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Description 
 

Bio-Electrochemical Systems (BES) represent a revoluti- 
onary approach in energy production, waste treatment 
and biosensing, leveraging the power of microorganisms 
to convert chemical energy into electrical energy or vice 
versa. The efficiency and performance of BESs depend 
significantly on the microbial strains used in the system. 
Microorganisms, such as bacteria, can serve as biocata- 
lysts in electrochemical processes, facilitating the 
conversion of substrates into useful energy. However, the 
natural properties of these microbes often require enhan- 
cement for optimal performance in bio-electroche- mical 
applications. Synthetic biology, an interdisciplinary field 
combining biology, engineering and molecular genetics, 
offers innovative strategies to modify and optimize 
microbial strains for improved bio-electroche- mical 
performance. By applying synthetic biology techniq- ues, 
researchers are able to engineer microorga- nisms to 
enhance their electrochemical activity, stability and 
overall efficiency in BESs. 

Synthetic biology in engineering microbial strain 

Synthetic biology has emerged as a powerful tool for the 
development of improved microbial strains in bio-
electrochemical applications. It involves the design and 
construction of new biological systems or the modification 
of existing ones, with a focus on enhancing specific traits 
for industrial and environmental applications. In the 
context of BESs, synthetic biology can be used to 
improve microbial strains by optimizing their electroch- 
emical properties, such as electron transfer efficiency, 
substrate utilization and biofilm formation. One of the 
primary strategies used in synthetic biology to enhance 
microbial strains for BESs is metabolic engineering. By 
genetically modifying microorganisms to boost their 
metabolic pathways, it is possible to increase their 
production of key metabolites, such as electrons, protons 
and other chemical intermediates that are crucial for 
electrochemical processes. 

Another key approach is the optimization of electron 
transfer mechanisms in microbes. Microbial strains used 
in BESs often rely on Extracellular Electron Transfer 
(EET) to transfer electrons from their cellular metabolism 
to an electrode surface, a process that can  be  slow  and  

inefficient in natural strains. Synthetic biology offers 
several methods to overcome these limitations. For 
example, genetic modifications can be made to express 
redox-active proteins or conductive pili, which are 
specialized proteins that facilitate electron transfer 
between the cell and the electrode. By introducing 
synthetic pathways for the production of these proteins, 
researchers can significantly enhance the ability of 
microbes to transfer electrons and improve the overall 
efficiency of the bio-electrochemical process. Addition- 
ally, the use of synthetic biology allows for the enginee- 
ring of microbial strains that can tolerate and function in 
harsh environmental conditions, such as high acidity, 
salinity or toxicity, which are commonly encountered in 
many industrial and environmental applications. 

Microbial strains 

In addition to improving the general performance of 
microbial strains, synthetic biology also allows for the 
optimization of specific microbial strains tailored to 
particular bio-electrochemical applications. For example, 
in Microbial Fuel Cells (MFCs), where microbes are used 
to generate electricity from organic waste, it is essential 
to select and engineer microbial strains capable of 
efficiently degrading complex organic compounds while 
maintaining a high level of electrochemical activity. 
Synthetic biology can be used to enhance the degrada- 
tion pathways of these compounds, thereby increasing 
the power output of the MFC. Furthermore, by enginee- 
ring microbial strains to improve their biofilm formation on 
the anode surface, researchers can enhance the 
electrical conductivity and stability of the MFC, leading to 
more efficient energy production. 

In Microbial Electro-Synthesis (MES), a process where 
microbes convert carbon dioxide into valuable chemicals 
using electricity, synthetic biology enables the 
engineering of strains that can efficiently capture and 
reduce CO2. This process relies on specific metabolic 
pathways that microbes must use to fix carbon and 
convert it into useful products like biofuels or other 
chemicals. By using synthetic biology to modify the 
microbial genome, it is possible to optimize the 
expression of enzymes involved in the carbon fixation 
process, increasing the efficiency of CO2 reduction. 
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Additionally, synthetic biology allows for the creation of 
microbial strains with enhanced resistance to the toxic 
by-products generated during electrochemical reactions, 
such as hydrogen peroxide, which can inhibit microbial 
growth and performance. The ability to engineer strains 
for improved tolerance to these by-products is crucial for 
sustaining high-level productivity in MES systems. 
Synthetic biology also plays an important role in the 
development of microbial biosensors, which are used to 
detect and quantify specific analytes in a variety of 

environments. By genetically modifying microbial strains 
to produce detectable signals in response to target 
substances, synthetic biology enables the creation of 
highly sensitive biosensors for applications in environ- 
mental monitoring, clinical diagnostics and food safety. 
The integration of electrochemical sensors with 
genetically engineered microbes allows for real time, on-
site detection of pollutants or pathogens, offering signific- 
ant advantages over traditional detection methods in 
terms of speed, cost-effectiveness and sensitivity. 

 


