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Dental caries are a process of demineralization and destruction of human teeth. They originate through many factors and are
associatedwith biofilm formation, which consists of bacteria adhered to the teeth that form a structurally and functionally organized
mass called dental plaque. Both the presence of Streptococcus mutans and the frequent consumption of sucrose correlate with a
higher prevalence of caries in humans. In dogs, however, the incidence of this disease is low, due to factors such as differences in
dentalmicrobiota and/or their low consumption of sucrose.Thiswork evaluated the antagonismof bacteria fromdog’s dental plaque
against S. mutans, for the identification of producing strains of biotechnological products for use in preventing caries. This study
used 95 bacterial isolates of canine dental plaque from the VeterinaryDepartment at the Federal University of Viçosa, MinasGerais,
Brazil. A spot-on-the-lawnmethod was performed using Brain Heart Infusion agar with catalase for an initial identification of the
antagonistic activity. Additional tests were conducted on the isolates classified as antagonists for confirmation of the activity, using
modifiedMann-Rogosa-Sharpemedium containing low dextrose concentration.These isolates were incubated at 37∘C for 24 hours
in anaerobiosis. The peptide nature of inhibition was evaluated using the following proteinases: proteinase K from Tritirachium
album, bovine pancreatic trypsin, and type XII-A 𝛼-amylase from Bacillus licheniformis. In the initial identification of those strains
exhibiting antimicrobial activity, 14 were classified as antagonists. One of the isolates (Bacillus sp.) indicated bacteriocinogenic
activity, with a deformed inhibition halo on S. mutans by the addition of trypsin. These results suggest that this bacterial isolate
may be applicable to biotechnological use to combat the main etiological agent of caries in humans. Further studies are needed to
evaluate the bacteriocinogenic nature of the antimicrobial activities of the other 13 antagonistic bacterial isolates.

1. Introduction

Dental caries is a multifactorial disease, where microbial
involvement and the host response are both of fundamental
importance. The genesis of caries is associated with the
formation of a biofilm consisting of bacteria that adhere to
the surface of the tooth. These bacteria form a structurally
and functionally organized mass called dental plaque [1–4].
Caries is the result of a chronic process that, according to
Newbrun [5], appears after the interaction and presence of
four factors: a susceptible teeth, microorganisms, diet, and
time [6]. The aetiology of caries disease involves Streptococ-
cus mutans, an acidophilic and acidogenic microorganism
important in the production of acid in human dental plaque

[7, 8]. The presence of S. mutans and the frequent consump-
tion of sugars are directly correlated with a higher prevalence
and incidence of caries [9].

In dogs, dental caries are somewhat unusual. The dif-
ferences in a dog’s dental microbiota, their poor sucrose
consumption [10, 11], or the possibility of microorganisms
present in the oral cavity could establish antagonism on
S. mutans and other cariogenic bacteria. This antagonism
results from competition for nutrients or production of
compounds inhibitory to these bacteria, bacteriocins, which
would develop a critical barrier against colonization by
pathogenic species [1]. Pieri and colleagues [12] investigated
the microbiota of the dental plaque of dogs through isolating
and identifying its bacterial components.They found that one
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of the most present genera in dog plaque is Streptococcus;
however, none of the isolates presented genetic similarity of
the 16S rDNA gene with Streptococcus mutans, indicating the
absence of this species in dogs [12–14].

Bacteriocins are peptides produced by bacteria to give
them a competitive advantage [1]. S. mutans may produce
bacteriocins to antagonise other bacteria in the dental plaque
of humans. The species of Streptococcus present in the dental
plaque of dogs could perform this same mechanism against
S. mutans in the dental plaque of humans [1, 12]. Numerous
lactic acid bacteria are consistently found in the dental
plaque of dogs; many of these have the capacity to produce
bacteriocins against similar bacteria in order to establish their
colonization sites [7–9].This ability to inhibit target strains is
potentially useful in food preservation and the production of
alternative antimicrobial therapeutic agents for diseased sites
[15–18].

Themost effective way to prevent caries is the mechanical
removal of biofilm by brushing and using dental floss. How-
ever, this physical removal of biofilm is typically not enough
to control the disease for the majority of the population.
It is important to identify additive resources to combat
dental biofilm, such as chlorhexidine [4, 13]. Chlorhexidine
is currently considered as an antiseptic reference in dentistry
and is approved by the American Dental Association Council
on Dental Therapeutics. However, the continuous use of this
product in the oral cavity has numerous side effects, including
burning in the oral cavity, ulcerations in the jugal mucosa,
darkening of the dental enamel, and loss of taste [4, 19–
21]. Consequently, there has recently been increased interest
in the development of new antimicrobial chemotherapeutic
agentswith potential for incorporation into oral products that
control cariogenic microbiota [1, 4, 9, 17, 22–26].

Caries is amajor public health problem, reaching between
60 and 90% of school-age children and a large majority of
adults in developed and developing countries [27, 28]. The
work presented here furthers the development of anticaries
products through evaluating the antagonism of bacterial
isolates from canine dental plaques against S. mutans to iden-
tify strains that produce compounds with biotechnological
potential.

2. Materials and Methods

All methods in this study were conducted at the Laboratory
of Microbiology Studies, Institute of Life Sciences, Federal
University of Juiz de Fora, Campus Governador Valadares
(UFJF-GV).The antagonistic potential of 95 bacterial isolates
from the dental plaque of 10 dogs was previously obtained
by Pieri and colleagues [12], from January to December of
2009 (Table S1). These isolates were within the bacterial
repository of the Veterinary Department at the Federal
University of Viçosa, and were selected representing equal
percentage of its genus in total isolates obtained from the
dogs. Streptococcus mutans (ATCC UA159) was used as
cariogenic target strain. Staphylococcus aureus (ATCC 25923)
were used as the traditional target cultures for these assays.
All cultures were stored in Brain Heart Infusion (BHI) broth,

with 20% glycerol as cryoprotectant, at -80∘C until use.
The analysis of the antagonistic activity of the isolates was
performed according toMoraes and colleagues [16], by using
spot-on-the-lawn methodology for initial identification of
antimicrobial activity.

Bacterial cultures of dog plaque were activated for 24
hours at 37∘C. From these cultures, 2 𝜇L were inoculated on
the surface of Petri dishes containing BHI agar and a catalase
solution (100 IU/mL) and subsequently incubated at 37∘C for
24 hours [29, 30] (Figure 1(a)). After the formation of the
colonies on the agar surface (Figure 1(b)), a 10 mL overlay
of BHI semisolid agar was added (0.75% bacteriological
agar), containing approximately 106 CFU/mL of the target
bacteria: S. mutans (ATCC UA159) and S. aureus (ATCC
25923) (Figure 1(c)). After solidification of the overlayer, the
plates were again incubated at 37∘C for 24 hours. After that
incubation step, the formation of any inhibition halo around
the bacterial colony indicated antagonism (Figure 1(d)). All
tests were conducted in triplicate.

The cultures that presented antagonistic activity were
subjected to additional tests to confirm the protein nature
of the produced antimicrobial substances [16]. A modified
Mann-Rogosa-Sharpe (MRS) agar plate containing dextrose
at a low concentration (5 g/L) was used, where 2 𝜇L of one
of the cultures of active isolates of the dog dental plaque was
inoculated in the centre of the plate and incubated anaero-
bically at 37∘C for 24 hours (Figure 1(a)). After incubation,
four holes adjacent to the colonies formed (Figure 1(e)) were
inoculated with 30 𝜇L of one of the following solutions:
sterile distilled water (negative control), Tritirachium album
proteinase K (Sigma-Aldrich, Saint Louis, MI, USA), bovine
pancreas trypsin (Sigma-Aldrich, Saint Louis, MI, USA),
and Bacillus licheniformis type XII-A 𝛼-amylase (Sigma-
Aldrich, Saint Louis, MI, USA). All inoculated enzymes held
concentrations of 20mg/mL. The plates were then incubated
at 37∘C for two hours to allow diffusion of the inoculated
solutions into the agar. After diffusion, a 10 mL overlay of
BHI semisolid agar, seeded with approximately one million
CFU/mLof the targetmicroorganism,was added, followed by
incubation for 24 hours at 37∘C. Sensitivity of the antagonistic
culture to the proteolytic enzyme solutions was observed
as interference in the inoculated regions (Figure 1(f)), thus
confirming the protein nature of the inhibitory substance.

3. Results and Discussion

From the 95 isolates tested in the initial evaluation of the
antagonistic activity, 14 formed inhibition halos around the
colonies in the BHI agar medium containing a catalase
solution. These isolates were initially classified as antagonists
against S. mutans and/or S. aureus.

Of the 14 isolates initially classified as antagonists, only
one did not show growth in the dextrose-modified MRS
medium andwas subsequently discarded.The other 13 strains
showed growth and formation of inhibition halos around
the colonies when incubated with the target strains. These
13 isolates which were confirmed as antagonists and the
diameters of their inhibition halos were evaluated (Table 1).
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Table 1: Inhibition of pathogenic bacteria by bacterial isolates from dog’s dental plaque. The 16S RNA Genbank access codes, genus/species,
target strain, and diameter of the inhibition halo for the 13 bacterial isolates, initially classified as antagonistic against S. mutans and S. aureus.

Genbank access code Genus/species Target strain Inhibition Halo (mm)

HQ717194 Aerococcus viridans S. mutans 25
S. aureus -

HQ717297 Lactococcus lactis S. mutans 12
S. aureus 12

HQ717208 Actinomyces sp. S. mutans 20
S. aureus -

HQ717211 Bacillus sp. S. mutans 22
S. aureus -

HQ717189 Enterococcus faecalis S. mutans 23
S. aureus 7

HQ717204 Enterococcus faecalis S. mutans 18
S. aureus -

HQ717193 Enterococcus faecalis S. mutans 17
S. aureus -

HQ717209 Enterococcus faecalis S. mutans 22
S. aureus 14

HQ717177 Enterococcus faecalis S. mutans 22
S. aureus -

HQ717206 Actinomyces sp. S. mutans 21
S. aureus -

HQ717183 Enterococcus faecalis S. mutans 19
S. aureus -

HQ717203 Enterococcus faecalis S. mutans 24
S. aureus 12

HQ717328 Actinomyces sp. S. mutans 25
S. aureus 11

Of the 13 isolates, only Bacillus sp. (HQ717211; Table 1) had
an inhibition halo that was modified by proteolytic enzyme
solution (bovine pancreas trypsin). These results indicated
the sensitivity of the culture to the enzyme solution, thereby
confirming the protein nature of the inhibitory substance.

The spot-on-the-lawn methodology is widely used to
detect the protein character of antimicrobial substances
produced from bacteria. It is considered advantageous, as
proteins are distinguishable even in cultures that produce
small inhibition halos [16, 30, 31]. This methodology was
performed using BHI medium with catalase (100 IU/mL)
incubated at 37∘C for 24 hours for the initial identification of
the antimicrobial activity. The catalase solution was added to
hydrolyse any possible hydrogen peroxide produced by the
cultures [16, 32, 33]. Hydrogen peroxide has antimicrobial
potential and could thus interfere with the identification of
isolates with antagonistic activity derived from the produc-
tion of bacteriocins [16, 34]. The inhibition halos identified
in the 14 isolates classified as antagonists had no relation to
hydrogen peroxide production.

Although any one acidogenic bacterium may contribute
to enamel demineralization that results in caries, the S.
mutans strain presents additional characteristics that may
initiate and exacerbate the disease [1, 35]. In addition to
the fermentation of sucrose in organic acids, S. mutans

hydrolyses substrate forming polymers, allowing them to
coaggregatewith other bacteria, thus forming an extracellular
matrix with greater biodiversity [1, 35]. Although other
human oral bacteria such as S. sanguis, S. salivarius, and
S. gordonii, can synthesize these polysaccharides, only S.
mutans presents a preference to the presence of sucrose in
the infection site [1, 35]. In addition, S. mutans has the
ability to store amylopectin intracellular polysaccharides for
fermentation in the absence of extracellular carbohydrates,
allowing continuous fermentation between host meals. S.
mutans also shows greater release of acid when compared to
other bacteria of the genus Streptococcus [1]. Therefore, the
reduction of S. mutans levels in the plaque microbiota could
become a desirable strategy for the prevention and treatment
of the disease [9].

Streptococcus spp., obtained from dental plaques of dogs
(supplementary data), were expected to act as potential
inhibitors of S. mutans, as bacteriocins are produced by a
microorganism to antagonise those with high genetic simi-
larity [1, 29]. However, of the eight isolates of Streptococcus
spp. tested in this study, none presented antagonistic activity.
Our data showed a large variety of bacteria presenting antag-
onism against S. mutans. These species include Enterococcus
faecalis,Actinomyces sp.,Aerococcus viridans,Bacillus sp., and
Lactococcus lactis. Among the isolates classified at the end of
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(e)
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BHI agar

Inoculum Dog’s Isolates – no growth

Dog’s Isolates growth spot

Target strain overlayer – no growth

Target strain growth

Bovine pancreatic trypsin spot

Proteinase K spot

Type XII-A -amylase

Blank spot - water

Hole on agar surface

Figure 1: Sequence of spot-on-the-lawn surface to establish antagonistic activity of one strain of bacteria against a target strain and to confirm
the protein nature of this inhibition; (a) 2 𝜇L of test strain is inoculated on the surface of Petri dishes containing agar; (b) formation of the
colonies of test strain on the agar surface; (c) addition of a semisolid agar overlayer with the target bacteria; (d) inhibition halo after the
incubation of target strain, confirming antagonistic activity; (e) four holes adjacent to the coloniesmade to inoculation of different proteinases;
(f) interferenceof bovine pancreatic trypsin on inhibition halo of test strain against target strain, confirming the protein nature of antagonistic
activity.

the second stage of the incubation, 53.9% of the antagonists
were Enterococcus faecalis (Table 1). This bacterial species
was previously classified as Streptococcus faecalis, due to its
high genetic and phenotypic similarity with the Streptococcus
genus [36]. Considering that similarity, the bacteria of the

genus Enterococcus could potentially antagonise those species
within the genus Streptococcus.

With regard to the second phase of evaluating antago-
nistic activity of the bacterial isolates, the use of the MRS
medium under anaerobic conditions tends to inhibit the
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production of hydrogen peroxide [31, 33]. In addition to the
exclusion of the possible hydrogen peroxide activity on target
strains, thismediumand culture condition caused an increase
in the diameter of the halos of some test strains, indicating
antagonistic activity.

Following the aim of this work, the protein character of
the antagonist activity of isolates was evaluated against S.
mutans.The S. aureus overlay was used as a comparison strain
in the initial phase of evaluation of the antagonistic activity, as
it is used often with the spot-on-the-lawn method. However,
as S. aureus is a recognized pathogen for both human and
animal health [24], new studies evaluating the protein nature
of isolates from canine dental plaque should be carried out
for a possible identification of bioproducts for the treatment
of diseases caused by this pathogen.

While 13 strains showed the formation of an inhibition
halo in the overlay of S. mutans, only one isolate (HQ717211,
Bacillus sp.) showed deformation of the halo in the deposit
site of proteolytic enzyme bovine pancreatic trypsin, suggest-
ing the loss of antagonistic activity by the interaction of the
enzyme and the protein-based bacteriocin produced by this
isolate.

4. Conclusions

This study shows that the isolate of Bacillus sp. (HQ717211),
obtained from canine dental plaque, has biotechnological
potential in combatting a major etiologic agent of caries
in humans. In addition, 13 other bacterial isolates were
identified as potential antagonists of S. mutans. Future work
confirming the bacteriocinogenic nature of these isolates
should be considered for use in preventive therapy and
treatment of caries in humans.

Data Availability

The 16S rDNA sequences for all isolates from canine dental
plaque used to identify the bacteria involved on the findings
of this study have been deposited in the Genbank repository,
(Genbank access codes are located in Tables 1 and S1).
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