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Biosensors: what are they?

• Biosensors are devices for the detection and analysis of 

chemical compounds based on biochemical processes.

• Enzyme-based amperometric biosensors are used to find the 

concentration of specific substances in a medium, where these 

chemical constituents are enzymatically converted into products, 

which produce an electric current that is measured.

• Enzymes are biological molecules (proteins) which act as 

biological catalysts by accelerating chemical reactions.

• The molecules upon which enzymes may act are called 

substrates, and the enzyme converts the substrates into different 

molecules known as products.
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Biosensors: how do they work?

• Each specific substrate requires its corresponding enzyme.

• For example,

© Wikipedia

• The key is to obtain hydrogen peroxide (H2O2) as the reaction 

product.

Substrates Enzyme Products

D-Glucose + O2 Glucose oxidase Glucono-lactone + H2O2

L-Lactate + O2 Lactate oxidase Pyruvirate + H2O2



Biosensors: how do they work?

• Hydrogen peroxide (H2O2) is oxidized by catalyst (for 

example, platinum) on electrode’s surface if an electrical 

potential is applied:

H2O2

Pt: 450 𝑚𝑉
O2 + 2H+ + 2e−.

• Two electrons are freed during each reaction. The resulting 

electric current 𝐼 𝑡 is proportional to the concentration of 

according substance.
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Biosensors: how do they work?

Innovative Sensor Technology: https://www.youtube.com/watch?v=WjfQ-ZHEAHg

https://www.youtube.com/watch?v=WjfQ-ZHEAHg
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Biosensors: 1st example

Accu-Chek Glucose Monitor Kit for Diabetic Blood Sugar Testing
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Biosensors: 2nd example

Advances in protein/enzyme-based biosensors for the detection of metal 

contaminants in the environment. 2020, https://doi.org/10.1016/B978-0-12-

814679-8.00012-1

https://doi.org/10.1016/B978-0-12-814679-8.00012-1


Mathematical model of enzyme-based 
amperometric biosensor
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Electric current (of virtual biosensor):



Biosensor’s operational modes

Vadimas Starikovičius, VILNIUS TECH

2023.06.01

10

Batch mode:

𝑆𝑙 𝑑 + 𝑎, 𝑡 = 𝐶𝑙 = 𝑐𝑜𝑛𝑠𝑡,
𝑙 = 1, . . , 𝑚.

Flow injection mode:

𝑆𝑙 𝑑 + 𝑎, 𝑡 = ൝
𝐶𝑙 , 𝑡 ≤ 𝑡𝑓,

0, 𝑡 > 𝑡𝑓,
𝑙 = 1, . . , 𝑚.



Inverse biosensor problem
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Results of numerical experiments
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Train domain:

Error:
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Results with FNN (PCA)

• Batch mode, Additive noise:
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Results with FNN (PCA)

• Flow injection mode, Additive noise:
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Results with convolutional network

• Batch mode, Additive noise:

• Flow injection mode, Additive noise:
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Results with FNN (PCA)

• Batch mode, Multiplicative noise:
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Results with FNN (PCA)

• Flow injection mode, Multiplicative noise:
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Results with convolutional network

• Batch mode, Multiplicative noise:

• Flow injection mode, Multiplicative noise:
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Thank you for your attention!


