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Abstract: Bacteria actively degrade polymeric materials due to high biochemical activity and the
ability to form biofilms. In order to expand our knowledge about soil bacterial biodiversity on
the surface of artificial materials from the soil of Chernihiv (Ukraine), in this study, the bacterial
strain PET1 was isolated from the biofilm formed on the poly(ethylene terephthalate) bottle material
taken from soil. The strain was isolated and purified on Postgate’s “C” medium and modified by
us (using poly(ethylene terephthalate) as the only source of carbon). The PET1 strain was identified
as Achromobacter xylosoxidans based on a complex of microbiological and molecular genetic features.
This study is the first report of the isolation of an A. xylosoxidans strain from a biofilm on the
surface of poly(ethylene terephthalate) collected from the soil. Considering the growing interest of
researchers in the problem of biodegradation of plastics, attention should be paid to the potential of
A. xylosoxidans as biodegradation agents. The involvement of bacteria of the genus Achromobacter
in the biodegradation of artificial polymers (polyvinyl chloride, high-density polyethylene, nylon)
opens up prospects for the isolated strain PET1 to be studied and, possibly, applied as a biodegrader
of poly(ethylene terephthalate).

Keywords: Achromobacter xylosoxidans; biodiversity; biofilm; phenotypic characteristics; poly(ethylene
terephthalate); soil

1. Introduction

Bacteria take an active part in the degradation of polymeric materials due to their high
biochemical activity and ability to form biofilms [1-3]. Among the microorganisms isolated
from the surface of plastic, there are representatives of various species that belong to various
ecological and trophic groups [2,4,5]. Poly(ethylene terephthalate) (PET) is a polymer mate-
rial whose production is growing every year [6]. In Ukraine in 2018, 203.7 thousand tons
of PET bottles became waste [7]. Of this amount, about 25% (50,000 tons) went to waste
processing enterprises, and 75% was buried in landfills [7]. PET is very resistant to mi-
crobial degradation because it has a linear structure and a high proportion of aromatic
components [8]. Joo et al. [9] note that according to a report by the US National Park Service,
PET bottles take approximately 450 years to decompose. Currently, the accumulation of
PET in the environment is considered a global environmental problem [10].

A small number of species of microorganisms that have the ability to biodegrade PET
are known [8,10,11]. It is known that some species of microscopic fungi can enzymatically
degrade PET [8]. Yoshida et al. [8] isolated a new bacterium Ideonella sakaiensis 201-F6
with the ability to use PET as the main source of energy and carbon, which produces two
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enzymes capable of hydrolyzing PET and converting it into environmentally harmless
monomers. It is known that the ability to destroy highly crystallized PET is inherent in the
bacterial enzyme PETase [10]. It was shown that due to the low enzymatic activity of native
PETase, a whole-cell biocatalyst was developed to improve its degradation efficiency, in
which PETase was contained on the surface of a yeast cell (Pichia pastoris) [10]. Enzymes
associated with PET biodegradation are currently known: cutinase-like hydrolase TfH;
PET hydrolase; enzymes, surface-modifying PET; LC-cutinase hydrolase; cutinase Cut190;
IsPETase; hydrolase TfCut2 [12]. Vague et al. [11] established the presence of bacteria
capable of PET degradation in oil-contaminated soil. Three species of lipase-positive
pseudomonads and Bacillus cereus were identified as part of two consortia capable of
biofilm formation and plastic degradation. At the same time, bacteria formed a biofilm
on PET and caused molecular changes on the surface of this material. Currently, the
participation of lipase-positive Pseudomonas spp. in the degradation of PET has been little
studied, which emphasizes the importance of the conducted research in discovering the
potential of using consortia of common soil bacteria for the destruction of plastic waste [11].
The bacterium Gordonia sp. CN2K demonstrated a high ability (40.43% of PET in 45 days of
incubation) to degrade PET [13]. Bacteria of the genus Bacillus are known for their ability
to biodegradation/biodeterioration plastics [14]. Enzymatic degradation of PET (100% of
PET at 360 g/L) by the bacterium Bacillus thermoamylovorans JQ3 as part of the thermophilic
microbe-enzyme system with leaf-branch compost cutinase variant was shown [15]. In
the study, with bacterium Bacillus safensis YX8 was demonstrated high biodegradation of
PET [16].

The genus Achromobacter is also attracting researchers’ attention as a biodegrader of
plastics. Recent scientific publications have reported the ability of bacteria of the genus
Achromobacter to biodegrade a number of plastics: high-density polyethylene [17], ny-
lon [18], and polyvinyl chloride [19]. However, the isolation of representatives of this genus
from biofilms on plastic surfaces has not been reported. To date, the following species of
soil bacteria have been isolated and identified from the soil in the Chernihiv city (Ukraine)
from the surface of artificial materials (steel): Desulfovibrio oryzae strains NUChC SRB1
and NUChC SRB2, Peribacillus (Bacillus) simplex strain ChNPU F1, Streptomyces gardneri
strain ChNPU F3, Streptomyces canus strain NUChC F2, Fictibacillus sp. strain ZVB1, and
Anaerotignum (Clostridium) propionicum strain Satl [20-22]. The ability to form a biofilm
has been established for them: P. simplex, S. gardneri, S. canus, and Fictibacillus sp. on glass
surfaces [23,24] and D. oryzae and A. propionicum on the surface of polypropylene [25] and
on the surface of poly(ethylene terephthalate) [22,26]. In order to expand knowledge about
soil bacterial biodiversity on the surface of artificial materials from the soil of Chernihiv
city (Ukraine), in this study, a bacterial strain was isolated from the biofilm formed on the
PET-bottle material taken from the soil, which was identified by a complex of microbio-
logical and molecular genetic methods. The microbiological and molecular genetic study
of the isolated strain for its identification and theoretical justification of its potential as a
biodegrader of plastics were the main objectives of the presented study.

2. Materials and Methods
2.1. Isolation of a Bacterial Isolate from a Biofilm Formed on the Surface of
Poly(Ethylene Terephthalate)

Bacteria were isolated from the biofilm formed on the surface of the PET bottle, which
was located in the soil (Figure 1).

For this purpose, the biofilm was mechanically removed with a sterile scalpel in the
sterile medium of Postgate’s “C” [27] modified by us, which contained a sample of PET
sterilized in 96% ethyl alcohol (Table 1). After cultivation of microorganisms for 30 days at
a temperature of 29 £ 2 °C under aerobic conditions, the biofilm formed on the PET surface
was mechanically removed and transferred to test tubes with sterile modified Postgate’s
“C” medium with PET samples. On the 5th day of cultivation, the biofilm was removed
from the PET sample with a sterile bacteriological loop and cultured on meat-peptone agar
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(MPA) in a Petri dish by the exhausting stroke method [28]. Incubation took place under
aerobic conditions and a temperature of 29 &+ 2 °C for 5 days. The material of two isolated
colonies [isolates NUChC PET1 (hereafter PET1) and NUChC PET2 (hereafter PET2)] was
transferred to a liquid modified medium of Postgate’s “C” with PET samples and incubated
under aerobic conditions. Next, we worked with the PET1 isolate, taking into account
its ability to grow quickly in the liquid Postgate’s “C” medium modified by us with PET
samples: PET1 on the 2nd day of cultivation and PET2 on the 7th day. After five passages
on liquid modified Postgate’s “C” medium with PET samples and MPA, a pure culture of
isolate PET1 was obtained, which was used in further studies.

(a) (b)

Figure 1. Research object and its location: (a) poly(ethylene terephthalate) bottle with a formed biofilm;
(b) place of sample selection (51°31’ N 31°17" E, soil, Regional Landscape Park “Yalivshchyna”,
Chernihiv, Ukraine), the red circle indicates the location where the PET bottle used to collect the
research material was found.

Table 1. The composition of the Postgate’s “C” medium.

. Main Components, g/L of Additional Components,
Medium Distilled Water g/L of Medium References
KH,PO4—0.5
NH4Cl—1.0 Yeast extract—1.0
Al NaySO,—4.5 FeSO4 x 7H,0—0.5 [27]
CaCl, x 6H,0O—0.06 5% NaHCO;3 (to pH 7.5)
MgSO,4 x 7H,0—0.06 Ascorbic acid—0.1
Sodium lactate—6
KH,PO,—0.5
NH,Cl—1.0
Nap;SO4—4.5 FeSO,4 x 7H,0—0.5 . L
2 2904 4 2
B CaCl, x 6H,0—0.06 0.1 N NaOH (to pH 7.5) this publication
MgSO, x 7H,0—0.06
PET?

Al—Postgate’s “C” medium classical; B>—Postgate’s “C” medium modified; PET®*—For a medium volume of
20 mL, a sample of PET film with an area of 20 x 20 mm was used.

2.2. Study of Cultural-Morphological and Some Physiological-Biochemical Properties of the
Selected Isolate

Culture purity was checked by microscopy. Light microscopy at magnification (x400
and x1000) was used to study the morphology of bacteria.

Preparations were made, which were stained according to Gram in Kalina’s modi-
fication (to determine Gram affiliation) and according to Hansen’s method (for staining
spores) [28,29]. Morphological analysis of colonies on MPA was carried out according to a
conventional scheme [28].
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Research on the presence of catalase and oxidase was carried out by conventional
methods [28-30].

2.3. Molecular Genetic Studies of the Selected Isolate

Establishing the systematic position of bacteria was carried out according to the
nucleotide sequence of the 165 rRNA gene fragment. For this, a molecular genetic study
was carried out, which included the following stages: isolation of DNA from bacterial cells,
polymerase chain reaction (PCR), electrophoresis of amplification products, purification of
the PCR product, and sequencing.

Bacterial DNA was isolated from the daily culture using the “GeneJET Genomic DNA
Purification Kit” (Thermo Fisher Scientific, Waltham, MA, USA), according to the manu-
facturer’s instructions. Amplification of the 165 rRNA gene was performed with primers
27f (5-AGAGTTTGATCMTGGCTCAG-3') and 1492r (5'-CGGTTACCTTGTTACGA
CTT-3') [31] under the following temperature regime: initial denaturation 2 min, 95 °C;
30 cycles—30's, 95 °C; 45 s, 56 °C; 90 s, 72 °C; final elongation 7 min, 72 °C. A 25 uL
PCR mix contained 12.5 pL 2x DreamTaq PCR Master Mix (ThermoScientific), 30 pmol
of each primer, and 50 ng of DNA. PCR was performed on a Mastercycler Personal 5332
amplifier (Eppendorf, Germany). PCR products were separated in a 1.7% agarose gel
containing 0.01% ethidium bromide. The results were visualized in UV light. The re-
sulting amplicon (~1500 bp in size) was excised from the gel and purified using the
GeneJet PCR Purification Kit (ThermoScientific). The concentration of DNA was deter-
mined on the device “BioPhotometer” (Eppendorf, Germany). The purified PCR product
was sequenced in two directions on the device “Genetic Analyzer 3130” using the set
of reagents “BigDye Terminator v 3.1 Cycle Sequencing Kit”. The resulting nucleotide
sequence was compared with those entered in the GenBank database using the Blast pro-
gram (http:/ /www.ncbi.nlm.nih.gov/blast (accessed on 3 January 2025). Phylogenetic
analysis and alignment of 165 rDNA nucleotide sequences of representatives of different
species of the genus Achromobacter were carried out using the MEGA 11 program [32]. A
dendrogram of phylogenetic relationships was constructed using the Neighbor Joining
method using Kimura’s two-parameter model based on 1000 bootstrap analysis replicates
using the MEGA 11 program [32]. The sequences of the 16S rRNA gene of typical cultures
of bacteria of the genus Achromobacter were taken by us from the GenBank database.

3. Results and Discussion
3.1. Microbiological Properties of PET1 and PET?2 Isolates

Colonies of isolate PET1 on MPA (2nd day) under aerobic conditions are superficial,
whitish-beige in color, rounded in shape, soft in consistency, 1 mm in size. The edges of the
colony are even, the structure is homogeneous, the surface is smooth (Figure 2).

(@) (b)
Figure 2. Colonies of isolate PET1: (a) growth on MPA (2nd day), the red circle indicates the colony

that was selected for further study; (b) the edge of the colony (light microscopy, magnification x135),
the red arrow indicates the edge of the colony.
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Colonies of the PET2 isolate on MPA (10th day) under aerobic conditions are superficial,
beige in color, rounded in shape, soft in consistency, 8 mm in size. The edges of the colony
are wavy, the structure is homogeneous, the surface is smooth (Figure 3). Bacteria are
catalase-positive.

Figure 3. Colonies of the PET2 isolate on MPA (10th day) (the studied colony is surrounded by a red circle).

Since the PET1 isolate is capable of rapid growth in liquid Postgate’s “C” medium
modified by us with PET samples (PET1 on the 2nd day of cultivation, and PET2 on the 7th
day), it was further investigated.

Bacterial cells of isolate PET1 are Gram-negative short rods with rounded ends, single
or in pairs (Figure 4). Do not form spores. They are mobile, have a fast helical movement.
Bacteria are catalase- and oxidase-positive.

e e ® .' " Y-
(a) (b)

Figure 4. Bacterial cells of isolate PET1 (light microscopy, immersion, magnification x1000):

(a) preparation-smear (crystal violet staining), bacterial cells are short rods with rounded ends;
(b) Gram staining in Kalina’s modification, the cells stain red-purple, indicating that they are
Gram-negative.

3.2. Molecular and Genetic Properties of the PET1 Isolate

As a result of the molecular genetic analysis of the genome of the PET1 strain, 16S
rRNA gene fragments of 562 and 565 bp were amplified and sequenced. The initial
comparison of the obtained sequence using the BLAST program showed 99.82% similarity
with representatives of the genus Achromobacter: A. ruhlandii, A. denitificans, A. insolitus,
A. animicus, A. xylosoxidans.

Based on the nucleotide sequences of the 165 rRNA gene of typical strains of the most
similar species and the studied strain, a dendrogram of genetic similarity was constructed
using the nearest neighbor algorithm and the two-parameter Kimura model (Figure 5).
As can be seen from the figure, strain PET1 entered the same group as Achromobacter
xylosoxidans species, which confirms its belonging to this species.
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Figure 5. Results of phylogenetic analysis of strain PET1 and other representatives of the genus
Achromobacter (strain PET1 entered the same group as Achromobacter xylosoxidans species, which
confirms its belonging to this species).

The nucleotide sequences were deposited in GenBank as Achromobacter xylosoxidans
with accession numbers MW436423.1 and MW436421.1.

Therefore, the PET1 strain was identified as Achromobacter xylosoxidans based on a
complex of microbiological and molecular genetic features.

According by the biosafety level bacterium A. xylosoxidans belong to the 2nd risk group
according to the German Technical Regulations for Biological Agents [33]. Microorganisms
of risk group 2 are characterized by a moderate individual risk and low social risk. Risk
group 2 includes pathogens that can cause disease in humans or animals but are unlikely to
pose a serious risk to laboratory workers, society, livestock, or the environment. Available
methods of prevention and treatment effectively prevent the risk of such infections spread-
ing in the population [34-36]. Working with microorganisms of risk group 2 is allowed in
bacteriological laboratories of medical institutions, diagnostic and research laboratories.
Features of laboratory protection are the use of “correct microbiological techniques” in com-
bination with protective clothing and biosafety labeling. Among the protective equipment
should be a biological safety box [36]. Therefore, the isolated bacteria cannot be used for
educational purposes but can be used in scientific research.

The bacterium A. xylosoxidans is an emerging and opportunistic pathogen in pa-
tients with various underlying diseases, such as Cystic Fibrosis and cancers [37]. Its
genome is actively studied, in particular, as an example for the genomic study of emerging
pathogens [37].

At the same time, the ability of A. xylosoxidans to participate in biogeochemical cycles
is known. The heterotrophic bacterial strain Achromobacter xylosoxidans CF-536, isolated
from domestic wastewater, was involved in the study of biogeochemical cycles of carbon
and nitrogen in heterotrophic bacteria with the ability for simultaneous nitrification and
denitrification [38]. The studied strain effectively removed ammonia, nitrates, and nitrites
using different carbon sources. According to the authors, the research conducted by them
can be useful to biogeochemical engineers in order to understand the participation of
heterotrophic bacteria in the global biogeochemical cycle and the prospects for further
diverse applications of these microorganisms.

Achromobacter xylosoxidans strain A8, which can use 2-chlorobenzoate and 2,5-
dichlorobenzoate as sole sources of carbon and energy, was isolated from soil contaminated
with polychlorinated biphenyls [39]. The authors consider this strain as a microorganism
for further development towards a bioremediation tool [39]. Schemes of metabolic path-
ways in A. xylosoxidans strain A8 are summarized as follows: nitrogen [40], sulfur [41], and
2-oxocarboxylic acid [42].

There are reports on the participation of A. xylosoxidans strain ACM-1 in nitrifica-
tion processes [43]. The authors suggest that this microorganism can be used to remove
ammonium from aquaculture farms [43]. The results of the full-genome sequence of the bac-
terium A. xylosoxidans strain NH44784-1996 showed the presence of both genes of anaerobic
growth via denitrification and genes encoding the biofilm adhesin poly-f3-1,6-N-acetyl-D-
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glucosamin in the genome of the studied bacterium [44]. At the same time, the ability of
the studied strain to form a biofilm was confirmed experimentally in in vitro studies [44].

Felgate et al. [45] experimentally established the ability to denitrification in A. xy-
losoxidans. The ability for simultaneous aerobic denitrification and phosphorus removal,
which is promising for the creation of new single-stage wastewater treatment systems,
was shown for the Achromobacter sp. strain GAD3 obtained by high-throughput genome
sequencing [46].

There is a report that among representatives of the genus Achromobacter Achromobacter
denitrificans strain Ebl13 provided degradation of polyvinyl chloride (12.3%) and low-
density polyethylene (6.5%) within 6 weeks [47]. At the same time, the processes of
biodegradation of plastics with the participation of the bacterium A. xylosoxidans have
not been sufficiently studied. Currently, the involvement of A. xylosoxidans strain PE1,
isolated from soil, in the process of biodegradation of high-density polyethylene was first
established by Kowalczyk et al. [17]. Another strain of A. xylosoxidans, also isolated from the
soil, provided a decrease in microplastic’s dry weight by 26.7% (polyethylene microplastics)
and 21.3% (nylon 6,6 microplastics) within 40 days, which was somewhat higher compared
to the results obtained for mixed culture species in dominance of Pulmonis sp. [18]. The
authors showed that laccase and peroxidase enzymes provided cleavage of the C-C bond,
reducing the length of the polymer chain [18]. Achromobacter xylosoxidans strain Sb2 isolated
from the soil of the plastic waste environment demonstrated after 4 weeks of the experiment
the degradation of polyethylene (32.2%) and polyvinyl chloride (17%) samples [19]. Our
study did not investigate the weight loss of PET film samples, which is a further prospect
for evaluating the biodegradation potential of A. xylosoxidans strain NUChC PET1.

Polycyclic aromatic hydrocarbons are toxic environmental pollutants [48] and they can
be found in plastics as a result of the addition of additives at various stages of production
and manufacture [49]. The utilization of pyrene as the sole source of carbon by A. xylosox-
idans strain PY4 was demonstrated [48]. Achromobacter xylosoxidans strain BP1 was also
isolated from contaminated soil at a coal chemical site in northern China by Zhang et al. [50].
For this strain, the property for the degradation of phenanthrene and benzo[a]pyrene is
shown [50].

The strain Achromobacter sp. was isolated from the biofilm of the surface of low density
polyethylene and demonstrated the ability to degrade low density polyethylene beads
(significant weight loss of the samples was about 8%) [51]. However, there are no reports on
the isolation of Achromobacter xylosoxidans strains from the biofilm of plastics in the scientific
and methodical database available to us. Therefore, the information on the isolation of
the A. xylosoxidans strain NUChC PET1 from the biofilm of the surface of poly(ethylene
terephthalate) taken from the soil, indicated in the presented study, is the first such report.

Biodegradation of PET with the participation of enzymes (enzymatic degradation) is
currently considered the most promising [52,53]. Lipases and cutinases have been widely
studied for the purpose of PET biodegradation [52]. A detailed review of the enzymatic
mechanisms of PET biodegradation was presented by Kushwaha et al. [54], describing
enzyme engineering and modification via mutagenesis, enzyme cooperativity, multiple
enzyme utilization, enzyme-substrate interactions, expanded substrate specificity, and
improvement of reaction conditions. The authors see future prospects in the development
of approaches to PET biodegradation in the application of computational biology and
automation, with attention to Industry 4.0, deep learning, and IoT.

A further perspective of our research is the assessment of the biochemical properties of
the strain Achromobacter xylosoxidans PET1 with attention to the lipolytic properties, as well
as the biofilm-forming properties of the strain on polymeric materials, in particular PET.
Also, an important and necessary direction of research should be to determine the ability of
the strain to degrade polymeric materials, which will allow us to finally answer the question
of its involvement in the processes of cleaning the environment from plastic (in particular
PET) and the possibility of classifying it as a bacterium involved in the biodeteriration of
plastic pipes and coatings.
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4. Conclusions

Thus, the strain NUChC PET1 was isolated from the biofilm that formed on the surface
of the PET-bottle, which was located in the soil, on the modified Postgate’s “C” medium
with PET as the only carbon source. Based on a complex of microbiological and molecular
genetic features, the strain NUChC PET1 was identified as Achromobacter xylosoxidans
(MW436423.1 and MW436421.1 in the GenBank). Bacteria of the species Achromobacter
xylosoxidans are participants in the biogeochemical cycles of carbon, nitrogen, sulfur, and
phosphorus, are known as biodegraders of a number of plastics, belong to risk group 2
(according to the German Technical Regulations for biological agents) and can be used
during scientific research on the biodegradation of PET. This study is the first report of
the isolation of an A. xylosoxidans strain from a biofilm on the surface of poly(ethylene
terephthalate) collected from the soil. Considering the growing interest of researchers
in the problem of biodegradation of plastics, attention should be paid to the potential of
A. xylosoxidans as biodegradation agents. The perspective of further research may be the
study of biochemical properties, the intensity of biofilm formation by this strain on the
surface of artificial materials (in particular, plastics) and participation in the processes of
their biodegradation.
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