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ABSTRACT

The search for sustainable alternatives to synthetic surfactants has intensified interest biosurfactants and bioemulsifiers. Despite
their advantages, large-scale production remains costly. Therefore, discovering new bacterial species and optimizing production
conditions are crucial. This study investigates the biosurfactant production capabilities of newly isolated bacterial strains LABEM
101, LABEM 102 (Paenibacillus spp.), and LABEM 103 (Psychrobacillus sp.), optimizing production conditions and characterizing
their genomes and metabolism. Emulsification and drop collapse tests confirmed biosurfactant production. Using Central
Composite Design (CCD), optimal production conditions were identified: LABEM 101 (34°C, pH 9, 2% salinity), LABEM 102 (34°C,
independent of pH and salinity), and LABEM 103 (34°C, pH 5, independent of salinity). HPLC analysis revealed LABEM |01 and
LABEM 102 produce fengycin, while LABEM 103 does not produce surfactin or fengycin, highlighting the impact of cultivation
conditions. Genome analysis confirmed the strains as novel species with biosurfactant-related genes. This research underscores
the importance of optimizing growth conditions to enhance biosurfactant production, supporting their use as sustainable surfactant
alternatives.
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1 INTRODUCTION

Biosurfactants and bioemulsifiers are microbial surfactants that lower surface and interfacial tensions, due to their amphipathic
properties, enabling better interaction between different phases®. Biosurfactants feature hydrophilic and hydrophobic components
that allow them to perform various tasks, whereas bioemulsifiers, having a larger molecular mass, stabilize emulsions?. Both offer
several environmental and performance advantages over synthetic surfactants, including biodegradability, lower toxicity and
effectiveness under extreme conditions®. The demand for these compounds is increasing due to their advantages and the desire
for more sustainable alternatives. Despite this, the bulk of commercial surfactants still come from petroleum, which poses
environmental and health risks*. Large-scale production of biosurfactants remains expensive, necessitating innovative strategies
to optimize microbial production and reduce costs®. Ongoing research into diverse microbial strains and production techniques is
essential for enhancing the use of biosurfactants and discovering new genes and metabolic pathways involved in their synthesis.

2 MATERIAL & METHODS

Our group has already isolated and identified the bacterial strains used in this investigation. LABEM [01 (Paenibacillus sp.) and
LABEM 102 (Paenibacillus sp.) were isolated from the soil of Grumari beach's sandbank, while LABEM 103 (Psychrobacillus sp.)
was isolated from the marine sediment of the same beach in Rio de Janeiro, Brazil (23°2'59"S 43°31'35"W). These bacteria were
cultured in Trypticase Soy Broth (TSB) medium. Initially, a 10 pl aliquot of each bacterial strain was transferred to Erlenmeyer
flasks containing 100 ml of TSB and incubated at 30°C and 170 rpm for 24 hours. Subsequently, 10 ml of each pre-inoculum was
transferred to Erlenmeyer flasks containing 110 ml of TSB medium (totaling 120 ml) and incubated under the same conditions for
48 hours. After growth, cultures were centrifuged at 10,000 x g and 4°C for 20 minutes. Surface tension reduction was measured.
To assess the generation of lipopeptide class biosurfactants by the bacteria LABEM 101, LABEM 102, and LABEM 103, a
lipopeptide extraction step was performed using a modified method of Tiossi et al.6. The extracted residue was solubilized in 2 ml
of methanol and analyzed using high-performance liquid chromatography (HPLC). For emulsification and surface tension
reduction experiments, 20 ml of the supernatant was used. Central Composite Design (CCD) analyses were conducted to
determine the optimal conditions for biosurfactant and bioemulsifier production, evaluating temperature (26°C to 34°C), pH (5.0
to 9.0), and salinity (2% to 4%). Statistical analysis of the CCD was performed using Protimiza software (http://experimental-
design.protimiza.com.br). In all cases, the production of biosurfactants and/or bioemulsifiers was evaluated using the
emulsification test and the pendant drop method, which determined the reduction in water surface tension, using a goniometer.

3 RESULTS & DISCUSSION

Using a 10% of statistical significance (p-value < 0.1), the emulsification test findings did not support an optimal model for
bioemulsifier synthesis by LABEM 101, LABEM 102, and LABEM 103. However, ANOVA showed that the model for the surface
tension response was predictive, allowing the construction of response surfaces, taking into account the variables (i) pH and
salinity, (ii) temperature and pH, and (iii) temperature and salinity (Figures 1A, 2B, and 3C). Based on the findings, it was feasible



to discern a trend indicating increased biosurfactant activity in the supernatant of LABEM 101 bacteria collected at 34 °C, pH 9,
and 2% salt.
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Figure 1 — Response surfaces for reducing the surface tension using the supernatant of LABEM 101 bacteria. (A) Response surface obtained as
a function of pH and salinity variables. (B) Response surface obtained as a function of the variables temperature and pH. (C) Response surface
obtained as a function of the salinity and temperature variables.

Similarly, a response surface based on the temperature variable was produced based on the response model (surface tension)
(Figure 2). A trend suggesting increased biosurfactant activity in the LABEM 102 bacterium supernatant obtained at 34 °C,
independent of pH and temperature, was discernible based on the acquired results.
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Figure 2 - Reduction in surface tension of the LABEM 102 supernatant obtained as a function of the temperature variable.

For the LABEM 103 strain, a response surface was generated using the model obtained for surface tension, in function of the
variables temperature and pH (Figure 3). This method allowed detection of higher biosurfactant activity in the supernatant of the
LABEM 103 collected at a temperature of 34 °C and pH 5, without regard to salinity.
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Figure 3 - Response surface for the reduction in surface tension of the LABEM 103 supernatant obtained as a function of the variables temperature

and pH.

To determine if the bacteria LABEM 101, LABEM 102, and LABEM 103 produce the biosurfactants surfactin and/or fengycin, high
performance liquid chromatography (HPLC) was used. LABEM 101 and LABEM 102 strains displayed chromatographic patterns
that were comparable to the chromatographic profile corresponding to fengycin with a retention period between 8 and 9.5 minutes.
However, under the evaluated conditions, none of the bacteria produced surfactin.

4 CONCLUSION

This study optimized the growth conditions for LABEM 101, LABEM 102, and LABEM 103 bacteria using Central Composite Design
(CCD). The optimal conditions discovered were identified as 34°C, pH 9, and 2% salinity for LABEM 101; 34°C, independent of
pH and salinity for LABEM 102; and 34°C and pH 5, independent of salinity for LABEM 103. High Performance Liquid
Chromatography (HPLC) analysis revealed that LABEM 101 and 102 produce fengycin, while LABEM 103 does not produce
surfactin or fengycin under the tested conditions. These findings underscore the importance of optimizing cultivation conditions to
enhance biosurfactant production and promote sustainable alternatives to conventional surfactants. Further research should focus
on scaling up production processes and exploring the commercial viability of these biosurfactants.
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