
16th Conference on

DATA ANALYSIS 
METHODS
for Software Systems

Druskininkai, Lithuania, Hotel “Europa Royale”
https://www.mii.lt/DAMSS

LITHUANIAN COMPUTER SOCIETY 

VILNIUS UNIVERSITY, INSTITUTE OF DATA SCIENCE AND DIGITAL TECHNOLOGIES

LITHUANIAN ACADEMY OF SCIENCES

November 27–29, 2025

VILNIUS UNIVERSITY PRESS

Vilnius, 2025



Co-Chairs:

Dr. Saulius Maskeliūnas (Lithuanian Computer Society)
Prof. Gintautas Dzemyda (Vilnius University, Lithuanian Academy of Sciences)

Programme Committee:

Dr. Jolita Bernatavičienė (Lithuania)
Prof. Juris Borzovs (Latvia)
Prof. Janusz Kacprzyk (Poland)
Prof. Ignacy Kaliszewski (Poland)
Prof. Bożena Kostek (Poland)
Prof. Tomas Krilavičius (Lithuania)
Prof. Olga Kurasova (Lithuania)
Assoc. Prof. Tatiana Tchemisova (Portugal)
Assoc. Prof. Gintautas Tamulevičius (Lithuania)
Prof. Julius Žilinskas (Lithuania)

Organizing Committee:

Dr. Jolita Bernatavičienė
Prof. Olga Kurasova
Assoc. Prof. Viktor Medvedev
Laima Paliulionienė
Assoc. Prof. Martynas Sabaliauskas
Prof. Povilas Treigys

Contacts:

Dr. Jolita Bernatavičienė  
jolita.bernataviciene@mif.vu.lt
Prof. Olga Kurasova  
olga.kurasova@mif.vu.lt
Tel. (+370 5) 2109 315

Copyright © 2025 Authors. Published by Vilnius University Press.
This is an Open Access article distributed under the terms of the Creative Commons
Attribution Licence, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

https://doi.org/10.15388/DAMSS.16.2025

ISBN 978-609-07-1200-9 (digital PDF)

© Vilnius University, 2025

https://www.vu.lt/leidyba/en/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15388/DAMSS.16.2025


16th Conference on DATA ANALYSIS METHODS FOR SOFTWARE SYSTEMS16

Computational Analysis of Mechanisms 
Governing the Sensitivity and Efficiency of 
Enzyme-Based Biosensors and Bioreactors

Romas Baronas

Institute of Computer Science
Vilnius University

romas.baronas@mif.vu.lt

Enzymes play a crucial role in analytical biosensing systems due to their 
ability to specifically recognize analytes (substrates) and catalyse their 
conversion into products that can be readily detected using conven-
tional analytical methods, such as electrochemical, optical, and other 
techniques [1]. In such systems, enzymes are primarily used in immo-
bilized forms as biosensors or bioreactors. Enzyme-based biosensors 
and bioreactors are widely used in various fields, including medical and 
clinical diagnostics, environmental monitoring, as well as industrial and 
biotechnological processes [2, 3]. Computational modelling of enzyme-
based biosensors and bioreactors enables the simulation of biosensor 
responses and bioreactor yields under both steady-state and transient 
conditions. The simulations consider biosensors and bioreactors with 
complex geometries and kinetic schemes that describe the action of 
biocatalysts. Mathematical and computational tools are widely used to 
optimize existing biochemical systems and to develop novel ones [4]. 
The aim of this work was to investigate the influence of the partitioning 
and diffusion limitations on the efficiency of enzyme-based bioreactors 
and biosensors using a three-layer model involving different schemes 
of the enzyme kinetics [5-7]. Exact steady state analytical solutions for 
the substrate and reaction product concentrations and the bioreactor 
effectiveness, as well as biosensor response, were obtained for the first 
and zero-order reaction rates. The transient action of enzyme-based 
bioreactors and amperometric as well as potentiometric biosensors was 
numerically investigated using the finite difference technique. The nu-
merical simulator has been programmed in Java. Mathematical model-
ling of the diffusion-limited membrane and the conditions under which 
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the same values of the steady state characteristics are obtained when 
simulating the treated system by purposefully changing the values of 
the diffusion and distribution coefficients have been investigated [5, 6]. 
The application of different specific types of interface conditions, perfect 
contact and partition conditions, at which the steady state biosensor re-
sponse is the same for both types of interface conditions, has been stud-
ied. To simplify the analysis, effective diffusion coefficients for the overall 
layer, comprising the diffusion-limiting membrane and the outer diffu-
sion (Nernst) layer, have been identified to reduce the three-layer model 
to an equivalent two-layer model [5, 6]. In particular, it was determined 
that at relatively high substrate concentrations and in the presence of 
external diffusion limitation, the transient response of an amperomet-
ric biosensor exhibiting uncompetitive substrate inhibition may follow a 
five-phase pattern, depending on the model parameter values. Specifi-
cally, the response starts from zero, reaches a global or local maximum, 
decreases to a local minimum, increases again, and finally decreases to 
a steady intermediate value [7]. Managing such oscillations in the tran-
sient biosensor response is crucial for accurately predicting the analyte 
concentration, e.g., glucose in human blood, using a glucose biosensor. 

References

[1]	 H. Bisswanger, Enzyme Kinetics: Principles and Methods, 2nd ed., Wiley-
Blackwell, 2008. 

[2]	 B.D. Malhotra, C.M. Pandey, Biosensors: Fundamentals and Applications, 
Smithers Rapra, 2017.

[3]	 P.M. Doran, Bioprocess Engineering Principles, 2nd edn., Academic Press, 
2013.

[4]	 R. Baronas, F. Ivanauskas, J. Kulys. Mathematical Modeling of Biosensors, 2nd 
ed. Springer, 2021.

[5]	 R. Baronas. Nonlinear effects of partitioning and diffusion-limiting phenomena 
on the response and sensitivity of three-layer amperometric biosensors. 
Electrochim. Acta, 2024, 478, 143830.

[6]	 R. Baronas. Nonlinear effects of partitioning and diffusion limitation on the 
efficiency of three-layer enzyme bioreactors and potentiometric biosensors. 
J. Electroanal. Chem., 2024, 974, 118698.

[7] 	R. Baronas. Non-monotonic effect of substrate inhibition in conjunction with 
diffusion limitation on the response of amperometric biosensors. Biosensors, 
2025, 15, 441. 


	Computational Analysis of Mechanisms Governing the Sensitivity and Efficiency of Enzyme-Based Biosensors and Bioreactors. Romas Baronas

