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ABSTRACT

Background: Streptococcus mutans (S. mutans) bacteria mainly cause dental caries in children. These bacteria are not considered
oral indigenous bacteria since they are transmitted from people around children during their deciduous teeth eruption. The detection
of these bacteria can be used for dental caries prevention in children. Purpose: To determine the strain and serotype of S. mutans by
using matrix assisted laser desorption ionization — time of flight mass spectrometry (MALDI-TOF MS) and polymerase chain reaction
(PCR) on dental plaque samples taken from mother-child pairs. Methods: Sixteen dental plaque samples of mother-child pairs were
cultured on brain heart infusion broth (BHIB) and mitis salivarius bacitracin (MSB) media until S. mutans colony isolates were obtained.
Next, the isolates of S. mutans colony were introduced into the target plates of MALDI-TOF MS, and then ionized to become peptide
mass fingerprint (PMF). Afterwards, the colony isolates were detected by database software. The detected S. mutans DNA then was
extracted by using conventional 727 bp PCR (serotype C). Results: Six strains of S. mutans were detected by MALDI-TOF MS method.
Five samples were classified into UA159, two samples were 3SN1, two samples were NFSM 1, two samples were 11A1, two samples
were U138, two samples were 4SM 1, and one sample was classified into another bacterium. Five out of 16 samples were detected by
PCR as serotype C (UA159). Conclusion: Six strains of S. mutans were detected, namely UA159, 3SNI, NFSM1, 11A1, U138, and
4SM1, one of them (UA159) was detected as serotype C.
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INTRODUCTION

Dental caries is an infectious disease that can transmit
from one to another."? Children have high dental caries
prevalence.>* Dental caries is considered a significant
unsolved problem. Moreover, it is a multifactorial disease
since it is triggered by several interrelated factors including
Streptococcus mutans (S. mutans) bacteria which are
the most influential microorganisms in dental caries
formation with a percentage of 45% in dental plaque.>®
The polysaccharide composition of S. mutans’ extracellular
layer enhances their survival rate in a very low plaque pH
as to why S. mutans bacteria have high virulence besides
being in high colonies that promote their environmental

transmission.’ Caufield et al.” described the concept
“window of infectivity” as an early vulnerable period during
which infants acquired S. mutans at the age between 19 and
31 months. Furthermore, another research argued that S.
mutans colonization in the child’s mouth starts with first
tooth eruption and continues to grow with age.” However,
this is closely related to the mother’s oral cavity state since
the mother is considered the primary child’s caregiver with
the highest contact frequency.®’

Strain is a single colony progeny or subculture that has
been isolated in pure culture. Most individuals have one S.
mutans strain but some may have 1-4 S. mutans strains.'°
However, since S. mutans strains have similarities and
differences, they may be used to identify the kinship.!!
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On the other hand, subspecies microorganism marking
based on its antigenic component is called serotype
(serovar). S. mutans is classified into serotypes C, E, F, and
K. Serotype C S. mutans is the most abundant in the human
oral cavity with a complex rhamnose-glucose-polymer
(RGP) structure which is responsible for S. mutans survival,
attachment, and colonization in the oral cavity.z’lz’13

Matrix assisted laser desorption ionization — time
of flight mass spectrometry (MALDI-TOF MS) is an
alternative detecting microorganisms’ method with relative
higher speed, more sensitivity and specificity, simpler work
procedure, less laboratory equipment requirement, and
lower cost compared to other molecular and immunological
based methods.'*"'® This method has been widely used by
microbiologists for several purposes including identification
of strains and taxonomic microorganisms (bacteria, viruses,
and fungi), and epidemiological studies in addition to
detection of bioterrorism, water and food pathogens, and
antibiotic resistance, etc.'>'© MALDI-TOF MS method’s
principles of strains and taxonomic microorganisms’
identification are based on the generated peptide mass
fingerprint (PMF) by samples. The unknown organisms can
be identified whether by comparing their PMF with existed
database PMF or by matching their biomarker mass with
proteomic databases.'¢"'8

Recently, microorganism detection is conducted mainly
by molecular methods such as polymerase chain reaction
(PCR) followed by DNA sequencing which is considered
the gold standard method in detecting and identifying
microorganisms up to chromosome DNA level.!*20
Furthermore, this method has the highest sensitivity and
specificity, which is fast and accurate (100%). Therefore,
this research aimed to determine the strain and serotype of
S. mutans using MALDI-TOF MS and PCR methods on
dental plaque samples taken from mother-child pairs.

MATERIALS AND METHODS

The research samples were dental plaque taken from 16
subjects in Jagiran Tambaksari area in Surabaya. The
subjects were eight mother-child pairs; the children were
younger than 2 years old, the pairs were healthy and did
not consume antibiotics and corticosteroid drugs while the
mothers had DMF-T index of more than 2.7, and were willing
to participate in the research signing the informed consents.
The ethical clearance certificate was submitted by the
ethical clearance committee of Faculty of Dental Medicine,
Universitas Airlangga (No. 77/KKEPK.FKG/V1/2016).
The research was conducted at the Institute of Tropical
Disease (ITD), Universitas Airlangga. The plaque
samples were taken by brushing method for maxillary and
mandibular teeth surfaces, including the tongue, using
sterile toothbrushes.® After that, the plaque was added to
the brain heart infusion broth (BHIB) liquid media and
incubated at 37°C for 48 hours. Thereafter, the plaque
samples were cultured on mitis salivarius bacitracin (MSB)

media and incubated anaerobically at 37°C for 48 hours
using Gas-Pack anaerobic jars. Subsequently, a solitary
colony from the incubated samples was taken carefully
using a stick and cultured on the second BHIB media tubes.
All tubes with S. mutans colonies then were incubated again
at 37°C for 48 hours.

After the incubation process, the S. mutans colonies
were re-cultured by diffusing them in a zigzag pattern on the
second MSB media, in which each Petri dish was divided
into 4 parts for 4 samples. The second MSB media then were
incubated anaerobically at 37°C for 48 hours using Gas-
Pack anaerobic jars. Next, the morphology of each sample
on the second MSB media was examined under an inverted
microscope (Olympus CK 128, Tokyo, Japan) to ascertain
whether the emerged bacterial colonies were S. mutans or
not. Afterward, a solitary colony was taken carefully using
a stick to transfer it to the third BHIB media tubes and then
was incubated at 37°C for 48 hours. After that, the tubes
were vortexed to be homogeneous, and each sample was
then transferred into two different sterile eppendorf tubes
with a size of 2 ml micropipette. One eppendorf tube was
used as a sample for the MALDI-TOF MS process,'” while
the other eppendorf tube was used as a sample for the PCR
process.

In the MALDI-TOF MS process, the eppendorf tubes
samples were diluted with 3 ml of 0.45% NaCl, then
introduced to the target plates, and mixed with reagents
including a matrix (mixture of water and organic solvent)
of acetonitrile and strong acid (Trifluoroacetate - TFA), as
well as a matrix of 3,5-dimethoxy-4-hydroxycinnamic acid
(Sinapic acid). Next, they were dried. After that, the target
plates were inserted into the MALDI-TOF MS machine
(Vitex, bioMérieux S.A, Marcy I’Etoile, France) to match
the microorganisms with the software existing data. Then,
the results were printed.'®

In the PCR process, the eppendorf tube samples
containing DNA were isolated with the DNA Isolation
Purification Kit Wizard (Wizard® Genomic DNA
Purification Kit, Promega Corporation, Singapore) to
obtain the DNA extract of each sample. Next, each DNA
extract was processed by the conventional PCR process that
performed in 25 cycles under initial denaturation at 96°C
for 2 minutes. In Each cycle, they exposed to denaturation
at 96°C for 15 seconds, annealing at 61°C for 30 seconds,
extension at 72°C for 1 minute, and post extension at 72°C
for 10 minutes using SC-F primer pairs (CGG AGT GCT
TTT TAC AAG TGC TGG) and SC - R (AAC CAC GGC
CAG CAA ACC CTT TAT) at site 727 bp.?! After that,
DNA samples were processed by Bio-Rad T100 PCR
Machine, California, USA. Subsequently, the PCR product
was confirmed by 1% agarose gel electrophoresis (Mupid-
2plus) on a voltage of 90 volts for 30 minutes. After the
electrophoresis process was completed, the gel was soaked
into a 2% Ethidium Bromide immersion solution for 30
minutes, and the PCR product then was visualized using
a translucent UV to observe whether the band was in the
predetermined location or not.
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RESULTS

There were 16 dental plaque samples taken from mother-
child pairs. After samples’ culturing on BHIB and MSB
media, their morphology was tested using an inverted
microscope (Olympus CK 128, Tokyo, Japan). The results
showed round or ovoid single cubes with a 1-2 pm diameter
arranged in chains.

The pure S. mutans isolation was processed on the Vitex
machine (bioMérieux S.A, Marcy I’Etoile, France) using
MALDI-TOF MS method to detect S. mutans strains. The
results of the detection of S. mutans strain with MALDI-
TOF MS method are presented in Table 1.

During the PCR process, serotype C S. mutans was
detected since serotype C is the most dominant serotype in
the human oral cavity. The results of serotype C S. mutans
detection with PCR method were shown in Figure 1. Based
on PCR process results at the 727 bp amplification site,
three samples which are line 1 (An 8), line 2 (Ib1), and line
3 (Ib 4) samples were detected as serotype C S. mutans,
while the other13 samples were not.

Table 1. The results of S. mutans strain detection with MALDI-
TOF MS method

Samples Taxon Ids Name of the organism
Mother 1 637000288 S. mutans UA159
Child 1 637000288 S. mutans UA159
Mother 2 2558860343 S. mutans 3SN1
Child 2 2558860343 S. mutans 3SN1
Mother 3 2558860323 S. mutans NFSM1
Child 3 2558860323 S. mutans NFSM1
Mother 4 637000288 S. mutans UA159
Child 4 2639762775 S. gordonii 1IE35
Mother 5 2558860348 S. mutans 11al
Child 5 2558860348 S. mutans 11al
Mother 6 2558860328 S. mutans U138
Child 6 2558860328 S. mutans U138
Mother 7 2558860342 S. mutans 4SM1
Child 7 2558860342 S. mutans 4SM1
Mother 8 637000288 S. mutans UA159
Child 8 637000288 S. mutans UA159

M An8 Ibl Ib4

Figure 1. The results of the PCR process. Three samples were
detected as serotype C S. mutans, i.e. An8, Ib 1, and
Ib 4, while the other 13 samples were not.

DISCUSSION

The results of the S. mutans detection on the dental plaque
samples of the mother-child pairs with MALDI-TOF MS
approach showed six different strains of S. mutans with
some samples had the same S. mutans strains. Gibbons et
al.!! stated that the microorganism strains show similarities
and differences among individuals, that is why the strain can
be used to identify the individuals’ kinship. According to
Klein et al.'” humans can have 1-4 strains of S. mutans in
their oral cavity; at least one strain in each. The strains are
varied among individuals according to their geographical
locations, bacterial culture conditions (not significantly
different), and the sample preparation methods.

The National Center for Biotechnology Information
(NCBI) in 2016 recognized 172 strains of S. mutans.?
These strains have been detected from complete previous
studies. For instance, S. mutans UA 159 with ID Taxonomy
637000288 and ID NCBI 21007 was officially announced
on 1% December 2006 as a common facultative and
pathogenic gram-positive cocci in the oral cavity of children
with active caries , including serotype C S. mutans which
is the sequencing status has already been studied.

Strain, according to Dijkshoorn et al,’s statement cited
in Bergey’s Manual of Systemic Bacteriology, is a progeny
or subculture of a solitary colony isolated in pure culture.?®
Furthermore, strain is divided into several types according
to certain basic properties. First of all, biotype strain, in
which the strain is classified based on the biochemical
or physiological structure of species. Although biotype
strain is often used to describe the species’ characteristics,
it has not the capability to demonstrate the whole species
properties. Therefore, other classifications, based on
other criteria, were conducted such as morphotype strain
(morphovar) in which the strain is grouped based on their
morphology and serotype strain (serovars) in which the
strain is classified based on antigenic structures, as well as
patotype strain (patovars), or phagotype strain (fagovars)
which are used sometimes to denote certain properties of
strain variation.>*>

S. mutans is classified based on its antigenic structure
(cell wall carbohydrate specificity, H,O, production,
bacitracin sensitivity, fermented substrate, and DNA
content) into four serotypes which are: serotype C, serotype
E, serotype F, and serotype K.2'*%%" Serotype C S. mutans is
the most common type in the human oral cavity, especially
in dental plaque with a prevalence of 75-90%, since
serotype C S. mutans has a complex RGP structure that
enhances its survival, attachment, and colonization in the
oral cavity.?® Therefore, S. mutans serotype C was selected
in this research as S. mutans determinant.

Substantially, bacterial identification methods include
the phenotypic method in which bacteria are classified
based on their profile, metabolic properties, and chemical
composition and the genotypic method in which bacteria
are categorized according to their genetic material (DNA).
In the phenotypic method, bacteria are taken from various
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specimens to be cultured, isolated, and then detected based
on taxonomic principles. The microscopic observation,
in which bacteria is detected based on shape, size, group,
Gram staining reaction, and motility, should be combined
with the natural environment data during the bacterial
identification method. Bergey’s Manual of Determinative
Bacteriology is an example of a guidebook that detects
bacteria based on their microscopic and physiological
characters. However, the phenotypic method can only
distinguish genus from the same family members and cover
some bacterial species, while the genotypic method has the
capability to recognize the microorganism subtypes as to
why modern taxonomy tend to use more complex detection
method including molecular analysis.>*

On the other hand, MALDI-TOF MS is considered
an efficient analytical technique for detecting chemical
structures in which chemical compounds are ionized into
molecules based on the mass calculation of the molecule
and its fragmentation pattern (m / z). This method is
considered an alternative method in bacterial identification
because of its advantageous characteristics including
simplicity, fast result, high specificity and sensitivity, lower
cost compared to the molecular and immunological method,
and no laboratory requirements. Furthermore, this method is
used for various purposes including identification of strain
type, microbial taxonomy, bioterrorism, water and food
pathogens, blood and urinary tract pathogens, and antibiotic
resistance, in addition to supporting the bacterial, fungal,
and viral diseases diagnosis, etc.!>1718

MALDI-TOF MS is based on PMF generated by
samples to detect the strain type or the microbial taxonomy.
Target samples that have been trapped and dissolved in the
matrix solution would be exposed to laser spectrometry to
undergo an ionization process turning them into PMF. PMF
is used in the detection process by comparing unknown
organisms PMF with the existing database PMF or by
matching the unknown microorganism biomarkers mass
with proteome databases. Furthermore, matching the
sample PMF pattern with the ribosome protein PMF is
required to detect some particular species’ microorganisms
and their strain type. However, the PMF pattern matching in
this method still has some limitations since the new isolates
can be detected if the software database matches the sample
PMF pattern. That is why the database of this method
should be locally prepared for a specific taxonomy (e.g.
Streptococcus or Staphylococcus) as to why geographical
variations can occur among the genotype and phenotype
of a microorganism, 1718

Recently, microorganisms identification tends to be
more dependant on DNA sequencing approaches. For
example, PCR and DNA sequencing methods become
the “gold standard” in microorganism identification in
modern taxonomy, defining phylogenies, and analyzing
epidemiological studies ecosystem. Furthermore, this
method is used for revealing bacterial evolution, constructing
phylogenetic trees, tracing species diversity, and detecting
new species without isolating the microorganisms. This

method has many superior properties including the fast
procedure, accurate result, high specificity and sensitivity
reach to 100%, low vulnerability to contamination, and
simultaneous detection for several microorganisms.
However, this approach requires high cost, specific primary
determinations, appropriate thermal cycles, and specialized
expertise.

Serotype C S. mutans, in particular, can be detected
through serotype C primers wherein a specific primary PCR
process will be encoded according to the nucleotide base
sequence of a DNA sample. Thus, DNA samples that do
not match with the nucleotide base sequence on the PCR
primers will not be recognized or appeared in the amplified
band. In this research, serotype C S. mutans were detected
with SC-forward primers (CGG AGT GCT TTT TAC AAG
TGC TGG) and SC-reverse primers (AAC CAC GGC CAG
CAA ACC CTT TAT) at the amplification region of 727
bp'®. From the 16 S. mutans DNA samples, three samples
were detected as serotype C S. mutans as follows: in line 1
(Child 8), line 2 (Mother 1), and line 3 (Mother 4), while the
other 13 samples were not identified as serotype C S. mutans
since serotype C primers were the only used primers. The
other 13 samples may follow other serotypes, such as
serotype E S. mutans, serotype F S. mutans, etc., or genetic
polymorphism of previously studied S. mutans.'*!

Genetic polymorphism is a variation in the microorganism
DNA structure in which a change in the nucleotide base
sequence is occurred due to the insertion, addition, or
subtraction of a particular base.*> Genetic polymorphism is
caused whether by the spontaneous gene mutations triggered
by the normal cell function changes or by interaction with
the environment. If the changes occur in only one base,
referred to as point mutation, it can be inferred that the
microorganism has been genetically polymorphed. Most
point mutations occur as substitutions of G - C (Guanin -
Cytosine) or A - T (adenine - thymine).

In conclusion, there were six strains of S. mutans
detected by MALDI-TOF MS method follows Five samples
of S. mutans UA159, two samples of S. mutans 3SN1, two
samples of S. mutans NFSM1, two samples of S. mutans
11A1, two samples of S. mutans U138, and two samples of
S. mutans 4SM1. However, UA159 was the only strain that
was detected as serotype C by PCR method. It is expected
to use these results as a basis for further researches related
to early detection of dental caries, identification of new S.
mutans isolates, and epidemiological studies.
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