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Abstract. This study correlates biofilm formation with redox activity to assess the electrogenic potential of
Pseudomonas strains (P. aeruginosa, P. chlororaphis, P. fluorescens) for microbial fuel cells. Cultivation
showed P. aeruginosa developed dense, uniform biofilms, while others formed moderate, uneven ones.
P, aeruginosa also exhibited a DREAM coefficient 4.6-5.8 times higher than the others within 4 h,
indicating superior electron production. Ultimately, P. aeruginosa ATCC 27853 showed 3-8 times greater
electron emission intensity, confirming a direct relationship between solid-surface biomass accumulation
and redox capacity, validating these parameters for evaluating microbial current generators.
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The search for efficient microorganisms for use as the basis of microbial fuel cells
(MFCs) is based on evaluating their ability for electrogenesis and the formation of microbial
associations. Key criteria include the intensity of microbial biomass accumulation on solid
surfaces in the form of a biofilm and the ability of strains to produce compounds involved in
redox reactions (Askitosari et al., 2019). This study focuses on analyzing the electrogenic
potential of representatives of the genus Pseudomonas (specifically P. aeruginosa, P. chlo-
roraphis, and P. fluorescens strains) through the quantitative determination of biofilm
formation intensity and their level of redox activity. Establishing a correlation between these
morphological and quantitative parameters allows for the identification of the most
promising strains as current generators for MFCs.

The ability of microorganisms to form a biofilm was determined using crystal violet at
582 nm (O'Toole & Kolter, 1998). The redox potential was determined by the DREAM
method, where methylene blue served as an indicator, and its reduction was recorded
spectrophotometrically at 660 nm (Vishwanathan et al., 2015). The reliability of the results
was evaluated using Student's t-test (p < 0.05) (Mavrodi et al., 2006).

The cultivation of microorganisms in polystyrene plates demonstrated an intensive
accumulation of their biomass. The P. aeruginosa strains (ATCC 27853, ATCC 15692,
ATCC 10145) formed a high-density biofilm with uniform cell layering. In contrast,

38



Biotechnological application of microorganisms

P. chlororaphis ONU 111 and P. fluorescens ONU 110 were characterized by a moderate
intensity of biofilm formation, featuring an uneven cell distribution and the presence of gaps.

The ability of the studied microorganisms to function as the basis for microbial fuel
cells (MFCs) was confirmed by their capacity to produce electrons and reduce methylene
blue to a colorless leuco form (Rahimnejad et al., 2011).

The P. aeruginosa strains demonstrated a DREAM coefficient 4.6-5.8 times higher
compared to P. chlororaphis and P. fluorescens as early as the 4™ hour of the experiment.
Over time, the redox activity increased, with the maximum intensity of electron emission
recorded for the P. aeruginosa ATCC 27853 strain, showing values that exceeded the results
of the other studied cultures by 3-8 times.

The analysis of the results established a direct correlation between the intensity of
microbial biomass accumulation on a solid surface and the ability of the strains to engage in
redox reactions. The Pseudomonas strains with a high level of biofilm formation and a ma-
ture, uniform biofilm (P. aeruginosa) demonstrated the highest capacity for electrogenesis.
Accordingly, microorganisms with a lower rate of biofilm formation exhibited a significantly
lower level of redox activity. The morphological and quantitative parameters of microbial
association formation can be effectively utilized as criteria for evaluating microorganisms as
current generators for MFCs.

References

1. Askitosari, T. D., Boto, S. T., Blank, L. M., & Rosenbaum, M. A. (2019). Boosting heterologous
phenazine production in Pseudomonas putida KT2440 through the exploration of the natural
sequence space. Frontiers in Microbiology, 10. https://doi.org/10.3389/fmicb.2019.01990

2. Mavrodi, D. V., Blankenfeldt, W., & Thomashow, L. S. (2006). Phenazine Compounds in Fluo-
rescent Pseudomonas spp. Biosynthesis and Regulation. Annual Review of Phytopathology,
44(1), 417-445. https://doi.org/10.1146/annurev.phyto.44.013106.145710

3. O’Toole, G. A., & Kolter, R. (1998). Initiation of biofilm formation in Pseudomonas fluorescens
WCS365 proceeds via multiple, convergent signalling pathways: A genetic analysis. Molecular
Microbiology, 28(3), 449—461. https://doi.org/10.1046/j.1365-2958.1998.00797.x

4.  Rahimnejad, M., Najafpour, G. D., Ghoreyshi, A. A., Shakeri, M., & Zare, H. (2011). Methylene
blue as electron promoters in microbial fuel cell. International Journal of Hydrogen Energy,
36(20), 13335-13341. https://doi.org/10.1016/j.ijhydene.2011.07.059

5. Vishwanathan, A. S., Devkota, R., Siva Sankara Sai, S., & Rao, G. (2015). DREAM assay for
studying microbial electron transfer. Applied Biochemistry and Biotechnology, 177(8), 1767—
1775. https://doi.org/10.1007/s12010-015-1852-3

https://doi.org/10.30970/apmicro.2026.12

Leonova N.!, Fomenko S.!, Hretskyi I.'*

BIOTECHNOLOGICAL SCREENING OF PLANT-ASSOCIATED BACTERIA
FOR L-TRYPTOPHAN-DEPENDENT INDOLE-3-ACETIC ACID PRODUCTION

D. K. Zabolotny Institute of Microbiology and Virology of the National Academy of Sciences
of Ukraine, 154 Akademika Zabolotnoho St., Kyiv, 03143, Ukraine

’Kyiv National University of Technologies and Design,

2 Mala Shyianovska St., Kyiv, 01011, Ukraine

e-mail: ihorhretskyi@gmail.com

Abstract. Indole-3-acetic acid (IAA) production by plant-associated bacteria represents a promising
trait for agricultural biotechnology. This study evaluated strain-specific responses of six bacterial
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