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Abstract 
Probiotics have potential to restore homeostatis that may not be achieved with conventional 

treatment, by more effectively addressing the host-agent interaction. This study has been 
conducted to analyze the inhibitory effects of reuterin isolate Lactobacillus reuteri on the dual-
species biofilm formation of S. mutans and V. parvula in-vitro.  

V. parvula ATCC 10790T and S. mutans ATCC 25175T were used in biofilm formation. Reuterin 
isolated from L. reuteri LC382415 (1.5×1010CFU/ml) were suspended in 5 ml of MRS broth 
containing glycerol (300mM) and incubated for 3h, at 37°C, anaerobically and confirmed by using 
SDS-PAGE and dot blot methods. 96-well flat-bottom microtiter plates biofilm assay were used to 
analyze the reuterin effect on dual-species biofilm. Bacterial suspensions were treated with different 
reuterin concentrations and biofilm inhibitory effect was observed periodically after 15 min, 3 h, 6 h, 
and 24 h incubation time. Data statistically analyzed by One-way ANOVA and level of significance 
set at p < 0.05.  

52 kDa band visualized on SDS-PAGE agar confirmed the presence of reuterin. The reuterin 
inhibitory effect on dual-species biofilm of S. mutans and V. parvula were found in this study. 
Reuterin had the strongest activity on dual-species biofilm with the 100% concentration for 24h 
period. Meanwhile, the percentage reduction of biofilm after treatment with 50% concentration of 
reuterin for 6h could be reach until 91% reduction (p < 0.05).  

This study is the first report to demonstrate that reuterin isolated from L. reuteri might be 
implicated to prevent the biofilm formation at early stages. Further studies are needed to explore 
this result with other oral pathogen.   
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 Introduction 
 
 Biofilm is attached to a substratum or 
surface and it consists of many bacteria.1 
Infection cases become highly difficult to treat 
when bacteria succeed in forming a biofilm within 
a human host.2 It is involved in the pathogenesis 
of oral diseases, such as caries, gingivitis, and 
periodontitis, through the development of 
multispecies of biofilm in the human dental 
plaque.3,4 Over 500 bacterial species have been 
isolated in human dental plaque.3 The interaction 

of bacteria with each other was reported, such as 
communication by releasing specific molecules 
or using the metabolic end-products from other 
species.5 Biofilm is formed by the selective, 
reproducible, and sequential surface colonization 
of these species.6,7 Studying these species 
interactions would aid in elaborating on the 
mechanism of biofilm formation.5 

Streptococcus sp. is a gram-positive 
coccus that initially8 adheres to the proteins and 
glycoprotein saliva adsorbed on the surfaces of 
the teeth.6,7 Streptococcus mutans, known as the 
main etiology of caries, has been reported for 
decades due to its acidogenity among 
Streptococci sp.9,10 Furthermore, S. mutans is the 
principal cariogenic pathogen present in dental 
plaque, co-existing with other species of 
bacteria3,11,12 in an interactive community of 
biofilm.13 Veillonella sp. are gram-negative cocci 
known to have a specific role as early colonizers 

*Corresponding author: 

Armelia Sari Widyarman, PhD 

Department of Microbiology,  

Division of Oral Biology, Faculty of Dentistry,  

Trisakti University, Jakarta, Indonesia. 

E-mail: armeliasari@trisakti.ac.id 

 

http://www.ektodermaldisplazi.com/dergi.htm
http://www.jidmr.com/
mailto:armeliasari@trisakti.ac.id


 

Journal of International Dental and Medical Research ISSN 1309-100X                                                                Dual-Species Biofim 
http://www.jidmr.com                                                                                                                            Armelia Sari Widyarman and et al 

 

  Volume ∙ 12 ∙ Number ∙1 ∙ 2019 

                            
Page 78 

in biofilm formation with Streptococcus sp.14 Oral 
Veillonella sp.,15 especially Veillonella parvula, 
are associated with severe early childhood 
caries,16 poor oral hygiene,17 intraradicular 
infections,18 abscesses,19 apical root canals,20 
and dental tubules.21 

The definite interaction between S. 
mutans and V. parvula in biofilm formation is not 
fully explained. However, several factors may be 
involved in this interaction. Veillonella sp. cannot 
catabolize sugars; instead, they depend on lactic 
acid fermentation produced by Streptococcus sp. 
to form acetic and propionic acids, carbon 
dioxide, and hydrogen.22,23 In addition, the 
intrageneric coaggregation among Streptococcus 
sp., as well as the intergeneric coaggregation 
between Streptococcus sp. and Veillonella sp. 
might become highly important in the metabolic 
interaction of primary colonization on tooth 
surfaces.24 

With the increasing resistance to antibiotic 
drugs and an inclination among society to use 
“natural” therapies, the development of novel 
approaches for treating oral diseases that do not 
require conventional antimicrobial agents is 
necessary.25 The restoration of microbial ecology 
balance has been proposed as one preventive 
approach, rather than the elimination of the 
disease-associated species.26 This includes the 
use of probiotics to promote health-associated 
species or to support probiotic use with 
associated benefits. 

Probiotics have been suggested as an 
alternative therapeutic option to control oral 
diseases. According to the Food and Agriculture 
Organization/World Health Organization 
(FAO/WHO), the term “probiotics” refers to “live 
microorganisms when administered in adequate 
amounts to deliberate a health benefit on the 
host.”27 Lactobacillus sp. and Bifidobacterium sp. 
were mainly chosen for therapeutic treatment 
from among other probiotic bacteria.28 
Lactobacillus reuteri is an oral flora known as a 
probiotic, as it produces an antibacterial 
compound called reuterin. The structure of this 
broad-spectrum antimicrobial agent is related to 
3-hydroxypropionaldehyde (3-HPA), and it is 
formed during fermentation with glycerol.29,30 
Reuterin as an antibacterial has been stated to 
be effective against oral pathogenic bacteria,31 
when consumed either through chewing gum or 
through L. reuteri ATCC 55730T-containing 
yoghurts, and it results in the significant growth 

inhibition of S. mutans.32,33 It also results in a 
reduction in Porphyromonas gingivalis and 
Prevotella intermedia in the subgingival 
pockets.34 

Many studies have demonstrated the 
significant inhibitory effects of L. reuteri on the S. 
mutans biofilm formation associated with dental 
caries.35 However, there are no data on the 
inhibitory effects of reuterin on dual species in 
the early stages of biofilm formation. Hence, the 
objective of this study was to investigate the 
inhibitory effects of reuterin on the dual-species 
biofilm formation of S. mutans and V. parvula in 
vitro. 
 

Materials and methods 
 

 Bacterial strains and culture condition 
 

V. parvula ATCC 10790T was cultured in 
brain heart infusion (BHI) blood agar (Thermo 
Fisher Scientific, Waltham, MA, USA) with 5% 
defibrinated sheep blood and 2% sodium lactate 
added, and it was incubated anaerobically (N2: 
80%, CO2: 10%, and H2: 10%) for 5 d. S. mutans 
ATCC 25175T was cultured in tryptic soy broth 
(TSB) and tryptone yeast extract (TY) agar 
anaerobically for 3 d. The Lactobacillus reuteri 
LC382415 was cultured in the de Man, Rogosa, 
and Sharpe (MRS) broth medium and incubated 
anaerobically for 24 h.  

 

Reuterin production 
 

Reuterin was obtained through glycerol 
conversion using glycerol dehydratase produced 
by L. reuteri. L. reuteri LC382415 (Indonesian 
strain)36 was collected by centrifugation at 4,000 
× g for 10 min and washed with phosphate-
buffered saline (PBS, pH 7.4) twice. Reuterin 
was extracted by following the method from Chen 
et al.37 with modifications. Five ml of 300 mM 
glycerol in the MRS broth suspension of L. reuteri 
isolates from saliva (1.5 × 1010 CFU/ml) were 
incubated for 3 h anaerobically. After 
fermentation, the cells were collected by 
centrifugation at 4,000 × g for 10 min. The 
supernatant fraction was filtered by using a 0.22-
μm pore size filter membrane (Millipore) and 
stored at 4 °C. 
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SDS-PAGE 
 

The reuterin isolated from L. reuteri was 
separated by the sodium dodecyl sulfate (SDS)-
poly-acrylamide gel electrophoresis (PAGE) 
method. The SDS-PAGE method was performed 
by following the method of Costas38 with some 
modifications, using a 12.5% polyacrylamide gel 
in a MiniProtean SDS-PAGE apparatus (Bio-Rad, 
Hercules, CA, USA). After the SDS-PAGE 
method was performed, the gel was taken out 
and was stained using 0.05% Coomassie Brilliant 
Blue R-250 staining solution (Bio-Rad, USA) 
before gel visualization. 

 

Induction of specific antibody against 
reuterin in mouse model 
  

The concentration of reuterin was 
determined using the Bradford protein assay, 
which resulted in a concentration of 202.454 
µg/mL. In this study, (10) Swiss Webster (SW) 
mice were used as subjects to produce the anti-
reuterin antibody, with 2,000 µg/mL of bovine 
serum albumin (BSA) used as a carrier to induce 
antibody production in the blood. The 
intraperitoneal injection method was carried out 
to administer reuterin into the subjects. In total, 
200 µL of protein consisted of 185 µL (39.5 µg) 
of reuterin, 15 µL (30 µg) of BSA, and 100 µL of 
a booster composed of 96 µL (19.76 µg) of 
reuterin and 5 µL (10 µg) of BSA. The treatment 
was carried out for eight weeks, with the injection 
was repeated every two weeks. The blood of the 
mice was taken in the fourth, sixth, and eighth 
weeks of treatment from the orbital sinus of the 
mouse. Anesthesia was performed using ether, 
and 500 µL of blood was collected by thrusting a 
capillary tube in the middle corner of the mouse’s 
eye. The blood was stored in a 1.5-mL 
microcentrifuge tube. To obtain the serum, the 
blood-containing tube was centrifuged for 5 min 
and then stored at 20 °C for the next step. 
 

The Dot-blot assay  
 

The dot-blot assay was carried out to 
confirm specific antibodies from SW mice treated 
with reuterin isolated from L. reuteri ATCC 55730 
as an antigen following the method described by 
Renner et al. with modifications.39 All steps were 
performed at room temperature. By using the 
nitrocellulose membrane, which was marked with 

a pencil, a 5-µL sample was placed in the middle 
of the blotting area of the membrane, and the 
membrane was left to dry for a few minutes. 
Subsequently, the membrane was blocked with 
5% blot containing TBS in a petri dish and 
agitated for 1 h. The membrane was rinsed with 
TBS three times, each for 5 min. Then, the 
membrane was blocked using a specific antibody 
against reuterin obtained from the mouse model 
that was diluted (1:250), agitated for 1 h, and 
rinsed with TBS for 5 min three times. The next 
step was the addition of 10 µL of a secondary 
antibody (anti-mouse IgG) into the membrane; 
then agitated for 1 h and rinsed with TBS. After 
rinsing, a developer reagent was added to the 
membrane, and the membrane was incubated in 
an orbital shaker for 30 min under a low light 
condition. After incubation, the membrane was 
rinsed three times for 5 min using sterile aqua 
dest. 

 

SDS-PAGE to confirm specific 
antibodies from mouse model 

 

This step was carried out once again to 
detect the presence of a specific antibody 
produced by the mouse model against reuterin 
by following the method of Costas with 
modifications.38 The 4% stacking gel consisted of 
0.5 M Tris-HCl (pH 6.8), 10% SDS, 30% 
polyacrylamide, H2O, 10% APS, and TEMED. 
Meanwhile, the 12% resolving material consisted 
of 1.5 M Tris-HCl (pH 8.8), 10% SDS, 30% 
polyacrylamide, H2O, and 10% APS. Next, 
resolving agar was inserted into the agar cast. 
After polymerization (hardening) for 30 min, 
stacking gel was added. Then, 30 µL of reuterin 
was added, along with 10 µL of native buffer, and 
it was heated for 5 min at 100 °C. After the 
polymerization of the stacking gel, 20 µL of 
reuterin was inserted into each well. 
Electrophoresis was performed with 50 volts at 
80 mA for 2 h. 
 

Biofilm formation on microtiter plates 
 

In this study, the biofilm mass was 
obtained using the microtiter plate method 
because of its rapidity and efficiency.40 In total, 
20 µL of the S. mutans suspension, the turbidity 
of which was measured at OD660: 1.0 (1.0 × 108 
CFU/mL bacterial concentration), was inoculated 
into 180 µL of BHI broth in 96-well flat bottom 
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microtiter plates (Greiner Bio-One, 
Frickenhausen, Germany) and incubated 
anaerobically for 24 h.  
 

Effect of reuterin extract on biofilm 
formation 
 

After the S. mutans suspension was 
incubated in anaerobic conditions for 24 h, 20 µL 
of the V. parvula suspension, the turbidity of 
which was measured at OD660: 1.0 (1.0 × 108 
CFU/mL bacterial concentration), was inoculated 
into the medium in polystyrene 96-well flat 
bottom microtiter plates containing the same 
medium. The co-cultures were then incubated 
anaerobically for 48 h to perform the mixed 
biofilms containing S. mutans and V. parvula. 
Subsequently, the bacterial suspensions were 
treated with concentration stages (6.25%, 12.5%, 
25%, 50%, and 100%) of reuterin extract, and the 
biofilm inhibitory effect was observed periodically 
after 15 min, 3 h, 6 h, and 24 h in the polystyrene 
microplate assay. Chlorhexidine at 1.2% was 
used as a positive control. The wells containing 
the biofilms without reuterin were used as 
negative controls. The spectrometric optical 
density (OD) was 490 nm, and it was used to 
calculate the biofilm mass. The measurement of 
biofilm reduction was calculated as a percentage 
from the blank, control, and treated absorbance 
values on the plate as follows:41 
    

  
Here, B indicates the average absorbance per 
well for blank wells (no biofilm, no treatment), C 
indicates the average absorbance per well for 
negative control wells (biofilm, no treatment), and 
T indicates the average absorbance per well in 
treated wells (biofilm, treatment). The assays 
were performed in triplicate. 
 

Statistical analysis 
 

This experiment was performed in 
triplicate. The means and standard errors of the 
results were calculated. Statistical significance 
was determined by using one-way analysis of 
variance (ANOVA). A p-value less than 0.05 (p < 
0.05) was considered statistically significant. 

Data were analyzed using SPSS Statistics 24.0 
software for Macintosh (IBM, Armonk, NY, USA). 
 

Results 
 

 The SDS-PAGE results showed that the 
52 kDa band visualized on the agar confirmed 
the presence of reuterin (Figure 1). Figure 2 
showed the dot-blot results of reuterin against 
anti-reuterin antibodies from the mouse model, 
as well as the reuterin isolated from L. reuteri 
LC382415 with the anti-reuterin primary antibody 
from L. reuteri ATCC 55730, to confirm the 
reuterin isolated from L. reuteri. The SDS-PAGE 
results of serum mice antibodies after being 
treated with the reuterin results profile show that 
the thickest bands can be observed at 52 kDa 
(Figure 3). 
 

 
Figure 1. The SDS-PAGE results showed 
visualized reuterin in polyacrilamide 12% gel. M 
= marker protein molecular weight: 15–100 kDa. 
Ribbon line (a)&(b): reuterin isolate L. reuteri 
showed 52 kDa.  
 

 
 

Figure 2. A. Dot-blot reuterin complex protein 
with glycerol dehydratease L. reuteri LC382415 
isolate with an anti-reuterin primary antibody from 
L. reuteri ATCC 55730 (1: 250) and secondary 
antibodies (Ig G anti-mouse antibodies) using 
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adjuvants; B. Dot-blot reuterin complex protein 
with glycerol dehydratase L. reuteri ATCC 55730 
isolate with an antireuterine primary antibody 
from L. reuteri ATCC 55730 (1: 250) and 
secondary antibodies (IgG anti-mouse 
antibodies) without adjuvants. Numbers 1 and 2 
are reuterin antigens isolated from L. reuteri 
LC382415; 3 and 4 are reuterin antigens isolated 
from L. reuteri ATCC 55730. 
 

 
 

Figure 3. Visualization of SDS-PAGE. The SDS-
PAGE results of serum obtained from mice are 
seen in the molecular weight of 52 kDa (M = 
marker, 1–5 = serum antibodies from mice after 
injection of reuterin complex protein produced 
with glycerol dehydratase). 
 

 
 

Figure 4. The inhibitory effect of reuterin extract 
on the dual-species biofilm S. mutans and V. 
parvula. Chlorhexidine at 1.2% was used as a 
positive control, and wells containing the biofilms 
without reuterin treatment were used as negative 
controls. 
 

The results of the effects of reuterin on 
the bacterial viability of S. mutans and V. parvula 
are shown in Figure 4. The number of viable 
dual-species bacteria in the experimental group 
was significantly lower than that of the negative 
control. The number of dual species decreased in 

mean OD ± SD (OD = 0.049 ± 0.029) after 
treatment with the 50% concentration of reuterin 
extract for 6 h. However, reuterin had the 
strongest activity on dual-species biofilm, with a 
100% concentration of reuterin for a 24-h period 
(OD = 0.025 ± 0.024). The concentration-
response curves of reuterin treatment (Figure 5) 
show that the dual-species disinfection was 
significantly increased (p < 0.05) in concentration 
by reaching a 91% reduction after treatment with 
a 50% concentration of reuterin for 6 h. 
 

 
Figure 5. Concentration response curves for 
treatment with reuterin extract. The percentage 
reduction in dual-species biofilm  S. mutans and V. 
parvula after treatment with different concentrations of 
reuterin extract. 
 

 Discussion 
 

 L. reuteri is an obligatory 
heterofermentative bacterium that produces 
organic acids (including lactic and acetic acid), 
ethanol, and carbon dioxide as its primary 
metabolites due to glucose metabolism.42 L. 
reuteri has been proven effective against oral 
pathogens, and its efficacy in the reduction of 
dental plaque and gingivitis cases among 
patients is undeniably significant.43 Recent 
studies showed that probiotic consumption can 
reduce oral pathogens in saliva.44,45 Most L. 
reuteri strains can produce reuterin (3-HPA), 
which is a broad-range antimicrobial compound 
excreted by L. reuteri in the presence of glycerol 
at a certain period,27 solely catalyzed by the 
glycerol dehydratase enzyme.46  

Reuterin has a broad spectrum of 
antimicrobial effects, including both gram-positive 
and gram-negative bacteria, fungi, and protozoa. 
Structurally, reuterin contains the highly reactive 
aldehyde group, which could lead to protein 
inactivation in many microorganisms.31 Although 
the precise antimicrobial activity of reuterin is not 
fully understood, the mechanism could be related 
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to the inhibition of some specific enzymes that 
are required in the DNA synthesis of 
microorganisms.47 

We found that there was an inhibitory 
effect of reuterin extract on the dual-species 
biofilm formation of S. mutans and V. parvula 
(Figure 4 and 5). The optimum concentration of 
reuterin extract for the viability of dual-species 
bacteria is a 100% concentration for a 24-h 
period. This inhibitory effect was found to be 
similar to that identified in another study,35 where 
an L. reuteri strain was used to inhibit S. mutans 
biofilm formation in vitro. Because L. reuteri 
strains produce antimicrobial components, 
including H2O2, organic acids, and reuterin, the 
acid products of L. reuteri have been proven to 
inhibit the growth of S. mutans completely.35  

Kara et al. (2006) reported that the 
viability of the dual-species biofilm of S. mutans 
and V. parvula was higher than that of single-
species biofilm. This might indicate a signal 
molecule transaction between S. mutans and V. 
parvula. This is significant because these species 
have the ability to produce, tolerate, or utilize 
lactic acid, which is important in biofilm 
formation.48,49 Streptococcus sp. produces lactic 
acid as a metabolic end product, while Veillonella 
sp. can utilize lactic acid as a nutrient for growth. 
The interaction at the metabolic level has been 
demonstrated in vitro and in vivo in gnotobiotic 
rats.13 Regardless, Veillonella alcalescens was 
used in that study instead of V. parvula. 

The cariogenic bacteria increased acid 
production by producing lactic acid, which is 
known as the predominant metabolic end product 
in the presence of high sugar concentrations. 
Therefore, lactic acid is considered the major 
acidic end product in the mechanism of dental 
caries.50 Based on one report, the concentration 
of lactic acid might remain constant over time in 
the dual-species biofilm caused by V. parvula, 
which may lead to a less cariogenic potential 
compared to the single-species biofilm formation 
of S. mutans.5 

 

 Conclusions 
 

In conclusion, this experiment was the 
first to demonstrate the inhibitory effect of 
reuterin isolate L. reuteri in reducing the level of 
S. mutans and V. parvula dual-species biofilm. 
Therefore, these findings show that the reuterin 
isolate L. reuteri might be implicated to prevent 

biofilm formation at an early stage. Further 
studies are needed to explore this result with 
other oral pathogens. 
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