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ABSTRACT

Objective: Comparative evaluation of various media compositions for Streptococcus mutans 
(Strep. mutans) best propagation, pointing out the diversity in Strep. mutans clinically isolated from 
patients with different caries behavior and ages using molecular tools.

Methods: The case control study included ninety outpatients from Faculty of Dentistry, October 
University for Modern Sciences and Arts, Cairo, Egypt, that were divided into three age groups (3-
5, 6-12 and 18-25 years). Each group was subdivided according to the caries behavior into caries 
free and active subgroups. Salivary samples were collected. Six culture media were used to plate 
the diluted saliva. They were Mitis Salivarius and tellorite (MST), Mitis Salivarius, bacitracin and 
kanamycin (MSBK), Mitis Salivarius, bacitracin and tellorite (MSBT), Trypticase media, glucose, 
sucrose, tellurite, and bacitracin (GSTB) and yeast, cysteine, sucrose and bacitracin (YCSB) agars. 
Polymerase Chain Reaction technique was used to detect Strep. mutans using primers. Total protein 
profiles were analyzed through polyacrylamide gel electrophoresis.

Results: GSTB media yielded the highest percentage of Strep. mutans colonies. Regarding the 
protein profile, proteins (43, 51, 65, 74 and 87 kDa) were significantly less detected in 18-25 age 
group compared to the other groups. About the caries activity, there was a significant difference in 
122 and 170 kDa (P = 0.01) between caries free and active participants.

Conclusions: Media structure may play significant role in Strep. mutans recovery. Protein 
bands were less commonly observed in young adults, but the inserting result showed that only two 
bands were found to differentiate between caries active and free participants.
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(790) Naglaa Ezzeldin, et al.E.D.J. Vol. 67, No. 1

INTRODUCTION 

Dental caries is the most common disease 
affecting oral cavity 1. Streptococcus mutans (Strep. 
mutans) is the key etiological factor of dental caries 
in humans. The role of Strep. mutans in the initiation 
of dental caries depends not only on its acidogenic 
and aciduric ability2,3, but also on its ability to 
produce glucans that colonize Strep. mutans on the 
tooth surface. Furthermore, Strep. mutans produced 
proteins that may contribute to its virulence in 
dental caries4,5.

These proteins could also be attributed to the 
difference in virulence factors of Strep. mutans 
between individuals with different prevalence 
of caries, despite the presence of similar counts 
between different individuals4,6. 

Several methods have been used for the 
detection of Strep. mutans species, such as selective 
culture, molecular methods including Polymerase 
Chain Reaction (PCR), DNA probe and sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE)7, 8. 

Mitis Salivarius medium (MSM) supplemented 
with bacitracin and sucrose was targeted as selective 
media to isolate and characterize Strep. mutans 9. 
Nevertheless, MSM showed restricted selection 
rule and displayed lower number of Strep. mutans 
relative to other types of media 10, 11.

PCR is a specific and rapid method capable of 
detecting Strep. mutans using specifically designed 
primers for glucosyl transferace gene amplification 
6. Total protein banding is one of the best molecular 
techniques for recognizing and differentiating 
Strep. mutans isolates at the level of the cell protein 
(extracellular expressed), and that is why this 
technique is used to measure the molecular weight 
migration of various bands 12.

Identifying the type of microorganisms, par-
ticularly Strep. mutans, by using modern molecu-
lar tools and other factors that cause dental caries 
is important for determination of appropriate treat-

ment for individuals of different ages and caries  
behaviors. 

To our knowledge, using recent molecular meth-
ods such as SDS-PAGE of whole protein to dif-
ferentiate between Strep. mutans species isolates 
from patients with various ages and caries activity 
was not sufficiently reported. Therefore, this study 
aimed to compare various media compositions for 
Strep. mutans best propagation, pointing out the di-
versity in Strep. mutans clinically isolated from pa-
tients with different caries behavior and ages using 
molecular tools.

The null hypothesis is that there are no differ-
ences between tested culture media in the detection 
of Strep. mutans. Also, there are no differences in 
the Strep. mutans protein pattern of the patients with 
various age and caries behavior.

MATERIALS AND METHODS

A case control study was approved from the 
Research Ethical Committee of Faculty of Dentistry, 
October  University for Modern Sciences and Arts 
(MSA). 

A. Sample size

The sample size calculation was based on 
comparing Strep. mutans between three age groups, 
and each age group was subdivided into caries 
free and active subgroups. As reported in previous 
publications 6,13, the mean and SD of oral Strep. 
mutans in preschool children were 2.27±0.54 in 
caries active subgroup and 1.61±0.54 in caries free 
subgroup. In the young adults group, the mean 
and SD of oral Strep. mutans concentration were 
3.31±0.85 and 2.44±0.54 in the caries active and 
free subgroups, respectively. Unfortunately, no 
data were found about the school children group. 
2-way variance test analysis (MANOVA) was used 
assuming a small effect size of 0.1, setting type one 
error (α) to 0.05 and achieving 80% power which 
resulted in 90 samples (15 in each subgroup) as 
the minimum proper sample size. Sample size 
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calculation was performed using G* Power software 
version 3.1.2 for MS Windows (Franz Faul, Kiel 
University, Germany). 

B. Recruitment of the participants

Ninety participants who met the eligibility 
criteria were recruited from the outpatient clinics 
of the Faculty of Dentistry, MSA University, Cairo, 
Egypt, using consecutive participant sampling for 
the period from January to May 2019, after signing 
the informed consent either by the adult participants 
or the legal guardians of children. The participants 
were divided into three groups (n=30) according 
to age. Group A included children with primary 
dentition (three to five years), group B included 
children with mixed dentition (six to twelve years) 
and group C included adults with permanent 
dentition (eighteen to twenty- five years). Each 
group was subdivided into two subgroups (n=15); 
caries free (F) with undetectable caries, DICDASMFT/
dICDASmft (decayed, missed and filled index) = 0 and 
caries active (A) with DICDASMFT/dICDASmft ≥ 4 14, 15.

1. Eligibility criteria

All the participants were selected according 
to the following criteria; normal healthy patients 
without any diseases affecting salivary secretions, 
no history of anti-infection treatment for one month, 
in addition to xylitol and fluoride that had not been 
devoured during the last three months before the 
examination.

2. Dental caries examination

The International Caries Detection and 
Assessment System (ICDAS) was applied for 
clinical examination 15. The tooth surfaces were 
examined with direct visualization, using a light 
reflector and an air syringe. Bitewing radiographs 
were not performed as a routine, but radiographs 
were taken when interproximal lesion was suspected. 
The cavitated lesions were properly restored after 
saliva sampling. 

C. Saliva sample collection

Salivary samples were collected in the morning; 
participants were instructed to avoid eating at least 
one hour before sample collection. Unstimulated 
samples were collected by using sterile cotton swab 
that was held in the sublingual area for five minutes 
until saturation 16. Then they were transferred to 
sterile labeled polypropylene tube. The tubes were 
transported in ice and handled within an hour.

D. Preparation of media and bacterial culturing 

As for the tested culture media, MST (Control 
media) was prepared according to the manufacturer’s 
instructions (Mitis Salivarius, HiMedia Laboratories, 
Mumbai, India). MSBK was taken from media 
arranged by Kimmel and Tinanoff 17 by adding 
five gm/L dextrose (Sigma Aldrich Company, St. 
Louis, USA). Based on the previous publications 
18-20, MSBT, Trypticase and GSTB were prepared. 
A new media formulation YCSB was prepared 
from the following components; Yeast extract 10 
gm (Oxoid Company, Lenexa, USA), L-cystine 0.1 
gm, Murachigee salts 20 gm, sucrose 100 gm and 
bacitracin 0.2% (Sigma Aldrich Company, St. Louis, 
USA). The media were poured in agar plates and 
stored in 4oC. Salivary swabs were immersed in one 
ml Phosphate Buffered Saline (PBS) and vortexed 
for one minute at 2500 rpm by using vortex mixer 
(Stuart, Staffordshire, UK) to dislodge the bacteria, 
and then they were diluted to 10-3, aliquot 50 µl 
of the diluted PBS were inoculated in each media 
plate. For each patient, ten plates were cultured. All 
plates were incubated in 10% CO2 at 37oC for 48 
hours. The developed colonies were screened later 
for Strep. mutans through PCR. 

E. Extraction of chromosomal DNA: 

Chromosomal DNA from the cultured bacteria 
was extracted as previously described 21. After 
centrifugation (Eppendorf 5402, Hamburg, 
Germany), the precipitate was vortexed in the lyses 
solution, and the chromosomal DNA from the 
bacteria contained in the precipitate was extracted 
after being boiled for 10 minutes. 
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F. Polymerase Chain Reaction (PCR) experiments

The primers were designed to amplify 433 & 
517 bp (gtf D & gtf B)22,23 as a detection tool for 
Strep. mutans in comparison to the standard strain 
(ATCC 25175) which represented the control group. 
The primers sequence are listed in Table (1). PCR 
amplification was performed in a GeneAmp® 
PCR System 9700, Perkin-Elmer (PE Applied 
Biosystems) programmed to fulfill 40 cycles after 
an initial denaturation cycle at 94ºC/5 minutes. 
Each cycle consisted of a denaturation at 94ºC/
one minute, an annealing at 42ºC/one minute, 
and an elongation at 72ºC/1.5 minute. The primer 
extension segment was extended at 72ºC/7 minutes 
in the final cycle. The PCR product was resolved in 
a 1.5% agarose gel with ethidium bromide (0.5ug/
ml) in 1X TBE buffer visualized on UV light and 
photographed (Figure 1). The amplification reaction 
was carried out in 25 μl reaction volume containing 
1X PCR buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 
one μM primer, one U Taq DNA polymerase and 
25μg templates DNA.

G. SDS-PAGE analysis

Total cellular proteins were extracted by 
resuspending cells extracted from GSTB media 
(the best media according to the present study 
results) in one volume of sample buffer and kept in 
100ºC/5 minutes and then for two minutes on ice. 
The supernatant containing total cellular protein 
was loaded onto 12% (w/v) SDS-PAGE gels and 
run at 45 mA for one hour, and then was fixed and 
stained with Coomassie brilliant blue (Bio-Rad Lab, 
California, USA) by the method of Laemmli  24.

1. Electrophoresis of protein gel

The gel apparatus (Bio-Rad Laboratories, 
California, USA) was assembled and the lower and 
upper chambers were filled with the tank buffer. 
Loading of protein samples was done by Hamilton 
syringe (10 μl). Pre-stained molecular weight 
protein marker from Bio-Rad was applied to the 
gel. Electrophoresis was carried out at about 100 
volts (≈ 20-30 mA) in 1X Tris/glycine-SDS-running 
buffer for 1.5-2 hours.

2. Staining and destaining of the protein gel

The gel was stained in 50 ml of staining solution 
(0.125% coomassie blue R-250, 50% methanol 
and 10% acetic acid) with shaking (40 rpm) for 
six hours at 37ºC. Then it was washed once with 
distilled H2O2, destained by a destaining solution 
(40% methanol and 7% acetic acid) for at least two 
hours, photographed and analyzed. (Figure 2).

TABLE (1) Primers used in PCR experiments 

Primer Sequence (5′–3′) Amplicon size (bp) References 

Gtf D-F 
Gtf D-R

GGCACCACAACATTGGGAAGCTCAGT
GGAATGGCCGCTAAGTCAACAGGAT

433 22

Gtf B-F 
Gtf B-R

ACTACACTTTCGGGTGGCTTGG
CAGTATAAGCGCCAGTTTCATC

517 23

Fig. (1) A Polymerase Chain Reaction amplification of the gtf 
sequences in chromosomal DNA from Streptococcus. 
mutans (Strep. mutans) strains using primers gtf B-F, 
-R and gtf D-F, -R. M: molecular weight marker, PC: 
positive control Strep. mutans (ATCC 25175), lane 1-3: 
Strep. mutans isolated from patients.
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Statistical analysis

The data were statistically described in terms 
of mean ± SD, range, and 95% CI, or frequencies 
(number of cases) and percentages when appropriate. 
The data were screened for normality using Shapiro 
Wilk test and proved to be normally distributed (P > 
0.05). Comparison of numerical variables between 
the study groups was performed using one way 
analysis of variance (ANOVA) test. Within each 
group, comparison of the numerical variables was 
made using repeated measures analysis of variance 
(ANOVA) test. As for comparing categorical data, 
Chi-square (c2) test was performed. Exact test was 
used instead when the expected frequency is less 
than five. Two sided P values, less than 0.05, were 
considered statistically insignificant. All statistical 
calculations were done using computer program 
IBM SPSS (Statistical Package for the Social 
Science; IBM Corp, Armonk, NY, USA), Microsoft 
Windows, Version 22.

RESULTS

In this study, fifteen patients were involved in 
each subgroup according to the inclusion criteria. 
The mean of DICDASMFT/dICDASmft caries index for 
all caries free and active groups were 0.01 and six 
±0.1, respectively. 

A) Detection of Strep. mutans colony forming 
unit (CFU) in different media:

The percentage of growth of Strep. mutans 
on different types of media for different groups 
is presented in table (2). Concerning the total 
percentage of recovery for Strep. mutans in all 
groups, GSTB showed a significant growth of Strep. 
mutans compared to the other types of media.

On the other hand, a statistically significant 
difference was found between different groups 
regarding the type of media used to detect the 
growth of Strep. mutans. In Group A, the best media 
identified was GTBS. Whereas, MSBT media 
showed the highest recovery of Strep. mutans in CA 
group, however, in CF group, GTBS was found to 
be the best media. In BF and BA groups, trypticase 
and MSBK media were found to be the most suitable 
media respectively. 

B)	 Detection	 of	 total	 protein	 profile	 in	 control	
Strep. mutans and different clinically isolated 
Strep. mutans:

The difference in the total cellular protein in 
different ages with various caries activity is presented 
in table (3). The protein expression in the control 
group was identified as (n=1). This corresponds 
to presence (100%) or absence of protein (0%), 
whereas the protein expression in the other groups 
(n=15) was described as different percentages 
based on enhanced or reduced recognition of these 
proteins. 

According to the participant’s age, 116 kDa was 
highly detected in group A compared to the other 
groups. Moreover, CF and CA groups showed 

Fig. (2) sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis analysis of protein extracts of control 
Streptococcus. mutans (Strep. mutans) and Strep. 
mutans isolated from patient groups, M: molecular 
weight marker, CF: caries free young adult, CA: caries 
active young adult, BF: caries free school children, BA: 
caries active school children, AF: caries free preschool 
children, AA: caries active preschool children and C: 
control Strep. mutans (ATCC 25175).



(794) Naglaa Ezzeldin, et al.E.D.J. Vol. 67, No. 1

TABLE (2) Mean, SD and CI of Strep. mutans CFU in tested media for each group of patients

 Mean SD
95% CI for Mean

P value 
Lower Bound Upper Bound

Strep. mutans CFU% 
in MST

AF 8.03 1.852 7.00 9.05

٭0.01

AA 5.85 1.508 5.01 6.68
BF 4.04 1.810 3.04 5.04
BA 2.37 0.735 1.96 2.78
CF 4.53 0.948 4.00 5.05
CA 3.70 0.709 3.31 4.09

Total 4.75 2.228 4.28 5.22

Strep. mutans CFU% 
in MSBK

AF 8.51 1.745 7.55 9.48

٭0.01

AA 5.35 0.839 4.88 5.81
BF 4.29 0.905 3.79 4.79
BA 4.17 0.631 3.82 4.52
CF 4.74 1.265 4.04 5.44
CA 5.19 1.071 4.60 5.79

Total 5.38 1.841 4.99 5.76

Strep. mutans CFU% 
in MSBT

AF 7.13 1.437 6.34 7.93

٭0.01

AA 2.56 1.087 1.96 3.17
BF 3.26 1.157 2.62 3.90
BA 3.55 0.597 3.22 3.88
CF 8.43 0.729 8.03 8.84
CA 7.72 0.932 7.21 8.24

Total 5.44 2.582 4.90 5.98

Strep. mutans CFU% 
in Trypticase

AF 5.13 1.199 4.46 5.79

٭0.01

AA 7.89 1.289 7.18 8.61
BF 7.69 0.876 7.20 8.18
BA 3.15 1.029 2.58 3.72
CF 4.01 1.098 3.40 4.62
CA 3.72 0.623 3.38 4.07

Total 5.27 2.145 4.82 5.72

Strep. mutans CFU% 
in GSTB

AF 12.89 2.615 11.44 14.34

٭0.01

AA 13.18 1.690 12.24 14.11
BF 3.04 1.471 2.22 3.85
BA 3.77 0.698 3.39 4.16
CF 11.39 2.384 10.07 12.71
CA 2.85 0.732 2.44 3.25

Total 7.85 5.002 6.81 8.90

Strep. mutans CFU% 
in YCSB

AF 6.48 1.774 5.50 7.47

٭0.01

AA 6.37 1.254 5.68 7.07
BF 5.02 0.887 4.53 5.51
BA 3.69 0.884 3.20 4.18
CF 3.68 0.505 3.40 3.96
CA 3.39 0.695 3.01 3.78

Total 4.77 1.662 4.42 5.12

Significant at P ≤0.05
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significantly low detected proteins with kDa (43, 
51, 65, 74 and 87). They ranged from 0% to 26.7% 
of participants. Similarly, these proteins were 
undetected in the control Strep. mutans except for 
74 and 87 proteins that were positively identified. 
Regarding the caries activity of each age group, 

there was no significant difference except 132 kDa 
which was insignificantly detected in AA, CF and 
CA groups. As for the summation of caries free (AF, 
BF and CF) and caries active patients (AA, BA and 
CA), there was a significant difference regarding the 
two proteins (122 and 170) as shown in table (4).

TABLE (3) Number and percentage of detected kDa proteins of control Strep. mutans and Strep. mutans 
isolated from patient groups

Number and percentage of detection within the groups

kDa 
Control AF AA BF BA CF CA P 

valueN=15 % N=15 % N=15 % N=15 % N=15 % N=15 % N=15 %

27 1 100% 12 80% 13 86.7% 11 73.3% 11 73.3% 15 100% 15 100% 0.16

31 1 100% 15 100% 12 80% 12 80% 12 80% 14 93.3% 15 100% 0.25

36 1 100% 15 100% 15 100% 14 93.3% 14 93.3% 14 93.3% 15 100% 0.79

40 1 100% 15 100% 14 93% 13 86.7% 13 86.7% 13 86.7% 11 73.3% 0.46

43 0 0% 15 100% 15 100% 11 73.3% 11 73.3% 3 20% 4 26.7% 0.01*

47 1 100% 12 80% 15 100% 15 100% 15 100% 15 100% 15 100% 0.02*

51 0 0% 15 100% 14 93.3% 13 86.7% 12 80% 0 0% 2 13.3% 0.01*

57 1 100% 1 6.7% 3 20% 2 13.3% 2 13.3% 1 6.7% 2 13.3% 0.22

65 0 0% 15 100% 13 86.7% 15 100% 15 100% 0 0% 3 20% 0.01*

68 1 100% 12 80% 14 93.3% 13 86.7% 13 86.7% 15 100% 15 100% 0.40

74 1 100% 13 86.7% 14 93.3% 12 80% 12 80% 3 20% 4 26.7% 0.01*

79 1 100% 14 93.3% 15 100% 15 100% 14 93.3% 15 100% 13 86.7% 0.50

87 1 100% 13 86.7% 14 93.3% 15 100% 14 93.3% 1 6.7% 1 6.7% 0.01*

92 1 100% 12 80% 14 93.3% 14 93.3% 14 93.3% 13 86.7% 11 73.3% 0.57

99 1 100% 12 80% 14 93.3% 15 100% 15 100% 13 86.7% 12 80% 0.30

105 1 100% 15 100% 13 86.7% 15 100% 15 100% 15 100% 15 100% 0.11

116 0 0% 14 93.3% 13 86.7% 3 20.0% 3 20.0% 3 20.0% 0 0% 0.01*

122 0 0% 2 13.3% 2 13.3% 1 6.7% 1 6.7% 2 13.3% 13 86.7% 0.01*

132 0 0% 13 86.7% 0 0.0% 15 100% 15 100% 0 0% 2 13.3% 0.01*

170 1 100% 13 86.7% 13 86.7% 13 86.7% 13 86.7% 0 0% 12 80% 0.01*

* Significant at P ≤0.05
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DISCUSSION

The null hypothesis of this study was partially 
rejected. There was a difference between tested 
culture media in detection of Strep. mutans. On 
the other hand, there were no differences in Strep. 
mutans protein patterns between caries free and 
active groups. However, young adults did show 
lower protein patterns than the preschool and school 
children. 

In this study, three types of MSM were used. 
The difference between them is related to the type 
of antibiotic. MSBK and MSBT showed similar 
Strep. mutans recovery followed by MST (control 
media). The addition of antibiotics (kanamycin 
and bacitracin) to MST did not inhibit the growth 
and detection of Strep. mutans. This was in 
accordance to Saito et al. 25. Kanamycin was 
added as it increases the effect of bacitracin by 
restraining the growth of microorganisms other than  

TABLE (4): Number and percentage of detected kDa proteins of Strep. mutans isolated from caries free and 
caries active groups.

kDa
Caries free groups
(AF, BF and CF)

Caries active group
(AA, BA and CA) P value

N = 45 % N = 45 %

27 38 84.4% 39 86.7% 1.000

31 41 91.1% 39 86.7% 0.74

36 43 95.6% 44 97.8% 1.000

40 41 91.1% 38 84.4% 0.52

43 29 49.2% 30 50.8% 1.000

47 42 93.3% 45 100% 0.24

51 28 62.2% 28 62.2% 1.000

57 4 8.9% 7 15.6% 0.52

65 30 66.7% 20 44.4% 0.056

68 40 88.9% 42 93.3% 0.71

74 28 62.2% 30 66.7% 0.83

79 44 97.8% 42 93.3% 0.62

87 29 64.4% 29 64.4% 1.000

92 39 86.7% 39 86.7% 1.000

99 40 88.9% 41 91.1% 1.000

105 45 100% 43 95.6% 0.49

116 20 44.4% 16 35.6% 0.52

122 5 11.1% 16 35.6% 0.01*

132 17 37.8% 17 37.8% 1.000

170 26 57.8% 38 84.4% 0.01*

* Significant at P ≤0.05
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Strep. mutans 11. The least recovery has been 
observed in MST where only potassium tellurite 
was added. Thus, the lack of bacitracin can reduce 
the media selectivity to Strep. mutans. In addition, 
various reports have shown that MST has detected 
non-streptococcal species  26. 

Although, Trypticase and GSTB media contained 
peptone, GSTB showed the highest CFU of  
Strep. mutans. Similar findings were observed by 
Wade et al. 27. this was contrary to Singh et al. 28, 
as Catalase and various fermentation methods were 
used to classify Strep. mutans instead of PCR.

The presence of glucose in addition adequate 
amount of sucrose in GSTB may have enriched the 
media for Strep. mutans growth as Strep. mutans  
tends to utilize monosaccharaides with subsequent 
disaccharides consumption29. Additionally, the pres-
ence of glucose was compensating sucrose to equal-
ize the total amount of carbon source30. Moreover, 
5% concentration of sucrose may have allowed the 
highest Strep. mutans count in GSTB media, as Cai 
et al.31 revealed that Strep. mutans growth decreased 
as the concentration of sucrose increased.

Although the number of Strep. mutans CFU may 
play a role in determining dental caries, its use as 
a caries risk predictor is doubtful. Therefore, it is 
more important to determine the virulence potential 
of these microorganisms 32.

To exemplify the virulence identity of the isolated 
Strep. mutans from various age groups and caries 
activity patterns, the protein nature of major bands 
was assessed by their colorations with Coomassie 
blue. SDS-extracted protein patterns were explicit 
for Strep. mutans strains isolated from patients 
and were compared to the standard Strep. mutans. 
The molecular sizes of the discrete protein bands 
produced by all isolates ranged from 27 to 170 kDa. 

Regarding the participant’s age, 116 kDa 
protein of unknown function was highly detected in 
preschool children. Whereas young adults showed 

low detection for (43, 51, 65, 74 and 87) cariogenic 
proteins. In the Kriswandini et al. study, the 45 kDa 
protein (43 kDa in the present study) is responsible 
for the aggregation of intracellular polysaccharides 
causing dental caries 33. Whereas, the 74 kDa protein, 
known as GbpA protein, has two hypercariogenic 
effects; it induces changes in the plaque structure 
resulting in stronger hindrances between tooth 
surface and the protective function of saliva, 
furthermore, it strengthens bacterial adherence 
to tooth surface 34. The 87 kDa protein known as 
protein antigen C is involved in bacterial attachment 
to the tooth surface through interaction with salivary 
pellicle 35, 36. This result was consistent with a cohort 
study conducted by Mejare et al. 37 who revealed that 
dental caries progression decreased in young adults, 
reached a peak during the first posteruptive period 
and decreased by time. These findings support the 
fact that dental caries is accumulative by nature. 
This accumulation presented as DMFT cannot be 
considered a reliable tool for caries risk assessment 
unless other predisposing factors are involved. 
In addition, it has been reported that antibodies, 
especially salivary IgA, increase over time which 
influence Strep. mutans pathogenic activity 38, 39. In 
the present study, young adults aged 18 to 25 were 
selected because caries activity in adolescents may 
be influenced by hormonal change during puberty, 
improper oral hygiene, social and psychological 
factors 40, 41. 

Concerning caries behavior, no significant 
differences in the detected proteins were found 
between caries free and active in each group. 
It was consistent with Aldilavita et al. 42 and in 
opposition to Tahmourespour et al. 43 According to 
Tahmourespour et al., caries free patients had less 
protein bands than caries active. The conceivable 
clarification is that their results were based on the 
comparison of bands number in each group. 

Several factors may contribute to this insignifi-
cant difference. The etiology of dental caries, for 
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instance, involves a complex interaction between 
ecological and genetic factors. This includes dietary 
patterns in which the up-regulation of gtf genes was 
found to be correlated with cariogenic diet 29, 36. The 
135 kDa protein which is presented as 132 kDa in 
this study expresses the glucosyltransferase-I (gtf-I) 
gene present in gtfC. According to Kriswandini et 
al., this gene presumably facilitates Strep. mutans 
binding to tooth surface through insoluble glucans  
synthesis33,36. Given the role of Strep. mutans pro-
teins in the production of caries, other gtf proteins 
responsible for Strep. mutans virulence were not 
identified in this study29,36. Even later, with regard to 
modification of the environmental factors, persons 
with similar behavioral risks (i.e. tooth brushing fre-
quency or dietary habits, quantity and quality of sa-
liva) have different caries risk and/or activity. This 
reveals the hereditary contribution to caries risk38,44. 
In addition, the oral flora includes other species 
that significantly contribute to caries. Streptococ-
cus sobrinus plays a role in the prevalence of caries 
when colonized with Strep. mutans 1, 45, 46. A study 
by Gross et al. 45 found out that some bacteria other 
than Strep. mutans may be the causative agents for 
dental caries and this might explain the caries activ-
ity in preschool children despite the absence of 132 
kDa protein. This could be one of the limitations in 
this study, as it was important to study other caus-
ative bacteria for dental caries.

The caries active participants included in this 
study showed high detection of 122 and 170 kDa 
proteins. The 122 kDa presents CRISPR-associated 
protein csn1 35. It helps Strep. mutans to cope with 
various environmental pressures contributing to 
its virulence potential and enhances the biofilm 
formation 47. However, the function of 170 kDa was 
not identified. Therefore, it is recommended that the 
identified proteins of unknown function are to be 
investigated using amino acids sequencing. 

CONCLUSIONS

The media composition may play an important 
role in the recovery of Strep. mutans. Protein bands 
have been found more frequently in children and 
adolescent groups followed by young adults. More 
surprisingly, most of these protein bands were 
insignificant between caries free and caries active 
patients, except in two protein bands.
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