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One of the most serious problems today is environmental pollution by plastic and its derivatives. It is known that
bisphenol A (BPA) is a widespread compound used in the production of various polymeric materials. When it gets into
water, soil, air, food and beverages, it causes numerous toxic effects in the body. Bisphenol A disrupts the functioning of
the endocrine, reproductive, immune, nervous, and respiratory systems (Kosior E., Crescenzi I., 2020). When ingested by
the animal body through the diet, BPA can be absorbed by cells of the gastrointestinal tract and liver, where it undergoes
biotransformation to form bisphenol A-glucuronide, and less commonly bisphenol A-sulfate (Durovcova I. et al., 2022).
Little is known about the impact of BPA on the development of microorganisms; the possibility of converting the polutant
by enzymes of a number of gram-negative bacteria and microscopic fungi has been reported (Ingale S. et al., 2021).

Today, effective and cost-effective strategies are being actively sought to remove xenobiotics from the environment
and prevent their entry into the human body through trophic chains. Biodegradation is one of the most advanced
technologies available today. Due to the efficient extracellular enzyme systems of ligninolytic and non-ligninolytic
microscopic fungi and bacteria, BPA can be biotransformed to form non-toxic products (Daassi D. et al., 2016).

We have studied the possibility of biodegradation of bisphenol A by Rhodotorula minuta, Saccharomyces cerevisiae,
Corynebacterium glutamicum, Micrococcus luteus. It was found that the cultivation of microorganisms on media
containing bisphenol concentrations exceeding its MPC in the environment was characterised by a decrease in the
accumulation of their biomass and colony formation. The introduction of 0.3, 0.4, 0.5, 3, 4, 5 mg/I of bisphenol A into the
culture medium led to an increase in laccase, Mn-peroxidase and lignin peroxidase activities, most of all in R. minuta.
The ability to utilise the polutant in the environment by the studied microorganisms is different. Studies indicating the
indirect ability to convert bisphenol A by these gram-positive bacteria and fungi showed that the enzymatic systems of R.

minuta utilised, on average, 13 % of the introduced xenobiotic, and M. luteus - about 6 % of BPA.
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Introduction. The high level of anthropogenic
impact on the environment causes environmental
problems, the solution of which is one of the main
tasks of modern society (Welden N. A., 2020). The
amount of plastic polymers containing bisphenol A
(BPA) is constantly increasing in the environment.
Bisphenol A is an organic synthetic compound
belonging to the group of diphenylmethane
derivatives. BPA-based plastics are transparent and
durable, and can be moulded into a variety of
consumer products, such as water bottles, sports
equipment, and computer accessories (Kosior E.,
Crescenzi 1., 2020).

Generally, food-grade plastic materials consisting
of polycarbonate and epoxy resins are the main
source of bisphenol A in the human body. It is both a
carcinogenic and a general toxic factor, affecting the
functioning of the  endocrine,  nervous,
cardiovascular, excretory, immune, and reproductive
systems. BPA has a negative impact on the
development and reproduction of animals, with some
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species being particularly sensitive, such as
invertebrates, amphibians and fish (Rubin A. M.,
Seebacher F., 2022). In addition, BPA causes changes
in the biochemical and microbial balance of soil, and
disrupts plant growth and development (Tarafdar A.
etal., 2022).

BPA has antibacterial properties against both
gram-positive and gram-negative bacteria (Ma Y. et
al., 2019). Although this can be seen as a positive
effect in certain applications, it can also be negative,
as it disrupts the balance of microbial consortia, e.g.
in the human and animal gut, autochthonous
microflora of water, soil, and plant organs. Bisphenol
results in disruption of the metabolic activity of
microorganisms, which in turn determines the
intensity of organic matter breakdown, nutrient
cycling, etc.

It is possible to reduce the content of hazardous
xenobiotics in the environment by using
biodegradation technologies. Biodegradation is a
natural process of breaking down organic matter by
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the enzymes of living organisms such as bacteria,
fungi and other microorganisms (Sarma H. et al.,
2019). Usually, xenobiotics of organic nature are used
by them as sources of energy and carbon. These
organisms break down substances into smaller
components that can be reintegrated into the natural
environment. Biodegradation technologies are used
to purify water and soil, preserve agricultural
products, and wood. One of the advantages of
biodegradation technologies is their environmental
friendliness, as they wusually do not produce
secondary, including toxic, waste generated by other
methods of treatment and recovery.

To date, several mechanisms of BPA utilisation by
microorganisms are known, including hydrolysis,
reduction, oxidation, and conjugation, which are
carried out by cellular and extracellular enzymes.

Our attention was drawn to microorganisms that
are distributed in various ecological niches, capable
of metabolising different sources of carbon and
nitrogen and rapidly increasing biomass, and are
undemanding to cultivation conditions, such as
Corynebacterium glutamicum, Micrococcus luteus,
Rhodotorula minuta and Saccharomyces cerevisiae.

Therefore, the aim of the study was to investigate
the possibility of biodegradation of bisphenol A by
the enzymes  Corynebacterium  glutamicum,
Micrococcus luteus, Rhodotorula ~ minuta,
Saccharomyces cerevisiae. At the same time, to
analyse the peculiarities of microbial development on
media containing bisphenol A, the concentration of
which exceeds the maximum permissible standards,
to determine the laccase, Mn-peroxidase, lignin
peroxidase activities of microorganisms and to
evaluate the efficiency of bisphenol A biodegradation
by microbial enzymes.

Materials and methods. Experimental studies
were carried out on pure cultures of C. glutamicum,
M. luteus, R. minuta, and S. cerevisiae (kindly
provided by the staff of the D.K. Zabolotny Institute
of Microbiology and Virology of the National
Academy of Sciences of Ukraine).

To obtain the inoculum, yeast was cultured in
Sabouraud's liquid medium for 48 h at 28 °C, and
bacteria in nutrient broth for 24 h at 30 °C. The main
fermentation was carried out in 250 ml Erlenmeyer
flasks in liquid media under similar cultivation
conditions for 72 h for yeast and 48 h for bacteria. The
inoculum content was 10%.

The effect of bisphenol A on the accumulation of
microbial biomass was assessed in liquid medium
with the addition of bisphenol A at concentrations of
0.03, 0.04, 0.05, 0.3, 0.4, 0.5, 3, 4, 5 mg/I during the
main fermentation. The biomass was separated by
centrifugation at 3500g for 10 min. The biomass
accumulation was determined by measuring the dry
weight (dried at 60 °C to a constant weight).
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The number of colony-forming units of
microorganisms was assessed on agarified media in
Petri dishes by counting colonies.

Determination of laccase, Mn-peroxidase,
ligninperoxidase activities and evaluation of the
efficiency of bisphenol A utilisation by
microorganisms was carried out by the
spectrophotometric method (Ingale S. et al., 2021).
The microorganisms were cultivated in a mineral-salt
medium containing the studied concentrations of
bisphenol A. The results of the experimental data
were processed statistically using Microsoft Excel
software. At the same time, the results were reliable
at the level of reliability p<0.05 according to the
Student's criterion.

Results and discussion. Bisphenol A is a poorly
soluble anthropogenic xenobiotic. The solubility of
bisphenol A is a critical aspect that affects its
environmental fate, transport and potential risks to
living organisms and the environment. Its solubility
depends on various factors such as temperature, pH
and the presence of other dissolved substances.
Taking into account the data from the literature
(Moussavi G. et al., 2019), acetone was used as a
solvent for experimental studies.

The expediency of choosing the studied
concentrations is based on the MPC of bisphenol A
microplastics in the media. The polutant is
characterised by its local prevalence in open areas in
amounts equal to or exceeding the MPC (Molina-
Lopez A. M. et al., 2023). It can quickly enter fresh
and marine water bodies. Destructive effects occur
not only due to direct exposure to lethal/sublethal
concentrations of the xenobiotic, but also to its decay
products at optimal concentrations (Welden N. A.,
2020).

At the first stage of our research, we studied the
effect of bisphenol A in the culture medium on
biomass accumulation and colony formation intensity
after 48-72 hours of cultivation.

Significant changes in biomass were observed at
all the indicated concentrations of bisphenol A, which
were equal to or 10 and 100 times higher than the
maximum permissible levels established for water
(Fig. 1).

When bisphenol A was added to the microbial
cultivation medium at a concentration equal to the
maximum permissible dose, a 65-75% decrease in
biomass accumulation was recorded. In particular, the
biomass of C. glutamicum was on average 38 %, M.
luteus - 33 %, R. minuta - 32 %, S. cerevisiae - 26 %.

It should be noted, in general, the higher resistance
of the studied prokaryotes compared to microscopic
fungi. Comparison of the effects of the studied BPA
concentrations revealed a higher survival rate of
prokaryotes, which was 1.3-1.4 times higher than that
of eukaryotes.
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Under the influence of bisphenol at concentrations
0f 0.3, 0.4, 0.5 mg/l, the decrease in biomass was even
more critical and amounted to 17 % of the control
values for C. glutamicum, 16 % for M. luteus, 15 %
for R. minuta, and 13 % for S. cerevisiae.
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The fact of different values in the accumulation of
biomass by microorganisms under the influence of
the highest studied concentrations is noteworthy.
Lower eukaryotes were more resistant. The amount
of biomass of R. minuta was, on average, 8 % of the
control values, S. cerevisiae - 6 %.
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Fig. 1. Effect of bisphenol A on biomass accumulation of bacteria (A) and microscopic fungi (B)
Note: * - statistically significant difference compared to the control, p<0.05

The use of solid nutrient media made it possible to
determine the number of live cells of bacteria and
microscopic fungi in the presence of bisphenol A. We
noted the following patterns:

- the effect of bisphenol A caused a more
significant toxic effect on the vital activity of lower
eukaryotes (intensity of colony formation) compared
to prokaryotes at concentrations of bisphenol A of
0.3,0.4,0.5 mg/l

-at concentrations of bisphenol A 100 times higher
than the MPC (3, 4, 5 mg/l), a lower intensity of
prokaryotic colony formation was recorded compared
to microscopic fungi. For all the species studied, their
number differs by 25-33%;
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- The most resistant cultures to bisphenol A were
C. glutamicum at bisphenol A concentrations 10
times higher than the MPC and R. minuta at bisphenol
A concentrations 100 times higher than the MPC.
This feature is especially evident at high
concentrations, at which the number of live cells of
Rhodotorula is at least twice as high as that of
Corynebacterium.

Literature data (Ingale S. et al., 2021; Sarma H. et
al., 2019; Eio E. J. et al., 2015) indicate that various
types of bacteria, fungi, algae, which are
autochthonous representatives of the microflora of
soils, fresh and marine waters, are capable of
degrading BPA. The ability of these microorganisms
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to degrade bisphenol A is due to enzymes responsible
for the degradation or metabolism of bisphenol, such
as laccase, Mn-peroxidase, lignin peroxidase, UDP-
glucuronosyltransferase, sulfotransferase,
polyphenol oxidase, cytochrome P450 and others
(Moussavi G. et al. 2019). Among these
oxidoreductases, the most interesting are laccase,
Mn-dependent peroxidases, lignin peroxidases, the
activity of which was noted in the study of gram-
negative bacteria and microscopic fungi. It is believed
that these three extracellular enzymes play the most
important role in the degradation of environmental
bisphenol A.
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The corresponding exogenous enzymatic activity
was detected in the culture fluid of all 4
microorganisms studied. According to the data of
experimental studies, reliable changes in Mn-
dependent peroxidase, lignin peroxidase and laccase
activities were observed at all the studied

concentrations of bisphenol A, which were 10 and
100 times higher than the maximum permissible
limits. Probably, the presence of bisphenol A in the
environment led to the synthesis of low- and high-
molecular weight components and activation of
enzymes involved in the decomposition of polutants
(MaY.etal., 2019).
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Fig. 2. Ligninperoxidase activity of microorganisms in culture media containing BPA after 24 hours of

cultivation

These trends confirm the decrease in the
enzymatic activity of the studied bacteria and
microscopic fungi under the influence of the chemical
polutant due to the possible development of
destructive cell processes as a result of exposure to
high concentrations of bisphenol A. Among them,
there may be an increase in the content of reactive
oxygen species (ROS), increased lipid peroxidation
and DNA damage (Durovcova . et al., 2022).
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It was noted that the highest enzymatic activity is
inherent in rhodotorulas under the influence of all
experimental concentrations of BPA.

The use of a liquid unified mineral-salt medium,
which is limited by the carbon source, made it
possible to investigate the probability of bisphenol A
utilisation by bacteria and microscopic fungi as the
only source of carbon in the culture medium. We
noted the following regularities: the efficiency of
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bisphenol A detoxification by microorganisms
depended on the duration of their cultivation; the
efficiency of bisphenol A utilisation by enzymes of
lower eukaryotes was generally higher than that of
prokaryotes; the most efficient biotransformer of
bisphenol A was R. minuta was the most efficient
biotransformer of bisphenol A, especially at low
concentrations, at which rhodotorola convert at least
twice as much hazardous substrate as corynebacteria.

Conclusions. R. minuta has the greatest ability to
utilise bisphenol A, as it actively transforms the
xenobiotic in the culture medium. S. cerevisiae, C.
glutamicum and M. luteus possess laccase, Mn-
dependent peroxidase and lignin peroxidase
activities, which allows their use as bioremediants of
bisphenol A-contaminated environments, including
those containing industrial or household waste.
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OCOBJIMBOCTI YTUII3ALII BIC®EHOIY A ®EPMEHTAMHU
RHODOTORULA MINUTA, SACCHAROMYCES CEREVISIAE,
CORYNEBACTERIUM GLUTAMICUM, MICROCOCCUS LUTEUS

M.B. Boponka, JI. M. Bacina
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OoHiero 3 Haticeplo3HIWUX Npobaem cb0200eHHs € 3a0pYOHeH s HABKOIUUHBO20 cepedosuld NiacmuKom ma to2o
noxionumu. Bioomo, wo bicgpenon A (BPA) — wupoxo po3noscrodcena cnoayka, o 8UKOPUCHOo8yEMbCs Y UPOOHUYME]
PIBHOMAHIMHUX NOIMepHUX Mamepianie. IIpu nompanisinui y 600y, 2pyHM, NOSIMPs, iXCy Ma HANOI CHPUHUHSE YUCETbHI
moxcuuni epexkmu 6 opeanizmi. bicgpenon A nopywiye QYHKYioHy8aHHs eHOOKPUHHOIL, penpoOyKMUGHOI, IMYHHOI,
Hepsosoi, duxanvhoi cucmem (Kosior E., Crescenzi 1., 2020). Ilpu nocmynanni 6 meapuHHuil Opeanizm aliMeHmapHum
winaxom, BPA mooice noenunamucs KiimuHamu WIYHKOB0-KUUWIKOBO20 MpAKmMy ma NeyiHKu, oe ni00aemvcs
biompancpopmayii 3 ymeopennsm bicgpenon A-2noxyponioy, piouwe icgpenon A-cynopamy (Durovcova l. et al., 2022).

Mano 6ioomo npo enaue BPA na po3eumox MiKpoopeamizmis, nogi0OMISNOCS NPO MOACIUBICMb NePemeopeHHs
noaromanmy gepmenmamu psoy epamHecamugHux baxmepii ma mikpockoniunux epuois (Ingale S. et al., 2021).

Ha cvo200Hi axmueno éedembcsi nOwlyk eqeKmueHux ma eKOHOMIYHO OOYILIbHUX cmpamezitl, AKi 6 003801AMU
8UOAIUMU KCEHODIOMUK 3 HABKOIUUWHBO20 CepedosuIyd ma 3anodiemu 1020 ROMpAnIsIHHIO 8 OP2aHi3M JTIOOUHU Yepe3
mpogiuni nanyrocu. OOHIEI 3 CYUACHUX nepedosuUx mexHoaoz2ill € biodecpadayis. 3a80aKu eghekMusHUM NO3AKTTMUHHUM
Gepmenmuum  cucmemam NiCHIHOMIMUYHUX, HENICHIHOIIMUYHUX MIKDOCKONIYHUX 2pubie i Oakmepiil MoxicIusa
biompancgopmayis BPA 3 ymeopennsm nemoxcuunux npodykmie (Daassi D. et al., 2016).

Hamu oocnioscysanacs modxcausicmo  6iodeepaoayii  icpenony A mikpoopeanizmamu Rhodotorula minuta,
Saccharomyces cerevisiae, Corynebacterium glutamicum, Micrococcus luteus. Bcmanosneno, wo Kynemugysamnis
MIKDPOOP2aHi3Mie Ha cepedosuwax, sKi micmuiu KoHyewmpayii 6icghenony, wo nepesuwyysanu tioeo IJK y 0osxiuii,
BIO3HAUANOCS 3HUJICEHHAM HAKONUYeHHs ix 6iomacu ma xononicymeopenns. Buecenns 0,3; 0,4; 0,5, 3; 4; 5 meln
bicghenony A y KymbmypaivHe cepedosuuje Npuzeoouno 00 NiOGUWeHHs JaKKkasHoi,  Mn-nepoxcudasnoi ma
JI2HIHNePOKCUOA3HOi axkmuenocmet, Haubitvwiorw miporo R. minuta. 30ammuicme 0o ymunizayii noaromanmy 6
cepedosunyi 00CHIONCYBAHUMU — MIKPOOpeaHizmamu — 8iopisHaembcs. IIposedenuss 0ocniodcens, wjo ciouunu npo
0NnOCePeOK0BaAHY MONCIUBICIb Nepemeoprogamu 0icgheron A 3a3Hauenumu 2pamMno3UMUEHUMU OAKmMepiaMU ma cpubamu,
nokasanu, wo epmenmamusti cucmemu R. minuta ymunizyeanu, 8 cepeonvomy, 13 % enecenoco xcenobiomuxy, a M.
luteus — 6auzbro 6 % BDA.
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