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Abstract. Cyanobacteria have emerged as promising platforms for sustainable biofuel production 

due to their ability to convert CO2 into organic compounds. This study investigates the metabolic 

pathway engineering of Synechocystis sp. PCC 6803 to enhance biofuel output through synthetic 

biology techniques. Using CRISPR-Cas9 gene editing, we targeted key enzymes in the fatty acid 

synthesis pathway, followed by fermentation assessments of engineered strains. Our findings reveal 

a 57% increase in biofuel yield compared to unmodified strains, highlighting the efficacy of 

targeted metabolic modifications. This research underscores the potential of tailored synthetic 

biology approaches in optimizing cyanobacterial biofuels, offering insights for future industrial 

applications. 
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Introduction 

Cyanobacteria, often referred to as blue-green algae, play a crucial role in global carbon 

cycling and have garnered attention as a sustainable biofuel source. The alarming rise in 

global carbon emissions necessitates innovative solutions for renewable energy production. 



 

 

As we transition from fossil fuels, harnessing cyanobacteria's natural photosynthetic 

abilities presents an economically viable alternative. Despite promising research, previous 

studies have often inadequately addressed the complexities of metabolic pathway 

manipulation in these organisms, leading to limited practical applications. Notably, 

challenges in achieving sufficient biofuel production rates have hindered the commercial 

viability of cyanobacterial systems. For instance, most efforts have focused on bulk 

production of biomass rather than optimizing specific pathways for high-value biofuels, 

resulting in subpar yield percentages. Additionally, inconsistencies in genetic stability and 

metabolic flux distribution have posed significant obstacles. This paper aims to fill these 

gaps by critically assessing existing methodologies and employing novel synthetic biology 

techniques to engineer the fatty acid synthesis pathway in Synechocystis sp. PCC 6803. 

The main research questions include: How can targeted interventions in metabolic 

pathways enhance biofuel yield? What are the limitations of current engineering strategies? 

The structure of this paper is as follows: we will first discuss the methodologies employed, 

followed by results and implications for industrial applications. 

This is a preliminary version. To read the full version of the article, please purchase a 

subscription. 

Methodology 

The empirical framework of this study involves a stepwise approach to engineer the fatty 

acid synthesis pathway in Synechocystis sp. PCC 6803 utilizing CRISPR-Cas9 gene 

editing. Initial stages included the identification of target genes that impact fatty acid 

production, specifically acyl-ACP thioesterases and fatty acid synthases. Genomic 

sequences were analyzed using the latest version (v3.8) of Geneious Prime software, which 

allowed for precise gRNA design. The CRISPR construct was synthesized and transformed 

into cyanobacterial cells using electroporation with a Bio-Rad Gene Pulser (280V, 25μF) 

setting. Following transformation, we employed PCR amplification (using Phusion High-

Fidelity DNA polymerase from Thermo Fisher Scientific) to verify successful incorporation 

of edits. Engineered strains were cultured in BG-11 media (adjusted with varying nitrogen 

sources) for 14 days under 120 μmol photons m−2 s−1 light intensity. Biofuel yield was 

quantified using a gas chromatography-flame ionization detector (GC-FID, Agilent 7890B) 

method for fatty acid methyl esters. Statistical analyses were conducted using GraphPad 

Prism (v9.2), applying ANOVA and Tukey's multiple comparison tests to assess 

significance (p < 0.05). 

Results and Discussion 

The engineered Synechocystis sp. strains demonstrated a remarkable increase in biofuel 

production, achieving an average yield of 1.15 g/L compared to the control strain at 0.73 

g/L, accounting for a 57% enhancement. The statistical analysis confirmed significant 

differences with a p-value of 0.002, underscoring the robustness of our approach. 

Furthermore, the targeted metabolic engineering resulted in a notable shift in metabolic 



 

 

flux, indicated by the reduced accumulation of unwanted by-products such as 

carbohydrates. This study’s findings provide critical insights into the optimization of 

metabolic pathways for biofuel applications, suggesting that strategic genetic modifications 

can lead to substantial efficiency gains. In comparison to conventional biofuel production 

methods, our approach offers a more streamlined path, reducing resource inputs while 

maximizing output. The implications for industrial biofuel production are profound, as 

these results pave the way for scaling up processes that leverage engineered cyanobacteria, 

potentially revolutionizing biofuel strategies and contributing significantly to energy 

sustainability. 

Conclusions 

This study successfully demonstrates that targeted metabolic pathway engineering in 

cyanobacteria can significantly enhance biofuel production. The empirical methods 

employed, particularly CRISPR-Cas9 gene editing, reveal promising avenues for industrial 

application and optimization as biofuel alternatives. Policymakers and biotechnologists 

must consider these findings to leverage cyanobacterial systems in sustainable energy 

strategies. Future research should explore the scalability of these engineered strains and the 

broader impacts of metabolic modifications on environmental sustainability. 
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