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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 (CO2) from industrial processes (CCU) is an effective approach. Integrating biotechnology allows 

CO2 mitigation while producing value-added products. Microorganisms capable of metabolizing CO2 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 

CO2-rich conditions. To address this, our collaborative project with Petronas Petróleo Brasil LTDA (PPBL) explores biosurfactant production 

using CO2 as the primary carbon source. 

Methods, Procedures, Process: 

Twenty-eight isolates were preselected for production using a CO2-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 CO2, 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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How can captured CO2 be transformed 
into a biotechnological product?
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Biosurfactants

Introduction



BIODEGRADABLE

Low toxicity

Highly stable

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

Biosurfactants are more efficient and 
desirable than chemical surfactants

Bacteria produce biosurfactants for 
many reasons

Introduction

Napp et. al. (2026)



Introduction

Kumar et. al. (2026)



Production and characterization of biosurfactants by 
microorganisms through CO₂ conversion

Goal
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Results

Sample collected from a saline lake in Pantanal, Brazil



Philogenetic tree of microrganisms

General lookout of microorganism genoma.
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Microorganism 253



Positive 
Control

EPS Surface-active

Drop colapse assays

Results

Spread oil assays
EPS formation assays

Emulsification assays



Results

SEM from bacterial production of EPS. A, B) High EPS

production connecting the bacteria. C, D) EPS is produced on the

surface of the bacteria.

TEM from bacterial 

production of EPS



Poster presentation at 33º
Congresso Brasileiro de
Microbiologia – Aracaju/
Brazil
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Methods



Extraction and purification of Exopolysaccharide (EPS). A) Ethanol 

extraction. B) Concentration by serial wash. C) EPS lyophilization. D) 

Optical Microscopy of EPS 1x. E) Optical Microscopy of EPS 10x. F) 

Polarized Microscopy of EPS 20x

Results



Results

Physical-chemical characterization of EPS. Left: A, B, C, D characterize EPS as anionic

and mainly glycolipidic. Right: Surface tension. Below: DRX
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Can microbial CO2 conversion be 
increased and optimize biosurfactant 
production?



Diagram of the assisted laboratory evolution V. 

zhaodongensis BS253 under atmospheres enriched

with CO2.

Results
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The culture exposed to 10% CO₂ showed stronger growth

throughout the experiment.



Physical map of the recombinant plasmid pCM66T_CA 

containing Carbonic Anhydrase.

Results

Physical map of the recombinant plasmid pCM66T_PPC 

containing Phosphoenolpyruvate carboxylase.
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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 CO2 emissions.

John Mcdougall, 2024



Thank You!

henriqueabrito@hotmail.com
Contact us:
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