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Abstract

This study monitors the influence of basic automotive paints on plankton and biofilms of selected microorganisms isolated
from the wastewater of an automotive factory. Minimum Biofilm Eradication Concentration-High Throughput Plates sys-
tem was used for the simultaneous tolerance testing. Minimal inhibitory concentration and minimal lethal concentration
of the tested substances were determined for both planktonic cells and their biofilms. The resistance level of biofilms was
also tested in standard 96 microtiter plates, whereby the results for bacteria and yeasts were confirmed by the fluorescence
microscopy. The results were mutually compared for both plankton and biofilms, as well as for plankton and biofilm of the
same microorganisms. In no case, the resistance of the planktonic form was higher than the biofilm for the same microorgan-
ism. Saccharomyces cerevisiae PMFKG-F7 in the presence of basic color, as well as Rhodotorula mucilaginosa PMFKG-F§
in the presence of the thinner for rinsing paint, shows high sensitivity in planktonic form, whereby the same species are the
most resistant in the form of biofilm for the same substances. The highest resistance to all test substances was shown by the
biofilm of R. mucilaginosa PMFKG-FS, as well as Candida utilis PMFKG-F9 which was significantly resistant in both tested
forms. The obtained results suggest that autochthonous microorganisms that form biofilms can significantly improve the
process of removing car paints from the wastewater and being thus new grounds for the development of new biotechnologies.

Keywords Autochthonous microorganisms - Automotive paint - Biofilms - Biotechnological potential - Wastewater
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Introduction

In the production process, the automotive industry uses a lot
of natural sources, especially water, producing in the same
time various types of waste (Rivera and Reyes-Carrillo
2014). The primary source of hazardous waste products in
the car production plant is the car painting process (Milden-
berger and Khare 2000; Rivera and Reyes-Carrillo 2014).
By applying the paint with a sprayer, the paint is scattered
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and collected as a semi-hard, heterogeneous silt (Rivera
and Reyes-Carrillo 2014). The European Union laws do not
allow sludge to be stored in landfills due to the high content
of organic carbon found in colors. The sludge is classified
by EU code for waste disposal 080113 and is considered as
a waste with hazardous characteristics (Salihoglu and Sali-
hoglu 2016). Incineration of waste paints and varnishes is
also not adequate due to the release of volatile substances
that have a toxic effect (Cho et al. 2017). Most car colors,
excluding those with metal ions, contain elements of organic
origin that are susceptible to biological treatment (Ghosh
et al. 2015).

New research, related to the degradation of color originat-
ing from the wastewater of different branches of industry,
was based on the synthesis and characterization of nanopar-
ticles of different oxide metals in photocatalyst and indicate
their great potential (Divya et al. 2013; Gnanasekaran et al.
2016; Alhaji et al. 2017; Gnanasekaran et al. 2017; Salehi
et al. 2017; Qin et al. 2017; Saravanan et al. 2018a, b; Mohd
Adnan et al. 2019). So far, some low-cost materials, like
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diatomite (Aguedal et al. 2019), different low-cost adsor-
bents prepared from poplar sawdust (Tezcan Un and Ates
2018), or household wastes like pumpkin seed hulls, egg-
shells (Belebi 2019), and walnut shells (Ghazi Mokri et al.
2015) have been investigated as color absorbents. In some
research, related to removal of textile wastewater, a new eco-
friendly biosorbent was investigated. Biomass of mesophilic
and thermophilic lactic acid bacteria from the natural flora
of whey (Sofu 2019) or dead fungal biomass Trichoderma
harzianum was used (Karthik et al. 2018).

A great number of microorganisms can use everything
available from the environment as a nutrient source (Ravi-
kumar et al. 2012). Wastewaters have a lot of organisms
that can metabolize certain organic pollutants. A number of
papers described the use of microorganisms in the removal
of textile colors containing metals (Aksu and Karabayir
2008; Aksu and Balibek 2010; Du et al. 2010, 2012; Ghosh
et al. 2014a, b). The role of microorganisms in the decol-
orization and degradation of synthetic colors is well known
and tested (Khan et al. 2013; Ali 2010), and also azo-colors
(Sudha et al. 2014; Singh et al. 2015). Some of the fungi
isolated from wastewater have showed a different capacity
for degradation and decolorization of textile paint (Ali et al.
2016; Karim et al. 2017). The advantage of biological pro-
cesses is in converting compounds into non-toxic products,
using ecological, cheap materials and less energy, as well as
using various microorganisms.

The researches about the role of microorganisms—bio-
films to be more precise, in auto-color removal is still in
the experimental phase. Based on the available literature,
it is noticed that, apart from Gruji¢ et al. (2017a), the toler-
ance of microorganisms in the presence of auto-color has
not been examined. Because of the advantages of biological
treatments in color removal from industry and insufficiently
investigated impacts of autochthonous microorganisms on
paint originating from the automotive industry, the aim of
our research is to test the tolerance of autochthonous micro-
organisms, their planktonic cells and biofilms, so that they
could later be applied more efficiently in the removal of
waste formed by auto-colors.

Materials and methods

Microorganisms, isolation, identification
and growth conditions

Microorganisms were isolated from the wastewater of the
car manufacturing company (Kragujevac, Serbia). From the
bioreaction and recirculation pool, the samples of wastewa-
ter were collected in sterile plastic bottles (April 2016) and
transferred to the laboratory for microbiology, Faculty of
Science in Kragujevac, where the isolation and identification
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of microorganisms were performed. Pure cultures were
obtained by screening the selected isolates by the method
of exhaustion.

Nutrient agar and differential and selective substrates
were used for the isolation of the bacteria. The identifica-
tion was carried out using standard biochemical tests. Using
the commercial test for the identification of enterobacteria
Mikrogen A +B (AlfaMed), the confirmation of isolated
enterobacteria was performed. For the isolation of fungi,
tryptic soybean agar (TSA) with streptomycin and a pH of
6.5-6.8 was used. The identification was performed using
the biochemical API 20 C AUX test (BioMérieux). The
identification of pure filamentous fungus cultures was car-
ried out at the unit for Algology, Mycology and Lichenol-
ogy, at the Institute of Biology and Ecology, Faculty of Sci-
ence in Kragujevac, based on morphological characteristics
and by the application of the fungal identification key.

The research was carried out only on the isolated spe-
cies that form biofilm. Escherichia coli PMFKG-F1, Proteus
vulgaris PMFKG-F3, Saccharomyces cerevisiae PMFKG-
F7, Rhodotorula mucilaginosa PMFKG-F8, Candida utilis
PMFKG-F9, Cladosporium cladosporioides PMFKG-F11,
Paecilomyces variotii PMFKG-F12, Penicillium chrysoge-
num PMFKG-F13 and Penicillium expansum PMFKG-F14
were tested. For testing bacteria and yeasts, tryptic soybean
broth (TSB, MossHemoss) (Harrison et al. 2006) was used,
while Sabouraud dextrose broth (SAB, MossHemoss) was
used for filamentous fungi. Suspension of microorganisms
was made by the direct colony method. The turbidity of
the suspension was adjusted using a densitometer (DEN-1,
Biosan, Latvia), McFarland 1.0 so that it corresponds to 108
CFU/mL (colony-forming unit per milliliter) for bacteria and
10% CFU/mL for yeasts. Suspensions of fungal spores were
rinsed with sterile distilled water, used to determine turbid-
ity spectrophotometrically at 530 nm, and were then further
diluted to approximately 10° CFU/mL according to the pro-
cedure recommended by National Committee for Clinical
Laboratory Standards, NCCLS (1998).

Tested substances

The tested substances are the primary colors of the automo-
tive industry. The review of the tested substances and their
labels is given in Table 1. Safety data sheets of all tested
paints, with detailed composition/information on ingredients
(section “Results and discussion”), are attached to Online
Resource. Commercial paints are tested in different concen-
trations. Concentrated solutions in sterile glass bottles were
made. Paints as a liquid were dissolved in a TSB and SAB
liquid medium up to certain concentrations. The solutions
were prepared on the experiment set date. Preliminary tests
were carried out, with a concentration range selected. The
highest tested concentration was double diluted to the lowest
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Table 1 Tested substances

Commercial industrial paint—product code Test
sub-
stance

Basic color; primer—A-F107486-FH
Thinner for rinsing paint—A-F107137-MF
Thinner—A-F107119-CN

Metallic red color 108—A-F107107-FM
White color 268—A-F107117-CP
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applied concentration. For plankton, the concentration range
was 10-0.15 pL/mL, while for biofilm it was 1000-15.15 pL/
mL. From the range of test substances, it is noted that the
biofilm, in relation to its planktonic cells, shows significantly
higher resistance to the tested substances.

Testing the resistance of planktonic cells
and biofilms

The resistance of biofilm and its planktonic cells to the influ-
ence of tested substances was examined by the Minimum
Biofilm Eradication Concentration-High Throughput Plates
(MBEC™-HTP, BioProducts) according to the instructions
described by Ceri et al. (1999). Two hundred microliters of
medium and 20 pL of microorganism suspension were added
to each well of the plate which corresponded to the 96-peg
lid. After a period of incubation at 26 °C, the planktonic
cells in the nutrient medium, as well as the biofilm formed
on the pegs, were used to test the resistance in the presence
of different concentrations of the tested substances. The lid
with the pegs and the formed biofilm were transferred to the
plate with the tested substances.

During the incubation period, some of the cells will not
enter into the formation process and the biofilm composi-
tion. These cells retain their planktonic phenotype and thus
are exposed to the influence of the tested substances. The
growth that is recognized as a blur, in any well of the plate,
shows that the plankton cells have survived testing. In this
plate (challenge plate), the minimum inhibitory concentra-
tion (MIC) inhibits the growth of 50% of the cells, and the
minimal lethal concentration (MLC) kills 90-100% of the
cells, which is detected by the absence of turbidity when
reading on an ELISA reader, OD650 (Rayito, China).

After the exposure time of the transferred biofilm to
the tested substances (24 h and 48 h for bacteria; 48 h and
72 h for yeasts; 72 h and 94 h for filamentous fungi), the
peg lid was removed and washed with 0.9% sterile saline,
after which the lid was transferred to a new fresh medium
(200 pL per well). The plate was exposed to ultrasonic
waves (Aquasonic 250 HT Ultrasonic Cleaner, VWR Inter-
national, Radnor, PA, USA), which removed the biofilm

from the pegs into each well. The minimum inhibitory
concentration (MICb) and the minimum lethal concentra-
tion (MLCDb) of biofilms were determined by spectropho-
tometric readings on the ELISA reader, OD650.

The formation of biofilms and the degree of tolerance to
the tested substances were confirmed in polystyrene micro-
titer plates with 96 wells (SARSTEDT, Belgrade) accord-
ing to the described method by Adam et al. (2002) with
certain modifications. One hundred microliters of medium
and 10 pL of suspension of microorganisms were added
into plates. The plates were then placed in an incubator
at 26 °C for 24 h for bacteria, 48 h for yeasts and 72 h for
filamentous fungi. After the incubation period, the tested
substances were added on the formed biofilms and their
influence was monitored (24 h and 48 h for bacteria, 48 h
and 72 h for yeasts, 72 h and 94 h for filamentous fungi).
The quantification was determined using a crystal violet
(CV) assay by Almeida et al. (2011) with certain modifi-
cations. After incubation the content from the plates was
removed and 50 pL of methanol 98% (vol/vol) was added.
Fifteen minutes later, the methanol content was removed,
and the plates were allowed to dry at room temperature.
Then, 50 pL. of CV was added for 5 min and washed three
times with distilled water and then 100 pL of glacial acetic
acid of 33% (vol/vol) was added. The plates were read on
an ELISA reader at OD650. All the tests were performed
in duplicate, and the MICs and MLCs were constant.

Fluorescence microscopy

Fluorescence microscopy was used to visualize the impact
of tested substances on biofilms for bacteria and yeasts
(Harrison et al. 2006). The influence of the tested sub-
stances on bacterial biofilm was monitored after 48 h and
yeast biofilms after 72 h. The plates with tested biofilms
were washed with a sterile saline solution to remove the
medium and the non-adherent cells. The fixation of biofilm
was performed with methanol (30 min to 1 h at 30 °C), and
washing was done with a sterile saline solution. The bio-
films were treated with a suitable fluorescent dye, SYTO
9 and ConA-Texas Red (Molecular Probes) and monitored
on the Olympus BX51 fluorescent microscope (Olympus,
Shinjuku, Tokyo, Japan) and analyzed using the Cytovi-
sion 3.1 software package (Applied Imaging Corporation,
Santa Clara, California, USA).
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Results and discussion

Resistance of planktonic cells and biofilms
in the presence of tested substances

The level of tolerance of planktonic cells and biofilms
in the presence of tested substances was investigated by
determining the minimum inhibitory concentration (MIC)
and minimum lethal concentration (MLC). The obtained
results are shown in Tables 2 and 3. From the preliminary
testing of the concentration range, it can be noted that the
planktonic form of the treated microorganisms was more
sensitive to the action of the test substances compared to
their formed biofilm, and this rule has not been distorted
throughout the whole examination. There was no case of
a higher resistance of the planktonic form compared to the
biofilm for the same microorganism.

When comparing plankton-tested microorganisms, the
highest resistance in the presence of test substances 1 and 2
was shown by C. utilis (MICp-5 pL/mL; 10 pL/mL) and in
the presence of test substances 2 and 3 by E. coli PMFKG-
F1 (MICp-5 pL/mL; 0.62 pL/mL) as well as R. mucilagi-
nosa PMFKG-F8 (MICp-0.62 pL./mL) in the presence of
test substance 3. Plankton C. cladosporioides PMFKG-F11
(MICp-5 pL/mL; 10 pL/mL) showed the greatest resist-
ance in the presence of test substances 4 and 5, whereas P.
expansum PMFKG-F14 (MICp-0.62 pL/mL) and P. vari-
otii PMFKG-F12 (MICp-0.62 pL/mL) as plankton were also
resistant in the presence of test substance 4, whereby this
resistance is significantly lower than in C. cladosporioides
PMFKG-F11.

When comparing the biofilms of the tested microorgan-
isms, the most resistant in the presence of test substances 1
and 2 was R. mucilaginosa PMFKG-F8 (MICb-125 pL/mL,;
62.5 pL/mL) while S. cerevisiae PMFKG-F7 (MICb-62.5

Table 2 Resistances of planktonic cells and biofilms in the presence of test substances 1 and 2

Test substance 1 2

Species MICp MLCp MICb MLCb MICp MLCp MICb MLCb
Escherichia coli PMFKG-F1 0.31 10 31.25 250 5 10 31.25 62.5
Proteus vulgaris PMFKG-F3 1.25 10 31.25 125 2.5 10 31.25 62.5
Saccharomyces cerevisiae PMFKG-F7 0.08 10 62.5 - 2.5 10 7.81 62.5
Rhodotorula mucilaginosa PMFKG-F8 2.5 10 125 500 0.62 10 62.5 250
Candida utilis PMFKG-F9 5 10 31.25 1000 10 10 31.25 31.25
Cladosporium cladosporioides PMFKG-F11 0.31 10 15.62 1000 0.31 2.5 7.81 31.25
Paecilomyces variotii PMFKG-F12 1.25 10 31.25 1000 0.62 10 7.81 15.62
Penicillium chrysogenum PMFKG-F13 0.31 0.62 31.25 1000 0.62 2.5 7.81 31.25
Penicillium expansum PMFKG-F14 0.15 10 7.81 1000 1.25 2.5 7.81 62.5

MICp minimal inhibitory concentration of planktonic cells, MLCp minimum lethal concentration of planktonic cells, M/Cb minimal inhibitory
biofilm concentration, MLCb minimum lethal biofilm concentration. The values in the table are shown in uL/mL

Table 3 Resistances of planktonic cells and biofilms in the presence of test substances 3, 4 and 5

Test substance 3 4 5

Species? MICp MLCp MICb MLCb MICp MLCp MICb MLCb MICp MLCp MICb MLCb
PMFKG-F1 0.62 25 125 125 0.15 10 62.5 62.5 2.5 5 62.5 62.5
PMFKG-F3 0.08 10 <7.81 62.5 0.08 10 62.5 125 0.15 10 31.25 62.5
PMFKG-F7 0.15 2.5 31.25 62.5 0.15 5 - 62.5 2.5 5 7.81 62.5
PMFKG-F8 0.62 10 62.5 125 0.08 1.25 62.5 125 0.08 10 125 250
PMFKG-F9 0.31 5 125 125 0.15 2.5 31.25 500 0.62 >10 62.5 125
PMFKG-F11 <0.08 1.25 62.5 500 5 10 31.25 125 10 10 15.62 500
PMFKG-F12 0.08 10 62.5 500 0.62 10 7.81 62.5 1.25 10 31.25 1000
PMFKG-F13 <0.08 0.62 31.25 250 0.31 10 62.5 125 2.5 5 62.5 250
PMFKG-F14 <0.08 1.25 31.25 250 0.62 10 31.25 31.25 1.25 2.5 7.81 500

In the form of strain marks (see Table 2)

MICp minimal inhibitory concentration of planktonic cells, MLCp minimum lethal concentration of planktonic cells, M/Cb minimal inhibitory
biofilm concentration, MLCbh minimum lethal biofilm concentration. The values in the table are shown in uL/mL
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pL/mL) was substantially resistant to the presence of test
substance 1. In the presence of test substance 3, the biofilm
of almost all tested strains showed exceptional resistance
(MICb 31.25-62.5 pL/mL), with the most resistant biofilms
of E. coli PMFKG-F1 and C. utilis PMFKG-F9 (MICb-
125 pL/mL). Biofilms of E. coli PMFKG-F1, P. vulgaris
PMFKG-F3, R. mucilaginosa PMFKG-F8, P. chrysogenum
PMFKG-F13 were the most resistant in the presence of test
substance 4 (MICb-62.5 pL/mL), while in the presence of a
test substances 5 R. mucilaginosa PMFKG-F8 biofilm was
the most resistant (MICb-125 pL/mL).

The organisms in the planktonic form were the most
sensitive to test substance 3 (MIC ranged < 0.08-0.62 pL/
mL) and the most resistant to test substance 2 (MIC at
0.31-10 pL/mL), while there was no such difference in bio-
film forms. (For all test substances for most microorganisms,
MIC is from 7.81 to 62.5; 125 pL/mL.) The most resistant,
equally to all test substances, was the biofilm of R. mucilagi-
nosa PMFKG-F8 (MICb-62.5; 125 pL/mL), and C. utilis
PMFKG-F9, which was significantly resistant to both tested
forms.

Fluorescence microscopy

The influence of the tested substances on the biofilms of
the selected microorganisms (bacteria and yeasts) was

confirmed by fluorescence microscopy. The results are
shown in Figs. 1, 2, 3, 4 and 5.

The results noted on the fluorescence microscope coin-
cide with the results of the obtained values for MLCb
(Tables 2 and 3). In the figures, MLCb is estimated as a
concentration that causes a lethal effect on the test organ-
ism (Andrews 2001). The results of fluorescence micros-
copy also show that the color of the ConA-Texas Red that
colors the extracellular matrix in red was not observed dur-
ing the microscopy of the biofilm S. cerevisiae PMFKG-
F7, in the presence of test substance 1, meaning it did not
produce EPS (Fig. 1g). The same results were obtained
for the biofilms of R. mucilaginosa PMFKG-FS, C. utilis
PMFKG-F9, S. cerevisiae PMFKG-F7 in the presence of
the test substance 5 (Fig. Se, f, g).

The validation of biofilm sensitivity results from a fluo-
rescence microscope was carried out by the authors who
monitored the impact of heavy metals on individual and
mixed biofilms of some bacteria and yeasts (Buzejié et al.
2016; Gruji¢ et al. 2017b, c), as well as the influence of
car colors on individual biofilms of bacteria and yeasts
(Gruji€ et al. 2017a). Similarly, in this study, the results
obtained by reading the MLCDb by using the MBEC-HTP
device and by reading the ELISA reader (OD650) were
confirmed by this method.

7.81 plml

0 pl'ml 1000 pl'ml

250 pl/ml 00 pl/mil 1000 ul'ml

781 plmd .28 pbml

62.5 ul/ml

751 pl'ml

125 pl/md

250 plml SO0 phml 1000 ul'ml

15.62 phmi M25 ul'ml 62.5 pl/ml 125 pml 250 plml <00 pl'ml 1000 ul'ml Growth control
751 pb'ml 1562 pl'ml 3125 pliml 62.5 pul'ml 125 pl/mi 250 plmi 00 pul'ml 1000 pl/ml Growth contred

Fig. 1 Influence of test substance 1 on biofilm a E. coli PMFKG-F1;
b P. vulgaris PMFKG-F3; ¢ R. mucilaginosa PMFKG-F8; d C. utilis
PMFKG-F9; e S. cerevisiae PMFKG-F7. (EPS extracellular polymer

substance, FH product code of the A-F107486-FH commercial indus-
trial paint—test substance 1)
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781 pl/ml 15,62 pl'ml 31,25 pl/mid 62.5 pl/mi 125 yhml 250 pl/md S00 pl/mi 1000 pb'mi Growth control

781 pVmi 1562 ul/ml 3125 pl'ml 62.5 pl'ml 125 pl/ml 250 pl/ml 00 pl'ml 1000 pl'ml Growth contrel

751 pl/md 1562 pl/ml 3128 ubi'ml 62.5 pl'ml 125 pl/mi 250 pl'ml S00 pl'ml 1000 plmi Growth control

781 plVml 1562 pl/ml 328 ul'ml 62.5 pl'ml 128 plvmd 250 pl/ml £00 pl/mil 1000 pl/ml Growth control

781 pl'ml 1562 pl'ml 3125 pl/ml 62.5 ub'ml 125 pl/ml 250 plVml 00 pl'ml 1000 pl/mi Growth contred

Fig.2 Influence of test substance 2 on biofilm a E. coli PMFKG-F1; b P. vulgaris PMFKG-F3; ¢ R. mucilaginosa PMFKG-F8; d C. utilis
PMFKG-F9; e S. cerevisiae PMFKG-F7

751 pl/ml 1562 pl'ml 328 pl'ml 625 pl'ml 125 plVml 250 pl/ml 00 pl'ml 1000 pl/ml Growth control

751 pl/ml 1562 pl'ml 3128 pbml 62.5 pl/ml 125 pliml 250 ul'ml 200 pl/mi 1000 pl/ml Growth control

7.81 uVml 15,62 pl'ml 3128 pliml 62.5 pl'ml 125 pliml 250 plml 00 pl'ml 1000 pl'ml Groowth control

751 pl/ml 1562 pl/ml 3128 plml 62.5 plml 125 pl'ml 250 pliml 00 pl'ml 1000 pliml Growth control

7A1 pl/'ml 1562 pl'ml M.2E plml 625 pl'ml 125 plml 250 pbi'mi £00 ph'mi 1000 pl/md Growth control

Fig.3 Influence of test substance 3 on biofilm a E. coli PMFKG-F1; b P. vulgaris PMFKG-F3; ¢ R. mucilaginosa PMFKG-FS; d C. utilis
PMFKG-F9; e S. cerevisiae PMFKG-F7
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751 pl/ml 1562 pl/'mi 3128 ub'ml 62.5 plml 125 plml 250 pl'ml £00 pi'ml 1000 pl/mi Growth controd

781 pl/ml 1562 pl/'ml 3128 pVmid 628 ul'ml 125 pl/'ml 250 pl'ml 00 pl'ml 1000 pl/ml Growth controd

751 pl/ml 15,62 pl/mi 28 pliml 62.5 ub'ml 128 plmi 250 pl'ml 00 pl'ml 1000 pl/nsl Growth control

781 pl/mid 15,62 pl/ml 31.28 pl'ml 62.5 pl'ml 125 ul'ml 250 pl'ml 00 ul'ml 1000 ul/ml Growth coatrol

781 plmi 1562 pul'ml 3128 plvmid 62.5 pmi 125 pul'ml 250 ul'mi 00 ul'ml 1000 gl/ml Growth contrel

Fig.4 Influence of test substance 4 on biofilm a E. coli PMFKG-F1; b P. vulgaris PMFKG-F3; ¢ R. mucilaginosa PMFKG-F8; d C. utilis
PMFKG-F9; e S. cerevisiae PMFKG-F7

781 plVmi 1562 pl'ml! 328 pl/ml 625 pl/'ml 128 pl/ml 250 pl/ml 00 pl'ml 1000 pl/ml Growth control

7581 pl/ml 1562 pl'ml 328 pi/mi 625 ul'ml 125 pl'ml 250 pl'ml £00 pl'ml 1000 pl/mi Growth controd

751 pl/ml 15,62 pl/ml 328 pl/ml 2.5 ub'mi 125 plVmi 250 pl'ml 00 pl'ml 1000 pl/mi Growth control

781 plml 15,62 pl/ml 3128 pl'ml 62.5 pl'ml 125 pl'ml 240 pl/ml 00 pul'ml 1000 pl/ml Growth coatrol

1 pl'ml 1562 pl'ml 31.25 plml 62.5 pul'ml 128 pl/ml 250 ph'ml $00 ph'ml 1000 pl/ml Growth control

Fig.5 Influence of test substance 5 on biofilm a E. coli PMFKG-F1; b P. vulgaris PMFKG-F3; ¢ R. mucilaginosa PMFKG-F8; d C. utilis
PMFKG-F9; e S. cerevisiae PMFKG-F7
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A high degree of biofilm resistance in relation to plank-
tonic cells can be explained by the matrix as the main pro-
tective component that cells produce in order to increase
the degree of protection against various adverse effects,
especially antimicrobial agents (Corning 2002; Hgiby
et al. 2010; Flemming et al. 2016). Extracellular poly-
meric substances (EPS) represent the primary structural
component and affect the physical properties of biofilm
(stabilization and protection of the microenvironment). In
addition, the activity of cells within the biofilm can be
enhanced by the production of EPS (Decho 2000). Within
the biofilm, there are also various physical, physiologi-
cal and genetic processes that allow microorganisms to
develop better tolerance mechanisms that provide them
with the resistance to negative effects (Harrison et al.
2007). The physiology of biofilm differs from the physi-
ology of planktonic forms, with biofilm about 600 times
more resistant to the effects of stressors (Harrison et al.
2006). It is more resistant to the effects of antimicrobial
agents than its planktonic cells due to the existence of a
metabolic difference or the existence of persist cells within
the biofilm (Harrison et al. 2005), which can explain the
highest sensitivity of planktonic S. cerevisiae PMFKG-F7
in the presence of a test substance 1, or R. mucilaginosa
in the presence of test substance 2, with the same species
within the biofilm being the most resistant to the same
substances.

Similar results were obtained in Gruji¢ et al. (2017a),
where E. coli PMFKG-F2, P. mirabilis PMFKG-F4 and S.
cerevisiae PMFKG-F6 biofilms showed notable resistance
in the presence of test substance 3, in contrast to their plank-
tonic cells which showed great sensitivity. Flemming (2016)
states that the interior of biofilm has dynamic and synergis-
tic interactions that involve the exchange of genes, result-
ing in the development of multicellular properties, which
can explain the difference in the biofilm and planktonic cell
resistance. Successful way of life of microbes, within the
framework of biofilm, is also related to the creation of new
structures, activities and traits that occur during the biofilm
formation process in new conditions, but also as a result
of self-organizing cells within the biofilm (Corning 2002).

Specificity in the study was shown by P. variotii whose
planktonic cells were shown to be one of the more resistant
and, on the other hand, P. variotii biofilm was one of the
most sensitive when compared to other tested microorgan-
isms in the presence of test substances 4 and 5. This phe-
nomenon may be conditioned by the EPS chemical proper-
ties in the biofilm of the microorganism itself (Decho 2000),
with small changes in functional groups being able to change
the properties of EPS (Potts 1994). It may be assumed that
during the exposure of P. variotii biofilm to the effects of
test substances 4 and 5, these substances would cause certain
changes in EPS that lead to lower biofilm resistance.
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Conclusion

The results suggest that autochthonous microorganisms
that had the ability to form biofilms are generally more
resistant to the presence of auto-color in the form of bio-
film, compared to planktonic form of the same micro-
organism. S. cerevisiae PMFKG-F7 in the presence of
basic color, as well as R. mucilaginosa PMFKG-FS8 in the
presence of thinner for rinsing paint in planktonic form
exhibited high sensitivity, with the same species being the
most resistant in the form of biofilm for the same sub-
stances. The highest resistance to all tested substances
was shown by the biofilm of R. mucilaginosa PMFKG-F8,
while C. utilis PMFKG-F9 was significantly resistant in
both tested forms. Based on the data on microorganisms
inhabiting a certain environment, as well as on the basis
of detoxification mechanisms used by microorganisms in
the framework of biofilm, it should be possible to develop
an efficient, ecologically and economically suitable bio-
technology process for the removal of the automotive
paints from the wastewaters. Based on the results from
our research, it could be concluded that natural strains
of microorganisms need to be investigated, because they
can be a natural barrier for pollution and toxic material
originated from car industry.
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