhibition of free radicals by the synthesized
nanoparticles was concentration dependent, with a concentration of 0.8 pg/ml resulting in 50% inhibition
of free radicals. One of the antioxidant mechanisms of the synthesized nanoparticles may be their ability
to donate electrons or hydrogen ions to free DPPH radicals to neutralise them. Alzheimer's disease is a
neurodegenerative condition that causes progressive and detrimental damage to the brain and memory.
Metal nanoparticles represent a promising therapeutic approach for the treatment of Alzheimer's disease
through targeted drug delivery. The primary cause of Alzheimer's disease is the accumulation of beta-
amyloid protein. Our study showed that synthesized gold nanoparticles were able to reduce the
production of amyloid protein. Consistent with our findings, another study showed that conjugated gold
nanoparticles prevented the formation of beta-amyloid proteins. These results highlight the anti-amyloid
activity of the nanoparticles. Antioxidant and anti-inflammatory compounds play a crucial role in
protecting the nervous system and preventing Alzheimer's disease. Gold nanoparticles have been reported
to inhibit the NF-kB and MAPK signaling pathways and to reduce the secretion of pro-inflammatory
cytokines. Therefore, one of the mechanisms by which gold nanoparticles counteract Alzheimer's disease
may involve intervening in signaling pathways that induce inflammation and reducing the secretion of
inflammatory cytokines. This suggests that biosynthetic gold nanoparticles have significant potential for
scavenging DPPH free radicals and inhibiting the production of amyloid fibers. Based on these findings,
the synthesized nanoparticles may be useful for further in vivo research.
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Fig1. The colour change of the reaction mixture from yellow to purple-red after the addition of B. cereus microbial biomass to the HAuCI, solution indicates the synthesis
of gold nanoparticles (from left to right, showing the specified colour change).
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Fig 2. The UV-vis spectrophotometer spectrum of gold nanoparticles synthesized by B. cereus PTCC 1015 is compared with that of the B. cereus extract. (NPs: gold
nanoparticles, supematant: Bacillus cereus extract). The values obtained represent the mean + standard deviation of three replicates for each assay. (p<0.05)
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Fig 3. Fourier transform infrared spectrum of gold nanoparticles synthesized by B. cereus PTCC 1015.
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Fig 4. X-ray diffraction spectrum of gold nanoparticles synthesized by B. cereus PTCC 1015.
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Fig 5. Transmission electron microscope images of gold nanoparticles synthesized by B. cereus PTCC 1015 show particles in the size range of 10to 15 nm.
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Fig 6. Scanning electron microscope images of gold nanoparticles synthesized by B. cereus PTCC 1015. A - 1 pm resolution, B - 500 nm resolution, C - 200 nm resolution.
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Fig 7. Energy dispersive X-ray spectrascopy spectrum of gold nanoparticles synthesized by B. cereus PTCC 1015.
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Fig 8. Inhibition of DPPH radicals by different concentrations of gold nanoparticles compared to glutathione. The values obtained represent the mean == standard deviation
of three replicates for each test. (p< 0.05)
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