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Introduction

The search for innovative and effective therapies to combat antimicrobial resistance (AMR) has become
one of the most significant challenges in biomedical research. Fungi, in particular, exhibit remarkable
metabolic plasticity (Choi & Kim, 2017; Nielsen etal., 2017), enablingthe generation of diverse and
underexplored chemical structures, including substances with antitumor, antioxidant, hepatoprotective,
antibacterial, antidiabetic, and anti-inflammatory activities (Arrieche etal., 2023).

The species Macrocybe titans represents asingular example. Despite its striking morphology, the
literature on M. titans s scarce, with only three publications. These include the identification of a
fucogalactan polysaccharide with tumor cell migration-reducing activity (Milhorini etal., 2018), the
discovery of macrocibin—a triglyceride capable of inhibiting tumor growth without affecting normal cells
(Vilarino etal., 2020), and the characterization of fractions with antifungal activity against Candida
albicans (Pereiraetal., 2023). Building upon these findings, this study will focus on the antimicrobial
potential of M. titans, aiming to explore its bioactive compounds as innovative solutions to combat
antimicrobial resistance (AMR).

In parallel, the growing prevalence of antimicrobial resistance poses significant public health challenges.
Immunocompromised patients, such as those in intensive care units or undergoinginvasive procedures,
are particularly susceptible to opportunisticinfections caused by multidrug-resistant microorganisms
such as Escherichia coli and methicillin-resistant Staphylococcus aureus (MRSA), both of which are
classified as priority pathogens by the World Health Organization (WHO). This scenario, exacerbated by
the overuse of antibiotics —especially during the COVID-19 pandemic—demands novel therapeutic
approaches.

Integrating bioactive compounds from M. titans with advanced materials exhibiting antimicrobial
properties, such as borophosphate glasses, emerges as a promising avenue. These glasses have been
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shown to possess effective antimicrobial activity against various pathogens, including re sistant strains
like S. aureus, E. coli, and Pseudomonas aeruginosa (Saracinietal., 2021), making them promising
candidatesfor the development of innovative therapeutic biocomposites.

Building on these findings and addressing these pressing needs, the present project proposes the
development of a therapeutic biocomposite integrating bioactive extracts of M. titans with
borophosphate glasses. The objectiveis to create a multifunctional material capable of exerting
antimicrobial effects and preventing bacterialadhesion on prostheticsurfaces. This approach aims to
contribute to more effective and safer strategies for combating antimicrobial resistance, with potential
applications in medical devicesand prosthetics.

Methodology

The agueous extract of M. titans will be obtained following the methodology described by Peiter (2022).
Borophosphate glasses will be synthesized via the melting quenching method described by (Saracini et
al., 2021). The biocomposite will be evaluated for its antimicrobial activity. Characterization of the
biocomposite will be performed using LC-MS chromatography. The antimicrobial activity tests will be
conducted using two Gram-positive bacteria (Staphylococcus aureus ATCC 6538 and Listeria
monocytogenes ATCC19111) and three Gram-negative bacteria (Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 15442, and Klebsiella pneumoniae ATCC 700603). The antibacterial
activity of the extracts will be evaluated using the disk diffusion method, following the guidelines of the
Clinical & Laboratory Standards Institute (CLSI) document M02-A12 (2015), with modifications for natural
products. The Minimum Inhibitory Concentration (MIC) will be determined by the microdilution method
in 96-well plates, according to the CLSI document M7-A6(2003). For the Minimum Bactericidal
Concentration (MBC), afterthe incubation period in the microdilution test, 2 pL aliquots from each well
will be inoculated onto Mueller-Hinton agar plates and incubated at 37 °C for 24 hours, as per CLSI
guidelines, toidentify the lowest concentration capable of eliminating the microorganisms. Different
methodologies willbe applied to evaluate the biocomposite's efficacy in preventing bacterialadhesion
on prostheticsurfaces. The first is an adhesion test, where coated surfaces will be incubated with
bacterial suspensions to assess initial adhesion by crystal violet staining. The second is a biofilm
formation assay, evaluating the biocomposite's ability to inhibit biofilm development after 48-72 hours
of bacterial incubation, with quantification through optical density or CFU. Additionally, direct
antibacterial activity on coated surfaces will be tested by applying bacterial suspensions onto
biocomposite-coated samples, followed by quantification of viable bacteria afterincubation. Finally,
degradation testsin simulated body fluids will assess compound release and sustained antimicrobial
activity overtime.

Expected Outcomes

The biocomposite developed from the aqueous extract of M. titans incorporated into borophosphate
glassesis expectedto exhibita well-characterized chemical profile containing bioactive compounds with
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significant antimicrobial potential. These compounds are anticipated to inhibit the growth of multidrug-
resistant pathogens effectively. Additionally, the biocomposite is expected to prevent bacterialadhesion
on prostheticsurfaces, contributing to the development of safer and more effective medical devices.
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