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Colonization of the oral cavity begins immediately after birth, however, only some micro-organisms are 

capable of exerting their action in the oral environment. A wide range of micro-organisms is found in the 

oral cavity, whether commensal, facultative pathogenic or obligatory pathogenic. Their mutual ratios and 

numbers are considerably affected by probiotic bacteria of the oral microbiota, particularly by their products, 

such as bacteriocins. The probiotics most frequently living in the oral cavity include Lactobacillus reuteri, 

Streptococcus salivarius and Bacillus coagulans. This study is focused on oral probiotics which could 

improve the health of the oral cavity and prevent development of dental carries. Basic techniques, which 

are necessary in research of oral microbiota that could be potentially beneficial in dental microbiology, are 

also presented. We recommended these techniques based on our experiences in this field. In this study we 

describe microbiological methods for obtaining of live bacterial strains in dental plaque or dental calculus, 

that are used for preparation of the bacterial strains  ́collection and their storage possibilities for next testing. 

Study also describes two sensitive molecular methods usable for identification of these bacterial strains, the 

first with help of 16S rRNA and next blast n analysis based on consensus DNA sequences, and the second 

based on MALDI-TOF mass spectrometry. PCR methods for deeper characterization of selected bacterial 

strains e.g. pathogenic like Streptococcus mutans or potentially beneficial bacteria such as Str. salivarius 

and Lactobacillus spp. are also described. These methods are based on detection of genes coding production 

of bacteriocins or coding genes responsible for pathogenicity e.g. glucosyl or fructosyl transferaze genes. 

We also recommend the method for detection of hard cultivable spirochetes based on the morphological 

characteristics with help of VFQTOPF method and next by PCR methods used for detection of Treponema 

denticola in dental plaque samples. 

© 2019 Maďar Marián. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original author and source are credited. Hosting by Science Repository.  
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Introduction 

It has been well known that colonization of the oral cavity starts 

immediately after birth of an individual and continues throughout 

lifetime [1]. Oral cavity is an open system; many bacterial species are 

introduced to this environment with an uninterrupted introduction and 

removal of nutrients. It offers diverse habitats where-in different species 

of micro-organisms can prosper. However, only some of them are 

capable of surviving and even thriving in this seemingly favorable 

environment [2]. They must adhere to a suitable surface, colonize it and 

then, in collaboration with other bacteria, produce biofilm important for 

their maintenance in the oral cavity [3]. Some of the bacteria that enter 

the mouth will remain only transiently as they are not adapted to thrive 

in this environment. It is currently estimated that around 1,000 species 

of bacteria are able to exist stably in the human mouth, and that 

individuals typically maintain between 50–200 species from this wider 

pool [4]. 

 

Oral microbiota  

 

Bacteria colonize the teeth, tongue, oral mucosa, hard palate, carious 

lesions, periodontal pocket and similar. Microbiota of the oral cavity is 

not distributed at randomly, most species show affinity to certain sites 

and prefer them to others with regard to specific local conditions 

provided by these sites, such as the anaerobic environment in the 

periodontal pocket [5]. The easily cultivable bacteria found in the oral 

cavity belong to the following genera: Streptococcus, Actinomyces, 

Veillonella, Fusobacterium, Porphromonas, Prevotella, Treponema, 

Neisseria, Haemophilis, Eubacteria, Lactocillus, Capnocytophaga, 

Eikenella, Leptotrichia, Peptostreptococcus, Staphylococcus, and 

Propionibacterium  [6, 7]. However, there are also bacteria that cannot 

be detected by conventional cultivation methods, therefore, molecular 

methods have to be used. Proportion of these bacteria can be as high as 

60 % [8].  

 

Differences in composition of the oral microbiota are considerably 

influenced by external factors, such as food, drink, living temperature 

and humidity [9]. Moreover, smoking, saliva flow, general health, etc, 

can lead to overgrowth by previously minor components of the oral 

microbiocenosis [10]. The oral microbiocenosis of the elderly is 

different from that of younger individuals. Age-related factors that can 

influence the composition of the oral microbiocenosis are dentures, 

hormones, long-term medication and reduced oral hygiene [11].  

 

Diseases of the oral cavity and pathogenicity of micro-organisms 

 

Dental caries is one of the oldest and most common diseases found in 

humans [12]. Despite all the achievements of dental medicine, it affects 

more than 80% of the world’s population [13]. Streptococcus mutans has 

been implicated as the major causative agent of dental caries [14]. Now 

it is known that dental caries lesions contain a range of streptococcal 

species and members of the genera Actinomyces, Bifidobacterium, 

Lactobacillus, Propionibacterium, Veillonella, Selenomonas, 

Atopobium [6, 15]. Pathogenic microbiota also play an important role in 

periodontal diseases known as gingivitis and periodontitis [16].  

Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola, 

Aggregatibacter actinomycetemcomitans, Prevotella intermedia, 

Micromonas micros, Campylobacter rectus and Prevotella 

melaninogenica are considered as most common pathogenic bacteria 

caused inflammatory disease [17, 18]. Oral micro-organisms can also act 

as opportunistic pathogens and cause serious diseases in other body 

compartments [19]. These bacteria can affect the course and 

pathogenesis of several systemic diseases, such as cardiovascular 

disease, bacterial pneumonia, diabetes mellitus, and low birth 

weight [20].  It was shown that administration of probiotic tablets 

harmonized oral microbiota in patients suffering from periodontitis or 

gingival inflammation in comparison with the control group [21].   

 

Oral probiotics  

 

Probiotics have a beneficial effect on digestive system, but also potential 

favourable effect of probiotics on the vaginal mucosa, urinary tract and 

skin [22-24]. Key features of an effective probiotic for use in substitution 

therapy include: the absence of virulence determinants, the ability to 

colonize, and the ability to competitive suppress of target bacterium [25]. 

In the oral cavity, probiotics hinder the formation of dental plaque, the 

biofilm build-up on teeth, by blocking the attachment of microorganism 

to the surface of teeth [26]. Furthermore, they compete with the bacteria 

of the oral cavity for nutritive sources, produce chemical substances that 

lead to the inhibition of the development of pathogenic bacteria, 

facilitate and adjust the local specific and unspecific immune response, 

as well as provide other non-immunologic defense mechanisms [26, 27]. 

Probiotics poses a great potential in area of halting, altering, or delaying 

periodontal diseases. They play crucial role in terms of plaque 

modification, halitosis management, altering anerobic bacteria 

colonization, improvement of pocket depth, and clinical attachment loss 

[28]. Oral probiotics are living bacteria that are similar or identical to 

beneficial bacteria found naturally in the oral cavity [29]. In respect to 

commensal oral microbes, several aspects support the idea that it may be 

possible to find bacteria that could be useful in prevention or treatment 

of oral diseases [30]. Strains belonging to the Lactobacillus, 

Streptococcus and Bifidobacterium genera are most frequently used 

probiotics in the oral cavity [29, 31]. The main focus in the studies of 

potential oral probiotics is on caries prevention, especially on the 

possibility of reducing the number of mutans streptococci or their 

acidogenic activities in dental plaque when products containing certain 

probiotic strains are used [32, 33]. In recent years, there is an increasing 

interest in a new method of caries control, which depends on the ability 

of certain bacteria to produce BLIS [33, 34]. Probiotics also could have 

an important role to play in the clinical management of the periodontal 

diseases, although the evidence is less convincing as regards halitosis 

[35].  

 

Lactobacilli as oral probiotics  

 

Lactobacilli isolated from the oral cavity, were tested and their 

favourable effects on oral health were observed [32]. These bacteria 

produce different antimicrobial compounds such as organic acids 

(primarily lactic and acetic acid), hydrogen peroxide, and antimicrobial 

peptides, including bacteriocins [36]. The species of L. acidophilus, L. 

crispatus, L. delbrueckii, L. gasseri, L. salivarius, L. paracasei, L. 

plantarum, L. rhamnosus, L. fermentum and L. oris were recovered from 

the oral cavity of humans and it was proved, that they exerted inhibitory 

action on periodontal pathogens in in vitro conditions [37]. They have 

an antagonistic effect also on Streptococcus mutans, one of the major 

cariogenic organisms. Probiotic species of lactobacilli found in 
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commercial products (L. rhamnosus, L. casei, L. reuteri a 

Bifidobacterium lactis) adhered to hydroxyapatite coated by a layer of 

saliva and reduced adhesion of S. mutans under in vitro conditions [32]. 

The consumption of yogurt containing L. reuteri for 2 weeks showed 

significant growth inhibitory effect against S. mutans [38]. Several next 

studies investigating effects of oral probiotics showed that consumption 

of products containing probiotic lactobacilli decreased the risk of 

development of caries and the counts of S. mutans in the oral cavity. The 

consumption cheese containing L. casei LAF-TI-L26 (1×106 Cfu 

/g) twice daily for two weeks leads to statistically significant (p = 0.001) 

reduction of salivary Streptococcus mutans [39]. It was observed that 

administration of Lactobacillus salivarius TI2711 (LS1) neutralized 

salivary pH in healthy individuals. Peroral administration of tablets 

containing L. salivarius WB21 improved periodontal health in healthy 

volunteers, particularly in smokers [40, 41]. Bacterial quantitative 

analysis found significantly lower levels of ubiquitous bacteria and 

Fusobacterium nucleatum during administration of L. salivarius WB21 

[42].  The prevalence of DNA of the species L. salivarius in the oral 

cavity in the group with physiological halitosis was higher compared to 

that in the group with pathological halitosis [43]. L. salivarius BGHO1, 

isolated from a healthy oral cavity inhibited growth of other bacteria 

including S. mutans [44]. On the contrary, in vivo experiments on rats 

showed that a combination of L. salivarius LR1952R and S. mutans 

MT8148 considerably increased the incidence of dental caries in 

comparison with only S. mutans MT8148 [45]. Other studies did not 

report the adverse effects of administration of L. salivarius WB21 for 

eight weeks, and patients who continued taking L. salivarius WB21 for 

3 months showed no new caries [40]. However, Lactobacillus salivarius 

WB21 administered in the form of tablets failed to reduce the incidence 

of any periodontopathic agent (Porphyromonas gingivalis, Prevotella 

intermedia, Tannerella forsythia, Treponema denticola and 

Aggregatibacter actinomycetemcomitans) (Mayanagi et al., 2009). The 

findings concerning probiotic lactobacilli and cariogenicity differ. 

Considerable intra- and inter-individual differences were observed in the 

occurrence of individual Lactobacillus spp. and lactobacilli counts but 

no lactobacilli species were associated with plaque acidogenicity [46]. 

Some lactobacilli species were isolated in high counts from surface and 

deep dental caries [47], however, lactobacilli were isolated also from 

healthy oral cavity [48, 49]. Higher prevalence of L. gasseri and L. 

ultunensis was detected on dentine containing caries lesions [48]. 

Examinations involving periodontology showed the prevalence of L. 

gasseri and L. fermentum in healthy individuals while L. plantarum 

prevailed in patients with chronic periodontitis [49]. Lactobacillus 

reuteri can be used to reduce gingival inflammation and dentine plaque 

in patients with medium to serious gingivitis and can also decrease 

proinflammatory cytokines in gingival fluid (Krasse et al., 2006; 

Twetman et al., 2009). From the healthy oral cavity were mostly isoltated 

L. fermentum, L. plantarum, L. salivarius and L. rhamnosus [48].  

Streptococcus salivarius as oral probiotics  

 

Streptococcus salivarius is Gram-positive bacterial comensus and a 

progressive oral cavity coloniser, producing ribosomally synthesized 

protein bacteriocins. Some strains of Streptococcus salivarius such as 

K12 and M18, are currently used as probiotics worldwide due to their 

ability to produce various types of bacteriocins, called lantibiotics such 

as salivaricin A, salivaricin B, salivaricin 9, and salivaricin G32 [50]. 

They are safe for the consumer, do not induce inflammation and do not 

damage the non-pathogenic microflora of the oral cavity. These two 

strains specifically reduce the levels of cariogenic pathogens in the 

mouth, also by production of bacteriocin like inhibitory substances 

(BLIS) [51]. Generally, these BLIS proteins prevent from many oral 

health disorders, such as halitosis or dry mouth, particularly by 

suppressing growth of other micro-organisms present in the mouth. For 

example, BLIS produced by bacterium Streptococcus salivarius K12 was 

named BLIS K12 [52]. BLIS K12 is also name of commercially 

available product now available in chewable tablets, fast-soluble tablets, 

lozenges, chewing gums and powders [51]. Toxicology studies in 

animals did not reveal any adverse effect of multiple dosing 

Streptococcus salivarius K12. Meanwhile, Streptococcus salivarius K12 

assessed for tolerance and safety in humans in a randomized, placebo-

controlled trial [51]. Streptococcus salivarius is a non-pathogenic 

predominant colonizer in the oral microbiome, reduces the frequency of 

colonization of major pathogens involved in upper respiratory tract 

infection [53]. Streptococcus salivarius strain K12, are often used as 

probiotic bacteria in the treatment of streptococcal pharyngitis, tonzilitis 

and acute otitis media [54]. The strains Streptococcus salivarius K12, 

Streptococcus salivarius (RS1) and (ST3) bind effectively to FaDu 

human epithelial cells of the pharynx and in this way antagonise 

Streptococcus pyogenes its adhesion and growth. However, the strains 

RS1 and ST3 do not possess genes encoding production of bacteriocins, 

while the strain K12 strain provides a positive signal for two 

bacteriocins, lantibiotics: Salivaricins A and B from Streptococcus 

salivarius (ST3) and (RS1) inhibit the growth of Streptococcus pyogenes 

[55]. A recent study showed that the oral probiotic Streptococcus 

salivarius K12 can induce anti-inflammatory response in epithelial cells 

under in in vitro conditions, which indicates potential support of cell 

health and homeostasis [56]. Streptococcus salivarius, found in oral 

probiotics, naturally destroys Streptococcus mutans and thus prevent 

susceptibility of teeth to dental caries [32]. Streptococcus salivarius 

produces urease and dextranase which helps to dissolve and release the 

sticky dextran.  Activity of these exoenzymes helps to reduce the 

progression of dental caries by reducing accumulation and acidification 

of dental plaque created by Streptococcus mutans [25]. Streptococcus 

salivarius K12 has shown a therapeutic potential in the treatment of 

halitosis [52]. Halitosis is caused by volatile sulphur compounds 

produced by bacteria present on the tongue, teeth, throat and tonsils.   It 

has been shown that Streptococcus salivarius K12 is active against 

bacterial species involved in halitosis, by inhibition of  Micrococcus 

luteus Il, Streptococcus anginosis T29, Eubacterium saburreum ATCC 

33271 a Micromonas micros ATCC 33270  [57]. Twenty-three halitosis 

subjects underwent a 3-day application of chlorhexidine, followed by the 

administration of lozenges comprising Streptococcus salivarius K12. 

The assessment of levels of volatile sulfur compounds in 85% of the 

subjects showed a significant reduction (> 100 ppb) [58]. Streptococcus 

salivarius K12 also into In vitro conditions demonstrated their ability to 

modulate Candida albicans growth, which is causer of oral candidosis 

[59]. Interestingly, Streptococcus salivarius K12 was not directly 

fungicidal but inhibited the adhesion of Candida albicans to a plastic 

Petri dish. Candida albicans cultivated in the presence of Streptococcus 

salivarius K12 retained the morphological shape and size of the cells, 

compared to the group without Streptococcus salivarius K12, however, 

the adhesion of the mycelial form was weaker and the number of 

mycelium was reduced by the dose of lyophilized starting material 

Streptococcus salivarius K12 at a concentration of more than 0.94 mg / 

ml [59].  
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Figure 1: Schematic description of obtaining of sample and classical cultivation method used in research of potential beneficial bacteria Lactobacillus 

reuteri or other lactic acid bacteria and Streptococcus salivarius from dental plaque.   

 

Material and Methods  

 

This part of research presents the methods which we recommend to other 

researchers for the study of oral microbiome based on self-experiences. 

Methods descriptions see in (Figure 1). 

 

Taking samples: 

 

Obtaining the dental biofilms (plaques) or dental calculus samples from 

volunteers’ is very simple, painless and noninvasive process. Each 

volunteer should agree in writing to take samples and provide the data in 

the anamnestic questionnaire. Volunteers can be sorted based on their 

life style e.g.: vegetarians, smokers, based on health problems etc. The 

selection of volunteers should be based on the targeted microbiota from 

the dental biofilm e.g. autochthonous or allochthonous or obtaining of 

pathogenic bacteria from target places of niches in the oral cavity, e.g. 

caries, periodontal pocket in periodontitis, ulcer in stomatitis aphthosa 

or other lesions. For obtaining the autochthonous microbiota, volunteers 

starve overnight after carefully brushing their teeth. The sample of dental 

biofilm has to be obtained early in the morning immediately after waking 

up. Volunteers cannot eat, drink or brush their teeth before sampling. 

The composition of mixture of autochtonous and allochtonous 

microbiota depends on sampling time: morning, midday or night, 

whereas food does not present a problem. It is also necessary to have 

volunteers with similar dental care and similar food consumption habits, 

and also to select the concrete localization on the teeth, e.g.: incisor, 

Dent Oral Biol Craniofacial Res doi: 10.31487/j.DOBCR.2019.01.001  Volume 2(1): 4-10 

premolar, molar teeth. The lingual area of maxillary incisors or the 

buccal area of the first molar are predicted places for obtaining the 

calculus. Both areas are near to ductus salivarius from sublingual and 

parotid glands. Components of saliva have important effect on 

calcification of dental plaque.  For sampling this plaque, the sterile 

syringe needle and gloves are used. It is important to take calculus 

samples without injuring of the gum.  

 

Microbiological cultivation methods  

 

Samples of dental plaques obtained from volunteers are used for 

cultivation of viable bacteria in dental biofilm. Pieces of dental plaque 

(2x3mm) samples obtained with help of sterile syringe needle are added 

to 2 ml Eppendorf tube containing 200 µl of filtrated PBS. Than samples 

are vortexed 5 min on maximal speed and divided to 2 Eppendorf tubes 

at volume 100 µl. First Eppendorf tube filed with 1.5 ml of Brain Heart 

Infusion (BHI) (Merck K GaA Darmstadt, Germany) broth. Second 

Eppendorf tube contains 1.5 ml deMan, Rogosa and 

Sharpe (MRS)(CONDA S.A, Madrid Spain) broth. After 5 hrs broth 

cultivation at 37 °C, 100 µl of samples from BHI broth are inoculated 

simultaneously on Blood agar (Tryptic soy agar (TSA) with 5 % ram’s 

blood (BBL, Microbiology Systems, Cockeysville, USA), MacConkey 

agar (MCC)(CONDA S.A. Madrid, Spain), M-Enterococcus agar 

(ME)(Decton Dickinson S.A, Le point delClaix France). Collections of 

the samples are cultivated in two sets. One set is used for aerobic 

cultivation during 24 hrs at 37 °C and the next one for anaerobic 
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cultivation with BD GasPak™ systems Becton, Dickinson and 

Company. Samples from MRS broth are inoculated on MRS agar at 

volume 100 µl after 48 hrs of cultivation. Each different bacterial colony 

from agars is selected and inoculated separately for subsequent 

processing. Selected strains are used for preparing of glycerol conserve, 

analyzed for catalase activity and with help of Gram staining 

microscopically.  

 

Bacterial strains storage 

 

Each bacterial colony cultivated in BHI broth is stored in autoclaved 

glycerol and sterile adequately broth in Eppendorf tube. Similar 

conserve is prepared of MRS broth for lactic acid bacteria. During the 

preparation of the stock, it is necessary to use sterile scissors for cutting 

the end of 1000 µl tip, because glycerol is viscous, and it is easy and 

quick to fill the tip and Eppendorf tube with glycerol. For prevention of 

contamination from pipette, it is better to use tips with filters (Grainer 

bio-one RNase DNase free). The same volume of predicted broth is 

added to glycerol filled Ependorf tube. Selected colonies are transferred 

to prepare Eppendorf tubes with sterile one-time used inoculation loops. 

It is also possible to use 200 µl tips (Grainer bio-one RNase DNase free) 

for this purpose. The glycerol stock should be marked with the name of 

the strain and the paper label fixed with transparent adhesive tape 

because low temperature (-70 °C) and the high % of humidity after 

refreezing can change adhesive characters of paper and it can be lost. 

After adding the colonies into a glycerol broth conserve, it is necessary 

to vortex it or shake the tubes using an orbital shaker for several minutes. 

Glycerol stock prepared this way can be stored at -70 °C several months. 

It is better to prepare a collection of each of the selected colonies from 

the tested groups with different growth characters and store it in glycerol 

stock for storage of selected bacterial strains and prepare fresh at least 

24 hrs cultivated colonies before DNA isolation or/and MALDI-TOF 

Biotyper processing. Other option for storage of isolated bacterial strains 

is Microbank (Pro Lab Diagnostic) used according to the manufacturer's 

instructions. 

 

Bacterial strains identification  

 

A clear colony is selected for isolation of DNA by DNAzol Direct 

(Molecular Research Center Inc., Cincinnati, USA) according to the 

manufacturer's instructions. Subsequently 1µl of DNA samples are 

added to One Taq 2X Master Mix (New England BioLabs) and amplified 

by PCR methods used for detection of 16S ribosomal RNA (rRNA) 

genes by using universal primers: 27F (5-

AGAGTTTGATCMTGGCTCAG-3) and 1492R (5-

CGGYTACCTTGTTACGACTT-3). Cycling conditions are: 5 min hot 

start at 94 °C, 31 cycles of 1 min at 94 °C, 1 min at 55 °C and 3 min at 

72 °C and a final 10 min extension step at 72 °C (TProfesional Basic, 

Biometra GmbH, Göttingen, Germany). Aliquots of the PCR products 

are separated by horizontal 0.7 % agarose gel electrophoresis in TAE 

buffer (pH 7.8). The gel was stained with GelRed™ (Biotium Inc., 

Hayward, USA) and visualized under UV light. Products of 

amplification are purified by NucleoSpin® Gel and PCR Clean-Up Kit 

(Mancherey-Nagel GmbH & Co. KG, Düren, Germany) as per 

manufacturer’s instructions. It is also possible to sending amplificates to 

sequence analysis, which obtain purification step before sanger 

sequencing. Clear sequencies from both directions are assembled and 

analyzed with Blast n analysis. Other quick identification possibilities 

are identification of selected clear colonies also by MALDI TOF 

Biotyper analysis (Bruker Daltonics, Bremen, Germany). 

 

Identification of isolated strains by The Matrix-Assisted Laser 

Desorption Ionisation-Time of Flight (MALDI-TOF) Mass 

Spectrostrometry (MS) used for  

 

One colony from the plate is added into the Eppendorf tube with 300 µl 

of distilled deionised H2O and vortexed. Then, 900 µl of ethanol is added 

into the tube and vortexed again. The next step is centrifugation at 13000 

RPM during 2 min and after that, the supernatant is discarded out. The 

pellet is dried in vacuum centrifuge air drier (Concentrator plus, 

Eppendorf). The dry pellet is mixed with 70 % formic acid (10 – 50 µl, 

depending on pellet’s size) using pipette and vortex. After that, the same 

volume of acetonitrile is added into the mixture and vortex. The tube is 

centrifuged at 13000 RPM during 2 min. 1 µl of supernatant (from 0.5 

to 2 µl) is added to MALDI-TOF target plate and dried. After drying, 1 

µl of MALDI-TOF matrix solution is added. The bacterial strains are 

identified with MALDI-TOF MS and BioTyper 2.0 systems (Bruker 

Daltonics, Bremen, Germany). 

 

Identification of isolated strains of streptococcus mutans, str. 

salivarius, str. oralis, lactobacillus spp., lb. reuteri, lb. paracasei 

and their glucosyl or fructosyl transferaze genes by PCR 

 

Table 1: PCR methods useful for identification of oral bacterial Streptococcus or Lactobacillus strains 

 

Species/ 

Target gen  

Primers  PCR protocol  Product size Literature 

Str. mutans 

Glycosyltrans-

ferases gene (gtf) 

MKD-F 

5´GGCACCACAACATTGGGAAGCTCAGTT3 

MKD-R 5´GGAATGGCCGCTAAGTCAACAGGAT3´ 

95 ºC, 13 min  

30x  

[95°C, 30 sec, 67 ºC, 1 min, 

72 ºC, 1 min] 72 ºC, 5 min  

433 bp [60]  

[61] 

 

Str. salivarius  

Glycosyltrans-

ferases gene (gtf) 

MKK-F 5´GTGTTGCCACATCTTCACTCGCTTCG 3´  

MKK-R 5´CGTTGATGTGCTTGAAAGGGCACCATT3´ 

95 ºC, 13 min  

30x  

[95°C, 30 sec, 66 ºC, 1 min, 

72 ºC, 1 min]  72 ºC, 5 min  

544 bp [60]  

 

Str. oralis  

Glycosyltrans-

ferases gene (gtf) 

gtfR MKR-F  

5´TCCCGGTCAGCAAACTCCAGCC3´  

gtfR MKR-R 

95 ºC, 13 min 30x   

[95°C, 30 sec, 66 ºC, 1 min, 

72 ºC, 1 min]  72 ºC, 5 min  

374 bp [60]  
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5´ GCAACCTTTGGATTTGCAAC3´ 

Lactobacillus spp.  

Glycosyltrans-

ferases gene (gtf) 

DexreuV   

5´GTGAAGGTAACTATGTTG3´  

DexreuR  : 

5´ATCCGCATTAAAGAATGG3´ 

94 ºC, 5 min 

31x  

[94 ºC, 1 min, 

47ºC, 1 min, 72 ºC, 1 min] 

72 ºC, 10min  

600 bp [62] 

Lactobacillus 

reuteri  

L-reu-1  

5′ CAGACAATCTTTGATTGTTTAG3′ 

L-reu-4  

5′GCTTGTTGGTTTGGGCTCTTC3′ 

 

95°C, 10 min 35x  

[95°C, 30 sec, 60°C, 30 min, 

72°C, 1 min] 72°C, 10 min 

303 bp [63] 

Lactobacillus 

fermentum  

PLFf  

5′GTTGTTCGCATGAACAACGCTTAA3′  

PLFr  

5´CGACGACCATGAACCACCTGT3′ 

 

95°C, 10 min 35x  

[95°C, 30 sec, 65°C, 30 sec, 

72°C, 1 min] 72°C, 10 min 

889 bp [64] 

Lactobacillus 

plantarum 

PLPf   

5′ATGAGGTATTCAACTTATG3′   

PLPfr  

5′GCTGGATCACCTCCTTTC3′ 

 

95°C, 10 min 35x  

[95°C, 30 sec, 65°C, 30 sec, 

72°C, 1 min] 

72°C, 10 min 

280 bp [65] 

Other  PCR condition for detection of other group of lactobacilli is mentioned in publication [66]. 

 

Methods used for isolation of oral potential beneficial bacteria 

 

Potential probiotic bacteria, like Streptococcus salivarius, can be 

successfully isolated by a simple method, using 24-hour pre-cultivation 

of dental biofilm samples in Brain hearth infusion medium (BHI) 

(Merck K GaA Darmstadt, Germany) at 37 °C, and subsequent 24-hour 

anaerobic cultivation (BBL GasPak Plus ™, BD, USA) on autoclaved M 

Enterococcus Agar (Decton Dickinson S.A, Le point delClaix France) at 

37 ° C. Large transparent milky S-form colonies has grown on the agar. 

Using a microscope, one can observe bacteria of G+ cocci shapes, 

arranged into chains or tetra-cocci, which have considerably bigger 

diameter compared to the other streptococci. However, other bacteria 

can also grow on this medium but the genus Streptococcus salivarius is 

the most common strain (Figure 2). 

 

 

 

 

 

 

 

 

 

 

Figure 2: Streptococcus salivarius cultivated on M enterococcus agar 

plate 

 

For isolation bacteria of the genus Lactobacillus, it appears that the most 

suitable way is to pre-incubate them in MRS liquid medium at 37 ° C for 

24hr, and then cultivate them on deMan, Rogosa and Sharpe MRS agar 

(CONDA S.A, Madrid Spain) at 37 °C anaerobically for 48 hours (BBL 

GasPak Plus ™, BD, USA). The colonies are white, L-shaped, and under 

a microscope they appear as G+ long rods. However, the lactic acid 

bacteria may grow on this medium, such as some streptococci or yeasts, 

but the genus Lactobacillus is the most common (Fig. 4). For this reason, 

it is necessary to identify microscopically each different colony before 

its inoculation. A wide range of methods is available for identification, 

methods based on a biochemical profile, or molecular methods involving 

amplification of DNA from the obtained samples by universal primers 

in the PCR reaction and sequencing or using specific primers of each 

representative like in (Table 1). A rapid and sensitive MALDI-TOF 

Biotyper analysis can also be used for this purpose (Figure 3). 

 

 

 

 

 

 

 

 

 

 

Figure 3: Lactobacillus spp. cultivated on MRS agar 

 

The methods used for detection of spirochetal bacteria based on 

visualization of morpholocical characteristics of live or death 

bacteria in a fresh dental biofilm.   

 

For visualization of uncultivable bacteria is used a principle of Viability 

fluorescent quick test on polycarbonate filters (VFQTOPF) method [67]. 

The samples isolated from the dental biofilm are kept in the sterile PBS 

at 37 °C. A 100 µl of the purified samples are incubated with 2.5 µl [1 

mM] carboxyfluorescein diacetate (CFDA) during 20 min at 37 °C. 100 

μl of the filtered samples are processed by vacuum filtration on surface 

of 25 mm Ø and 0.2 µm polycarbonate filters (Merck Millipore), where 

50 μl of DAPI solution [1 mg/ml] is directly applied on the wet filter and 

incubated at room temperature during 10 min. The wet filters are moved 

on a glass slide, mounted with a drop of Vectashield Medium (Vector 
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Laboratories, Peterborough, UK) and a cover slide is fixed around edges 

with transparent nail polish. Then the slides are examined with 

epifluorescent microscopy in our case Carl Zeiss Axio Observer Z1 

epifluorescence microscope with Filter Set 38H and 49 detecting the 

carboxyfluorescein CF and DAPI, respectively. Axio Vision Rel 4.8 

software is used for the analysis of microphotography. This method 

VFQTOPF is used for visualization of no cultivable or hardly cultivable 

bacteria from samples of the dental biofilm. No exact identification of 

bacterial compounds presents limitation of this method. It is possible to 

check the dental plaque of hardly cultivated bacteria in samples, e.g. 

spirochetes (Figure 4). Detection of spirochetes namly Treponema 

denticola in tested samples is possible by PCR with help of primers: 

TAATACCGAATGTGCTCATTTACAT-3′ and 5′-

TCAAAGAAGCATTCCCTCTTCTTC TTA-3 and with amplification 

conditions: 95 °C for 2 min, 36 cycles [at 95 °C for 30 s, a 60 °C for 1 

min, at 72 °C for 1 min] and a final step of 72 °C for 2 min according 

[68]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Different bacterial morphology detected in dental biofilm with 

VFQTOPF for example Spirochetes (red circle) detected by DAPI (blue 

middle left) or other Bacillus bacteria detected by CFDA which confirm 

their metabolic activity (green midle right). 

 

The detection of production the bacteriocines salivaricin and 

reuterin by PCR methods  

 

Many bacteria use bacteriocines, like strategies for surviving in biofilms. 

This substance is interesting also in search of probiotic potential, because 

their can kill or inhibit growth of pathogenic bacteria. Many of 

pathogenic bacteria have similar bacteriocin dependent strategies, like in 

case of Pseudomonas aeruginiosa or Escherichia coli [69, 70]. Potential 

benefitial oral microbiota can synthesize reuterin produced by 

Lactobacillus reuteri or salivaricine produced by Streptococcus 

salivarius [71, 72]. In case of salivaricine A it is easy to detect their 

presence and activity with help of growth inhibition of Micrococcus 

luteus like in case of see below concretely [73]. 

 

The PCR method for detection of salivaricin or reuterin genes 

 

The isolation of DNA from lactobacilli strains is performed by the 

NucleoSpin® Tissue Macherey-Nagel kit using a lysis solution for 

heavier DNA isolates of bacteria during overnight incubation at 95 °C. 

The next steps are according to the manufacturer's procedure. DNA 

quality is better verified by Nanodrop spectrophotometric analysis. It is 

also possible to use one bacterial colony and 100 µl DNAzol direct and 

heat it of 95°C during 15min for isolation of DNA for this purpose, but 

storage of DNA samples for next analysis is time limited. The isolation 

steps are according to the manufacturer and specific sample.  For robust 

PCR we can used Mastermix One taq2x MM (England Biolabs) and 

specific primers in concentration 33µMol at volume 0.6µl and 1µl of 

template DNA inadequately concentration or 1µl of DNA isolated with 

help of DNAzol direct. Conditions of PCR are described in (Table 2). 

 

The disc diffusion method for Lactobacillus reuteri for testing 

of growth inhibition activity against pathogens 

 

We recommended disc diffusion test for detection of the inhibitory 

properties of beneficial microorganisms. Selected lactobacilli strains are 

grown on MRS agar for 48 hr anaerobically at 37 °C (Gas Pak Plus, 

BBL, Microbiology Systems, Cockeysville, USA). Then prepare a 

standardized suspension with an optical density of 1 McFarland by 

dissolving several solitary colonies in 5 ml of physiological saline. 

Sterile clean discs (6 mm diameter, BBL, Cockeysville, USA) are placed 

on Petri dishes with 20 ml of PYG agar. The sterile discs are inoculated 

with 5 μl of each standardized suspension of lactobacilli. As a check, one 

Petri dish is served with a clean, uninoculated disc. The plates with discs 

are incubated for 48 hr anaerobically at 37 °C. The discs are removed 

with a sterile two siring needle or tweezer after incubation. 

Subsequently, 3 ml of 0.7% PYG agar is inoculated with 0.3 ml of the 

indicator pathogenic strain and put into lactobacilli plates. Pathogenic 

strains are firstly incubated for 18hr in PYG broth at 37 ° C. The plates 

with pathogen broth are incubated for 24hr aerobically at 37 °C. After 

incubation, we measure the diameter of the inhibition zones. The results 

are recorded in the table as the arithmetic mean of the three 

measurements ± standard deviation. 

The first testing of Streptococcus salivarius inhibition is used the disc 

diffusion test with Micrococcus lutheus [73]. This test analyses the 

activity of the BLIS produced in agar and determines the activity 

spectrum of Sal9 producers. Briefly, the test strain is inoculated across 

the surface of the Blood agar medium in a glass Petri dish as a 1 cm-

wide streak. After incubation, the strain growth is stopped by exposure 

of chloroform vapour for 30 min. The plate is then aired for 15 min 

before 24hr inoculating cultures as the indicator strains across the 

original tested strain. The plate is incubated for 24hr and examined for 

the zones of the indicator strain growth inhibition. The inhibition activity 

against the selected standard indicators was recorded in code form by 

considering the indicators as three triplets. The inhibition of the first 

member of a triplet is given a score of 4, the second a score of 2, and the 

third a score of 1. Absence of inhibitor action against an indicator is 

scored as 0. The code is recorded as a sequence of three numbers 

representing the sum of each triplet. All tests are performed in duplicate, 

and further testing is undertaken until consistency of the inhibition 

patterns is obtained [77]. 
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Table 2: PCR conditions used for detection of genes coding production of bacteriocines: salivaricine and reuterin 

 

Target gen  Primers  PCR protocol  Product size Literature 

salA (salivaricine)  

 

SalAUS 5´GTAGAAAATATTTACTACATACT3` 

SalADS  

5`GTTAAAGTATTCGTAAAACTGATG3` 

95 ºC, 13 min  

30x  

[95 ºC, 30 sec, 

55 ºC, 1 min, 72 ºC, 

1 min] 72 ºC, 5 min  

 

338 bp [73-75] 

 

 

Lactobacillus reuteri 

glycerol dehydrogenase  

gldC (reuterin) 

GD1f 

 5′GTTCAGTCCGCCGCATATC3′ 

GD1r  

5′GCCGCTCTTCGTGGATTTC3′ 

 

94 °C, 5 min, 34x  

[94 °C, 1 min,  58 

°C, 30 sec,  

72 °C, 50 sec] 

72 °C, 7 min 

 

562 bp [76] 

Conclusion 

 

The isolation of potencial beneficial microbes from oral cavity for next 

deep research is the first step of preparing functional beneficial 

microbes, which can be used as prevention or also used for treatment of 

oral diseases. The MALDI-TOF Biotyper identification is a perfect tool 

for quick identifications of isolated dental biofilm strains, pathogenic or 

non-pathogenic. For better declaration of your identification, you can use 

the PCR methods and next sequencing of products. Isolates bacteria can 

be also identified with biochemical or serological methods. The 

mechanisms of probiotic action are associated with resistance to 

colonisation and immunomodulation [27], adherence of bacteria and 

interspecies interactions [27, 78]. During recent years there has occurred 

a shift towards ecological and microbial community-based approach to 

the therapy of oral cavity diseases. With the increasing resistance to 

antibiotics, the use of probiotics appears as a prospective alternative 

treatment or preventative measure in the control of these diseases. From 

the clinical point of view, it is not yet possible to give direct 

recommendations for the use of probiotics. However, the available 

scientific evidence indicates that probiotic therapy is a promising 

approach also in the field of stomatology. The potential beneficial strains 

of Streptococcus salivarius or Lactobacillus reuteri and others bacterial 

strains isolated from many oral biofilms can be selected for next research 

based on their production of bacteriocines and on growth inhibition level 

against oral pathogenic bacteria not only in human but also in social 

animals like dogs and cats.      
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