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Abstract. Sapalina F, Retnaningrum E. 2020. Molecular characterization of lactic acid bacteria producing edible biofilm isolated from
kimchi. Biodiversitas 21: 962-968. Biofilm is a community of microorganisms that interrelated and covered by an extracellular polymer
matrix. This biofilm can be produced by lactic acid bacteria (LAB) which is edible for human and animals. Therefore, it possible to be
applied in the food and health industry. One source of LAB is kimchi, a fermented food from Korea having good benefits for health.
This research aimed to obtain LAB from kimchi which produces edible biofilms and to identify their isolates based on the 16S rRNA
gene. Isolation of lactic acid bacteria from kimchi was conducted using MRS agar medium containing 1% CaCQa. The isolates of KA2,
KA5, KB1, and KC4 were obtained from kimchi and could produce biofilms with the highest biofilm formation at 48 hours incubation
time. Their biofilm products were proven to be attached to the surface of zeolites. Analysis of 16S rDNA sequence revealed those four

isolates were identified as Lactobacillus brevis.
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INTRODUCTION

Lactic acid bacteria (LAB) have the ability to form
biofilms on various surfaces widely used in food industries
(Gomez et al. 2016). Biofilm produced by LAB is an edible
biofilm source because of safe for human consumption,
therefore it is called edible biofilm. Edible biofilms are
formed by microbes and they are covered by a matrix.
According to Guerrieri et al. (2009), LAB biofilms can be
developed as new technologies in the field of food
packaging. These food packaging systems are carried out
through active packaging planning by adding LAB
producing biofilms to food. Nowadays, bacterial biofilms
are being widely investigated with a view to developing
environmentally friendly packaging due to several
considerations. These biofilms were effective barriers to
water vapor, regenerated mechanical vigor and enhanced
microbiological and oxidative stability packaged food by
enhancing its antimicrobial and antioxidant capabilities
(Valdes et al. 2017).

Biofilm was defined as complex bacterial communities
within a matrix of exopolysaccharides and adheres to a
surface Biofilm was defined as complex communities of
bacteria within an exopolysaccharide matrix and adheres to
a surface (Khatoon et al. 2018). The microorganisms form
this matrix in the form of extracellular polymer or
extracellular polymeric substances (EPS). The chemical
composition of that matrix consists of proteins that include
enzymes, DNA, RNA, polysaccharides, and water.
Whereas, water is the major part of that biofilm (up to
97%) and responsible for nutrient flow inside the biofilm
matrix (Nazir et al. 2019).Various studies have shown that

bacterial biofilms increase cell resistance which protects
their cells from stressor conditions, such as extreme pH,
salinity, drought and heavy metal (Bove et al. 2012;
Retnaningrum and Wilopo 2016; Pang and Yuk 2019;
Chang et al. 2020). The biofilms were also reported could
reduce the pathogenic microorganisms. Researchers
reported several LAB strains, such as Weissela viridescens
113 bac-, L. lactis 69 bac+, L. lactis 94 bac+, L. casei 40
bac-, L. helveticus 352 bac-, L. casei Y1, L. plantarum KF
and L. brevis BBE-Y52 could produce biofilms with anti-
bacterial pathogen (Gomez et al. 2016; Kumar et al. 2017,
Fang et al. 2018).

Kimchi is a familiar Korean fermented vegetable food.
Kimchi's marketing has been increased worldwide due to
its taste and health benefits, and has now become one of the
world's most popular food products. In addition, these
fermentation products were reported by some researchers
as being a source of lactic acid bacteria, including the
species of Leuconostoc sp, Lactobacillus sp, Weissella
sp and Lactococcus sp (Jang et al. 2015). Based on reports
by Lee et al. (2016), they have achievement identified at
species level using 16S rRNA marker gene. This marker
gene was used for that identification because of some of
those properties, such as: (1). It is ubiquitous, distributed to
all archaea and bacterial lineages, (2). The rate of evolution
is relatively slow and laterally gene transfer is not easy, (3).
The 16S rRNA gene has conserved and varied regions.
Therefore, the 16S rRNA gene is very accurate and stable
to be used as a phylogenetic marker and to find out the
genetic relationship between organisms (Kim and Chun
2014). Recent researches have reported the probiotic
properties of LAB from kimchi as anti-bacterial pathogen,
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anti-virus and anti-diabetic (Son et al. 2017; Kim et al.
2019; Hossain et al. 2020; Seo et al. 2020). However, the
LAB potential of kimchi as an edible biofilm producer has
never been reported. Therefore this research was conducted
to isolate LAB from kimchi which produces edible biofilm
and also to molecularly identify their LAB based on the
16S rRNA gene.

MATERIALS AND METHODS

Isolation of lactic acid bacteria

The samples of kimchi were collected from local
market in Yogyakarta, Indonesia. Aseptically, 5 g of the
sample was added into 45 mL of sterile 0.85% (w/v) NaCl
solution and mixed thoroughly. Furthermore, a dilution
series of 10! to 10® was made. Three of the appropriate
dilutions in the series (10°-10®) were taken as 1 mL in
each (three replications) using micropipette and inoculated
on a selective medium of MRS agar (Oxoid) with 1%
CaCOs (w/v). Then, it was incubated at 37°C for 48 hours.
Colonies that form halo zones were recognized as lactic
acid bacteria colonies. Furthermore, colonies with different
characters (type, size, and shape) were observed and
purified by the streak plate method on the MRS agar
medium to obtain a single colony. Isolates with Gram-
positive characters, negative endospores, non-motile and
negative catalase were used for further tests.

Selection of LAB isolates producing biofilm

The selection of LAB isolates producing biofilm was
carried out by microscope qualitative observation using the
technique described in Gomez et al. (2016), with certain
modifications. One loop of bacterial isolate was inoculated
into 9 ml of MRS broth medium (Himedia) and incubated
at 37°C for 24 hours. The culture was taken at the end of
the incubation period and adjusted with sterile MRS broth
medium to achieve a cell suspension of 0.25 + 0.05 OD
(optical density) which determined by a spectrophotometer
A 600 nm. Such bacterial cell numbers corresponded to an
inoculum of 107-108 CFU/mL. A 3 ml of that bacterial
culture was inoculated into a 250 mL flask containing 100
mL MRS broth with added 10 g zeolite in the diameter
range between 0.4-0.6 cm (Retnaningrum and Wilopo
2017). The culture was then incubated at 37°C for 96 hours.
During the period of incubation, culture samples were
taken and further observed for biofilm formation by
investigating through a microscope.

Evaluation of biofilm production at different incubation
times

Biofilm production of LAB isolates was observed at
interval incubation times of 24, 48, 72 and 96 hours by
measuring their turbidity using spectrophotometer.
Enumeration of bacterial cell numbers in biofilms
conducted through the total plate count (TPC) method in
nutrient agar medium (Himedia). The TPC method
conducted with serial dilutions (108-10®) were taken as 1
mL in each (three replications) using micropipette and
inoculated on a selective medium of nutrient agar. Then
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incubated at 37°C for 48 hr and counted their colonies
number.

Identification of LAB isolates producing biofilm

For molecular identification of LAB isolates from
kimchi using the 16S rRNA gene, pure isolates were
prepared and purified with the streak plate method. Then a
separate colony was inoculated on 50 mL nutrient broth
medium (Himedia) and incubated for 48 hours. A quick-
DNA™ fungal/bacterial miniprep kit (Zymo Research,
USA) was used to isolate the bacterial DNA of that culture.
Amplification of thel6S rRNA was using 27F (5°-
AGAGTTTGATCCTGGCTCAG-3’) and 1492R (5’-
GGTTACCTTGTTACGACTT-3") (Hossain et al. 2020) in
a thermocycler (Bio-Rad, USA). The PCR condition
contained pre-denaturation at 95°C for 30 min, followed by
30 cycles consisting of denaturation at 95°C for 30 sec,
annealing at 57°C for 1 min, extension at 72°C for 1 min,
and final extension 72°C for 10 min. The PCR products
were then purified and sequenced using Sanger method.
The sequences results were then edited by using
GeneStudio. Sequence similarities were matched with
DNA sequence databases (GenBank) through the BLAST
program (BLASTn) at the National Biotechnology
Information Center (NCBI). Phylogenetic tree analysis
using Molecular Evolutionary Genetics Analysis X
(MEGA version X).

RESULTS AND DISCUSSION

The LAB isolates from kimchi

Seventeen bacteria (KA2, KA3, KA4, KA5, KA6, KB1,
KB4, KB5, KB6, KB8, KB9, KB10, KC1, KC2, KC4,
KC6, and KC7 isolates) with clear zone around their
colonies have been successfully isolated from kimchi
samples in MRS agar supplemented with 1% CaCQs. In
addition, their characters were Gram-positive bacteria, rod
shape, negative catalase, non-motile, and negative
endospore that matched the LAB key characters in Bergey's
Manual of Determinative (Brenner et al. 2005). Similar
LAB characters were also reported by Nurhikmayani et al.
(2019).

The selected LAB isolates producing biofilm

For selection of those LAB that produces biofilm, they
were observed under microscope after 48 hours incubation
in MRS broth with zeolite addition as an abiotic substrate
for their cell attachments. In this procedure, the selections
were conducted based on their high adherent bacterial cells
population in the zeolite as shown in Figure 1. The reasons
for using zeolite as an abiotic substrate attachment are as
follows: (i) Zeolite categorized as GRAS (Generally
Regarded as Safe) which is safe for humans and animals,
(i) It has a microstructure and it can produce a high ion
binding capacity (Fan et al. 2018).

Those observation results indicated that biofilm was
composed of bacterial cells that were attached to each other
for intercommunication. According to Piard and Briandet
(2016), the regulation of biofilm formation by LAB is



964

carried out through a process called QS (Quorum Sensing).
The bacteria use quorum sensing communication circuits to
control physiological activity including the formation of
biofilms. Quorum sensing of LAB delivered chemical
signal molecules which were called AIP (Auto-Inducing
Peptides) and Al-2 (Autoinducer-2). This allows bacteria to
communicate with other bacterial cells. Hence, in
microscope showed bacterial community bound to each
other. The bacteria can know the condition of their
environment and adapt to the regulation of specific genes
because of quorum sensing.

Biofilm production of LAB isolates during a period of
incubation times

To confirm that LAB isolated from kimchi could
produce biofilm, each of isolate was cultured and incubated
for 96 hours. During the incubation period, both biofilm
production and LAB cell number were measured using the
spectrophotometric method and total plate count as shown
in Figure 2. Both of biofilm production and cell numbers
of the four LAB isolates increased in parallel. These
increases started at 24 hours, then reached their maximum
at 48 hours. Isolates of KA2, KA5, KB1, and KC4
produced biofilms, each measured absorbancy values of
1.55, 157, 1.62 and 1.49. However, at 72 hours of
incubation, biofilm production started to decrease and
continued up to 96 hours.

According to Kumar et al. (2017), the absorbance value
of bacteria culture was greater than 0.1 indicated the
presence of biofilms produced by its bacteria culture.
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Therefore, those four isolates could be categorized as
biofilms producers. In addition, the bacterial cell numbers
were shown equivalent to biofilm production. The highest
cell number was also seen at 48 hours incubation time.
Whereas the total cell numbers of those four isolates were
5.63x107, 5.72x107, 5.89x107 and 5.39x10" CFU/mL.
Biofilm production by each of LAB isolate was different
depending on the type of that isolate because of the
different abilities in producing biofilms. The KB1 isolate
showed the highest biofilm production ability compared to
KA2, KA5, and KC4 isolates.

The fluctuation of biofilm production was inseparable
with the influence of isolate ability to form biofilms. In
addition, environmental factors also affected biofilm
formation. Piard and Briandet (2016) reported that biofilms
production by bacteria could be affected by exogenous
environmental factors, such as the physicochemical
properties of biotic or abiotic surfaces, nutrition for
bacteria, changes in oxygen and pH, the presence of
biocide or antibiotics. Meanwhile, nutrition for bacteria in
the medium has to be maintained. Nutrition in the medium
becomes reduced as the numbers of biofilm-forming
bacteria increased. It indicated a phenomenon of nutrition
competition. Then, the bacteria were unable to survive,
they would die and bacteria cell numbers decreased.
Similarly, results were reported by Chen et al. (2017), they
investigated the optimum biofilm production of L.
plantarum and L. citreum which depend on several
conditions such as low pH, low temperature and high
osmolality.

D

Figure 1. Microscopic observations of LAB biofilms at 1000x magnification, (A) control without biofilm of LAB cells, (B) KA2, (C)

KAb5, (D) KB1 and (E) KC4 isolate
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Molecular characters of LAB isolates producing biofilm

The four LAB isolates producing biofilm were
characterized molecularly based on 16S rRNA gene. The
results of PCR amplification of 16S rRNA gene from those
isolates produced length fragments around 1500 bp DNA
(Figure 3). These results corresponded with Johnson et al.
(2019) who investigated the similar sequences result of the
16S rRNA gene with length fragments of 1500 bp.
Therefore, the 16S rRNA sequences of those samples were
edited using GeneStudio software. Consensus sequences
similarities results were matched with DNA sequence
databases GenBank through the BLASTn program in
NCBI. Those BLAST results showed that all isolates (KA2,
KA5, KB1, and KC4 isolates) had similarity >99% with
Lactobacillus brevis ATCC 14869 (Table 1). As explained
by Schlaberg et al. (2012), the percentage similarity of
isolates was categorized in the level of the same species,
genus, family, and order if the values were >99%, 97% to
<99%, 95% to <97% and <95%, respectively. Furthermore,
the alignment of 16S rRNA sequences and reconstruction
of phylogenetic tree were further analyzed with MEGA X.
All positions which contain gaps and missing data have
been removed.
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Figure 3. Electropherogram of 16S rRNA gene of LAB isolates
with pairs primer of 27F and 1429R (M: Marker 100 bp, 1: KA2,
2: KAS5, 3: KB1 and 4: KC4 isolate)
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Figure 2. Biofilm production by LAB isolates from kimchi during a period of incubation times, (A). KA2 isolate, (B) KA5 isolate, (C).

KB1 isolate, (D). KC4 isolate
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Table 1. The BLAST results of LAB isolates from kimchi

Isolate Species of LAB Homolog Query Identity Accession Isolate sources References
cover number
KA2 Lactobacillus brevis ATCC 14869 99%  99.05% NR_044704.2 Culture collection Woese et al. (2011)
(Unpublished)
Lactobacillus brevis ATCC 14869 = 97%  99.72% NR_116238.1 Dairy product Coton et al. (2008)
DSM 20054
Lactobacillus hammesii TMW 1.1236 99%  97.82% NR_042243.1 France sourdough Valcheva et al. (2005)
Lactobacillus senmaizukei DSM 21775 99%  97.68% NR_114251.1 Culture collection Nakagawa et al. (2014)
(Unpublished)
Lactobacillus cerevisiae TUM BP 98%  97.60% NR_158030.1 Spoilage brewery Koob etal. (2017)
140423000-2250
KA5 Lactobacillus brevis ATCC 14869 99%  99.52% NR_044704.2 Culture collection Woese et al. (2011)
(Unpublished)
Lactobacillus brevis ATCC 14869 = 97% 100% NR_116238.1 Dairy product Coton et al. (2008)
DSM 20054
Lactobacillus hammesii TMW 1.1236 99%  98.29% NR_042243.1 France sourdough Valcheva et al. (2005)
Lactobacillus senmaizukei DSM 21775 99%  98.15% NR_114251.1 Culture collection Nakagawa et al. (2014)
(Unpublished)
Lactobacillus spicheri LTH 5753 99%  97.81% NR_025579.1 Rice sourdough Meroth et al. (2004)
KB1 Lactobacillus brevis ATCC 14869 99%  99.38% NR_044704.2 Culture collection Woese et al. (2011)
(Unpublished)
Lactobacillus brevis ATCC 14869 = 97%  99.86% NR_116238.1 Dairy product Coton et al. (2008)
DSM 20054
Lactobacillus hammesii TMW 1.1236 99%  98.15% NR_042243.1 France sourdough Valcheva et al. (2005)
Lactobacillus senmaizukei DSM 21775 99%  98.01% NR_114251.1 Culture collection Nakagawa et al. (2014)
(Unpublished)
Lactobacillus cerevisiae TUM BP 99%  97.80% NR_158030.1 Rice sourdough Koob et al. (2017)
140423000-2250
KC4 Lactobacillus brevis ATCC 14869 99%  99.45% NR_044704.2 Culture collection Woese et al. (2011)
(Unpublished)
Lactobacillus brevis ATCC 14869 = 97%  99.93% NR_116238.1 Dairy product Coton et al. (2008)
DSM 20054
Lactobacillus hammesii TMW 1.1236 99%  98.22% NR_042243.1 France sourdough Valcheva et al. (2005)
Lactobacillus senmaizukei DSM 21775 99%  98.09% NR_114251.1 Culture collection Nakagawa et al. (2014)
(Unpublished)
Lactobacillus spicheri LTH 5753 99%  97.75% NR_025579.1 Rice sourdough Meroth et al. (2004)
KA2
AB289046 .1 Lactobacillus brevis JCM 1059
KAS
a8
KB1
KC4
@ NR 116238.1 Lactobacillus brevis ATCC 14869 DSM 20054

34

a2

NR 0447042 Lactobacillus brevis strain ATCC 14869
MR 025579 .1 Lactobacillus spicheri LTH 5753
MNR 114251.1 Lactobacillus senmaizukei DSM 21775 NBRC 103853

78 'NR 0422431 Lactobacillus hammesii TMW 1.1236
MR 158030.1 Lactobacillus cerevisiae TUM BP 140423000-2250
40 _{ KT025848.1 Lactobacillus plantarum KF
a8 ' KC429782.1 Lactobacillus plantarum WCFS1
| ABO08211.1 Lactobacillus rhamnosus YIT 0105 ( ATCC 7469)
33 L—— KR078255.1 Lactobacillus casei Y1
MR 0424371 Lactobacillus curvatus strain DSM 20019

—_—

0.050

NR 0745401 Bacillus cereus ATCC 14579

Figure 4. Phylogenetic tree of LAB isolates from kimchi using the maximum likelihood method (bootstrap: 1000).
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For phylogenetic tree reconstruction, the comparative
sequences were used and categorized as an in group and an
outgroup. Several comparative sequences of LAB species
that produced biofilms were added. These LAB species
included Lactobacillus (L.) brevis JCM 1059, L. plantarum
KF, L. casei Y1, L. plantarum WCFS1, L rhamnosus YIT
0105 (ATCC 7469), and L. curvatus DSM 20019 (Kubota
et al. 2008; Ramirez et al, 2015; Kumar et al. 2017; Song
and Lee 2017). Whereas Bacillus cereus ATCC 14579 was
used as an out group, because this species separated from
the genus Lactobacillus. Bacillus cereus belongs to the
order Bacillales, while Lactobacillus is a member of the
Lactobacillales order. In addition according to Kwon et al.
(2017), this Bacillus cereus produced biofilms.

Further selection of nucleotide substitution models for
phylogeny trees important role to determine the
interpretation of evolution (Collins et al. 2012).
Reconstruction of the phylogenetic tree was based on the
maximum likelihood (ML) method with K2+G model
(Kimura 2-parameter, G: gamma distribution). This ML
principle method was to determine the tree topology,
branch length and evolutionary model that maximizes the
probability. As explained by Nishimaki and Sato 2019, the
Kimura two-parameter (K2P) model was probably the most
widely used for estimating genetic differences and
phylogenetic relationships in all models of nucleotide
substitution. In addition, the K2+G model showed the low
AlICc (Akaike information criterion) value which
represented the best model for phylogenetic reconstruction
with ML method. Then it could be checked through MEGA
X.

The phylogenetic tree result with bootstrap values
which were calculated for 1000 replications (Figure 4).
This phylogenetic tree showed a bootstrap value at the
inner nodes. The bootstrap values of 88 at the inner nodes
explained that the species KA2, L. brevis JCM 1059, KAS5,
KB1, KC4, L. brevis ATCC 14869 DSM 20054, and L.
brevis ATCC 14869 were descendant in 88% of the
bootstrap replications. This phylogenetic tree also
represented that four isolates were clustered as
Lactobacillus brevis. Thus, they considered as close
relatives and indicated as a strain in Lactobacillus brevis
species. It proves that BLAST result supports the
phylogenetic tree. In conclusion, KA2, KA5, KB1, and
KC4 isolate from kimchi produced high biofilms at 48
hours and they were identified as Lactobacillus brevis.
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