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ABSTRACT

Antimicrobial resistance (AMR) poses risks to public health, driven by factors such as the inappropriate use of antibiotics.
Endophytic fungi offer a potential solution by producing bioactive compounds, such as Acremonium chrysogenum. The aim of
this study was to investigate antimicrobial activities of this fungus from fermentation. Over 21 days, A. chrysogenum exhibited
growth with concurrent consumption of the culture medium throughout all days. Agar Spot tests revealed antimicrobial activity,
and this was further emphasized by MIC assays demonstrating activity against both gram-positive and gram-negative bacteria.
These results demonstrate the potential of A. chrysogenum in combating AMR and provide crucial insights for optimization the
fermentation parameters with design of experiments aiming production in bioreactors (scale-up).
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1 INTRODUCTION

Antimicrobial resistance (AMR) has become an increasing threat to human and animal health. AMR arises when
microorganisms (viruses, bacteria, fungi, and parasites) develop mechanisms to resist the effects of drugs used to treat them.*
Several factors can cause AMR, including the excessive or incorrect use of drugs, the spread of resistant organisms among
humans or animals, and genetic changes in individual organisms.l'z'3

Therefore, there is an urgent need for the development of new antibacterial agents. In this context, endophytic fungi are
considered reservoirs of various bioactive compounds and may be a promising alternative in combating infections caused by
resistant microorganisms.*

These natural compounds exhibit specific pharmacological characteristics, including antimicrobial, antifungal, anti-inflammatory,
antioxidant, and anticancer activities.” Among antibiotic-producing fungi, the genera Penicilium and Acremonium are
noteworthy, with species such as Penicillium griseofulvum, Penicillium chrysogenum, and Acremonium chrysogenum bein%
particularly significant industrially for the production of antibiotics like griseofulvin, penicillins, and cephalosporins, respectively.
The cephalosporins used in clinical practice are semi-synthetic derivatives of 7-ACA, which is derived from cephalosporin C
produced by Acremonium chrysogenum. Semi-synthetic penicillins and cephalosporins continue to be of interest to many
research groups seeking to discover new antibiotics capable of combating super bacteria.’

Hence, this study aimed to investigate the fermentation and antimicrobial activity of the fungus Acremonium chrysogenum as
starting points for future optimization of its fermentation a design of experiments in bioreactors, with the goal of producing
compounds with antibiotic properties.

MATERIAL & METHODS

Fermentation: The fermentation of the fungus was carried out in three Erlenmeyer flasks containing 250mL of potato dextrose
medium each at 140 rpm and 29°C on the shaker. Over 21 days, 3mL of fermentation from each Erlenmeyer flask were
collected daily, divided into 3 tubes of 1.5mL each (previously weighed). The tubes were centrifuged for 10 minutes at
13,400rpm, and the supernatants were collected and transferred to new tubes. The masses of the remaining fungi in the tubes
were washed with water to remove the medium, and then dried in ovens at 37°C for 24 hours. After drying the masses, the
tubes were weighed again, and the weight of the empty tube was subtracted from this value to measure the dry mass of the
fungus. The sugar concentration was monitored through Brix using a digital refractometer.
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Agar Spot test: The Spot test was conducted following8 with modifications. In brief, the spot tests were conducted on
disposable petri dishes containing Mueller Hinton agar (MHA) medium. In the MHA medium, 10uL of the supernatant was
spotted.

Inhibition was tested on two strains of Escherichia coli bacteria (one susceptible and one resistant) and two strains of
Staphylococcus epidermidis bacteria (both resistant) at a dilution of 1:50 in 0.6% soft MHA medium, which was poured over the
MHA MEDIUM to form a film containing the bacteria. The plates were then incubated in ovens at 37°C for 18 hours until the
inhibition halos were observed.

MIC (Minimum Inhibitory Concentration): A minimum inhibitory concentration (MIC) against pathogenic bacteria was
determined using the broth microdilution method according to the Clinical Laboratory Standards Institute (CLSI-2013) in 96-well
microplates (polystyrene; Kasvi® model: K30-5096P). In summary, pathogenic bacteria were grown in 5 mL of Mueller-Hinton
broth (MHB) with agitation at 200 rpm at 37 °C overnight. Subsequently, the bacteria were diluted 1:50 (v/v) in MHB until the
optical density (O.D.) reached half of the exponential phase. After reaching the required O.D., 50 pL aliquots of these bacteria at
5 x 10° CFU/mL™ were added to the microplate containing cell-free supernatants from A. chrysogenum fungus at dilutions
ranging from 1.56% to 50% or ciprofloxacin/ampicillin at concentrations from 4 to 128 pg/mL'l and incubated at 37 °C for 18h.
Following the incubation period, inhibition of bacterial growth was assessed in a microplate reader (Biochrom EZ Read 400) at
600 nm. Positive and negative controls were determined by bacterial growth and bacteria-free culture medium, respectively.
MIC was defined as the lowest concentration of each supernatant capable of completely inhibiting bacterial growth. Experiments
were performed in triplicate.

2 RESULTS & DISCUSSION

Fermentation: The fungus exhibited growth over the 21 days of cultivation, starting with a Brix of 2.5 and ending with a Brix of
0.5, indicating slow and continuous consumption of the medium. This consumption was accompanied by a steady increase in
the dry mass of the fungus, which started with an average of 0.0004g and ended with 0.0084g (Figure 1).
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Figure 1 Graph demonstrating the continuous and slow consumption of the medium as measured daily by Brix and continuous increase in the
dry mass of the fungus.

Spot test: In the spot tests, inhibition halos were observed in both strains of S. epidermidis from day 6 onwards. The halos
intensified between days 8 and 12, which is why days 8, 10, and 12 were chosen for MIC determination. This result
demonstrates that the fungus produces and releases molecule(s) that have strong activity against gram-positive bacteria (Figure
2)




Figure 2 Image showing inhibition halos against two resistant strains of S. epidermidis in the supernatants from days 8, 10, and 12.

MIC: Despite no inhibition halo being observed in the spot test for gram-negative bacteria (E. coli), the MIC allowed the
identification of inhibitory action in these bacteria as well, possibly due to the technique's increased sensitivity. The inhibition
was most effective in E. coli 34 (resistant), with a stronger action observed with the supernatant from day 8. Regarding the
results with gram-positive strains, the inhibitory action even surpassed that of the antibiotic (ampicillin) with the supernatant from
all three days tested (Figure 3).
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Figure 3 MIC results showing the inhibition of supernatants from days 8, 10, and 12 against the four bacterial strains tested in this study.

*CIPROFLOXACIN (CIPRO) / AMPICILLIN (AMP)

3 CONCLUSION

Through the fermentation of the fungus A. chrysogenum, it was observed that it showed slow and steady growth during the
experimental period of 21 days. Regarding the inhibitory action tested in the four bacterial strains, the supernatants from the
collections of days 8, 10 and 12 showed a strong action, demonstrating high antibacterial potential. These preliminary results
show the capacity of using this fungus for the production of antibiotics. A more advanced study with the design of experiments
for optimize the parameters of fermentation will confirm the investment for bioreactor (scale-up).
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