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Abstract

Geobacillus sp. D413 and Geobacillus toebii E134 are aerobic, non-pathogenic, endospore-forming, obligately thermophilic bacilli. Gram-
positive thermophilic bacilli can produce heat-resistant spores. The bacteria are indicator organisms for assessing the manufacturing
process’s hygiene and are capable of forming biofilms on surfaces used in industrial sectors. The present study aimed to determine the
biofilm-forming properties of Geobacillus isolates and how to eliminate this formation with sanitation agents. According to the results,
extracellular DNA (eDNA) was interestingly not affected by the DNase I, RNase A, and proteinase K. However, the genomic DNA (gDNA)
was degraded by only DNase . It seemed that the eDNA had resistance to DNase I when purified. It is considered that the enzymes could
not reach the target eDNA. Moreover, the eDNA resistance may result from the conserved folded structure of eDNA after purification.
Another assumption is that the eDNA might be protected by other extracellular polymeric substances (EPS) and/or extracellular membrane
vesicles (EVs) structures. On the contrary, DNase I reduced unpurified eDNA (mature biofilms). Biofilm formation on surfaces used in
industrial areas was investigated in this work: the D413 and E134 isolates adhered to all surfaces. Various sanitation agents could control
biofilms of Geobacillus isolates. The best results were provided by nisin for D413 (80%) and a-amylase for E134 (98%). This paper suggests

that sanitation agents could be a solution to control biofilm structures of thermophilic bacilli.
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Introduction

Bacteria display two modes of growth: free-living
planktonic or the sessile and surface-attached within
biofilms (Rumbaugh and Sauer 2020). The bacteria
colonize by adhering to surfaces, growing, and forming
a self-produced polymeric matrix in which microbial
species may grow together as a biofilm (Gonzalez-Rivas
etal. 2018). Biofilm growth is observed in many indus-
trial and indigenous areas such as dairy, water systems,
maritime, dentistry, food, paper, oil, optics, and health-
care fields (Garrett et al. 2008). One of the most preva-
lent biofilm-forming microorganisms in dairy manufac-
turing is the thermophilic bacilli (Burgess etal. 2013).
The presence of the bacteria is an indicator of poor plant
hygiene (Burgess etal. 2013). Geobacillus sp. is among
the most widespread contaminants of milk powders. The
bacteria survive during industrial pasteurization of milk,

and spores adhere to surfaces and germinate to consti-
tute biofilms, thus resulting in spoilage of milk prod-
ucts (Gopal et al. 2015). In addition, Geobacillus stearo-
thermophilus strains were isolated from a milk powder
manufacturing plant (Burgess etal. 2013). Simultane-
ously, members of the Geobacillus genus were isolated
from hot springs, geothermal soil, composts, and water
(Mandic-Mulec et al. 2015). Geobacillus toebii was first
isolated by Sung et al. (2002) from hay compost.
Biofilms have become problematic in a wide range
of food industries (Gonzalez-Rivas et al. 2018). Exam-
ples of biofilms’ harmful effects are product spoilage,
reduced production capacity, corrosion, equipment fail-
ure, pipe blockages, and infection (Garrett et al. 2008).
Spoilage bacteria are responsible for nearly one-third
oflosses in the food chain supply (Gonzalez-Rivas etal.
2018). Biofilm formation of the bacteria in food manu-
facturing concerns the dairy industry (Lindsay and Flint
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2009). The reason behind is that thermophilic bacilli are
hard to remove due to their broad temperature range
of growth; they have a fast growth rate; their spores
show high resistance to heat and chemicals; and they
can form biofilms (Scott et al. 2007; Burgess et al. 2009;
Eijlander etal. 2019). Eijlander etal. (2019) reported
that Geobacillus spp. was identified after a heat treat-
ment at 100°C for 30 min. Therefore, it is vital to remove
the biofilms formed by the bacteria. The efficient clean-
ing of bacterial biofilms includes a combination of
detergents, mechanical action, and sanitation agents.
These regimes still appear to be the most effective way
of combating Bacillus spp. biofilms. Biofilm control of
thermophilic spore-forming bacilli can be achieved by
temperature manipulation to limit growth, developing
cleaning/sanitation, and treating surfaces to prevent
attachment (Lindsay and Flint 2009). The cleaning pro-
cesses involve the clean-in-place (CIP) system. The CIP
regimes show variability in eliminating surface adher-
ents. The cleaning chemicals play a significant role in the
regime. They are based on firstly to decrease the surface
population of bacteria thorough cleaning with detergent
formulations, and then to kill the residual population
through the application of disinfectants (Bremer etal.
2009). The primary strategy to eliminate biofilm forma-
tion is to clean and disinfect surfaces routinely before
bacteria attach tightly (Shemesh and Ostrov 2020).
Enzymes form an alternative for biofilm control, break
up the biofilm matrix components, cause cell lysis, sup-
port biofilm degradation, and interrupt the cell-to-cell
signaling (Meireles etal. 2016). Enzymatic solutions
can be an eco-friendly, greener, and safe alternative for
biofilm removal in the food industry (Mazaheri etal.
2020). Enzymes, including proteases, lipases, cellulases,
and DNases, are frequently used (Ripolles-Avila etal.
2020). However, bacteria may be resistant to conven-
tional treatments. Therefore, there is a need to enhance
the methods and consider new strategies due to bacterial
resistance’s serious problem (Ripolles-Avila et al. 2019).

In our previous studies, we carried out the prelimi-
nary biofilm experiments, including pellicle formation,
complex exopolysaccharide production, biofilm mor-
photypes, and viable biofilm cell counting on stain-
less steel of Geobacillus sp. D413 and G. toebii E134.
We determined that the isolates were strong biofilm
producers by the crystal violet binding assay (Cihan
etal. 2017). The purpose of this study was to investigate
the biofilm-forming abilities of Geobacillus strains on
different abiotic surfaces and the effects of sanitation
agents on the control of biofilm formation. In addition,
it was aimed to screen the removal of the biofilms with
DNase I, RNase A, and proteinase K enzymes and to
determine the presence of eDNA in the biofilm matrix.
There are very few research articles on this topic related
to Geobacillus strains.
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Experimental
Materials and Methods

Bacteria strain and culture conditions. Geobacillus
sp. D413 was isolated from a soil sample from the hot
spring (Dikili, Camur Hot Spring, Izmir, Turkey) and
G. toebii E134 was isolated from a branch of a tree in
the hot spring (Altinsu, Kozakli, Nevsehir, Turkey). The
sequences of these isolates’ 16S rRNA gene were regis-
tered with GenBank Accession Number FJ430040 and
EU477771 for D413 and E134, respectively (Cihan et al.
2011). The isolates were primarily cultured in Tryptic
Soy Agar (TSA, Merck, Germany) for 18 h at 55°C and
then incubated in Tryptic Soy Broth (TSB, Merck, Ger-
many) in a shaking incubator (170 rpm) at 55°C for 18 h
and 6 h, respectively. All biofilm assays were carried out
with the culture that was 6 h old in the mid-exponential
growth phase, and the presence of non-sporulating veg-
etative cells was confirmed with phase-contrast micros-
copy. The inoculation process was essential to accelerate
thermophilic bacilli’s biofilm production capabilities
by delaying their transition to the sporulation phase.
The process was substantial to biofilm formation by
endospore-forming thermophilic bacilli.

Effect of environmental conditions for bacte-
rial growth. This assay was to study the influence of
pH, salinity (sodium chloride, Merck, Germany), and
temperature on the planktonic growth and biofilm for-
mation. The optimal planktonic and biofilm growth
of these isolates was determined at various ranges of
pH (4.0 to 11.0), salinity (0 to 5%), and temperature
(50 to 65°C) in 96-well polystyrene microtiter plates
(LP, Italy). The bacterial growth was monitored spec-
trophotometrically (OD,,. nm) at 0, 6, 18, 24, and 48 h
in TSB. Furthermore, the biofilm growth was assayed
with the crystal violet staining method at the end of the
48-hour incubation period. The optimal biofilm growth
values were used in all other experiments. The negative
controls contained only TSB.

Investigation of biofilm formation with crystal
violet. The biofilm-forming ability of D413 and E134
on 96-well polystyrene microtiter plates was deter-
mined using the method of Woodward etal. (2000) and
Stepanovi¢ et al. (2000) with some modifications. The
wells were filled with 10 pl of culture and 90 ul of TSB
without salt. The plate wells were cleaned two times
with physiological saline at the end of 48 h of incuba-
tion to eliminate planktonic cells. The remaining adher-
ent bacteria were fixed with 95% methanol (Merck,
Germany) (200 pl) and incubated at room temperature.
After that, the plates were emptied and air-dried. The
wells were stained using 1% crystal violet (CV, Merck,
Germany) for 30 min at 22°C. The plates were rinsed
off with running tap water to remove the stain’s surplus
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and were air-dried. The dye bound to the biofilm cells
was dissolved with ethanol: acetone (Merck, Germany).
Finally, CV was quantified at an optical density (OD)
of 595nm using a microplate reader (BioTek Elisa
reader, pQuant, Biotek Inc., USA). The negative con-
trols contained only TSB.

Determination of the molecular weight of gDNA
and eDNA. The bacterial biomass was collected after
18 h of incubation from the TSA. The biomass was
dissolved with physiological saline and centrifuged.
The pellet was used for gDNA isolation. The superna-
tant was filtered (0.22 um membrane filter, Sartorius,
France) and used for eDNA isolation. Extracellular
DNA isolation was conducted partially by the method
described by Wilson (2001), while gDNA isolation was
done with a gDNA purification kit (Fermentas K0512,
Thermo Fisher Scientific Inc., USA). Thus, gDNA and
eDNA were partially purified. Ultimately, gDNA and
eDNA values were measured at the absorbance values
of 260 nm/280 nm with a Nanodrop spectrophotometer
(Thermo Scientific NanoDrop Lite, USA). The samples
were subjected to 1.5% agarose gel electrophoresis at
120V for 45min. After agarose gel electrophoresis,
DNA products were visualized via a Quantum ST4 Gel
Documentation System (Vilber Lourmat, France). The
molecular weights of DNA samples were determined
with the help of the Quantum-Capp software system
(Vilber Lourmat, France).

Treatment of partially purified gDNA and eDNA
with enzymes. In this assay, 10 pl of partially purified
gDNA or eDNA sample was treated with DNase I of
different concentrations (1.45, 1.7, 2.5, and 3.0 mg/ml)
(Sigma-Aldrich, DN25, USA), RNase A (0.90 mg/ml)
(Sigma-Aldrich, R6513, USA), and proteinase K
(0.85 mg/ml) (Sigma-Aldrich, P2308, USA) for 1h at
37°C. Then, agarose gel electrophoresis (1.5%) was
applied for 45min at 120V, and the products were
visualized with the Vilber Lourmat Quantum ST4 Gel
Documentation System. The negative controls were
contained in the samples not treated by the enzymes.

Treatment of mature biofilms with DNase I. This
assay was conducted as defined before by Grande et al.
(2010) with a few modifications. First, TSB and bacte-
ria culture was added to a 96-well polystyrene micro-
titer plate and incubated at 65°C for 40 h. The plates
were then depleted and washed two times with physi-
ological saline. The biofilms were treated with 100 pl
of DNase I (Sigma-Aldrich, DN25, 100 pug/ml) for 2,
4, 8, and 12 h at 37°C. The wells were cleaned and air-
dried. Finally, the CV staining assay was used. The
biofilm samples were treated with physiological saline
for positive controls.

Determination of biofilm mass on abiotic sur-
faces. The bead vortexing method was applied with
some modifications for the cell viability assay on various
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material surfaces (Giaouris and Nychas 2006). The mate-
rials were stainless steel (grade 316L), polypropylene,
polystyrene, polyvinyl chloride, polycarbonate coupons
(R: 14 mm), and glass slides (26 mm x 20 mm x 1 mm).
For sterilization, first, the materials were treated with
isopropanol (Merck, Germany) overnight and agitated
with a chlorinated detergent (Johnson & Johnson,
Philippines) for 30min. Then, the materials were
washed with deionized water, air-dried, and autoclaved.
The sterile materials were placed into 6-well polystyrene
microtiter plates containing TSB and bacteria culture,
and then the plates were incubated for 48 h. After this
period, the materials were removed with sterile forceps
and rinsed with 4.5 ml of physiological saline to purge
planktonic cells. The material’s surfaces were scratched.
The materials and biofilm samples were taken to the
tubes containing only glass beads and were vortexed for
~2 min. The drop plate method was applied to calculate
the number of viable cells in MI (medium) agar plates
(Herigstad etal. 2001). The results were calculated as
colony-forming units per unit area (cfu/cm?) and were
log-transformed (log cfu/cm?). Negative controls were
surfaces in the only TSB.

Prevention of biofilm formation using sanitation
agents on polystyrene surface. Fifteen agents were
used for this assay. The agents were alkaline protease
(AP; Sigma P-4860, USA), protease (Sigma P-3111,
USA), subtilisin (Sigma P-5380, USA), trypsin (Sigma
T-2600000, USA), sodium dodecyl sulfate (SDS; Sigma
L-5750, USA), a-amylase (Sigma A-4551, USA), cel-
lulose (Sigma C-1184, USA), sodium metaperiodate
(SM; Sigma 71859, USA), lysozyme (Sigma L-7651,
USA), trichloroacetic acid (TCA; Sigma 27242, USA),
nisin (Sigma N-5764, USA), potassium monopersul-
fate (PM; Sigma 228036, USA) and sodium thiosulfate
(ST; Sigma 72049, USA) combination, furanone (Sigma
283754, USA), and triclosan (Sigma LRAA-1072, USA).
Bacterial culture (5 pl) and TSB (95 pul) were added in
96-well polystyrene microtiter plates. After incubation,
the wells were emptied and rinsed with physiological
saline. The wells were treated with 15 different sani-
tation agents (100 ul) under suitable conditions with
some modifications (Table I). Again, the wells were
emptied and washed. Finally, the CV staining assay was
applied to the wells. Wells containing only the suitable
solvent without sanitation agents served as the positive
control. The results were calculated using the formula
of Pitts etal. (2003).

Statistical analysis. All the experiments were con-
ducted in three replicates on three independent days,
and the means and the standard deviations were calcu-
lated. In the evaluation of the results obtained with the
SPSS 17.0 statistical program (SPSS Inc., USA), one-
way analysis of variance (ANOVA) was used to assess
the difference between the averages of the values, and



414

Kilic T.

Table I

Treatment of biofilms with sanitation agents.

Agent (Concentration) Temperature — Time References
AP (0.16 U/g) 37°C - 60 min Parkar et al. 2004
Protease 0.16 U/g) 37°C - 60 min Parkar et al. 2004
Subtilisin (1%) 37°C - 30 min Parkar et al. 2004
Trypsin (3%) 37°C-3h Parkar et al. 2003
SDS (3%) 100°C - 10 min Parkar etal. 2003
a-Amylase (1%) 37°C - 30 min Parkar et al. 2004
Cellulase (1.66%) 37°C - 30 min Parkar et al. 2004
SM (100 mM) 22°C - 60 min Parkar et al. 2003
Lysozyme (2%) 37°C - 60 min Parkar etal. 2003
TCA (10%) 100°C - 15 min Parkar et al. 2003
Nisin (2 mg/ml) 37°C-24h Parkar etal. 2003
PM (2 mg/ml) 22°C - 30 min Parkar etal. 2003
ST (10 mg/ml) 22°C - 5min Parkar et al. 2003
2(5H)-Furanone (1 mg/ml) 22°C - 60 min Ponnusamy etal. 2010
Triclosan (2 mg/ml) 22°C - 60 min Tabak et al. 2007

Tukey and Dunnett’s tests were applied to compare each
group in pairs. Probability levels of p <0.05 were con-
sidered statistically significant.

Results

Effect of environmental conditions on the bacte-
rial growth. The optimal planktonic and biofilm growth
conditions of the D413 strain were determined at 65°C,
pH 7.0, and 0% NaCl. Those of the E134 strain were
similar, except that the planktonic and biofilm growth
conditions’ optimal pH were 8.5 and 9.0, respectively.
Both bacteria did not need salt to grow and form a bio-
film. Moreover, these isolates achieved optimal growth
at 65°C. It was observed that these bacteria had neutral
or alkaline environment requirements for their growth.

Determination of the molecular weight of gDNA
and eDNA. The presence of eDNA was confirmed for
the first time with electrophoresis and spectropho-
tometric DNA measurements for the D413 and E134
isolates. The molecular weight of gDNA was calculated
as 26.1 kb and 29.8 kb for D413 and E134, respectively.
Moreover, the molecular weight of eDNA was calculated
as 18.2kb and 21.4 kb for D413 and E134, respectively. It
was shown that the molecular weight of the gDNA was
larger than the molecular weight of the eDNA in both
bacteria. In addition, the molecular weight of gDNA
and eDNA of E134 was higher than in the D413 strain.
Thus, the presence of eDNA in the biofilm matrix was
indicated by electrophoresis and spectrophotometry.

Treatment of partially purified gDNA and eDNA
with enzymes. gDNA and eDNA were partially puri-

fied in this study. The results indicated that eEDNA was
interestingly not affected by any of the enzymes. The
enzymes could not reach the target eDNA. Furthermore,
the eDNA resistance may result from the conserved
folded structure of eDNA after purification. Another
assumption is that the eDNA might be protected by
other EPS and/or EVs structures. However, the gDNA
was degraded by only DNase L. It seemed that the eEDNA
of the D413 and E134 isolates had resistance to DNase I
(1.45 mg/ml) when partially purified (Fig. 1A). To confirm
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Fig. 1. Agarose gel electrophoresis photographs displaying dif-

ferences between the gDNA and eDNA of D413 and E134.

M, Marker (Fermentas Gene Ruler 1kb Plus DNA Ladder,

75-20.000bp) (A) DNase I (1.45 mg/ml), RNase A (0.90 mg/ml)

and proteinase K (0.85mg/ml) treatment of both the gDNA and

eDNA; (B) Different DNase I concentrations on eDNA (1.7, 2.5
and 3.0 mg/ml).
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Fig. 2. Treatment of mature biofilms with DNase I. P<0.05* for
comparisons of data obtained in the absence and in the presence
of DNase I (Dunnett’s test).

the resistance, the eDNA was treated with higher con-
centrations of 1.7, 2.5, and 3.0 mg/ml of DNase I. How-
ever, the result remained the same (Fig. 1B).

Treatment of mature biofilms with DNase I. In
this assay, partially unpurified eDNA (40 h-old mature
biofilms) was treated with DNase I for 2, 4, 8, and
12h in polystyrene plates. The mature biofilms were
scattered for 2h and 12h of treatment with biomass
removal of 77-89%, and 87-93% for D413 and E134
bacteria, respectively. It was observed that biomass
removal increased up to 12 h when eDNA was partially
unpurified (p <0.05%) (Fig. 2).

Determination of biofilm mass on abiotic sur-
faces. For the assay, both scraping and bead vortex-
ing were applied to the adherence substrate. Six abi-
otic surfaces were compared in terms of viable cell
counts with the plate counting method. According to
the results, the D413 and E134 cells could attach to all
material surfaces. The viable cell numbers ranged from
3.91 to 5.12log cfu/cm?and 2.25 to 4.70 log cfu/cm?,
respectively. Polystyrene (4.70log cfu/cm?) and glass
(5.121log cfu/cm?) were determined to be the most
effective materials for biofilm formation by D413 and
E134 isolates, respectively. The relationship between
each material was statistically significant (p<0.05%)
(Fig. 3 and 4).

Prevention of biofilm formation using sanitation
agents. Fifteen different sanitation agents were used to
test for the control of bacterial biofilm. The best results
were provided by nisin for D413 (80%) and a-amylase
for E134 (98%). This work showed that nisin, furanone,
a-amylase, AP, subtilisin, SDS, TCA, lysozyme, pro-
tease, and cellulase provided over 30% biofilm removal
in both bacterial species (p <0.05%). Furthermore, the
combination of PM and ST did not affect biofilm
removal of both bacteria (p>0.05) (Fig. 5).
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Fig. 3. The viable cell counts of D413 biofilms formed on surfaces
(Tukey test; p<0.05%).
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Fig. 4. The viable cell counts of E134 biofilms formed on surfaces
(Tukey test; p<0.05%).

Discussion

The temperature range of growth for Geobacillus
species is 37-75°C, with the optimal temperature being
from 55 to 65°C (Wells-Bennik et al. 2019). The optimal
temperature for growth of the D413 and E134 isolates
was 65°C. Interestingly, the necessary optimal condi-
tions for biofilm growth of these isolates were deter-
mined to have similar values. As a result, both bacteria
did not need salt to form a biofilm. The increase in the
concentration of salt unfavorably affected the formation
of biofilm for these isolates. In addition, these bacte-
ria did grow in a neutral or alkaline environment. This
could be explained by the intense relationship between
the bacterial adherence conditions and the optimal
metabolic activity (Elhariry etal. 2012).

Exopolysaccharide, proteinaceous polymers, lipids,
and eDNA may be important biofilm matrix compo-
nents (Allesen-Holm etal. 2006; Soler-Arango etal.
2019). Many microorganisms release eDNA within
their biofilm matrix. Moreover, eDNA was reported
as a component of the EPS matrix of numerous
Gram-negative and Gram-positive bacteria (Ibaiez
de Aldecoa etal. 2017; Ramirez et al. 2019). However,
as far as it is known, there is no information about the
eDNA of Geobacillus strain. Using electrophoresis and
spectrophotometric methods, the presence of eDNA
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Fig. 5. The effects of sanitation agents on the biofilm of D413 and E134 isolates (Dunnett’s test; p <0.05%).

in D413 and E134 isolates was confirmed (Fig. 1). As
a result, the gDNAs molecular weights for D413 and
E134 were found as 26.1 kb, and 29.8 kb, respectively.
The molecular weights of the eDNA for D413 and
E134 were found as 18.2kb, and 21.4 kb, respectively.
The molecular weight of the gDNA was larger than the
molecular weight of the eDNA for both bacteria.

Potential target sites of Gram-positive bacteria
to antimicrobials are the cell wall, the cytoplasmic
membrane, functional and structural proteins, DNA,
RNA, and other cytosolic components (Bridier etal.
2011). In this study, eDNA in the biofilm matrix was
not affected by DNase I, RNase A, and proteinase K
enzymes. However, the gDNA was degraded only by
DNase I. It seemed that the eDNA of the D413 and
E134 had resistance to DNase I when purified (Fig. 1).
Bockelmann etal. (2006) reported that agarose gel
electrophoresis of purified microfilaments of strain
F8 resulted in a distinct band of large size (more than
29kb) and the band of the eDNA of the strain exactly
disappeared after treatment with DNase I but remained
stable after treatment with RNase A and proteinase K.
Dengler etal. (2015) indicated that Staphylococcus
aureus biofilm became less sensitive to proteinase K.
In contrast, Nguyen and Burrows (2014) determined
that proteinase K reduced biofilm formation of Liste-
ria monocytogenes.

Qin etal. (2007) showed that DNase I severely
decreased the biofilm formation of Staphylococcus epi-
dermidis. In another study, Izano etal. (2008) reported
that DNase I prevented biofilm formation of S. aureus
and S. epidermidis. DNase I began to dissolve biofilms
of Bacillus subtilis after 3 h, whereas the biofilms dis-
solved at the slight degree at the 24 and 48h (Peng
etal. 2020). In addition, Peng etal. (2020) reported

that young biofilms were easily disturbed by DNase I,
whereas the latter was not effective against aged bio-
films. On the contrary, this study determined that aged
biofilms of Geobacillus isolates were markedly affected
by DNase I. As a result, DNase I reduced mature bio-
films (40 h) of D413 and E134 by 77-89% and 87-93%
(2-12h), respectively (p <0.05*) (Fig. 2).

Thermophilic bacteria can attach to stainless steel
coupons and support biofilms’ development (Jindal et al.
2016; Gupta and Anand, 2018). In this paper, six abiotic
surfaces were compared in terms of viable cell counts
within biofilms. D413 and E134 were observed to adhere
to all surfaces. The viable cell numbers ranged from
3.91 to 5.12log cfu/cm?and 2.25 to 4.70log cfu/cm?,
respectively. Polystyrene surface (4.70 log cfu/cm?) and
glass surface (5.12 log cfu/cm?) were determined to be
the most effective surface for biofilm formation of D413
and E134 isolates, respectively (p <0.05*) (Fig. 3 and 4).
Karaca etal. (2019) reported that Geobacillus vulcanii
DSM 13174" produced the most abundant biofilm on
glass and polystyrene surfaces at 65°C.

Biofilm dispersal can be provided by the disruption
of the polysaccharide matrix, proteins, and eDNA. To
remove irreversibly attached cells, the implementation
of a powerful shear force as scrubbing, scraping or
chemical breaking of the adherence forces through the
applications of enzymes, sanitizers, and heat is required
(Elhariry etal. 2012). It was determined that various
sanitation agents could help to reduce the number
of D413 and E134 cells on the polystyrene surface
(Fig. 5). The best results were provided by nisin for D413
(80%) and a-amylase for E134 (98%) (p <0.05%). Nisin
is active upon the cytoplasmic membrane of Gram-
positive bacteria, including bacterial spores, and it has
been widely used as a food protective for many years
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(Delves-Broughton et al. 1992; Boziaris and Adams 1999;
Rojo-Bezares etal. 2007). Furthermore, nisin exhibits
antimicrobial activity by binding to the pyrophosphate
moiety of lipid II. Nisin also inhibited biofilm forma-
tion of S. aureus (Angelopoulou et al. 2020). In another
study, nisin (1 mg/ml) killed 100% of Bacillus flavother-
mus B12-C™ biofilm cells (Parkar etal. 2003). Fleming
etal. (2017) indicated that treatments of S.aureus
and Pseudomonas aeruginosa biofilms with a-amylase
and cellulase resulted in an important decrease in the
biofilm biomass. In this study, a-amylase (98%) and
SM (97%), which are glycoside hydrolases that break
down polysaccharides, affected the E134 strain biofilm.
Degradation of quorum sensing (QS) signals could
be considered a promising approach in biofilm control
(Algburi etal. 2017). The results of this study showed
that furanone was very effective for removing biofilms
of D413 (77%) and E134 (93%) (p<0.05*) strains.
2(5H)-Furanone acts as a potential quorum-inhibition
agent in a biofilm community and could displace the
AHL signals from the LuxR protein. Furanones have
been commonly used to remove biofilm from medi-
cal catheters and diverse other substrates (Ponnusamy
etal. 2010). In this study, it was observed that both pro-
tein-degrading agents and polysaccharide-degrading
agents were effective for the biofilm control of Geoba-
cillus. Lequette etal. (2010) found that proteases were
more efficient than polysaccharides for the removal of
Bacillus spp. biofilms while polysaccharide-degrading
enzymes were more efficient for control of Pseudo-
monas fluorescens biofilms. However, the combination
of PM and ST had no inhibitory effect on biofilm for-
mation of both bacteria (p>0.05) (Fig. 5).

In conclusion, this paper showed that DNase I
degraded the eDNA of Geobacillus genus bacteria. The
importance of eDNA for mature biofilm stability after
the DNase I application was demonstrated. Besides,
sanitation agents like a-amylase, nisin, and furanone
significantly impacted these bacteria’s biofilm forma-
tion. This work suggests that sanitation agents could
be a solution to control biofilm structures of ther-
mophilic bacilli. Biofilm control can be determined
by a combination of these sanitation agents in future
studies. It seemed that Geobacillus strains could form
biofilms on stainless steel, glass, and plastic surfaces.
In addition, this work suggest that biofilm control
could be improved by using new sanitation strategies
on these surfaces.
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