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Europa Luminescence Microscope (ELM)
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Biological Redox Molecules

Flavins 

PorphyrinsQuinones Quinone (Plumbagin) 

Nicotinamides 

Classes of Energy Transport Molecules Electrochemical Reversibility

• Redox molecules mediate the movement of electrons
• Four key classes of naturally-occurring redox molecules



• Cyclic Voltammetry: an electrochemical technique that sweeps across a potential range and measures 
electron flow

Redox Measurement Approach
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Cyclic Voltammogram of Anthraquinone-2-sulfonic Acid 



Electrochemical Redox Signatures

Anthraquinone-2-sulfonic acid

• No observable redox couples in synthetic seawater standard
• In mixture containing multiple classes of redox molecules, multiple redox couples observed 



Concentration Response and Limits of Detection
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Redox Class Redox Molecules
Limit of Detection in 

Synthetic Seawater 

Flavin Flavin Adenine Dinucleotide 10 nM

Flavin Riboflavin 30 nM

Quinone Plumbagin 100 nM

Quinone
Anthraquinone-2-sulfonic 

acid 
30 nM

Nicotinamide
Nicotinamide Adenine 

Dinucleotide
10 µM

Anthraquinone-2-sulfonic acid
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• Voltammetry current response is proportional to concentration
• Improved limits of detection using other voltammetry techniques such as differential pulse voltammetry 

Current Response and Concentration in Synthetic Seawater Limits of Detection Found Using Differential Pulse Voltammetry



Measuring Chemical Modifications Using a Redox Marker

• Cyclic voltammetry can be used to measure chemical reactions occurring in the system
E.g. Enzymatic cleavage of phosphate

phosphatase

+ PO4
3-

phosphatase

Phosphate Group Removal by Enzymatic Species in Solution Change in Redox Signatures Following Addition of Enzyme



• Performing cyclic voltammetry in a 3D-printed dual-channel microfluidic cell 
• Autonomous background and sample delivery using fluidic breadboard approach

Microfluidic Electrochemical Cell and Breadboard Fluidic System



Microfluidic Electrochemical Cell Results

Autonomous Fluidic Delivery and Electrochemical Measurements (CV and pH) 
of Background and Sample 



• Cyclic voltammetry can be used for:

- Identification of biological redox active molecules

- Measuring chemical reactions

• Detection limits in seawater:

- redox classes greater than 10 nM

- enzymatic activity greater than 3.1 aM over a 60 min period 

• Microfluidic approaches coupled with cyclic voltammetry can achieve high 
sensitivity in very small volumes - ideal for plume sampling

Summary
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