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Abstract

Objectives and Scope: Several countries have adopted carbon-neutral strategies to reduce greenhouse gas (GHG) emissions. Among these, the
capture and utilization of carbon dioxide (COz) from industrial processes (CCU) is an effective approach. Integrating biotechnology allows
CO:2 mitigation while producing value-added products. Microorganisms capable of metabolizing CO: offer a sustainable alternative, reducing
GHGs and enabling the synthesis of bioproducts such as biosurfactants. These amphiphilic molecules have broad industrial applications,
notably in Microbial Enhanced Oil Recovery (MEOR). Despite this potential, few studies have investigated biosurfactant production under
COz2-rich conditions. To address this, our collaborative project with Petronas Petroleo Brasil LTDA (PPBL) explores biosurfactant production
using COz as the primary carbon source.

Methods, Procedures, Process:

Twenty-eight isolates were preselected for production using a COz-analog molecule in two media: B medium (nutrient-rich) and C medium
(restrictive and saline). Emulsification indices were assessed, and the most promising isolates were cultivated under CO2 atmosphere in C
medium. Selected isolates underwent DNA sequencing to support culture optimization and gene target identification for genetic engineering.
One isolate was chosen for biosurfactant production optimization through genetic engineering and laboratory assisted evolution. Various
methodologies are currently being applied to identify the biosurfactant molecule and evaluate the stability of the bioproduct under different
conditions of pH, temperature, salinity, and pressure.

Results, Observations, Conclusions:
Many isolates showed a high emulsification index (>60%) in the C medium with sodium bicarbonate, which was then selected for further

experiments. Three isolates were chosen for genome sequencing using Illumina and Nanopore technologies. Two represent a novel
Exiguobacterium lineage, while the other one is a new strain of Vreelandella zhaodongensis. All sequenced strains grew under CO2. Two



isolates produced emulsifying compounds even without cells and were selected for further CO2 experiments. The isolate 253 maintained a 60%
emulsification index under COz2, which was more effective than sodium bicarbonate or glucose. The biosurfactant molecule was identified as
an exopolyssacharide which is stable under different conditions of pH, temperature, salinity, and pressure.

Significance/Novelty:

This project presents a bioproduct from Brazilian biodiversity with high emulsification capacity, potential MEOR applications, and
contributions to industrial innovation and CO2 reduction.
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Bioproducts - Biosurfactants

Natural compounds that can:
* emulsify
* reduce interfacial tension between oil and water

@ BIODEGRADABLE

.‘ Low toxicity

.-. Highly stable

Bacteria produce biosurfactants for Biosurfactants are more efficient and
many reasons desirable than chemical surfactants

Napp et. al. (2026)
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Goal

Production and characterization of biosurfactants by
microorganisms through CO, conversion
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Complete genome sequences of two Exiguobacterium
alkaliphilum isolates from the Brazilian Pantanal
hypersaline lakes
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Melo
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The climate crisis has stimulated research into alternative solutions for combating climate change
and environmental pollution. Extremophilic microorganisms present a valuable opportunity to
detoxify and degrade pollutants. We provide the complete genome of two Exiguobacterium
alkaliphilum isclates from a hypersaline alkaline lake and emphasize their potential as
bioremediation facilitators.
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Abstract

The urgent need for sustainable solutions to mitigate climate change has intensified
research into carbon capture, utilization, and storage (CCUS) strategies. Biological
approaches, particularly involving extremophilic microorganisms, offer promising
alternatives to conventional methods due to their adaptability and potential for
bioproduct synthesis. In this study, we report the complete genome sequencing and
functional characterization of isclate BS253, derived from a hypersaline alkaline lake
in Brazil's Pantanal region. Using a hybrid sequencing strategy combining Oxford
Nanopore long reads and lllumina short reads, we assembled a circular chromosome
of 3.76 Mb and identified two plasmids. Phylogenetic and comparative genomic
analyses identified the isolate as Vreelandella zhaodongensis. Digital DNA-DNA
hybridization (dDDH % = 71.4%) and ANI (96.83%) values supported the designation of
BS253 as a distinct subspecies of V. zhaodongensis. The genome reveals genes
associated with salt and alkali telerance, hydrocarbon and plastic degradation, and the
biosynthesis of secondary metabolites. Phenotypically, BS253 is a moderately
halophilic, facultatively anaerobic, Gram-negative rod exhibiting biosurfactant activity,
with an emulsification index of 51.7% under defined culture conditions. These
findings highlight B3253 as a metabolically versatile extremophile with potential

applications in different types of industries and bictechnological CCUS systems.
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[...] accelerating the carbon cycle by
enhancing nature itself. Modified organisms
offer the potential to convert greenhouse
gases Into energy, food, fuels, materials,
chemicals, nutrients, fertilizers, and other
beneficial byproducts, with significantly
reduced CO, emissions.

John Mcdougall, 2024
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