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ABSTRACT

Objective: The aim of this study is to analyze the inhibitory potential of Streptococcus salivarius isolates from the saliva and dorsum of the tongue of
adults on Enterococcal faecalis American Type Culture Collection (ATCC) 29212.

Methods: Deferred antagonism and agar well diffusion methods were used to analyze the potential of S. salivarius to inhibit E. faecalis growth with

S. salivarius ATCC 13419 as the positive control.

Result: The maximum inhibitor diameter for each isolation was 11.17 mm at 10, CFU for the dorsum of tongue isolates and 8.17 mm at 10° CFU for

saliva isolates.

Conclusions: Clinical S. salivarius isolates from the dorsum of tongue had greater potential for inhibiting E. faecalis growth compared to the saliva

isolates and control bacteria.
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INTRODUCTION

The World Health Organization defines probiotic agents as live
microorganisms which, when applied in an adequate number, support
the health of the human body [1]. Some types of bacteria have been
widely used as probiotic agents, such as Enterococcus, Streptococcus,
Escherichia, Lactobacillus, and Bifidobacterium as the bacteria most
often used. Based on the previous studies of probiotics, Lactobacillus
bacteria can be used as both a treatment and prevention of infections
causing acute diarrhea of children. Lactococcus lactis could be used
to deliver vaccine proteins and the DNA vaccines, and Streptococcus
salivarius K12 can treat throatinfections [2-4]. The bacteria listed above
are probiotic agents that eliminate pathogens and produce similar
proteins types. Lantibiotic proteins are small proteins that are modified
during the post-translational phase and synthesized on ribosomes with
clusters of lanthionin (Lan) and/or -methyllanthionin (Melan) [5].
S. salivarius can produce lantibiotics [6].

S. salivarius is an indigenous bacterium that exists in the oral cavity of
newborns. These bacteria facilitate biofilm formation and later move
to the dorsal tongue, oral mucosa, and pharyngeal mucosa. S. salivarius
also produces the secondary lantibiotic protein. Lantibiotics produced
by some strains of S. salivarius can eliminate some harmful bacteria.
Thus, the role of S. salivarius is very important to maintain the balance
of microorganisms (agent) in the oral cavity. Dental disease is caused
by an imbalance of host, agent, and environmental factors [5]. In the
data obtained from the Indonesian National Health Survey in 2007, the
prevalence of caries in Indonesia reached 72.1% with average active
caries reaching 43.4% [7]. Dental caries is caused by specific types of
bacteria that produce acid which demineralize and weaken the tooth
structure [8]. Periodontitis was the second most common tooth and
mouth disease in Indonesia. Periodontitis is a disease of the oral cavity
which causes the tissues supporting the teeth to lose collagen, affecting
25.9% of the entire Indonesian population [7]. Most pathogens
associated with periodontal disease are Gram-negative anaerobic
rods, whereas some pathogens are also Gram-positive facultative

and anaerobic cocci and rods, and Gram-negative facultative rods [9].
Both diseases are exacerbated by the presence of Enterococcal faecalis
American Type Culture Collection (ATCC) 29212 in the oral cavity [10].

In dentistry, there are several alternative treatments for preventing
the development of nosocomial infections due to E. faecalis. Sodium
hypochlorite is an irrigation material that is often used, as well as
chlorhexidine mouthwash. However, the research by Maria et al
suggested that complications from the use of sodium hypochlorite
solution caused mucosal tissue irritation [11]. Several studies have
established the inhibiting ability of S. salivarius as a probiotic agent
to fight against pathogenic bacteria. However, observing S. salivarius
derived from the saliva and dorsal tongues of healthy individuals
against the growth of E. faecalis have not been tested, and there for
being studied in this research.

METHODS

Preparation of subject samples

The participants in this study were adults with healthy teeth and
mouths. Before sampling, the participants were asked to avoid foods
that contained sugar, sour flavors, or high amounts of caffeine shortly
before sampling, as it would interfere with the test by lowering the pH
of saliva and increase the growth of bacteria. No food was consumed
1 hr before sampling. A water rinse removed food debris, and the test
participants waited up to 10 minutes after the rinse to avoid saliva
dilution before sampling.

Sampling method of stimulated saliva and dorsal tongue smear

Sampling included collecting 10 ml of whole saliva by stimulating saliva
production using Parafilm M. Participants were instructed to chew the
Parafilm M for 10 minutes and collect saliva into a sterile tube. Saliva
samples were sealed, and stored temporarily at 4°C. Dorsal tongue
swab sampling was done in the morning. Before sampling, tongue
smears were collected using sterile cotton rolls. Dorsal tongue smear
samples were collected using citobrushes from the circumvallated part
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of the tongue to the tip of the tongue. Then, the citobrush was placed
in a vial that already contained phosphate buffered saline and was also
stored temporarily at 4°C.

Identification method of S. salivarius

The samples of saliva and dorsal tongue smears were taken and cultured
on medium mitis Salivarius agar (MSA). The medium was then incubated
anaerobically at a temperature of 37°C for 24 hrs. Afterward, colonies
of the culture samples considered morphological S. salivarius (gum
drop-like) were taken, and polymerase chain reaction (PCR) tests were
conducted using S. salivarius ATCC 13419 as a positive control (Fig. 1).
The PCR test began with the initial denaturation temperature of 94°C for
10 minutes and continued for 30 cycles. This was followed by an annealing
temperature of 55°C for 30 seconds, and elongation temperature of 65°C
using SalA US primers (5’-GTAGAAAATATTTACTACATACT) and salads
(5’-GTTAAAGTATTCGTAAAACTGATG) [10]. PCR results were analyzed
using 1% agarose electrophoresis for 30 minutes (100 V) [10] which
showed positive results colony of S. salivarius, ATCC and clinically, then
cultured in the medium brain-heart infusion (BHI) agar and BHI broth
for 18 hrs.

Identification and calculation method protein concentration
S. salivarius

Clinical S. salivarius and ATCC colonies were taken and cultured in BHI
broths for 18 hrs. Then, the pellet and supernatant of the bacterial
cell lysates were separated using a buffer and centrifuge. The pellets
were analyzed using sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) (150 V, 80 mA, 60 minutes) and Coomassie
blue staining to see whether there was the same molecular mass (kDa)
of the same protein produced by S. salivarius. SDS-PAGE testing was
obtained for participants with the same protein profile. Later, colonies
of S. salivarius with the same protein profiles were put in Eppendorf
tubes containing 30% glycerol and stored at -80°C to be used as stock.

Methods of analyzing potential inhibiting power of S. salivarius

S. salivarius’ inhibitory potency against E. faecalis was tested using a
deferred antagonism method. This method was performed on a medium
BHI agar. S. salivarius and S. salivarius ATCC 13419 were diluted 10-1,
10-2, and 10-3, respectively, into four different concentrations. Each
concentration was inoculated in lines 1 cm apart on the BHI agar. The
agar plates were then placed in an anaerobic jar, given a gas mixture,
and incubated for 24 hrs. E. faecalis also cultured on a BHI medium
agar. Then, the agar plate was placed in an anaerobic jar, given the gas
mixture, and incubated for 24 hrs. Having grown on the agar surface,
the bacteria were removed using the edge of the glass slide. The surface
of the medium was then sterilized using chloroform for 30 minutes
and left to air dry for 15 minutes to remove the remaining chloroform.
Then, E. faecalis were dissolved and incubated for 24 hrs. After that, the
formed inhibition zone was measured [12].

Plan for data processing and data analysis

Data analysis was done by comparing the value of the average inhibition
zone of S. salivarius, and the protein it produces, to the growth of E.
faecalis isolates in each dish. The value of the average inhibition zone
to the growth of E. faecalis was tested through the one-way ANOVA
method and was followed by post hoc test. Paired t-test was used to
analyzed the potential inhibitory of S. salivarius and proteins against E.
faecalis at varying concentrations. Next, to see the correlation between
the increase in the concentration of S. salivarius and protein with
inhibitory zone widening E. faecalis, Pearson’s test was used.

RESULTS

Identification S. salivarius and the protein it produces

The results of the identification were done by comparing the morphology
of clinical S. salivarius with S. salivarius ATCC 13419, both grown on
MSA (Fig. 2). Of the 20 samples (10 saliva samples and 10 samples
of dorsal tongue swabs), there were 12 samples of saliva isolates and
dorsal tongue smear isolates that had a morphology such as S. salivarius
colonies on the medium agar. These colonies looked like drops of gum
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Fig. 1: Morphology culture medium Streptococcus salivarius on
mitis Salivarius agar

Fig. 2: Polymerase chain reaction results of colonies that
have morphology such as Streptococcus salivarius American
Type Culture Collection 13419 colonies

(gum-drop like) and were a translucent blue color. Sample saliva isolates
and dorsal tongue swab isolates of 10 participants were confirmed using
PCR, where S. salivarius found in only 6 participants, with 6 samples of
saliva and 6 samples of dorsal tongue smears (p>0.05).

Table 1 shows identification of S. salivarius in clinical isolate sources,
whereas Fig. 3 shows profile protein S. salivarius based on results of
SDS-PAGE analysis.

Results of clinical S. salivarius’ potential to inhibit growth of
E. faecalis

To examine the potential of clinical S. salivarius to inhibit the growth of E.
faecalis, a deferred antagonism method was used. The SDS-PAGE results
for the S. salivarius samples were similar. Of the 10 S. salivarius colonies,
only 2 inhibitory potencies surfaced, as displayed in Fig. 4. There were
significant differences in the total plate count (TPC) 10'° CFU/ml among
saliva isolates and dorsal tongue swab isolates (p<0.05). The inhibition
zones produced by S. salivarius ATCC 13419 had significant differences
with the isolates from the dorsal tongue swabs or saliva samples
(p<0.05). The results were reviewed against the inhibition zone on the
TPC saliva isolates had a significant difference between the TPC 107
CFU/ml with TPC 10® CFU/ml (p<0.05), whereas among the TPC 102
CFU/ml, 10° CFU/ml and 10' CFU/mL had no significant difference
(p>0.05). However, unlike the results of inhibition zones for the saliva
isolates, the inhibition zones for the dorsal tongue swab isolates
had significant differences for all concentrations (p<0.05). From the
analysis of the correlation of the results with TPC inhibition zone for
saliva isolates also reviewed and have a moderate level of correlation
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(p<0.470) and proportional, but the dorsal tongue swab isolates had a
high correlation (p<0.951) and proportional.

Result of protein potential of clinical S. salivarius to inhibit growth
of E. faecalis

Examination by the agar well diffusion method for the whole-cell
protein showed significant differences between the salvia isolates,
dorsal tongue smear isolates, and S. salivarius ATCC 13419 samples in
10'° CFU/ml. The greatest inhibition zone was produced by the dorsal
tongue swab isolates, followed by saliva isolates, and by the S. salivarius
ATCC 13419 isolates.

Potential inhibitory protein analysis on whole-cell and protein
spent medium

Table 2 shows the average difference between the zone of inhibition
of growth when E. faecalis were exposed to whole-cell protein isolates,

Dorsum Dorsum Dorsum Dorsum
Saliv: Sali liva S4
Salvast  (igah sy 2 Lgans2 S Umhsy B Udah S4
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£ 4 !

Fig. 3: Profile protein Streptococcus salivarius based on results
of sodium dodecyl sulfate polyacrylamide gel electrophoresis

analysis
15
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Fig. 4: Potential inhibition of Streptococcus salivarius saliva and
dorsal tongue isolates on the growth of Enterococcal faecalis

Table 1: Identification of Streptococcus salivarius in clinical
isolate sources

Isolate sources Streptococcus salivarius

Positive (%) Negative (%)

Saliva 6 (60) 4 (40)
Tongue 6 (60) 4 (40)
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and dorsal tongue smear and saliva isolates at a concentration of
2x10% mg/ml. The zone of inhibition in saliva swab isolates was
3.375 mm, and in the dorsal tongue, swab isolates were 8.125 mm.
Then, of the overall spent medium proteins that provided the potential
for inhibition is spent medium protein in dorsal tongue swab isolates
with the greatest concentration of protein (1.05x10? pg/ml) with an
average of 6 mm zone of inhibition.

DISCUSSION

Based on the identification of S. salivarius using MSA and confirmation
using PCR, of 10 samples of saliva isolates and 10 samples dorsal
tongue swab isolates, S. salivarius was only found in 60% of the whole
sample set, whether saliva isolates or dorsal tongue isolates (p>0.05).
In contrast to research conducted by Amoroso et al, which found that
in children aged 12-14 years had the prevalence of S. salivarius of
89.31%. However, it differs from Horz et al., which found newborn oral
cavity samples to have only 10% presence of S. salivarius, which then
increased to 25-30% after the babies were 1-month-old. S. salivarius had
a tendency to diminish in number while migrating to 2% of the buccal
mucosa, 17% of the tongue, pharynx, and 30% of healthy adults [13,14].
These differences can be caused by factors such as diet, as observed
by Ogawa et al. since dietary factors may change the population of
microorganisms in oral cavities [15]. This is also supported in research
by Carlsson, who found that the prevalence of S. salivarius in the oral
cavity of an individual depended on how much sucrose that individual
consumed [16].

Further identification of proteins by SDS-PAGE demonstrated colonies
of S. salivarius saliva isolates and dorsal tongue swab isolates have
similar protein compositions. However, S. salivarius ATCC 13419,
which served as this study’s control, did not produce inhibition zone
on E. faecalis. The ability to inhibit bacteria with a classification like
S. salivarius was supported by Hyink et al. research, which observed
that S. salivarius K12 produces salivaricin A2 (SalA2) and B, and act as
agents and have proven oral probiotic properties that can be used as
antibiotics against Streptococcus pyogenes bacterium targets. Previous
study found the isolation of S. salivarius salivaricin 9 NU10 also had
the potential to inhibit Gram-positive bacteria, including ATCC 10240
Micrococcus luteus, M. luteus GAB13, Streptococcus equisimilis ATCC
12388, and Corynebacterium spp. GH17. The ability of salivary isolates
and dorsal tongue swab isolates of S. salivarius to inhibit the growth of
E. faecalis is due to the mechanism of quorum sensing. This is supported
in research by Konstantinos et al, who concluded that two or more
coexisting bacteria will communicate with each other to express a gene
in a population using a signal molecule in the form of autoinducers.
Konstantinos et al. stated that probiotic agents can inhibit other
bacteria in one population using an accessory gene regulator (AGR)
quorum sensing system. Quorum sensing AGR-system is a system that
is found on the mechanisms of Staphylococcus that cause the bacteria
to enlarge their communities by destroying the cells around them [17].
If the mechanism for quorum sensing has occurred, S. salivarius would
itself produce lantibiotics through autoregulation processes using a
two-component regulatory system [4,5,18-20].

The difference in the inhibitory ability between saliva isolates and
dorsal tongue swab isolates and S. salivarius ATCC 13419 on the
growth of E. faecalis was supported in the previous research. They
suggested the differences in the virulence of the strains of bacteria are

Table 2: Average zone of inhibition for each concentration isolate protein at each whole-cell uses for agar well diffusion method

Protein culture results whole-cell

Protein concentration S. salivarius ATCC 13419 (pg/ml)

Mean of inhibitory zone

Clinical protein concentration S. salivarius (saliva) (pg/ml)

Mean of inhibitory zone

Clinical protein concentration S. salivarius (dorsal tongue) (pug/ml)
Mean of inhibitory zone

1.46x10? 1.46x10! 1.46 1.46x107*
0 mm 0 mm 0 mm 0 mm
2.22x10? 2.22x10* 2.22 2.22x107!
3.375 mm 0 mm 0 mm 0 mm
2.28x10? 2.28x10" 2.284 2.28x1071
8.125 mm 0 mm 0 mm 0 mm

S. salivarius: Streptococcus salivarius, ATCC: American Type Culture Collection
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due to differences in the protein produced by clinical and laboratory
strains. Kim et al. used samples of the laboratory and clinical E. faecalis
strains, which were tested using multilocus sequence typing by seven
housekeeping genes. They found that the laboratory E. faecalis strain
was virulently weak compared to other strains [21,22]. In the deferred
antagonism method, results showed colonies of S. salivarius saliva
isolates and dorsal tongue swab isolates, as seen in Fig. 4. [solates from
dorsal tongue swabs had a high correlation in each resulting E. faecalis
inhibition zone against bacterial count 107 CFU/ml, 10® CFU/ml, 10°
CFU/ml], and 10'° CFU/ml based on statistical analysis (p=0.951). In
contrast to the saliva isolates, the result of the inhibition zone E. faecalis
by the number of bacteria have statistical results with a moderate level
of correlation (p=0.470). These results were also supported by another
research on the concentration effects of antibiotics. In this study,
inhibition zones were affected by the number of bacteria applied to
E. faecalis, especially on S. salivarius derived from dorsal tongue smear
isolates [23]. Then, referring to S. salivarius ATCC 13419, the study’s
positive control, the second colony of clinical trials showed the potential
to inhibit the growth of E. faecalis. There was also a difference between
the zone drag generated by the control and each S. salivarius colony
derived from the dorsal tongue swabs and saliva at a concentration of
10 CFU/ml (p<0.05). The effective capability of inhibiting the growth
of E. faecalis isolates minimum visible from the dorsal tongue and
saliva swabs with the number of 107 CFU/ml. Visible also the ability of
inhibitory S. salivarius K12 effective on research conducted by Ishijima
on the prevention of C. albicans adhesion to plastic cups when the
number of S. salivarius K12 as much as 3.75x10% CFU/ml [24].

The two colonies secreted proteins and whole-cell protein isolates were
tested through the agar well diffusion method. Using this method, the
interaction between a proteins produced by S. salivarius against the
formation of inhibition zone on the growth of E. faecalis was analyzed.
Since the whole-cell protein that was extracted from S. salivarius
clinical cultured in BHI broth was allowed to seep in order that already
contains E. faecalis. From the results obtained only inhibitory zone at a
concentration of 2x10%2 mg/ml in saliva isolates and isolates smear dorsal
tongue. Similarly, the protein was isolated from the supernatant of S.
salivarius isolates and S. salivarius ATCC 13419 isolates produced only
inhibition zone from the dorsal tongue smear with a concentration of
1.05x10% pg/ml. Lantibiotics are the secondary protein produced in the
stationary phase, and S. salivarius is a lactic acid bacterium that produces
the protein. Lantibiotics produced by lactic acid bacteria have two types,
Type A is lantibiotic with linear shape and Type B has a globular shape.
The difference in the types of lantibiotic is also evident from the work
process described in the study conducted by Hasper [6]. Lantibiotic
Type A destroys the target cell's membrane integrity and lantibiotic
type B interferes with enzymes that work in the biosynthesis of the
cell wall [25]. The diversity of the types of lantibiotic proteins depend
on the type of S. salivarius. The differences in the results of inhibition
zone produced by saliva and dorsal tongue swab isolates may be due to
differences in the types of protein produced by the different isolates [26].

The difference in the working mechanisms of the research is also
supported by Hasper et al. in their research on lantibiotic proteins.
They found that the mechanism of action of the protein with a small
peptide does not require protein receptors on the membrane of target
cells but directly work on the molecule biosynthesis, namely, lipid II [6].
Another mechanism that is different is expressed also by previous study
indicating that the mechanism of Type B lantibiotic as seen in SalB. SalB
works by inducing the accumulation of a precursor (UDP-MurNAc-
pentapeptide) from the end of the cell wall, thus causing obstacles
to biosynthesis within the cell walls [26]. The observed differences
are also due to its antimicrobial activity. Lantibiotic and lantipeptida
consist of four subclasses, where the subclass III and IV form from a
peptide that resembles lantibiotic, such as peptide morphogenetic, and
lantipeptida have the low antimicrobial ability [27,28].

Another study also stated that the correlation between the concentration
lantibiotic is significant in disrupting the integrity of the cell membrane
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M. luteus ATCC 10240 with an increase in MFI by 4 or 5 times more [5].
In the study conducted by Upton et al, some lantibiotic proteins have
autoregulation properties such as SalA and SalAl. It requires induction
of SalA into the bacterium with mutated SalB [29]. The possibility of
no formation of several agents lantibiotic, such as SalA, was likely to
occur in this study because inducer agents such as salivaric in 9 or SalA,
were not used. Dagim suggests the failure to inhibit most lantibiotic
proteins was more effective when exposed to Gram-positive bacteria.
The resulting inhibition zone of deferred antagonism method was more
successful than the agar well diffusion method. In addition, the poor
results of the agar well diffusion method may also be due to lack of the
protein concentration of the spent medium and whole-cells applied
into each well. Deficiencies in the control due to time constraints of
the experiments also become one of the problems in determining the
potential inhibition potency.

CONCLUSION

There is potential for S. salivarius isolates from the dorsal tongue and saliva
swabs to inhibit the growth of E. faecalis, with greater potential from the
dorsal tongue smear than the saliva isolates. Not all proteins are derived
from S. salivarius isolates inhibited the growth of bacteria E. faecalis.
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